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OPENING PLENARY
Acidification of the Southern Ocean

Richard Bellerby1, Claire Lo® ,Nikki Lovenduski®, Andrew Lenton®, Kurihara Haruko®, Scarlett
Trimborn®, Mario Hoppemae, Coleen Suckling7, Michael Meridith®,

1Norwegian Institute for Water Research, 2Monaco, IPSL, Paris, France, 3University of Colorado,
Boulder, USA, “CSIRO, Hobart, Australia, *University of the Ryukyus, Okinawa, JAPAN, ®Alfred
Wegener Institute, Bremerhaven, Germany, 7University of Bangor, UK, ®British Antarctic Survey

A major, potential stressor of marine ecosystems is the changing water chemistry following the
present and simulated future increase in seawater carbon dioxide (CO,), concentration. Increasing
CO, causes a lowering of pH and a re-organisation of the marine carbonate system, commonly
termed ocean acidification. Global average long-term ocean acidification projections are intimately
linked with future atmospheric CO, levels, however the local expression of this global ocean
acidification is much more heterogeneous, as local oceanic processes alter the average expectations
of future ocean acidification. Evidence has mounted over the past years showing the importance of
these ‘bottom-up’ local oceanic processes, both natural and anthropogenic, to altering the rate of
ocean acidification from the long-term atmospheric top-down perspective. The challenge for Southern
Ocean acidification are advancing the observations and constraints at understanding the underlining
natural variability and the mechanisms that drive it, which are still poor. Pelagic ecosystems are
changing fast, especially in the productive, euphotic zone. Autotrophic production may be changing in
the surface Southern Ocean through increased primary productivity and a changing stoichiometry of
oceanic primary production. This will have consequences both for energy flow and nutrient transport
though Southern ocean ecosystems. Calcifying plankton, such as pteropods, have been shown to be
adversely effected by current Southern Ocean acidification. These organisms are prominent players
in the Southern Ocean ecosystem both as predator and prey, and control to a significant degree the
export of carbon and other elements to the intermediate and deep ocean. There is concern over the
future of polar marine organisms that are uniquely adapted towards their extreme and cold
surroundings. In an environment where development is ten times slower that that in warmer regions
of the world, the ability of these (mostly benthic) organisms to adapt to these changing conditions is
questionable. Responses of benthic ecosystems have generally resulted in negative impacts (smaller
size, slowed growth and high levels of abnormal development. There is a growing international effort
to observe and monitor the marine carbonate system with the emphasis moving away from purely
physic-chemical approach to an integrated observing system approach based on ecosystem-carbon-
climate coupling. Additionally, coupled biogeochemical-ecosystem modeling efforts are becoming
much more unified and assimilated through both a multi-model approach and that regional models
are becoming much more to the fore. SCAR has appointed an international ocean acidification Action
Group to document the scientific understanding of ocean acidification. This presentation will inform
on the latest knowledge of chemical and biological consequences of ocean acidification in the
Southern Ocean through an ecosystem and earth system approach. It will also identify important
gaps in current research and propose approaches to gain a better understanding of the rates, effects
and feedbacks of future ocean acidification. New understanding on Southern Ocean change will also
be assessed in light of the recent findings of the AMAP Arctic Ocean Acidification report.




Global messages from Antarctica

Bergstrom D, Allison |2, Bell R®, Cary C*, Gales N, Pattyn F °, Rintoul S°, Strugnell J’, Terauds A
1, van Ommen T1, Chown S8

' Australian Antarctic Division, ? University of Tasmania, Australia, > Columbia University, USA, *
University of Waikato, New Zealand, ° Université Libre de Bruxelles, Belgium, ® CSIRO Australia, ” La
Trobe University Australia, ® Monash University. Australia

A century ago, when polar science, exploration and political ambition were scarcely distinguishable,
Antarctica was essentially a closed book about to be opened. One hundred years on, Antarctica is no
longer the isolated, uninhabited, unchangeable place of the past. This progress has come from a
sustained and rich scientific program, much of it multidisciplinary and multinational and in response to
increasing evidence that human activities have come to dominate planetary changes. This opening
address will provide an integrated perspective on recent big scientific advances in our understanding
of Antarctica and its place in the Earth system which is revolutionizing modern thinking and drawing
attention to the science and policy required to manage an uncertain future. In doing so, the talk aims
to set the scene for an exciting and remarkable SCAR Open Science Conference.




Deciphering past climate and ice sheet dynamics from sedimentary records

C. Escutia

Spanish National Research Council — Instituto Andaluz de Ciencias de la Tierra CSIC- UGR,
Granada, Spain

Polar ice is an important component of the modern climate system, affecting global sea level, ocean
circulation, heat transport, marine productivity, and planetary albedo. Antarctica became glaciated
~34 million years (m.y.) ago, whereas full-scale permanent Northern Hemisphere continental ice only
began forming ~3 m.y. ago. The study of ice cores retrieved from the Antarctic ice cap has resulted in
major breakthroughs in understanding natural climate variability (i.e., correlations between the records
of temperature, CO,, ice sheet volume and equivalent sea level) over the last 800,000 years, and
offers insight into the future response of the Earth to anthropogenic forcing. These records show that
at no time during the last 800,000 years have CO, concentrations in the atmosphere reached the 400
ppm that we experience at present. In fact, the lowest forecasted increases of atmospheric CO, and
temperatures for the end of this century (IPCC, 2013) have not been experienced on our Planet for
over 3 m.y. (i.e. before permanent Arctic ice sheets formed), and the highest forecasted increases
have not occurred since before the ice sheets in Antarctica formed 34 m.y. ago. Antarctica and its
margins are therefore key locations from which to retrieve the long-term sediment records needed for
a detailed understanding of how ice sheets respond to past climate forcing.

During the last decades, geological and geophysical studies around Antarctica have improved our
knowledge about sea ice and continental ice sheet development and evolution. Sediment records
have provided insight into the environment of an ice-free Antarctica during the early Eocene, the first
cooling during the middle Eocene, the erosional consequences of the onset of the continent-wide
glaciation during the Eocene-Oligocene transition 34 m.y. ago, and the glacial effect on rising sea
level around the Antarctic coastlines. Sediment records also provide insights into the subsequent
waxing and waning of the continental ice sheets, sea ice, and ecosystems during the icehouse world,
including environmental constraints during past climate warm conditions. Although these records are
still sparse and incomplete, they are complementary and allow for a preliminary assessment of ice-
sheet response to past climate forcing in different regions. However, additional records are needed if
we are to address key knowledge gaps. For example, what are responses of ice sheets to past
elevated CO, and temperatures?; how fast, how large, and how frequent are glacial and interglacial
changes?; and what are the forcing mechanisms for these changes?. This information will provide
constraints to sea-ice and ice sheet models, which are the basis for forecasting the future of the
cryosphere in a warming world.

The SCAR PAIS (Past Antarctic Ice Sheet Dynamics) Program has developed a strategy to collect
sediment records from continent-to-abyss transects in vulnerable areas of the Antarctic ice sheets.
With this strategy, PAIS aims to improve our understanding of the sensitivity of the Antarctic Ice
Sheets to a broad range of past climatic and oceanic warm conditions (i.e., “greenhouse” climates,
times of more recent warming and ice sheet retreat during glacial terminations) in order to improve
predictions of ice sheet and sea level response to future climate change and ocean warming.




Martha T Muse Lecture: Paleoclimate perspectives on Antarctic ice sheet sensitivity

Tim Naish

Antarctic Research Centre, Victoria University of Wellington, New Zealand. tim.naish@vuw.ac.nz

Near- and long-term future projections of global mean sea level rise (SLR) are hampered by a lack of
understanding of the potential dynamic contribution of the polar ice sheets, and in particular the
Antarctic ice sheets. With the completion of the Intergovernmental Panel on Climate Change’s
Assessment Report a major challenge continues to be placing an upper bound in sea-level
projections for 2100 and beyond. The so-called “deterministic” approach which sums observed- and
model-projected trends in the known contributions (e.g. ice sheet and glacier surface mass balance,
ocean thermal expansion and ground water storage changes) implies a “likely” upper bound of
+100cm by 2080-2100. The “semi-empirical” approach which scales past observed sea-level change
to mean surface temperature, and uses this relationship to scale future temperature scenarios,
predicts a significantly higher upper bound of up to ~2m by 2100. The discrepancy between the two
approaches may in part reflect the poorly understood contribution of ice dynamics — that is the rate of
flow of ice sheets into the ocean. An ensemble of Antarctic ice sheet models produces highly
divergent results for future sea-level projections, primarily because of uncertainties around the mass
changes in the East Antarctic Ice Sheet with some models showing increased precipitation driving a
positive mass balance overall, even with loss of the marine-based West Antarctic Ice Sheet (WAIS).
Current best estimates suggest a 10-20cm dynamic ice sheet contribution by 2100 to global SLR.

Of concern is that marine based ice sheets are highly sensitive to increases in ocean temperature at
their margins and rapid disintegration may ensue if the ice sheets grounding lines retreat into deep
sub-glacial basins. Recent studies show the highest rates of ice sheet thinning and retreat are
occurring at locations around the WAIS where the surface ocean has warmed, and that some WAIS
loss may now be irreversible.

Geological records allow the equilibrium sensitivity of polar ice volume and global sea-level change to
be reconstructed and assessed during past warm climates and deglaciations, that may be
representative of our future climate trajectory. In this talk | will focus on ice sheet responses to climate
forcing during: (1) The mid-Pliocene warm period ~3 million years ago when the world was 2-3°C
warmer, and atmospheric carbon dioxide concentrations were 400ppm. (2) The Last Interglacial
Period ~ 125,000 years ago when the world was 1-2°C warmer. (3) The warming period from the Last
Glacial Maximum ~20,000 years ago to our present interglacial. All three past times provide natural
experiments with insights into the future response of the polar ice sheets to global warming.




ANTARCTIC CONSERVATION FLIPPED SYMPOSIUM

Antarctic Conservation in the 21st Century

Chown S

School of Biological Sciences, Monash University, Victoria 3800, Australia

The Antarctic is one of the Earth’s last great wildernesses. Indeed, it can rightly be considered one
of the ‘last of the wild’. Recognizing its unique position the Protocol on Environmental Protection to
the Antarctic Treaty has designated Antarctica ‘...a natural reserve, devoted to peace and science’.
At face value, therefore, the Antarctic continent and the oceans and islands surrounding it are better
protected than almost anywhere else on earth. Recent developments suggest, however, that this is
too sanguine a characterization. The Antarctic is facing several conservation challenges which are
immediately familiar from a global perspective.

As a consequence, a process has been set in motion to provide a strategy for conservation for the
region — the Antarctic Conservation Strategy (ACS). The ACS will provide a guide for conservation
that is evidence-based and adopts best practise in both conservation science and its application.
The ACS development phase involved a scoping of challenges facing the region in the immediate
and more distant futures. Subsequently, much of the evidence required to develop effective modern
conservation strategies has been marshalled. What does this evidence indicate?

Surprisingly little is known about the Antarctic biodiversity that is the subject of management. In the
context of current and future challenges the extent of area protection (for biodiversity conservation)
is poorer than in many areas of the world. Even pressures that are thought to have been addressed
by the Environmental Protocol continue to be felt in a range of surprising ways. Conservation
responses are much less effective than they might be, with questions of increasing activity and
resource use being identified as growing conservation challenges that need to be addressed
explicitly by science and by diplomacy.

Nonetheless, successful conservation interventions have been made, especially in the context of
biological invasions, and particularly at the local scale. Moreover, strong policy guided by robust
science can broaden the scope of conservation successes. The Antarctic Conservation Strategy will
provide that robust evidence-base.




Biodiversity Surprises in Antarctica

Fraser C

Fenner School of Environment and Society, Australian National University, Canberra ACT 0200,
Australia

High latitude (polar and sub-polar) regions have traditionally been considered to have very low
species diversity when compared to temperate and tropical regions. However, emerging evidence
is now showing that Antarctica’s biodiversity is considerably greater than previously thought. Many
new, ‘cryptic’ species are being identified, as well as diverse genetic lineages within species, and
much diversity probably still remains to be discovered. Research into broad-scale patterns of
biodiversity has, unfortunately, been hindered by the logistical challenges of working in Antarctica,
and there remain enormous sampling gaps — entire regions where almost nothing is known of the
diversity of life, such across most of Marie Byrd Land. Research efforts should focus on closing
these knowledge gaps, but we cannot wait until all diversity is identified to take measures to
protect it. With increasing human pressure on the Antarctic environment, we need to move quickly
to introduce protective measure to conserve the continent’s unique diversity. Of particular
importance is identifying areas where diversity is likely to be particularly high. Glacial refugia
(pockets of ice-free terrain where species could survive through past ice ages) usually support
much higher levels of diversity than areas that have only become ice-free since the Last Glacial
Maximum. Glacial refugia could have included nunataks and parts of the Dry Valleys, but new
research also indicates that geothermal regions — areas warmed either through volcanic activity or
radiogenic decay of rocks — supported terrestrial life throughout past glacial periods and represent
regions of high diversity. Likewise, geothermal areas in the ocean might represent diversity
hotspots. An immediate focus on protecting regions around geothermal areas could help to
preserve much of Antarctica’s endemic terrestrial and marine biodiversity.




Addressing Conservation Challenges in the Ross Sea Region

Gilbert N, Newman J

Antarctica New Zealand, Christchurch, New Zealand

By international accord Antarctica is designated as a natural reserve devoted to peace and
scientific research. High standards of environmental protection are set through the international
agreements that make up the Antarctic Treaty System. The Ross Sea region of Antarctica
encompasses regionally and globally significant conservation and research values. The Ross Sea
includes one of the least disturbed marine ecosystems on Earth. The Ross ice shelf is the largest
ice-shelf on the planet and its regional marine and atmospheric interactions are of significant
scientific interest. The McMurdo Dry Valleys are the largest ice-free area of Antarctica and are of
significant conservation and research interest. The region contains several active volcanoes and
important geothermal sites supporting unique microbial communities. The region has significant
historic value through the remains of the first human settlements in Antarctica; the huts of Scott,
Shackleton and Borchgrevink.

Partly driven by these conservation and research values, human activity in the region is showing a
steady increase. Governmental research activities are supported from several year-round and
summer-only stations and new facilities are being constructed or planned in the region.
Commercial fishing for Antarctic tooth-fish takes place annually in the Ross Sea and ship-borne
tourism lands passengers at several locations throughout the region during the austral summer.
The implications of a changing Antarctic environment for the region’s values, remains a significant
unknown. In the context of the growing interest in the Ross Sea region and the potential for
environmental and climate change, this presentation will examine the sustainability of the region’s
current values; assess the effectiveness of existing environmental standards and regulations;
consider options for taking a regional approach to Antarctic conservation and identify opportunities
for better integrating scientific research so as to support meaningful environmental management
outcomes.
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The footprint of human impacts in cold climates: Lessons learned at McMurdo Station,
Antarctica

Klein A", Montangna P2, Palmer T2, Sericano J°®, Sweet S*, Wade T2, Kennicutt M *

! Department of Geography, Texas A&M University, College Station, U.S.A, ? Harte Research
Institute, Texas A&M University Corpus Christi, U.S.A, ® Geochemical and Environmental Research
Group, Texas A&M University, College Station, U.S.A,, * Retired from Department of Oceanography,
Texas A&M University, College Station, U.S.A.

The largest of the three scientific bases operated by the United States Antarctic Program (USAP),
McMurdo Station, has experienced localized environmental impacts over its fifty-plus year history.
Starting in 1999 and continuing until present, a long-term environmental monitoring program has
examined the impact of science and operations on the station’s local terrestrial and marine
environments. This program was developed from an assessment of system attributes amenable to
monitoring, an understanding of the nature of historical and ongoing environmental impacts and a
consideration of the spatial scales over which impacts would be expected.

Synthesizing more than ten years of environmental monitoring measurements has revealed the
spatial patterns of impact in both terrestrial and marine environments. This time series now
enables investigation of changes in contamination concentrations at McMurdo Station over time.
With the exception of a small number of marine sites, no statistically significant temporal trends in
the contamination levels over the 2003-2011 period are apparent. This is true both for the station
as a whole and for individual areas where inadvertent releases of petroleum hydrocarbons, the
most common contaminant, are most likely to occur.

Based on the monitoring program decade of observations, we reexamine how well the program’s
initial assumptions aligned with our observations. We also discuss how past monitoring can inform
changes to future monitoring at McMurdo Station to make it more effective and cost efficient and
enable it to continue to provide the scientific basis for future assessments of human impacts.

The monitoring program began at McMurdo Station is now being translated geographically to sites
including the McMurdo Dry Valleys and Palmer Station. We discuss how the lessons learned at
McMurdo Station have informed the design of monitoring activities at these sites; as well as being
valuable to programs at other international Antarctic research stations with similar physical
settings and mix of human activities to McMurdo Station.

11



Eradicating invasive alien species

LeeJ

Government of South Georgia and the South Sandwich Islands

Eradication of invasive species is often costly and complicated, but if successful, can have
profound benefits for native biota. South Georgia’s history of human exploration and exploitation
began in the 18" and 19" century’s with whaling and sealing expeditions and continues today with
a thriving tourist industry and research base. As a consequence, numerous alien species have
been introduced both intentionally and accidently. The Government of South Georgia and the
South Sandwich Islands, as custodian of the island, is mandated to conserve and restore habitats,
and as part of this role has undergone a prioritisation exercise to determine which species should
be subject to eradication attempts. At present, projects are underway to eradicate reindeer,
rodents and several species of alien plants. Each eradication attempt presents its own challenges
whether it is due to the species life history traits, its geographical spread or the public perception of
its removal. By using the current eradication projects as exemplars, it is possible to better
understand the challenges and consequences of undertaking such wide-scale habitat restoration
work and look more broadly to see how these lessons can be applied elsewhere.




Conservation Challenges at Fildes Peninsula

Peter H', Braun C ', Esefeld J ', Hertel F 2, Mustafa O, Pfeiffer S*

! Friedrich Schiller University Jena, Germany, > German Federal Environment Agency, Dessau-
Rosslau, ® THINK Jena, Germany, 4 University of Goettingen, Germany

Since the inception of the Antarctic Treaty, numerous regulations for environmental protection
have been adopted by the Treaty Parties to minimize negative environmental impacts of human
activities. Nevertheless, the concentration of a variety of human activities in some Antarctic
regions has led to a conflict of interest. Fildes Peninsula, Ardley Island and adjacent small islands
are located in the south-western part of King George Island, South Shetland Islands, Antarctic
Peninsula. This region represents one of the largest ice-free areas in the maritime Antarctic. As a
consequence of their high biodiversity and rich fossil deposits two Antarctic Specially Protected
Areas (ASPAs) have been designated: ASPA No. 125 Fildes Peninsula and No. 150 Ardley Island.
At present Fildes Peninsula hosts six permanent Antarctic stations, built between 1968 and 1994.
The Fildes Peninsula represents a unique example of increasing human pressure due to multiple
human uses. Scientific research, station construction and operations, transport logistics, tourism,
conservation, and protection of geological and historical values regularly overlap in space and
time. A standardised monitoring of bird and seal breeding sites, the occurrence of non-native
species and the recording of human activities, with special attention to their associated
environmental impacts was conducted between 2003-2006 and 2008—-2014 to provide a
comprehensive dataset that documents the environmental state of the region.

Current breeding pair numbers for the three penguin species that breed on Ardley Island confirm
the trend that has been observed in the population development of this colony. This trend is linked
to the continuing warming of the climate and the associated reduction in winter sea ice expansion,
which is itself connected with the development of krill, the main food source for Adélie penguins.
The breeding success of the southern giant petrel (Macronectes giganteus) which is known to be
very sensitive to human disturbance has decreased significantly during the last decades. Many
incidences of damage to vegetation have been documented, caused mainly by vehicles being
driven outside the road network or by construction activities and the associated quarrying of
building materials. Based on our area of expertise, we are expecting a continuation of the current
trends of increasing human activities and further anthropogenic influences affecting Fildes
Peninsula on different scales. Further, we believe that there is urgent need for action with regard
to improving management and co-operation on-site, e.g. by designating the Fildes Peninsula
region as an Antarctic Specially Managed Area (ASMA).

13



Remedying Terrestrial Protected Area Planning Deficiencies

Shaw J ', Terauds A?

! Environmental Decisions Group, The University of Queensland,, > Australian Antarctic Division,
Kingston, Tasmania 7050, Australia

Antarctica is widely regarded as one of the planet’s last true wildernesses, insulated from threat by
its remote location and declaration as a natural reserve dedicated to peace and science. However,
rapidly growing human activity on the continent is accelerating threats to biodiversity. We
examined how well the existing Antarctic Protected Area network represents biodiversity and
assessed protected area risk from biological invasions. We found that Antarctica is one of the
planet’s least protected regions. Five of the ecoregions remain completely unprotected and
currently every one of the 55 designated areas that protect Antarctica’s biodiversity lie closer to
sites of high human activity than expected by chance, and seven of these areas lie in high risk
areas for biological invasions. By any measure, including recently agreed targets under the
Convention on Biological Diversity, Antarctic terrestrial biodiversity is poorly protected by reserves
and those reserves are relatively highly threatened.

Clearly, in light of these deficiencies, more representative, and evidence-based protected areas
are needed. However, conservation planning for the region is confounded by a lack of biodiversity
data in many areas. Habitats can be robust proxies for biodiversity and there is growing
recognition that habitat heterogeneity should be considered in the development of area protection
and conservation strategies. Here we define different habitats in terrestrial Antarctica, on both a
continental and bioregional scale. We use optimisation techniques to show how a hypothetical
protected area network could be created that protects an adequate proportion of each of these
habitats, while ensuring representative bioregional coverage. Our results suggest that, in
conjunction with contemporary biodiversity data, habitat heterogeneity is a useful tool for
delineating and identifying Antarctic Specially Protected Areas.

14



Conservation Challenges - the Role of National Antarctic Programs

Shears J

Council of Managers of National Antarctic Programmes and British Antarctic Survey, Cambridge CB3

OET, UK.

An integral part of what is required for effective, practical conservation in Antarctica, and for
addressing conservation challenges, lies in the hands of the national Antarctic programs that
undertake operations and logistics, and are supporting scientific activity, in the region. Therefore,
a joint scoping workshop was held between the Council of Managers of National Antarctic
Programs (COMNAP) and the Scientific Committee on Antarctic Research (SCAR) in September
2013 to begin to identify the ways in which national Antarctic programs can help address
conservation challenges and the requirements of conservation in a practicable manner.

The workshop explored the conservation challenges set out by Chown et al. in their Science
(2012) paper. Workshop discussions confirmed that national Antarctic programs have a vital role
to play in dealing with many, but not all, of the conservation challenges, which were identified by
Chown et al. The workshop agreed that national Antarctic programs were best placed to address
local conservation challenges, such as invasive species, habitat alteration and activity impacts,
and pollution from local sources (including fuel handling and waste management). National
Antarctic programs also provide vital support to Antarctic scientists undertaking monitoring and
research into global conservation challenges, such as climate change and ocean acidification. In
order for any conservation strategy to be effective, clear information must be available to
managers of national Antarctic programs on the range of possible actions that can be
implemented in response to the various conservation challenges. Such information can only be
developed through clear communication between Antarctic conservation scientists and those
responsible for enabling and supporting Antarctic science.

This presentation will present the key findings of the scoping workshop and explore the role of
national Antarctic programs in responding to short and long-term conservation challenges. The
presentation will also allow for further discussion of practical implementation strategies and their
timeframes in order to inform the Antarctic Conservation Strategy.
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MINI SYMPOSIUM — CONNECTIONS BETWEEN THE SOUTHERN CONTINENTS

Is the evolution of psychrophilic microorganisms related with major geological events in
Antarctica?

Blamey J 2

' Fundacion Cientifica y Cultural Biociencia, Santiago, Chile, 2 Department of Chemistry and Biology,
Universidad de Santiago, Santiago, Chile

The microbiota, and particularly the bacterial populations that have colonized modern Antarctica,
remains largely uncharacterized. Antarctic microbial ecosystems provide useful models for general
questions in evolutionary ecology and microbiology, given the relative isolation of the South Polar
Region, the severe biological constraints imposed by the polar environment, and the absence of
higher plants and animals in the Antarctic habitats.

The discovery of much fossil evidence along the geologic timescale support the idea of warmer
conditions with extended ice-free zones existed in Antarctica. The new more detailed data are
even more controversial: the existence of warm intervals after the “official” cooling of Antarctica,
phenomenon that happened at least 23 million years ago.

Several new microbiological taxa have been recently described. The phylogeny of these
microorganisms indicates that they may have arisen when the continent was warmer than it is
today.

Not only its present environmental conditions harbor unique combinations of challenges for
metabolic performance, but also its very distinct geological and climate history, shaping in a
unique manner the evolutionary history of the microorganisms that lived under those extreme
conditions. The Antarctic frozen environments such as permafrost, glaciers and permanent frozen
lakes, are a source of ancient pool of genes that remains captured and might have been lost
through evolution in warmer environments.
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Ancient connections between Antarctica and South America: an approach from fossil
vertebrates

Gelfo J ', Acosta Hospitaleche C ', Reguero M *2

' CONICET - Division Paleontologia de Vertebrados, Museo de La Plata. Argentina, ? Instituto
Antartico Argentino, Direccion Nacional del Antartico. Argentina

The relationship between South America and Antarctica is expressed both from geology and from
the biotic history distribution. The marine and land vertebrates of Antarctica came from West
Antarctica in the James Ross Basin. The proposed Austral Kingdom which comprises the
southern areas in South America, South Africa, Australasia and Antarctica, arises as a good
working hypothesis to explain several biotic patterns. The historical origin of the Austral Kingdom
could be tested through the fossil record. Antarctica appears to have been a center of origin for
many waterbirds that survived to the K-P boundary. Gaviiformes are represented in the Upper
Cretaceous of Vega and Seymour islands, and also in Southern Chile. They survived during the
Eocene, migrating to the Northern Hemisphere occupying the niche left by Hesperornithiformes.
The origin of the Sphenisciformes that are highly diversified along the Eocene is closely related
with Gaviiformes and Procellariformes, whose oldest records belong to Antarctica. Antarctic
penguins are besides known from the middle Eocene of Chile. Non-avian dinosaurs and land
mammals were restricted to land bridge connections in order to distribute through or from
Antarctica. Non-therian mammals as Gondwanatherians show a wide Southern Hemisphere
distribution during the Late Cretaceous and Paleogene of South America, Madagascar and India,
so their presence in the Eocene of West Antarctica could be interpreted as a relictual distribution.
Despite the unknown Xenarthra origin, the rest of the therian mammals arrived to Antarctica from
South America. Molecular phylogenies and the fossil record of marsupials agree with the idea that
they used a West Antarctic route to reach Australia. In contrast to the high diversity of native
ungulates in South America, sparnotheriodontids and astrapotherians are by now the only which
seems to arrive to Antarctica. Notoungulata started the most important South American ungulate
radiation in Patagonia in the early Eocene, but strikingly they seem to be absent from the Antarctic
record. These ungulates suggest an interruption of the terrestrial communication between the land
masses by middle-late Paleocene, which could be consistent with the final break-up of the
Weddellian Isthmus. In sum, vertebrates suggest that land relationship between South America
and Antarctica could be dated back to the Jurassic if Australosphenida distribution are considered
and seems to be no longer than late Paleocene.
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Paleobiogeography as a tool to reconstruct the evolution of Antarctic biota

Leppe M, Stinnesbeck W?

! Paleobiology Lab., Chilean Antarctic Institute. Chile, 2 Institute of Earth Sciences at University of
Heidelberg. Germany

The Austral regions host a unique record of the diverse processes that took place before and
during the opening of the Drake Passage, and the following period of isolation of the Antarctic
continent. Many fundamental aspects of the driving forces controlling the biological,
palaeoecological and geological evolution of the Antarctic Peninsula and Southern South America
still remain unknown. The paleobiogeography, during the last decades, has advanced as a
discipline due to the increasing utilization of phylogenetic tools coupled with an improved
paleontological record, to the study of biogeographic patterns. No so sharp boundaries among
disciplines have permitted to contrast palaeontology with molecular systematics through methods
to date evolutionary divergence events. Those new analysis makes it possible to study both geo-
dispersal and vicariance in a phylogenetic context, suggesting that biogeography as a discipline
should focus on the analysis of a variety of congruent phenomena, not just vicariance. One of the
paradigmatic relations between continents was the intermittent connections between South
America and Antarctica during the Cretaceous. The existence and persistence of different vicariant
events for marine and terrestrial ecosystems were inferred from the palaeogeographic
reconstructions, but in the last decade, an amount of evidence is permitting to check the validity of
those models. The timing of plate tectonic separation of Patagonia and Antarctica is crucial to
understanding the origin of the austral biota. During most of the Jurassic-Cretaceous interval both
landmasses were disconnected by the “Rocas Verdes Basin” and by the opening of the Weddell
Sea, but a temporary reconnection occurred during the Turonian. From this and subsequent
periods of the Late Cretaceous, remarkable marine and terrestrial deposits are recorded in the
James Ross Basin and in the Fildes Peninsula Group, King George Island, Antarctica, as well as
in the Magallanes basin in southern Patagonia, and the Quiriquina basin of northern Patagonia.
New evidence from molecular phylogeography reinforces the model of reconnection, as shown by
Struthioniformes and marsupials phylogenetic studies. On the other hand, end-Cretaceous
dinosaurs of the Antarctic Peninsula (a megalasaurian type theropod, a nodosaur, an iguanodont,
and a hypsilophodont) appear to have evolved from an older cosmopolitan fauna of Gondwana, as
well as, new findings of Antarctic Maastrichtian flora in Magallanes region are indicating a
reconnection pattern at the end of the Cretaceous.
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Reconstruction of high-resolution climate variability from coastal Dronning Maud Land, East
Antarctica

Naik S ', Meloth T?

' CSIR-National Institute of Oceanography, Goa 403004 INDIA, 2 National Centre for Antarctic and
Ocean Research, Goa 403804 INDIA

Antarctic climate variability is linked to the low and mid latitude climatic modes such as the
Southern Annular mode (SAM) and the EI-Nifio Southern Oscillation (ENSO). The SAM, also
known as the Antarctic Oscillation, is the principal mode of variability in the atmospheric circulation
of the mid and high latitudes of the Southern Hemisphere. The ENSO, on the other hand, is
characterized by a pattern of warm and cold sea surface temperature anomalies in the central and
eastern equatorial Pacific with coupled atmospheric changes, which extend to Antarctica.
However, both these climatic modes are known to be associated with each other. Variability of the
SAM on an interannual time scale are known to be at least in part related to the ENSO during the
austral summer. As an EI-Nifio causes a higher global mean temperature (GMT), a negative SAM
is also associated with a higher GMT on interannual time scales. Thus, the combination of ENSO
and SAM may partially offset or enhance their influence on the Antarctic Climate. Since the
climatic forcing by SAM and ENSO can lead to an increase in air temperatures, these climatic
modes can be traced through the analysis of oxygen isotopes from ice-cores, as oxygen isotopes
are used as a proxy for air temperature. The 8180 record of last 100 years from a coastal
Dronning Maud Land (DML) ice core, shows a significant relation to the SAM with a dominant ~4
years variability, except during specific periods when ENSO teleconnection was established

through the inOphase relation between SAM and ENSO. Surface air temperatures derived from

0180, depict a significant warming of 1°C for the past century at coastal DML. The EI-Nifio leads
to intensified cyclonic activity in the Weddell Sea which brings in warm air to the DML region. The
moisture advection into the coastal region would be supplemented by the negative SAM, which
leads to the weakening of westerlies. This would result in warm atmospheric air mass from lower
latitudes to advect over Antarctica causing rise in surface air temperatures during austral summer.
Climatic reconstructions reveal that throughout the last century, SAM was the dominant mode of
climatic variability in the coastal region of DML on a decadal scale.




The Southern Ocean: Source or Sink?

Strugnell J

Department of Genetics, La Trobe Institute for Molecular Science, La Trobe University, Australia

Many members of the benthic fauna of the Antarctic continental shelf share close phylogenetic
relationships to the deep-sea fauna adjacent to Antarctica and in other ocean basins. It has been
suggested that connections between the Southern Ocean and the deep sea have been facilitated
by the presence of a deep Antarctic continental shelf coupled with submerging Antarctic bottom
water and emerging circumpolar deep water. These conditions may have allowed ‘polar
submergence’, whereby shallow Southern Ocean fauna have colonized the deep sea and ‘polar
emergence’, whereby deep-sea fauna colonized the shallow Southern Ocean. Evidence for these
connections between the deep sea and the Southern Ocean fauna will be described based on
investigations of evolutionary relationships of Antarctic and deep-sea octopods.
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MINI SYMPOSIUM — INNOVATION IN ANTARCTIC SCIENCE

Airborne Geophysics for Antarctic Tectonics: innovations in interpretation and modelling

Alan Aitken

School of Earth and Environment, University of Western Australia

Of all the Earth’s continents Antarctica possesses the least geological exposure, and what does
exist is focused along the spine of the Transantarctic Mountains and around widely-spaced areas
of coastal outcrop, with very few regions of inland exposure. As a consequence, large tracts of
Antarctica cannot be understood using “normal” tectonics research, which is heavily reliant on
access to rocks through outcrop or drilling.

Geophysical methods that can image geology beneath the ice sheets are paramount in
understanding the tectonics of Antarctica, and interior East Antarctica in particular. The most
practical methods are airborne gravity and magnetic data, in concert with ice penetrating radar.
These allow the only reliable means to image large tracts of Antarctica in a reasonable timescale
and within logistical capabilities, although they primarily image the shallower crust. The IPY data
collection efforts are due to be a cornerstone of Antarctic tectonic research for several years.

For tectonics purposes, these data are not normally used in such isolated circumstances, and they
require innovative approaches to interpretation and modelling to maintain robustness and
maximise knowledge gain. We can appeal to several rapidly developing fields to achieve this.
Tectonics reconstruction. A traditional approach to understanding Antarctic geology is to use
inferred intercontinental pierce points to constrain the Gondwana supercontinent reconstruction,
and to extrapolate boundaries between regions of outcrop. The new higher resolution data, allied
with new approaches to reconstruction, provide the opportunity to reverse this and to use these
data to discriminate between reconstruction models, test some long-lived hypotheses, and to
generate new ideas. A fully coupled understanding of reconstruction kinematics and Antarctica’s
emerging geological record requires a significant effort.

Geophysical modelling. Although not new, process-oriented modelling approaches are
becoming routine, with capabilities including lithospheric flexure, and continental margin stretching
examples. Numerical modelling provides the opportunity to build physically-valid tectonic
scenarios that can be tested against real-data constraints. Recent research in gravity and
magnetic inversion methods has focused on developing robust and useful methods for joint
inversion of these. For many datasets, the joint approach reduces non-uniqueness in the model
results. Robust approaches now exist for 3D joint inversion of gravity and magnetic data that can
be applied to the new IPY datasets.
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Use of high-throughput sequencing in understanding Antarctic microbial communities

Soon Gyu Hong

Korean Polar Research Institute (KOPRI)

Understanding microbial community is an important first step to understand ecological functioning
of microorganisms in Antarctic ecosystems. There have been advances in technology to
understand microbial diversity and composition from culture-based methods to fingerprinting
methods such as T-RFLP, SSCP, DGGE and ARDRA, and sequencing of clone libraries. They
have served as key tools to study ecosystem composition and microbial ecology for a long time.
Study of microbial community in natural environments was much advanced by recent introduction
of Next Generation Sequencing (NGS) technologies. The NGS technology for high-throughput
sequencing can provide fast, cheap and massive sequence information on environmental samples
such as terrestrial soil, sediments, sea water, fresh water, and biotic samples. With the
development of reliable databases and bioinformatics tools to analyze massive sequence
information, microbial community structures, relationships with abiotic and biotic environmental
factors can be understood. In this seminar, efforts to establish bioinformatics pipeline to analyze
microbial community structures from massive sequence information will be introduced, highlighting
sensitive steps that can lead to biased conclusions. As examples to show the power of high-
throughput sequencing technology in microbial ecology, studies on soil microbial community in
terrestrial soil samples from Victoria Land and King George Island and endolichenic fungal
community in Antarctic lichens will be introduced.

22



Landscape-scale analysis of terrestrial and coastal ecosystems using remote sensing and
satellite imagery

Joseph Levy

University of Texas Institute for Geophysics

How do geology, hydrology, glaciology, and geomorphology shape the distribution of microbial
mats and ecosystem processes at the landscape scale in the cold deserts of Antarctica?
Determining how biotic and abiotic systems interact to create habitable oases at the limits of life in
the soil, stream, lake, and glacier ecosystems of the McMurdo Dry Valleys (MDV) of southern
Victoria Land has been a significant area of interdisciplinary research for over three decades. Here
we describe new ways in which satellite, airborne, and ground-based remote-sensing are being
used to develop a landscape-scale perspective on physical, chemical, and biological processes in
the MDV that provide a quantitative framework for understanding the interactions among
geological, biological, hydrological, and cryosphere systems shaping these cold desert
landscapes.

Ground-based remote-sensing provides a tactical approach to measuring changing landscape
conditions on inter-annual timescales. Repeat terrestrial laser scanner observations from Garwood
Valley will be used to highlight rapid ground ice melting and thermokarst subsidence in this coastal
valley. Coupled ground-based imaging and in situ meteorological sensor data will be used to
illuminate physical drivers of landscape change. Airborne remote-sensing provides a regional view
of changing surface conditions. Historical and modern aircraft-based imaging from Taylor Valley
will be used to highlight changing extents of seasonally wetted soils in the MDV that have been
implicated in soil ecosystem processes including changes to soil respiration, chemical weathering
of sediments, and delivery of concentrated brines to MDV lakes. Limitations of existing data and
next generation airborne and drone-borne spectroscopic technics will be briefly highlighted.
Finally, space-based sensors offer long-duration repeat imaging of MDV ecosystems on daily to
weekly timescales. The strengths and weaknesses of satellite remote sensing platforms for
understanding the distribution of geological and biological materials across the MDV will be
summarized, and integrated into a broader understanding of how different sensor scales and
platforms can provide an integrated view of polar landscape and ecosystem processes.
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Reliable ice sheet modelling techniques, especially grounding lines

Frank Pattyn

Laboratoire de Glaciologie, ULB, Brussels, Belgium

Significant improvements in ice sheet modelling have been made over the last couple of years,
motivated by the need to understand continuing changes and by the challenge to make more
realistic projections for the next few centuries. Models have increased in complexity and either the
full Stokes equations are solved or equivalent approximations have been developed. Current
Antarctic ice sheet modelling efforts focus on assimilating observations on surface velocities in
initializations and improving the representation of grounding line migration due to the loss of
buttressing and sub-shelf melting. These international efforts have been guided through marine
ice sheet model inter-comparison exercises. Recent modelling efforts concentrate on the level of
drainage basins, such as Pine Island and Thwaites glaciers.
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Timeline of Antarctic innovation - a brief introduction

Martin Siegert

Grantham Institute, Imperial College London

The Golden Age of discovery led to an appreciation of Antarctica as a place for science and
innovation, which has characterised research developments in the Century since. This innovation,
often learning lessons from failure, can be taken back to the pioneering use of motor-tractors by
the Scott Expedition, through to the utility of aircraft in the 1930s, and to the ill-fated US ‘snow
cruiser’ of the late 1930s. Post World War Two, and as a consequence of the 37 IPY in 1957-58, a
marked increase in technological change in Antarctic research took place. This transition can be
characterised in glaciology from the development of seismic sounding in the early 1950s,
providing the first measurements of ice-sheet thickness and volume, to the use of ice-penetrating
radar in the late 1960s, allowing the measurements of ice thickness to increase in rate by five
orders of magnitude. This innovation step led to our ability to measure the ice sheet at a
continental scale, from which our understanding of ice sheet flow, stability and subglacial geology
was forged. Much of today’s research endeavour in Antarctic glaciology stems from this
innovation, yet there is much still to do. Several places of Antarctica are without data, and in most
places data are sparse, restricting our knowledge of the ice sheet and its bed. A future innovation
step is therefore required, which may take the form of AUVs and swath-type systems, if a full
knowledge of the Antarctic ice sheet and continent is to be gained. The lesson from history is that
such technological developments revolutionise subsequent research.
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High resolution mapping of ice-free environments: examples from the West Antarctic
Peninsula region

Gongalo Vieira

CEG/IGOT — Universidade de Lisboa, Portugal

The West Antarctic Peninsula is one of the Earth’s regions with a fastest warming signal since the
1950’s with an increase of over +2.5 °C in mean annual air temperatures. Widespread changes
have been reported for glaciers, ice-shelves and sea-ice, and recently, also for the permafrost
environment. Changing permafrost will influence the terrestrial ecosystems by modifications in the
active layer thickness, ground freezing regime, hydrology, geomorphodynamics and possibly, by
changes in biogeochemical fluxes. Mapping and monitoring of the ice-free areas of the Antarctic
Peninsula region has been until recently limited by the available aerial photo surveys, but also by
the scarce high resolution satellite imagery (e.g. QuickBird, WorldView, etc.) that are seriously
constrained by the high cloudiness of the region. The later provide excellent tools for vegetation
and geomorphological mapping and therefore have been used for mapping purposes in some
areas, but they have never been used for repeat monitoring of changes in land surface conditions.
Recent developments in Unmanned Aerial Vehicles (UAV’s), which have seen significant
technological advances and price reduction in the last few years, allow for a systematical use for
mapping and monitoring in remote environments. In this talk, | will present the first results from the
application of a Sensefly ebee UAV in mapping the vegetation and geomorphological processes,
as well as for digital elevation model generation in a test site in Barton Peninsula, King George
Island. The UAV is a lightweight (ci. 700g) aircraft, with a 96 cm wingspan, which is portable and
easy to trasnport. It allows for up to 40 min flight time, with possible application of RGB or NIR
cameras. We have tested the ebee successfully with winds up to 10 m/s and obtained aerial
photos with a ground resolution of 4 cm/pixel. The digital orthophotomaps, high resolution DEM’s
together with field observations have allowed for deriving geomorphological maps with
unprecedented detail and accuracy, providing new insight into the controls on the spatial
distribution of geomorphological processes such as patterned ground. The talk will focus on the
first results from the field survey of February and March 2014, which were obtained in the
framework of an ongoing collaboration between the University of Lisbon (G. Vieira, P. Pina and L.
Bandeira) and the Korean Polar Research Institute (S-G. Hong and H-C. Kim).
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Clean technologies for deep subglacial exploration in Antarctica

J.L. Wadham

Bristol Glaciology Centre, University of Bristol

A dramatic development in Antarctic Science in recent decades has been the considerable
international effort aimed at improving understanding of the hidden subglacial aquatic
environments (SAEs) beneath the ice sheet. These include a diverse range of lakes, rivers and
deep sedimentary basins, which have been isolated from the atmosphere for some millions of
years. Technology challenges associated with the exploration of these environments are
substantial because of their remote nature, extreme conditions and the requirement for
sterile/clean access and sampling. While two subglacial lakes have now been penetrated
(Subglacial Lakes Vostok and Whillans), significant challenges remain for a) the clean access
and sampling of deeper SAEs, such as deep sediments in lakes and sedimentary basins, and
also b) for in situ monitoring of physical, chemical and biological conditions in SAEs. The
scientific arguments for deeper drilling into sediments are compelling. Data providing clues to
the glaciation history of Antarctica and past climate are likely to be locked up in these deeper
sedimentary strata. They are also likely oases for microbial life, which is actively involved in
biogeochemical cycling processes, such as methane hydrate formation within deep sedimentary
basins. This talk aims to give an overview of the current challenges and technology solutions for
the exploration of SAEs, with a particular focus on sensing technologies.




Advances in understanding the bed of the ice sheet: 1. ice-penetrating radar data collection
and processing (SAR, SWATH); 2. use of satellite remote sensing in understanding subglacial
systems

Duncan A. Young, Donald D. Blankenship, Dustin M. Schroeder and Jamin S. Greenbaum

University of Texas Institute for Geophysics

Over the last twenty-five years, a combination of advancing spaceborne platforms and airborne
geophysical systems have transformed our view of the major ice sheets in Antarctica and
Greenland. Comprehensive satellite coverage, beginning with images of increasing resolution and
frequency, followed by altimetry, surface velocity, repeat altimetry and then repeat gravimetry,
have allowed us insight into both the form and the dynamics of the ice sheet. Understanding the
processes and forcings responsible for ice sheet dynamics, as well as the implications of these
dynamics, requires the imaging of the volume of the ice sheets and their substrate. As ice is
transparent at radio frequencies, and the remote and vast nature of these ice sheets, airborne
radar sounding has been the most comprehensive remote sensing tool for understanding ice
sheet structure.

The combination of satellite altimetry and radar sounding highlighted the importance of subglacial
hydrology under ice sheets, first as subglacial lakes, then as active hydraulic relays, and now as
once hypothesized, and now directly observed, organized hydrologic systems underlying much of
the ice sheet. Understanding this organization will be key for answering the following questions:
What is the interior water supply to regions of active ice sheet dynamic change? Where is deep
ice, bearing ancient records of the atmosphere, protected from melting? What is the distribution
subglacial water tell us about heat flow at the basal boundary? How is the possible subglacial
biotia distributed, and how can we protect it?

We contend that one way forward in answering these questions is targeted survey at the regional
scale of the interior of the major ice sheets, paying particular attention to the full recovery of
scattering information from the bed now offered by modern nadir profiling methods, and to
comprehensive grids designed to sample the full information content of subglacial hydraulic
catchments. Rapidly improving interpolation methods can expand the information content of
individual profiles, but must be constrained by measurements of basal conditions and the
statistical nature of the bed.

Swath mapping by radar is an exciting new tool for understanding the 3D deterministic topography
of the bed in local regions. Its use must, however, be carefully traded against the needs for
intelligent large scale spatial coverage and radiometric fidelity. Complementary use of both
regional and local approaches have tremendous promise to address the exciting questions above.
Critical for the success of any of these resource intensive approaches will be the international and
interdisciplinary collaborations fostered by SCAR.
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Collection and analysis of micro-climate data to explain biological heterogeneities

Peyman Zawar-Reza*, Marwan Katurji, Tobias Schulmann, Charles Lee, Craig Cary

* Centre for Atmospheric Research, University of Canterbury, Christchurch, New Zealand

A microclimate is a small-scale (sub-meter to a hundreds of meters) atmospheric zone where air
temperature and humidity differs from the surrounding area due to variability in surface radiation
and energy balances. Surface radiation balance is a function of net solar and thermal radiation
inputs, and is distributed into the atmosphere via sensible and latent heat fluxes and into the
ground through ground heat flux. Microclimates respond rapidly to fluctuations in solar radiation
and surface characteristics such as soil moisture. The degree of influence that microclimates
have on controlling species distribution is highly dependent on latitude, regional synoptic
climatology, and complexity of the surface. The simplicity of land-cover in the McMurdo Dry
Valleys (MDV) and rapid response to climate change present an opportunity to understand the
linkages between large-scale climate change and microclimates at a fundamental level. Through
data obtained from the Long Term Ecological Research (LTER) programme, there is evidence to
suggest that the terrestrial ecosystem in the MDV responds rapidly to climate shifts, which
creates difficulty for climate and ecosystem model predictions. We aim to understand the role of
surface heterogeneity in microclimate variation across the MDV by understanding how the
surface partitions radiative energy into sensible, latent, and ground hear fluxes. A range of
summertime in situ and near-target remote sensing techniques are used to characterise energy
partitioning by the surface, and its influence on the atmosphere close to the ground. These
include SOnic Detection and Ranging — Radio Acoustic Sounding System (SODAR-RASS) to
profile the atmosphere, turbulent eddy-covariance measurements to quantify radiative energy
partitioning, and fixed and mobile thermography to understand the variation of land-surface
temperature across the landscape. The presentation will provide a summary of challenges in
employing such advanced techniques in the MDV, and some preliminary results from the past
three field season.
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S01: ANTARCTICA AND THE SOUTHERN OCEAN IN THE 21ST CENTURY

Estimating Antarctic ice sheet surface mass balance contribution to future sea level rise using

the regional atmospheric climate model MAR

Agosta C ', Fettweis X ', Gallée H?

! Université de Liege, Department of Geography, 2 UJF Grenoble 1/CNRS, Laboratoire de Glaciologie

et Géophysique de I'Environnement (LGGE) UMR 5183, Grenoble, F-38041, France

The Antarctic ice-sheet surface mass balance (SMB) is a significant contribution to sea level
changes which may mitigate the rise in sea level in a warmer climate, but this term is still poorly
known. The Antarctic SMB cannot be directly deduced from global climate models (GCMs)
because of their too low resolution (~100 km) and their unadapted physic over cold and snow-
covered areas. That is why the use of regional climate models (RCM) specifically developed for
polar regions is particularly relevant. We present here new estimations of the Antarctic SMB
changes for the 20th and the 21st century at a spatial resolution of 40 km with the MAR (Modéle
Atmosphérique Régional) RCM. Recent studies showed that large scale forcings from GCMs were
the main source of uncertainty for RCM-deduced SMB, thus we first present a careful analysis of
the CMIP5 GCMs (used in the AR5 IPCC report) compared to the ERA-Interim reanalysis over
Antarctica and the Southern ocean region, from which we could select the less biased large scale
forcing for MAR. Then we show the Antarctic SMB evolution as modeled with MAR forced by the
best models (which includes ACCESS1-3) for RCP 4.5 and 8.5 greenhouse gaz scenarios. We
evaluate our outputs by comparing MAR forced by ACCESS1-3 and ERA-Interim for the 1980-
2000 period to more than 2700 quality-controlled observations and to surface meteorological data
from the READER database. To finish we give SMB changes estimations for the 21st century
together with an analysis of uncertainties coming from the MAR model, the GCM forcing and the
greenhouse gaz scenarios.
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Chemical characteristics of water masses in the Commonwealth and Amundson Seas

Artamonova K ', Maslennikov V

TVNIRO, 2 VNIRO

The main objective of present work is to consider chemical characteristics of shelf and slope
waters in the Commonwealth and Amundson Seas. Data of Russian surveys led during the
Antarctic summer of 2006 — 2014 on RV “Academic Fedorov”and “Academic Treshnikov’was
analyzed. Distribution of dissolved oxygen, silicate, phosphates and nitrates in the water masses
of the Commonwealth and Amundsen seas was shown. Significant differences in the structures of
the shelf and slope waters of the Commonwealth Sea and the Amundsen Sea were observed.

A water structure at the oceanological sections of the Commonwealth Sea was constituted by the
Antarctic Surface Water (AASW) with enough high concentration of silicate, nitrate nitrogen and
phosphates compare with other areas of the World Ocean; the Upper Circumpolar Deep Water
(UCDW) characterized by a minimum of the oxygen content, and a maximum of nutrient
concentrations; The Lower Circumpolar Deep Water (LCDW) primary characterized by a salinity
maximum and a minimum of nutritive salts as well; and the Antarctic Bottom water (AABW). It was
shown that the local cold, salt and dense Antarctic Shelf water (ASW) formed in the shelf area of
the Commonwealth Sea. The ASW was defined by a higher content of dissolved oxygen and
lower contents of biogenic elements compared with the CDW characteristics. The ASW mixed with
the CDW and their mixture (The Bottom Water of the Prydz Bay (BWPB)) moved down along the
slope, and reached the bottom.The chemical characteristics of the BWPB were analyzed. The
BWPB was defined by higher content of dissolved oxygen (more 5.5 ml/l) and lower contents of
biogenic elements (silicon - low 120 yM, phosphates — low 2.35 uyM and nitrates — low 29 uM) in
the bottom layer at the slope compared with the Circumpolar Deep Water (CDW) characteristics.
Interannual variability of characteristics of the water masses was observed on the repeated
oceanological section along 70° E in the Commonwealth Sea.

A water structure at the section in the Amundsen Sea was constituted by the two basic water
masses — the AASW and the CDW. The AASW was characterized by enough low for summer
season content of the dissolved oxygen and high concentration of the dissolved silicon, mineral
phosphorus and nitrates (50-55 yM, 1.8-1.9 yM and 26-28 uM, accordingly). The CDW was
presented by the UCDW and LCDW. The UCDW was shown by available of the Tmax layer on
depths 200 — 400 m with temperature in a range 1.2 — 1.6°C and minimum of the dissolved
oxygen 3.6-4.2ml/l and maximum in distribution of phosphates and nitrates (2.5-2.55uM and 32-35
MM, accordingly). A free entrance to the shelf area of the CDW was observed therefore formation
of the Antarctic Shelf Water here was represented impossible.
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Why do different climate models give different answers? An analysis of 21st century wind
changes over the Amundsen Sea, West Antarctica, in CMIP5 climate models

Bracegirdle T, Turner J, Hosking S, Phillips T

British Antarctic Survey

The influence of changes in winds over the Amundsen Sea has been shown to be a potentially
key mechanism in explaining rapid loss of ice from major glaciers in West Antarctica, which is
having a significant impact on global sea level. Here, Coupled Model Intercomparison Project

Phase 5 (CMIP5) climate model data are used to assess 21% century projections in westerly winds

over the Amundsen Sea (U,s). For a given scenario of greenhouse gas concentrations,

differences between different model projections can be split into contributions from internal climate

variability and model uncertainty. Model uncertainty comes from differences in the way different
climate models are constructed and internal variability of the climate system is a further
contributor. These sources of uncertainty are quantified in projections following Representative
Concentration Pathway (RCP) 4.5 and RCP 8.5 scenarios.

For the decade 2090-2099 the CMIP5 models show ensemble mean 21* century changes in
annual mean Uysof 0.3and 0.7 ms™ following the RCP4.5 and RCP8.5 scenarios respectively.
However, as a consequence of large internal climate variability over the Amundsen Sea, it takes
until around 2030 (2065) for the RCP8.5 response to exceed one (two) standard deviation(s) of
decadal internal variability.

In all scenarios and seasons the model uncertainty is large. However the present-day
climatological zonal wind bias over the whole South Pacific, which is important for tropical
teleconnections, is strongly related to inter-model differences in projected change in U,s (more
skilful models show larger U,s increases). This relationship is significant in winter (r = -0.56) and
spring (r = -0.65), when the influence of the tropics on the Amundsen Sea region is known to be
important. Horizontal grid spacing and present day sea ice extent are not significant sources of
inter-model spread.
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Polar-equatorial interactions off New Zealand from Last Glacial Maximum to 2014

Carter L

Antarctic Research Centre

The combination of modern observations and past ocean/climate reconstructions provides insights
into the driving processes and outcomes of polar/tropical influences on offshore New Zealand (NZ)
from the Last Glacial Maximum (LGM) to the present day. During the LGM, the Subantarctic and
Polar fronts of the Antarctic Circumpolar Current (ACC), migrated north in the Tasman Sea
concomitant with shifts of the Subtropical and Tasman fronts. Presumably this change was a
response to shifting westerly zonal winds under evolving pole-equator temperature gradients. Off
eastern NZ that migration was modulated by the regional bathymetry. ACC fronts compressed
against the western boundary presented by Campbell Plateau thus enhancing the ACC, which
formed a branch current to central NZ and the eastern lower North Island via gaps in the
boundary. As a result, subantarctic surface waters dominated the upper ocean facilitated by a
weakened and possibly diverted subtropical inflow to northernmost NZ. However, as zonal
westerlies returned south, polar influences declined and the subtropical inflow via the eastward
Tasman Front and to a lesser extent, the Subtropical Front, became prominent by the Holocene
Optimum.

That trend of polar contraction and tropical expansion continues today, but probably at an
accelerated rate under increased greenhouse gases and the “ozone hole”. Since the 1940s,
observations show a marked expansion of the subtropics as westerly storm tracks shift south and
the South Pacific Gyre spins up. Off eastern Australia, the extension of the East Australian Current
has strengthened over 350km southward resulting in the subtropical colonisation of previously
subantarctic habitats off Tasmania. Those Australian developments potentially reduced the
Tasman Front inflow but that may be offset by an increase in the Subtropical Front linking
Tasmania with southernmost New Zealand, as evinced by reconstructions of the last interglacial
period. Despite the ongoing subtropical expansion, Antarctica maintains a strong influence on
modern NZ climate to as far north as the central North Island.
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Circulation-driven temperature trends at Scott Base and McMurdo Station

Coggins J, McDonald A

University of Canterbury

The average temperature difference between Scott Base and McMurdo Station is approximately
3[1, despite both stations being located at the tip of the Hut Point Peninsula, Ross Island, and
separated by only =3 km. This difference in temperature is coupled with puzzlingly disparate
temperature trends in the period 1979-2011. Both stations show cooling in autumn and warming in
spring. However, the trend at McMurdo Station is significantly more positive than at Scott Base in
both seasons. This disparity is particularly important given the surroundings of the stations, as the
historic lack of data means that the stations represent the entirety of the in situ surface climate
record in the Ross Ice Shelf region before the introduction of reliable automatic weather station
units.

We investigate temperature at both locations via the application of a synoptic climatology derived
from ERA Interim surface winds. We find that temperatures at Scott Base are highly sensitive to
circulation over the greater Ross Ice Shelf region, and postulate that this occurs due to a semi-
permanent temperature inversion present at the base. During times of strong winds, such as
during Ross Ice Shelf Air-stream (RAS) events, turbulent vertical mixing disrupts this inversion and
causes warming at the surface. We find that temperatures at McMurdo Station are less sensitive
to synoptic circulation forcing.

In this talk we will demonstrate that the increasing frequency of RAS events in the spring time,
associated with a greater number of deep synoptic cyclones in the north-eastern Ross Sea, has
driven the positive temperature trend at Scott Base during this period. This is concurrent with a
northward shift in the location of the Amundsen-Bellingshausen Sea (ABS) low and a deepening
of its relative pressure.
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SST changes in Admiralty Bay, King George Island over last 50 years: Archaeal lipids (TEXg
paleothermometry) as temperature proxy
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The Antarctic Peninsula is one of the fastest warming locations on the planet. Recent temperature
increases have led to progressive deglaciation, ice—shelf disintegration, and a decline in sea ice
area, what may contribute to environmental changes in one of the world’s most precious
ecosystems. However, to put the current warming trend into perspective, accurate records of past
variations in temperature from this region are needed. Here we applied TEXgs paleothermometry
to two short sediment cores (BTP and STH) taken from the Martel inlet, Admiralty Bay (62°02’S,
58°21°'W), King George Island. The high sedimentation rates at this location (0.5 cm/yr) allow for
bi-annual sea surface temperature (SST) reconstructions over the last 50 years (1960-2007).

The reconstructed SSTs for this period varied between -0.8 and 4.6 °C (mean = 0.9 + 1.2, n = 20)
and -0.1 and 4.9 °C (mean = 2.6 + 1.6, n = 18) for BTP and STH, respectively. These results are
compatible with modern annual mean SST for this location retrieved from the WOAQ9 (- 0.53 to
0.06 °C). The TEXgs-based SST increase at a rate of 0.4 and 1.0 °C/decade (BTP and STH,
respectively) during the last 50 years. This is similar to but slightly faster than found previously for
the more northern Bellingshausen Sea (70°S, 80°W), where the rate has been around 0.2-0.3
°C/decade. Similarly, mean annual air temperatures at King George Island increased by a mean
rate of 0.2 °C/decade, with a 0.4 °C/decade increase for the winter season.

In addition to the long-term trend, there are dramatic (up to 3 °C) short-term variations over the
past 50 years. It is possible that this represents a random bias with respect to sampling of different
seasons. However, we consider that unlikely because each 1-cm sample represents two years
and similar features are observed at both BTP and STH. Instead, we suggest that these
variations reflect short-term climate variability imposed on the long-term trend.

Despite of the limitations of age model and sampling time resolution, these preliminary results
indicate that the marine realm has experienced absolute temperatures and temperature variation
broadly similar to that measured on land. In particular TEXge data provide evidence ocean
warming in the King George Island environment over the last 50 years, coinciding with the recent
rapid warming of the Antarctic Peninsula.
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Using high-frequency glider data to understand effects of sub-mesoscale processes and
atmospheric forcing on the mixed layer in the Subantarctic Zone.
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Traditional understanding of mixed-layer (ML) dynamics in the African sector of the Southern
Ocean suggests that seasonal summer stratification is determined by the onset of a positive net
heat flux. However, the impact of intra-seasonal variability on the ML is still relatively unknown.
Recent research in the North Atlantic has highlighted the role of sub-mesoscale dynamics (mixed-
layer eddies, or MLE) on ML stratification. It is now understood that horizontal density gradients
drive these sub-mesoscale eddies, which result in the ‘early’ onset of spring phytoplankton
blooms. To test the MLE hypothesis in the Subantarctic Zone (SAZ), we use high-resolution
(~3km, 4 hourly) glider measurements that exhibit contrasts between a highly variable spring ML
and strongly stratified summer ML. We propose that among other parameters such as wind stress
and mesoscale features, MLE have a large effect on stratification in the austral spring, whereas
solar heating dominates control during the austral summer months. As the MLE are governed by
the horizontal buoyancy gradient and ML depth, we examine and compare distributions of the
observationally inferred gradients in spring, with those from summer, as well as those from the
spring North Atlantic Bloom (NAB) model (where MLE are present). Additionally, the time series of
glider parameters are examined to understand event scale behavior of the ML.
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The Plateau Laclavere: A new climate relevant potential ice-coring site at the northern
Antarctic Peninsula
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Ice cores are of especial interest in a region with atmospheric and oceanic warming as coastal
Antarctica, which has been proved to be an important contributor to sea-level rise. However, in
this area meteorological records are restricted to the past 50-60 years, thus to the industrial
influenced era only.

Ice cores offer a unique look into the past climate variability. However proper geochemical
characterizations of different parameters are needed to understand complex signatures especially
from polar coastal regions. High accumulation zones, such as the Antarctic Peninsula (AP) allow
to study these parameters at high temporal resolution including: single extreme events, moisture
source and air-mass pathways, temperature anomalies, as well as other climate relevant
parameters such as sea ice cover.

Since 2008, we have continuously investigated the isotope signature of recent precipitation at
single-event scale from the Chilean Station O Higgins (OH) (63°19°15”S, 57°53’55”W). Isotopic
information complemented with meteorological and circulation models, like Hysplit, revealed 4 well
defined moisture sources for this area (Bellingshausen Sea, Amundsen Sea, South Atlantic and
South Pacific).

A complete altitudinal profile of snow and firn cores from sea level from OH to about 1050 m a.s.l.
at the Plateau Laclavere (LCL) (63°22°09”S, 57°39'33"W), shows that mean air temperatures as
up to 600-700 m a.s.l. can reach well above 0°C during summer, as observed from ice layers on
the cores, blurred isotope curves and physical properties of the firn. Therefore, all areas below this
critical altitude are not well-suited for further glaciological research at the moment. Above 700 m
a.s.l. snow properties are clearly different, with temperature of the snow of around -5°C at surface
and -9°C at 2m depth. Concordantly, isotope curves from firn cores retrieved in 2010 and most
recently in 2014 are well preserved. Moreover, visual inspection of the cores shows only very
restricted melting events during summer as one unusual rain-event during January 2014,
observed from sea level to LCL.

Satellite radar observation coincidently shows a clear difference on snow reflection property during
summer, which coincides with the line of the wet/warm snow surface bellow 600-700 m a.s.l. and
dry/cold snow above this line.

As expected, the accumulation rates estimated from the firn cores at this area is much higher than
other coastal regions from Antarctica, with annual values of around 2.3 m weq (water equivalent).
Recently acquired ground penetrating radar information (2014), shows preliminary depth of the ice
cover of around 350m at the highest point of the LCL and fairly regular sub-glacial topography. All
the information gathered until now, points out that LCL represents a well-suited place to obtain a
longer climate record (~150 years). A deeper drilling campaign will be carried out in the near future
(2015/2016).
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Seasonal Antarctic station-based pressure reconstructions during the 20th century
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A key component in understanding climate variations across Antarctica, whether from the
Southern Annular Mode (SAM) or from tropical teleconnections, is understanding changes in the
atmospheric circulation. Normally depicted as changes in advection patterns, these circulation
changes are routinely inferred from variations (anomalies) in the surface and/or mean sea level
pressure patterns. In this vein, recent studies demonstrate that (a) changes in the atmospheric
circulation due to tropical forcing are an important player in temperature variations in West
Antarctica and the Antarctic Peninsula and (b) temperature trends across the Antarctic Peninsula
are reversing despite no significant changes in the sign/magnitude of the SAM. Together these
conclusions suggest that climate variations across Antarctica are quite complicated and many
forcing mechanisms need to be considered, especially to detect and attribute trends and decadal
scale variability. Yet, as with much of Antarctic data, researchers are left with neither long-term
point (station) measurements of pressure variations across Antarctica, nor gridded pressure data
from reanalyses or models that can be deemed reliable, given very little in situ data to constrain
the solution across the high southern latitudes. This talk presents station-based reconstructions of
17 Antarctic manned stations by seasons. We employ principal component regression using
midlatitude pressure observations as predictors individually for each Antarctic station. We are
able to reconstruct the austral summer and winter pressure back until 1905 with fairly high skill,
and modest skill in austral spring and autumn. The reconstruction skill along the Antarctic
Peninsula is considerably higher in all seasons. A few reconstructions are used as examples to
place the recent atmospheric circulation changes in a longer historical context, thereby
highlighting the uniqueness of these recent changes. Future work includes conducting a spatial
Antarctic-wide pressure reconstruction back until 1905.
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Possible ocean-forced East Antarctic Ice Sheet instability and sea level change at the Last
Interglacial
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The contribution of the Antarctic ice sheets to global sea levels under projected future warming
remains uncertain. The Last Interglacial (135,000-116,000 years ago) provides an analogue for
future scenarios, with global temperatures some 2°C above present, but with sea level estimated
to be 6.6 to 9.4m higher than now. Previous studies suggest that this high stand resulted from
collapse of the marine-based West Antarctic Ice Sheet and Greenland, combined with thermal
expansion of the oceans with little, if any sea level rise attributed to the East Antarctic Ice Sheet
(EAIS). However, Last Interglacial model simulations, cannot fully account for the magnitude of
sea level rise suggested by geologic records without significant input from the EIAS.

Here we report a series of model simulations that explore the impact of migrating Southern
Hemisphere westerly winds on Last Interglacial ocean circulation and Antarctic ice-sheet
dynamics. Our simulations suggest that a poleward shift in the westerlies could have affected the
Southern Ocean polar gyres, inducing pervasive warming (0.2-0.8°C in the upper 1,200m)
adjacent to three regions of the East Antarctic Ice Sheet: the Weddell Sea, Ross Sea and Prydz
Bay. Ice-sheet modeling indicates the adjacent sectors of the EAIS are highly sensitive to ocean
forcing due to their bed geometries and connectivity to the Southern Ocean, and may have
contributed to the ‘missing’ component of high Last Interglacial sea level. Furthermore, 21%
century projections indicate that circum-Antarctic warming may be pervasive, suggesting an EAIS
response may be anticipated, with important implications for future sea level projections.
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Recent changes in the thickness and depth of Subantarctic Mode Water
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Argo float data indicate that the Subantarctic Mode Water (SAMW) has thickened and deepened
between 2005 and 2013. The increase in thickness and depth of the SAMW is attributed to
positive (anticyclonic) wind stress curl anomalies in the formation regions of SAMW north of the
Subantarctic Front. The pattern of change in SSH is similar to the change in mean depth of the
SAMW, consistent with stronger Ekman pumping driving convergence and downwelling, and
hence positive anomalies in sea surface height. Changes in wind forcing appear to be largely
responsible for the observed changes in the thickness and mean depth of SAMW.

40



Assessment of the ECCO2 reanalysis on the representation of Antarctic Bottom Water
properties

Azaneu M, Kerr R, Mata M

Universidade Federal do Rio Grande

We analyzed the ability of the Estimating the Circulation and Climate of the Ocean — Phase |l
reanalysis to represent the hydrographic properties and variability of the Antarctic Bottom Water
(AABW) in the Southern Ocean. We used a twenty-year observational database to perform

In addition, we evaluated four case studies based on current meter data and the AABW volume
transport estimates previously reported in the literature. The main Southern Ocean oceanographic
features, as well as the characteristic shape of the regional potential temperature—salinity (6—S)
diagrams, are adequately represented by the reanalysis. However, the opening of an oceanic
polynya in the Weddell Sea Sector, which has been clearly visible since 2005, contributed to an
unrealistic representation of the hydrographic properties of the Southern Ocean primarily after
2004. In this sense, our analyses focused on the period that was identified as more reliable
(1992-2004). In general, the reanalysis data showed surface waters that were warmer, saltier, and
denser than observations, which may have resulted from the absence of Ice Shelf Water and from
the overestimation of sea ice concentrations that limit oceanic heat loss during austral winters.
Intermediate waters were generally colder, fresher, and denser than observations, whereas deep
waters were warmer and less dense. These differences in deep water properties were partially a
result of the inability to reproduce the densest AABW variety by reanalysis for most of the
analyzed period and also because of the model’s relatively coarse vertical resolution. Despite
differences in absolute values, the upper AABW limit (y" = 28.27 kg m'3) and AABW occupied area
were well represented in the WOCE repeat sections SR2 and SR4 for the studied periods. The
case studies showed a good representation of the AABW volume export and current velocity
variability in the most important region of dense water export (i.e., the Weddell Sea). The
exception is the AABW volume transport near the Kerguelen Plateau, in which the rugged local
bathymetry and the relatively coarse model resolution hampered a fair representation of the
transport variability by the reanalysis. Despite the consistency in terms of variability, absolute
volume transport, and velocity, estimates were underrepresented in all cases. Moreover, the
reanalysis was capable of reproducing the general variability pattern and trends of the AABW
hydrographic properties reported by previous studies. Therefore, the ECCO2 data from the 1992—
2004 period was considered adequate for investigating the circulation of the AABW and variability
of the hydrographic properties, whereas data from the latter period (2005-2011) must be given
careful attention.

comparisons of hydrographic properties and reanalysis data for the same time period (1992-2011).
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Year-round micrometeorological observation of terrestrial photosynthetic organism habitats
for capturing the effect of climate change
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Yukidori valley in Langhovde that is located in Sbya coast of the east Antarctica is registered with
ASPA (No.154) for the lush vegetation. The aim of this study is to build a basis for monitoring the
effect of climate change to terrestrial photosynthetic organisms glowing in this area. For achieving
continual observation of habitats for long-term period, the year-round micrometeorological
observation system was set up during January 2013. The observed objects are each habitats of
Umbilicaria decussate (lichen), Ceratodon purpureus (bryophyte) and Prasiola crispa (green
algae), and the observing items are air temperature, humidity, light intensity (PAR) and surface
temperatures of samples. Snow covered conditions were logged hourly by the stationary
camera.ln addition to that, ultraviolet intensity was observed during January 2013. We would like
to show the analysis result of the micrometeorological observation data from January to December
2013. The differences of growing environments during three photosynthetic organisms became
clear. U. decussate which was growing on the upper surface of the rock started to be exposed to
irradiance that enough to photosynthesis by the end of September, because their habitat was
covered with small amount of snow even during winter. And it was expected that U. decussate
became dry condition by the mid-November for depletion of continuous water supply from the
snow drift. After that time, their activity will rely on snowfall and they will repeat dry-wet cycle
during summer season. On the other hand, C. purpureus and P. crispa were covered by more
large snow and they seemed to receive water supply until the end of December. The difference of
physiological futures among photosynthetic organisms in Antarctica will induce differences of their
habitats or active periods. For example, in physiological experiment, it was clear that P. crispa has
high sensitivity against irradiation especially in UV to blue light region compared to U. decussate
and C. purpureus and the observational result showed that the integrated value of UV radiation in
the habitat of P.crispa was lowest among three habitats.

Climate change will induce microclimate change of their habitats, change their active periods or
energy balance and finally induce ecosystem change. For the evaluation of these effects against
climate change to ecosystem of Antarctica, it is important to keep monitoring year-round
microclimate observation and to analyze these data in conjunction with their physiological futures.
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Primary production and phytoplankton growth in the West Antarctic Peninsula: Observations

and modeling analysis
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Through the development and application of ocean carbon models, we are quantifying the
Southern Ocean uptake of atmospheric CO, and exploring potential feedbacks of projected global
warming on this uptake. However, model projections remain highly uncertain in the Southern
Ocean, due to inadequate representation of both physical and biogeochemical processes. Simple
models of coupled nutrient-biological cycles are useful for understanding and evaluating
biogeochemical processes in the marine environment. Indeed simple models offer advantages
over more complex formulations in that they have fewer uncertain parameters.

During each annual cycle of ice formation and decay, the algae associated with the 20 million km?
of Antarctic sea-ice must survive extreme changes in environmental conditions. Pelagic
microalgae are incorporated into the sea-ice matrix as it forms in early winter and dense
microalgal mats develop on the underside of the sea-ice during the winter and spring. As the sea-
ice melts these algae must survive in the melt-water before the seed the annual ice-edge algal
bloom.

Here a four-component ecosystem is used to reproduce the main ecosystem features of the
surface mixed layer in the Western Antarctic Peninsula (WAP) and provide insight into the
fundamental biological interactions in the ocean. Model outputs are compared to both satellite
surface chlorophyll estimates and in situ measurements from one location in the WAP.

Preliminary results suggest that the model is able to reproduce the seasonal cycle, the timing and
size of the summer bloom at the sampling site. It is hypothesised that the magnitude of the
summer bloom observed in the region may be driven by either iron supply, or variations in
zooplankton grazing. The results also provide an indication of the phytoplankton capacity for
acclimation to changing light and water chemistry conditions. We suggest that a model that does
not incorporate the role of iron in the ecosystem cannot realistically fit the observations.

These results are a contribution to our understanding of the physical forcing of biological
processes such as primary production at the scale of WAP region, and inform about possible
responses to natural iron fertilization in different locations of the Southern Ocean. This comes at a
time when the scientific and broader community is urgently seeking quantification of the regional
impacts of a warming ocean.
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Impact of the initialisation on the predictability of the Southern Ocean sea ice at interannual to
multi-decadal timescales
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In this study, we assess systematically the impact of different initialisation procedures on the
predictability of the sea ice in the Southern Ocean. These initialisation strategies are based on
three data assimilation methods: the nudging, the particle filter with sequential resampling and the
nudging proposal particle filter. An Earth-system model of intermediate complexity has been used
to perform hindcast simulations in a perfect model approach. The predictability of the Southern
Ocean sea ice is estimated through two aspects: the spread of the hindcast ensemble, indicating
the uncertainty on the ensemble, and the correlation between the ensemble mean and the
pseudo-observations, used to assess the accuracy of the prediction. Our results show that, at
decadal timescales, more sophisticated data assimilation methods as well as denser pseudo-
observations used to initialise the hindcasts decrease the spread of the ensemble but improve
only slightly the accuracy of the prediction of the sea ice in the Southern Ocean. Overall, the
predictability at interannual timescales is limited, at most, to three years ahead. At multi-decadal
timescales, there is a clear improvement of the correlation of the trend in sea ice extent between
the hindcasts and the pseudo-observations if the initialisation takes into account the pseudo-
observations. The correlation reaches values larger than 0.5 and is due to the inertia of the ocean,
showing the importance of the quality of the initialisation below the sea ice.
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Synoptic classification and decadal change in air circulation patterns at Marion Island, 1960-
2009
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The climate on Marion Island has shown significant changes over the last thirty years and the
current changes in the climate are driven by changes in the synoptic weather systems. At present,
available information on climate change is not presented at the temporal scale that allows direct
evaluation of its impact on the island’s landscape dynamics. In order to provide a basis for such
analysis this paper aims to present a regional analysis of mean annual temperature as well as to
undertake an objective synoptic climate classification based on a single station principal
component (PCA) and cluster analysis of the daily meteorological observations of the Marion
Island weather station (46°52'59"S, 37°52'01"E, 24 m a.s.l.). The data uses the daily weather
station record over a 50-year period from 1960 to 2009. The PCA analysis indicated 8 distinct
synoptic circulation patterns and linear regression show that the circulation patterns in clusters
with increasing frequency of occurrence appears to be a southward placement of a sub-tropical
high pressure system with resulting influx of maritime air masses from lower latitudes. This may be
associated with a strong mid-latitudinal pressure gradient, warm fronts passing the island or a
southward meridional air flow. In contrast, clusters with decreasing frequency of occurrence
represent situations with relatively low mid-latitudinal pressure gradient with a weak polar front and
its travelling low pressure systems with cool, moist maritime polar air masses over Marion Island
or northward meridional air flow of cold Antarctic air in the westerly ascending limb of a Rossby
wave. Warming trends at Marion Island were placed in comparison to other sub-Antarctic islands
in the South Atlantic and South Indian Ocean using the NASA/GISS station data from the
GHCNv.3 and SCAR database. Stations used were selected on location in proximity of the sub-
Antarctic zone and availability of long-term temperature records. Of all stations, Marion Island
shows the strongest warming trend (0.21°C per decade, R? = 0.55) and mean annual
temperatures of most islands are positively correlated with their nearest neighbours and individual
station data from these locations thus appear representative for larger regional trends. The strong
temperature trend and its potential impact on terrestrial ecosystems and landscape dynamics
make Marion Island most suitable for synoptic air circulation classification in the sub-Antarctic
region.
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What's happening to Antarctic Bottom Water?
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Recent studies provide growing evidence of rapid change in the properties of Antarctic Bottom
Water (AABW). As sinking of AABW supplies the lower limb of the global overturning circulation,
changes in the properties or the formation rate of AABW might have widespread consequences
for climate, sea level, and the supply of oxygen to the abyssal ocean. Observations show that the
AABW layer is warming, freshening and contracting in volume. However, the drivers of these
observed changes are not yet clear. While widespread freshening has been observed, the origin
of the increased supply of freshwater is not fully understood. Increased basal melt of floating ice
shelves has been identified as a likely source of additional freshwater, but there is limited
oceanographic evidence for enhanced ocean heat flux to drive stronger basal melt. Warming of
the abyssal layer is widespread in basins ventilated by AABW, but the sources of dense water
have themselves not warmed significantly. Some of these changes have been linked to trends in
atmospheric circulation associated with the Southern Annular Mode (SAM), but a direct link
between the SAM and changes in bottom water properties or formation rate has been difficult to
establish. New studies based on oxygen, chlorofluorocarbons, oxygen isotopes and changes in
volume of individual layers have started to provide some insights into how and why AABW is
changing. Freshening of the dense shelf waters that sink and mix with surrounding waters to form
AABW can explain many of the observed changes. Changes in formation rate alone, on the other
hand, cannot explain the observed changes in water mass properties. In this talk we review and
attempt to reconcile recent investigations of AABW formation and change, ice shelf melt, and
changes in oceanic and atmospheric circulation; highlight remaining unknowns; and speculate on
the causes and consequences of future change in AABW change.
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Glacier sediment plumes in bays of the Danco Coast, Antarctic Peninsula
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The glacimarine sedimentary environments and associated processes may provide clues to
understanding climate and oceanographic evolution in the region. One the elements of
sedimentary processes is the generation of sediment plumes coming from the glaciers, where an
increase in particle concentration could indicate an increased melting of glaciers. The Danco
Coast region represents a subpolar-polar transition, so it is expected that the recent changes are
more prominent in that location.

In February 2013 INACH Antarctic Scientific Expedition was carried out on board the Chilean
Navy vessel “Aquiles”. Four relatively small bays were visited (according to SHOA charts):
Guesalaga, Frei, Beaupre and Paradise Bay. On board a Zodiac boat, we approached as close as
possible to the main glacier and about 5 oceanographic stations were conducted in a
perpendicular way to the glaciar head. Exploratory bathymetry was performed with a portable 50
KHz echo sounder and SBE 19 Plus V2 CTD measurements were carry out (temperature, salinity,
oxygen, fluorometry, pH and turbidity) up to 100 m deep. The CTD data processing consisted
simply in manual removal of erroneous data.

We found that in each bay studied exist one or more sediment plumes from the glacier, although
with low particles concentrations. The results were consistent with glacimarine models, so it is
expected that the sediment flow should be greater near the seafloor. Furthermore, the results
agree with the observations about predominance of subsurface plumes, and clearer waters in the
surface. Therefore the contribution of sediment systems in those bays, could play an important
role in regional sedimentary processes and, in particular, given the glaciar vulnerability to climate
change. To establish whether these plumes are ephemeral or not, ir is necessary to perform
repeated measurements over time of the oceanographic variables.
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The ocean's role in climate: Projections from CMIP5 of the Southern Ocean and Antarctica at
the end of the 21st century
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The Antarctic continent and the surrounding Southern Ocean have significant impacts on the
global climate and the climate system’s response to increasing greenhouse forcing. Vertical
exchange in the Southern Ocean provides a pathway between the deep and surface waters of the
ocean and between the surface ocean and the atmosphere, giving it a disproportionate influence
on the climate system. The Antarctic continent and the dynamics of the polar vortex over it
influence the stratosphere/troposphere temperature gradient and therefore the strength and
position of the southern hemisphere westerly winds. In climate change experiments, Southern
Ocean circulation patterns make it a region where much of the future oceanic heat and carbon
uptake takes place, although the magnitude of the uptake is one of the larger sources of
uncertainty associated with the transient climate response, especially in the latest Earth System
Models that explicitly simulate the carbon cycle. We will assess this uptake along with the these
future simulations from the suite of CMIP5 Earth System Models.
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Latitudinal variation of delta13C and delta15N in Suspended Particulate Organic Matter (SPOM)

in the surface waters of Indian Ocean sector of Southern Ocean and Tropical Indian Ocean
during austral summer, 2012
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This study addresses the influence of physiochemical and biological factors on the spatial
distribution of stable isotopic composition of carbon and nitrogen in suspended particulate organic
matter (SPOM). Surface water samples were collected from the Indian Ocean sector of Southern
Ocean and tropical Indian Ocean at 20 locations between 3°N to 53°S onboard RV Sagar Nidhi
during austral summer, 2012. The seawater samples were filtered through pre-combusted GF/F
filters and analyzed for organic carbon, nitrogen, §"°C and §'"°N of SPOM along with other
supporting oceanographic parameters. The study area was divided into two geographical regimes
based on the hydrography and chemistry- i) Tropical Indian Ocean (T10) defined by warm SST,
high SSS, low nutrient concentrations and ii) the Southern Ocean (SO) including Sub-tropical
fronts (STF), Sub-Antarctic Zone (SAZ) and Polar waters defined by sharp decline in SST, SSS
and an increase in nutrients.

Overall, the results obtained indicate a wide variation in %C, %N, 5'°C and §"°N in surface waters,
which were influenced by both physical and biological processes. The 5"C of SPOM ranged from
-26.82 to -21.40%., with an average of -26.19+0.51%. and -23.70+1.63%o in TIO and SO
respectively. However, §'3C of SPOM were heavier in the STF with an increase of approximately
3%o within the SO. Similarly, 5'°N values varied over a wide range from -5.09 to +4.09%. with
heavier 3'°N in nutrient depleted subtropical zone surface waters and a maximum variation in the
Tropical Indian Ocean ranging from -5.09 to 2.45%o. Both 5'°C and 8'°N of SPOM did not show
any statistically significant correlation with chlorophyll-a. Nevertheless, §"°C had a significant
linear relation with temperature and an inverse relation with tCO, beyond 40°S. From this study, it
appears that community structure played an important role in shaping the SPOM characteristics.
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Investigation of the causes of historical changes in the sub-surface salinity minimum of the
South Atlantic

Wainer |, Goes M?, Signorelli N’
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In this study we investigate the sub-surface salinity changes on decadal timescales across the
South Atlantic Ocean using the latest version of the Simple Ocean Data Assimilation reanalysis
product, as well as with additional climate model experiments. Results show that there is a recent
significant salinity increase at intermediate levels. The main underlying mechanism for this sub-
surface salinity increase is the lateral advective (gyre) changes due 5 to the Southern Annular
mode variability, which conditions an increased contribution from the Indian Ocean high salinity
waters. The global warming signal has a secondary but complementary contribution. Latitudinal
differences at intermediate depth in response to large-scale features are in part caused by local
variation of westward propagation features, and by compensating contributions of salinity and
temperature to density changes.
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S02: ANTARCTIC CLIMATE AND THE GLOBAL CLIMATE SYSTEM AND TROPICAL POLAR
CONNECTIVITY

Evolution of the Southern Annular Mode during the last millennium

Abram N

Australian National University

The Southern Annular Mode (SAM) is the primary pattern of climate variability in the Southern
Hemisphere, influencing latitudinal rainfall distribution and temperatures from the sub-tropics to
Antarctica. The positive summer trend in the SAM over recent decades is widely-attributed to
stratospheric ozone depletion, however the brevity of observational records from Antarctica — one
of the core zones that defines SAM variability — limits our understanding of long-term SAM
behaviour. Here we reconstruct changes in the SAM since 1000AD using proxy records that
encompass the full mid-latitude to polar domain across the Drake Passage sector. We find that the
SAM has undergone a progressive shift towards its positive phase since the 15M Century, causing
cooling of the main Antarctic continent at the same time that the Antarctic Peninsula has warmed.
SAM trends prior to the 20" century are more prominent in the proxy-based reconstruction than
current climate simulations, and appear to be associated with a teleconnected response to
changes in tropical Pacific climate. The positive trend in SAM since ~1940AD is reproduced by
multi-model climate simulations forced with rising greenhouse gas levels and later ozone
depletion, and the long-term average SAM Index is now at its highest level for at least the last
1000 years. Our findings imply that predictions of further greenhouse-driven increases in the SAM
over the coming century also need to account for the possibility of opposing effects from tropical
Pacific climate changes.
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Recent trends in Southern Hemisphere subtropical jet and future projections based on CMIP5
models

Nettukandy Chenoli S ', Ahmad Mazuki M ", Turner J?*!, Abu Samah A"
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Jet streams are important because the position of jet stream signifies the existence of baroclinicity
and hence they play a major role in the formation and development of middle-latitudes cyclones
and storm tracks follows the jet axis. Therefore changes in jet stream location, intensity, or altitude
can have important consequences for the southern hemispheric climate. Latitudinal change of jet
stream location is also used as an indicator of Hadley circulation’s poleward limit. The
Intergovernmental Panel on Climate Change /Fourth Assessment Report (IPCC/AR4) models
suggested there would be a poleward shift of the Southern Hemisphere jets as well as its
intensification during the next 100 years. In this presentation, predictions of 19 World Climate
Research Programme Coupled Model Inter-comparison Project Phase 5 (CMIP5) of the World
Climate Research Programme Coupled Models from the IPCC fifth assessment report (AR5)
archive are examined to understand and predict changes in the Southern Hemisphere jet over the
twenty first century. The main aim of this study is to quantify the trends in the wind speed, position
of the southern hemisphere Subtropical Jet stream, to assess the ability of the CMIP5 models to
reproduce the variability of Subtropical Jet stream, and the role of broad scale phenomenon such
as El Nifio Southern Oscillation (ENSO) and Southern Annular Mode (SAM) on the variability of
the jet streams.

The first part of the study was carried out to assess how the historical runs of the CIMP5 models
represented the strength, position and variability of the Southern Hemispheric jet streams. In order
to assess the changes and future projections of the jet streams in terms of strength, latitude and
the shift in the location, we performed a three dimensional analysis on CMIP5 model output
instead of normal static 200 hPa to eliminate altitude bias. Here, we compared the location of the
jets, climatology of zonal wind, its annual cycle and trends in the wind speed from the ERA-interim
with the model run. We investigated further the role of Southern Annular Mode (SAM) and EI Nifio
Southern Oscillations on the variability of the jet streams. In the second part of the study, we
examined the future trends in the wind speed, location and variability of jets based on the future
predictions from CMIP5 model under 4.5 and 8.5 scenarios.

Based on ERA-interim the subtropical jet has shifted significantly poleward by about one degree of
latitude over the last thirty years but there has been no significant change in the wind speed. Most
of the historic run of the CMIP5 models broadly agree with the observed poleward shift with no
significant trend in strength. Majority of CMIP5 models show a poleward shift and significant
strengthening of the jet under 4.5 and 8.5 scenarios.
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Possible southward shift of the Southern Hemisphere upper tropospheric jet and impact on
weather in the equatorial South China Sea during the austral winter

Abu Samah A, See Hai O, Ahmad Mazuki M, Nettukandy Chenoli S

National Antarctic Research Center, University Of Malaya

Lee and Feldstein (2013) suggest that there may be poleward shift in the upper tropospheric
subtropical westerly jet during the austral summer due to increasing greenhouse gases, and most
importantly, ozone depletion. Based on the premise of strong baroclinicity in the austral winter,
this present climatological analysis reveals that there is little latitudinal shift of 200 hPa subtropical
jet centered near 30°S and located between 60°E and 120°W. Instead, the warm phase of EI-Nino
Southern Oscillation phenomenon particularly strengthens the jet maximum between 160°E and
140°W. Also, during this El Nino phase, prominent gradients of decreased total column ozone
(cooling) to the north and increased (warming) to the south within the jet maximum area enhance
further the baroclinicity that leads to stronger jet core. Austral winter corresponds to the summer or
southwest monsoon in the Northern Hemisphere. Hadley circulation analysis along the
longitudinal band of the equatorial South China Sea merely shows that the Hadley cell strengthens
and broadens slightly within the latitudinal band of 8°N and 20°N or drier weather in the equatorial
South China Sea during El Nino under the scenario of little Southern Hemisphere upper
tropospheric jet shift.

Reference

Lee, S., and S.B. Feldstein 2013: Detecting ozone- and greenhouse-gas-driven trends with
observational data. Science, 339(6119), 563-567. DOI: 10.1126/science.1225154.

53



The Southern Annular Mode impact on the monthly mean temperatures of Southern Brazil and
the Antarctic Peninsula

Aquino F, Ribeiro Viana D, Cardia Simdes J
Centro Polar e Climatico - CPC / Universidade Federal do Rio Grande do Sul - UFRGS

For the last 50 years, the Antarctica Peninsula (AP) surface mean air temperature has risen more
than 3°C, central West Antarctica also has recorded a 2.4°C warming. Following worldwide trends,
but to a much smaller degree, temperatures in continental South America have also increased in
the same period. Southern Brazil (SB) has recorded an increase of 0.56°C in the annual mean
temperature anomaly from 1961 to 2009. In this presentation, we demonstrate that an important
regional context of atmospheric circulation, in the scale of months and seasons, can have marked
effects in the air temperatures of the AP and SB under the influence of the Southern Hemisphere
Annular Mode (SAM). Thus, we analysed by employing Empirical Orthogonal Function (EOF),
correlations and composite analysis the following variables: pressure at mean sea level (MSLP);
geopotential at 500 (Z500) and 850 (Z850) hPa; meridional wind (v) at 10 m, and mean monthly
temperature (MMT) at 2 m of the ERA-Interim (European Reanalysis Agency) database, from
1979 to 2010; MMT at 2 m of the CRU/BADC (Climatic Research Unit/British Atmospheric Data
Centre) database, from 1961 to 2009; and SAM index from Nan and Li, 2003. The seasonal mean
temperature shows a positive trend (statistically significant, a <1%) only in autumn (+0.0179°C a™)
in SB. The SAM shows a positive trend (1979-2009), statistically significant (a <5%) in summer
(+0.056 a™') and autumn (+0.042 a™'). The atmospheric fields variability modes (MMT, MSLP, Z850
and Z500) show that the first EOF exhibits a dipole pattern between the subtropical and polar
regions in the Southern Hemisphere. The EOF1 fields associated with PNM, Z850 and Z500
reveal this remarkable SAM feature. It is noticeable that this dipole is observed in the first three
EOFs of MMT. The SAM has a major impact on the SB and AP seasonal and mean monthly
temperatures, showing an autumn negative correlation (r = -0.44; a < 1%), where MMT negative
(positive) anomalies in SB and positive (negative) in the AP are associated with SAM positive
(negative) phases. Correlations between the EOFs atmospheric fields and the SAM time series
reveal that there are statistically significant connections (a <1%) with the observed dipole spatial
pattern. Therefore, we point that the positive and negative extremes in seasonal and mean
monthly temperatures variability in SB result, in part, from atmospheric circulation changes
thousands of kilometres away, in the AP region.
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RICE - Roosevelt Island Climate Evolution project - a new, intermediate depth ice core record
from coastal Antarctica

Bertler N, Conway H 2 Dahl-Jensen D?
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RICE is a collaboration between New Zealand, USA, Denmark, United Kingdom, Germany,
Australia, Italy, China, and Sweden. The overarching aim of the project is to help evaluate the
stability of the Ross Ice Shelf and West Antarctica in a warming world.

The team recovered a 763m deep ice core from Roosevelt Island during the 2011/12 and 2012/13
field seasons supported by Antarctica New Zealand and the USAP. The core was drilled using the
newly built New Zealand intermediate ice core drilling system, which is based on the design of the
Danish Hans Tausen drill.

Roosevelt Island, an ice dome grounded 200m below sea level, is situated at the northern tip of
the Ross Ice Shelf, which flows around it. The dome has a maximum elevation of 550m above sea
level and exhibits a well developed Raymond Bump. Average annual snow accumulation is 20cm
ice per year. The RICE core was drilled in the vicinity of the topographic and Raymond Bump
divides (79.364°S, 161.706°W). The core was processed at the New Zealand Ice Core Research
Facility during May to July 2013 (0-500m) and June to August 2014 (500-760m).

The record has been dated using annual layer count, volcanic markers (incl. 5 ash layers), and
correlated to WAIS via an exceptionally high resolution match between the WAIS and RICE
continuous flow methane measurements. Geophysical measurements (radar and strain rate
measurements) provide information on the thinning history of the island and further help to
constrain the age model. The RICE core provides a high resolution record of the deglaciation
history in the Ross Sea region and a lower resolution record extending to >60ka. The bottom
section of the RICE core contains diatomaceous material from a time when the rise was exposed
to open ocean conditions in the absence of the Ross Ice Shelf.

Here we present the first data spanning the entire record and offer initial conclusions.

*RICE Team: B.Alloway, T.Baisden, T.Beers, H.Berge, N.Bertler, T.Blunier, D.Bowden, E.Brook,
S.Canessa, C.Cary, G.Ciobanu, D.Clemens-Sewall, H.Conway, Ciao Cunde, D.Dahl-Jensen,
Nelia Dunbar, B.Delmonte, R.Edwards, A.Ellis, D.Emanuelsson, Wang Feitang, J.Fitzpatrick, TJ
Fudge, A.Giese, V.Gkinis, I.Goodwin, M.Grant, S.Haines, M.Hansson, B.Hawley, M.Hendley,
R.Hindmarsh, Yang Jiao, J.Kaiser, D.Kalteyer, L.Keller, S.Kipfstuhl, H.Kjaer, E.Korotkikh,
A.Kurbatov, L.Lanci, J.Lee, V.Maggi, D.Mandeno, S.Mawdesley, P.Mayewski, R.McKay,
A.Menking, U.Morgenstern, P.Neff, S.Phipps, B.Proemse, A.Pyne, R.Pyne, J.Rawson,
E.Saltzmann, R.Scherer, S.Semper, J.Severinghaus, Wang Shimeng, S.Sneed, E.Steig, A.Tuohy,
F.Valero-Delgado, P.Vallalonga, E.Waddington, J.West, H.Winton, Dongqi Zhang
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Nitrate profile of a shallow Antarctic firn core
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A 2004/2005 Chilean-Brazilian traverse recovered several shallow cores from the Geographic
South Pole to the Parodi Chilean Station (80°18'S, 81°23'W). This paper presents a nitrate profile
of one of these firn/ice cores, located about 1050 km from the Antarctic coast line, IC3 (85°59'S,
81°35'W). The IC-3 core was melted into discrete samples at 2-3 cm resolution using the
continuous melting system (Osterberg et al., 2006) developed by the Climate Change Institute,
University of Maine (USA). The core sampling produced 1049 samples and the ions Na*, K*, Mg?*,
Ca®*, MS’, CI', NOg, and SO,* (ug L), were determined using a Dionex DX-500 lon
Chromatograph.

Nitrate presents a complicated record in Antarctica, it involves multiple sources, loss pathways
and a gas phase chemistry (Laluraj et al., 2010). Correlations between atmospheric NOx and NO3
in the ice core records are strongly influenced by post depositional processes (Hastings et al.,
2004). Among these processes is the NO; photolysis in surface snow layers and evaporative loss
of HNO; (Wolff et al., 2008). High NO3z concentrations in snow and ice cores could be associated
with volcanic emissions. This could be indicated by matching peaks in the nitrate and sulfate
profiles.

The nitrate profile in the IC3 core presents a small variation around the mean concentration (81.33
+23.31 ug L'1), demonstrating an attenuation of the record. However, a high concentration peak
(201.17 ug L") near the surface could have resulted from the interaction with Ca®* that prevents
the NOj" releasing from the snow pack in the gas-phase. But this peak is so close to the surface
that, possibly, the NO3™ at this depth has not presented the same post depositional effects that
occurred in the rest of the core. This suggests a post depositional effect with HNO; loss. No
simultaneous high concentration peaks of nitrate and sulfate that may indicate a volcanic event
are observed. The profile represents 46+3 years of accumulation (a 32.3 cm year'1 in water
equivalent).
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Interpretation of a 2,000 year, high resolution water stable isotope record from the RICE ice
core Roosevelt Island, Antarctica
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A 763m ice core was retrieved from Roosevelt Island (W161° 21, S79°41°, 560 m a.s.l.),
Antarctica. Here we show the high resolution stable isotope record (6180, oD and d-excess)
covering the past 2,000 years, which is contained in the upper 300m of the core. The isotope-
temperature relationship has been estimated using temperature correlation with local weather
stations and from borehole measurements. The &-records have been back-diffused to remove the
post-depositional effect from diffusion that dampens the isotopic signature.

We correlate the modern part of the record (1979 AD to present) with meteorological reanalysis
ECMWF Interim Re-Analysis (ERA-Interim) data to identify air mass trajectories and moisture
source regions for precipitation at Roosevelt Island. We investigate the importance of local
sources (Ross Sea polynya) versus remote regions (Southern Ocean) and the influence of their air
mass trajectory on the fractionation pathway of the water vapor. Moreover, we identify relationship
of the transport pathway with the El Nino Southern Oscillation (ENSO) and the Southern Annular
Mode (SAM) as main drivers of the air mass trajectories to Roosevelt Island.

We also provide data from: snow precipitation samples collected during snowfall events at
Roosevelt Island, high resolution snow pit samples and data from shallow ice cores (~10m).

The data were measured using a LGR-35EP analyzer, manufactured by Los Gatos Research
(LGR). We developed the first experimental design applying off-axis integrated cavity output
spectroscopy (OA-ICOS) to continuously analyze water isotopes from an ice cores. A Water Vapor
Isotopic Standard Source (WVISS) calibration unit, was modified to reduce the influence from
memory effect (i.e. decrease the response time), which allows us to efficiently perform multi-
standard calibrations and make continuous 8'°0 and 5D measurements with less attenuation
introduced by the experimental design.
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Radiogenic Isotopes of Sr and Nd in aerosols as markers of South America air masses
reaching the Southern Ocean and Antarctica

Santos E ', Evangelista H', Valeriano C?, Neto C?, Vaz G?

' Rio de Janeiro State University/LARAMG. Rio de Janeiro(RJ), 20550-013, Brazil, 2 Rio de Janeiro

State University/ TEKTOS Geotectonics Study Group. Rio de Janeiro(RJ), 20550-013, Brazil

Specific minerals and rocks have different ratios of >’Sr/*°Sr and "**Nd/™**Nd according to their
geological derivation. These ratios in the isotopic composition of the total aerosol fraction/mineral
dust may prove beyond the provenance, the heterogeneity of sources and may reflect the
heterogeneity of the exposed rocks in the scale of their drainage basin. Glaciological studies of
dust deposits in deep ice cores of Antarctica based on these isotopic ratios suggested the South
America as main dust contributor for both glacial and inter-glacial stages. This was achieved by
the comparison of the glaciological data with the South America ®’Sr/**Sr and "**Nd/***Nd
terrestrial signature. Here we provide a new database for for Sr and Nd in South America
enclosing the terrestrial tropics and sub-tropics regions (inventory of approximately 400 site
investigated) and the signature in aerosols over the Atlantic Ocean. Aerosol samples were
collected during six oceanographic campaigns between Rio de Janeiro and the Antarctic
Peninsula, aboard the polar Vessel Almirante Maximiano. Dust samples were merged in
polycarbonate membranes Whatman 47um through suction pumps for typical flow rate of 127
L/min. Determination of #Sr/*°Sr and "**Nd/"**Nd were conducted by mass spectrometry
Multicollector by thermal ionization (TIMS) TRITON - Thermo Finnigan / at LAGIR (Laboratory of
Geochronology and Isotope radiogenic) / Rio de Janeiro State University. The technique used is
the spectrometric analysis dynamic mode called "peak jumping" as used in specific cases where
low or very low concentrations are expected. Results of the aerosol isotopic signatures were
compared with air mass back-trajectories obtained by the HYSPLIT trajectory model (HYSPLIT -
Hybrid Single- Particle Lagrangian Integrated Trajectory) from NASA in order to compare surface
terrestrial data with aerosols signatures.
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Varying roles of ENSO and SAM on the Antarctic Peninsula climate in austral spring

Fogt R, Clem K
Ohio University

Recent studies have identified a significant warming trend across West Antarctica and the
Antarctic Peninsula, which is likely linked to tropical forcing. These studies also agree that the
warming trends are most marked across West Antarctica and the Antarctic Peninsula during
austral winter and spring. Here we investigate temporal variations in El Nifio — Southern
Oscillation (ENSO) —related tropical forcing and Southern Annular Mode (SAM) -related forcing on
the Amundsen-Bellingshausen Seas Low (ABSL) and the regional climate during austral spring.
We find an east-west dependency on the impacts each of these climate modes have on the
Antarctic Peninsula: relationships with ENSO and Antarctic Peninsula climate are persistent and
significant across the western Peninsula, while relationships with the SAM are persistent with the
across the northeastern Peninsula. The other correlations appear weak since 1957 as they vary
temporally, fluctuating with the correlation between the SAM index and ENSO in austral spring.
Changes in the ENSO-SAM correlations are due primarily to the 1988 La Nifia / SAM negative
event, which significantly altered the location of the ENSO teleconnection in the South Pacific
Ocean and therefore its influence on the regional climate. Whether or not there is decadal
variability in the ENSO-SAM relationship remains unclear; however, it is evident that the influence
across the Peninsula varies in both space and time, related to the strength and spatial extent of
the response in the Amundsen-Bellingshausen Seas. This suggests that in order to accurately
attribute the warming to ENSO-related tropical forcing, it is necessary to consider the role of the
regional circulation manifested by the phase of each climate mode together.
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Late Pleistocene and early Holocene change in the Weddell Sea: a new climate record from the
Patriot Hills, Ellsworth Mountains, West Antarctica

Fogwill C", Turney C", Van Ommen T2, Moy A?, Etheridge D, Rubino M2, Curran M?, Riviera A*,
Rootes C°
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The transition from the late Pleistocene to the Holocene (30 000-5000 years ago) was a period of
considerable climate variability, which has been associated with changes in deep water formation
and the intensity of the Meridional Overturning Circulation. Although numerous records exist
across the North Atlantic region, few Antarctic ice core records have been obtained from the
south.

Here we exploit the potential of upwelling ancient ice — so-called blue ice areas (BIAs) — from the
Patriot Hills in the Ellsworth Mountains to derive the first deuterium isotope record (dD) from
continental Antarctica south of the Weddell Sea. Gas analysis and glaciological considerations
provide a first relative chronology. Inferred temperature trends from the Patriot Hills BIA and snow
pit suggest changing climate influences during the transition between the last glacial period and
Holocene.

Under modern conditions, the interplay between the Antarctic high-pressure system and the
Southern Annular Mode appears to play a significant role in controlling katabatic wind flow over
the site while the BIA record suggests that greater sea ice extent during the last glacial period was
a major control. Our results demonstrate the considerable potential of the Patriot Hills site for
reconstructing past climate change in the south Atlantic region.
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lonic records from Dome Fuji, East Antarctica over the past 700 kyrs and their implications
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Ice core drilling at Dome Fuiji, Antarctica reached a depth of 3035.22m in January 2007. Here we
report the variations of ionic species in the Dome Fuiji core for the depths above 3028m, which
corresponds to about 700kyrs BP. Fluxes of ss (sea-salt) sodium (a proxy for sea-salt) and nss
(non-sea-salt) calcium (a proxy for dust) at Dome Fuiji are linked with Antarctic temperature; they
are high during cold glacial periods and low during warm interglacial periods, as has been
reported by earlier studies. On the other hand, we find no straightforward link between Antarctic
temperature and nss sulfate, which has been considered as a proxy for marine biogenic
productivity in the Antarctic Zone. They are high during both cold glacial periods and warm
interglacial periods. Flux of ammonium, which has been also considered as a proxy for marine
biogenic productivity, are high during cold glacial periods and low during warm interglacial periods.
We suggest that sources of nss sulfate and ammonium need to be reconsidered. We also suggest
that marine biogenic productivity in the Southern Ocean was not constant over glacial cycles,
which contradicts the conclusion of previous ice-core studies, but agrees with the results from
marine sediment records.
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Investigation of Greenland and Antarctic ice core recorded abrupt climate change using ultra
high-resolution laser sampling
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The utilization of ice core records has been paramount in the realization that abrupt climate
change (ACC) events occurred in the past. We intend to refine interpretations of select ACC
events recorded in polar ice cores through the use of an ultra-high resolution (20 um as compared
to standard 1 cm sampling using melting techniques) sampling method that achieves an ultra high
level of temporal resolution (for example, hundreds of samples per year) using laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS). We will measure concentrations of
select glaciochemical species (calcium, iron, potassium and sodium), allowing an in-depth inquiry
into the timing and magnitude of atmospheric circulation, seasonality and precipitation changes in
the past. The Greenland (GISP2) ice core archive sampled ranges from 2674 to 2680 meters
depth, and features the abrupt climate transition from stadial to interstadial (Dansgaard-Oescgher
event 21; ~83-85 kya), as recorded by original IC concentrations. The Antarctic (Siple Dome) ice
core archive ranges from 713 to 725 meters depth (~19-22 kya), during the last glacial maximum
(LGM). Using our state of the art LA-ICP-MS, we are able to look for potential precursors to state
changes associated with ACC that were not previously recognizable using the temporal resolution
of previous sampling methods.
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Dating of the Dome Fuiji deep ice core using O2/N2 of trapped gases and synchronization with
Northern Hemisphere records
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Investigation of the roles of different forcings (e.g. orbital variations and greenhouse gases) on
climate and sea level requires a paleoclimate chronology with high accuracy. Such a chronology
for the past 360 ky was constructed through orbital tuning of O,/N, ratio of trapped air in the Dome
Fuji and Vostok ice cores with local summer insolation (Kawamura et al., 2007). We extend the
O2/N, chronology back to about 500 kyr by analyzing the second Dome Fuiji ice core, and find the
duration of 11 ka, 5 ka, 9 ka, and 20 ka for MIS 5e, 7e, 9e and 11c interglacial periods in
Antarctica, with similar variations in atmospheric CO,. The termination timings are within the rising
phase of Northern Hemisphere summer insolation, consistent with the Milankovitch theory of
glacial cycles.

Marine sediment cores from northern North Atlantic contain millennial-scale signatures in various
proxy records (e.g. SST, IRD), including abrupt climatic shifts and bipolar seesaw. Based on the
bipolar correlation of millennial-scale events, it is possible to transfer our accurate chronology to
marine cores from the North Atlantic. As such an attempt, we correlate the planktonic 1'®0 and
IRD records from a marine core (ODP 980) with the ice-core 11'®0 and CH, around MIS 11. We
find that the durations of interglacial plateaus of planktonic 1'% (proxy for sea surface
environments) and benthic "% (proxy for ice volume and deep-sea temperature) for MIS 11c are
20 and 15 ka, respectively, which are significantly shorter than those originally suggested. These
durations are similar to those of Antarctic climate and atmospheric CO,. However, the onsets of
interglacial levels in ODP980 for MIS 11 are significantly later than Antarctic 1'°0 and
atmospheric CO, (by as much as ~10 ka), suggesting very long duration (more than one
precession cycle) for the complete deglaciation and northern high-latitude warming for Termination
V. Atmospheric CO, may have been the critical forcing for this termination. The long duration of
Termination V is consistent with our new ice sheet simulations (extended from the work of Abe-
Ouchi et al., 2013) in which an ice-sheet/climate model is forced by insolation and CO, variations.
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The Southern Annular Mode (SAM) in PMIP2 simulations for the Last Glacial Maximum
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The increasing trend of the Southern Annular Mode (SAM) in recent decades has influenced the
climate change in the southern hemisphere. How the SAM will respond to the increase of
greenhouse gases in the future still remains uncertain. Understanding the variability of the SAM in
the past under colder climate such as the Last Glacial Maximum (LGM) might provide some
understanding of the response of the SAM for the future warm climate. We analyzed the changes
in the SAM for the LGM in comparison to the pre-industrial (P1) simulations using 5 coupled
ocean-atmosphere models (CCSM, FGOALS, IPSL, MIROC, HadCM)) from the second phase of
Paleoclimate Modelling Intercomparison Project (PMIP2). In CCSM, MIROC, IPSL, and FGOALS,
the variability of the simulated SAM appears to be reduced in the LGM than the PI with a decrease
in the standard deviation of the SAM index. Overall, four out of five models suggest the weaker
SAM amplitude in the LGM, consistent with the weaker southern hemisphere polar vortex and
westerly winds found in some proxy records and model analyses. The weakening of the SAM in
the LGM is associated with the increase in the vertical propagation of Rossby waves in southern
high latitudes.
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Evidence of hemispheric- and local-scale atmospheric pollution in a South Pole ice core
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Human activities now have a major impact on the global atmospheric cycles of many trace
elements. Here we present a ~2100-year record of atmospheric Ba and As concentrations as
recorded in a South Pole ice core. The ice core was collected during the US International Trans-
Antarctic Expedition traverse in 2002 (site US ITASE-02-6) at 89.93°S, 144.39°W at en elevation
of 2808 m a.s.l. Samples collected from the top 200 meters of the core were analyzed for major
and trace element content using the inductively-coupled plasma sector field mass spectrometry.
Our results show significant enrichment of Ba and As during recent decades. We observed large
increase in Ba concentrations (by a factor of ~25) since 1980 A.D. Concentrations of As increase
by a factor of ~4 since 1970 A.D. Our records show increases in crustal enrichment factor values
for Ba (by a factor of ~12) and As (~3) during recent decades, suggesting input from
anthropogenic sources. A comparison of the As data with other Antarctic glaciochemical records
indicates that the increase in atmospheric concentrations of As is widespread. Increase in As
concentrations and As enrichment factors values are most likely related to nonferrous metal
production, and stationary fossil fuel and gasoline combustion in the Southern Hemisphere
countries. Comparison with previously reported Antarctic Ba records suggests that significant
increases in Ba concentrations at South Pole during recent decades are most likely caused by
local source pollution, such as diesel fuel combustion and intense aircraft activity at Amundsen-
Scott South Pole Station.

65



Detailed glaciochemical records from Northern Antarctic Peninsula site - Detroit Plateau

Potocki M 2, Mayewski P "2, Kurbatov A%, Simdes J ", Dixon D %, Handley M ', Korotkikh E "
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Rio Grande do Sul, Porto Alegre, Brazil

The Detroit Plateau (DP) is located in the northern sector of the Antarctic Peninsula where
glaciological and meteorological observations have revealed a remarkable warming trend over the
last five decades (+0.56°C decade™, Tumeret al., 2005). The goal of our Detroit Plateau ice
coring activities is to reconstruct past precipitation, atmospheric circulation, and air mass
chemistry over the Antarctic Peninsula. For this, we recovered a 133 m DP ice core (64°05'S,
59°39'W, 1937 m a.s.l) in 2007. Preliminary results from chemical and isotopic analysis
demonstrate that the DP site has a high annual net accumulation (~5 m of snow). The upper 98
meters of this core covers approximately 27 years (from late 1980 to late 2007). Our analysis
revealed that As exhibits large seasonal variability, with a distinct single annual maximum and
minimum concentration. In addition, our study shows pronounced increase in trace metal
concentrations (Cu, Zn, and Cd), attributed to heavy metals emissions to the atmosphere by
human activities in the Southern Hemisphere, especially non-ferrous metal mining and smelting.

66



Halogen records from the West Antarctic Ice sheet; Present day to the Last Glacial Maximum

Maselli O, McConnell J, Layman L, Sigl M, Pasteris D

Desert Research Institute

Annually resolved records of chlorine, bromine and iodine have been measured on the WAIS
Divide Ice core. The source of these halogens are primarily oceanic; seawater, sea ice and algae.
However each halogen shows a unique seasonal cycle in concentration that emphasises that
differences exist not only in the magnitude of each source but in the atmospheric processing that
happens during transport and deposition and the preservation of the halogen in the snow.

The records discussed here cover the period of the present day - 28,000 yr BP. There is a marked
increase in variability of each halogen with decreasing temperatures corresponding to the
Antarctic Cold Reversal and the Last Glacial Maximum. Correlations maps confirm that the
moisture source for the snow reaching the WAIS Divide site is the Amundsen-Bellingshausen sea,
but the correlations between halogens and sea ice conditions reveal that the Wedell sea may also
be a likely source of these sea salt aerosols.
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Exploring extra-Antarctic air transport pathways using Rare Earth Element concentrations in
dust from the RICE ice core, Roosevelt Island, Ross Sea Sector

Neff P 2, Bertler N "%, Edwards R ®, Tuohy A"?
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Science, ® Curtin University

Records of dust contained within ice cores are fundamental to understanding of global-scale shifts
in environmental conditions and atmospheric circulation, but also can elucidate detailed
atmospheric transport processes on shorter timescales. High-resolution trace element analysis
has been performed on samples spanning the satellite era (1979-present) from the recently-
recovered Roosevelt Island Climate Evolution (RICE) ice core (79.364°S, 161.706°W, ~550 m
a.s.l.). A grounded ice dome within the eastern Ross Ice Shelf, Roosevelt Island is subject to
synoptic and mesoscale climate systems originating in the Ross and Amundsen seas, with
attending influences from the Pacific Ocean to the north. For the first time, we explore annual to
seasonal variations in modern concentrations of the fourteen Rare Earth Elements (REE, La, Ce,
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu), constituents of terrestrial mineral particles
deposited in the Antarctic. Using ERA-Interim climate reanalysis data, modern relationships
between REE and large-scale atmospheric circulation are explored with intent to establish relative
importance of mineral dust source strength versus transport efficiency. Additionally, quantitative
transfer functions are sought to extend modern relationships to 2000 years BP, using a three-year
average REE record from the RICE ice core.
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Amundsen Sea coastal domes: high-resolution Holocene ice core sites
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Recent observations demonstrate that the West Antarctic Ice Sheet (WAIS) is changing

rapidly. Much of this dynamic behavior has been focused along the Amundsen Sea coast: Pine
Island and Thwaites glaciers are thinning extensively; upwelling warm Circumpolar Deep Water
(CDW) is causing extensive melting beneath the Pine Island, Thwaites, and Getz ice shelves; and
moist marine air travelling onto the ice sheet, unobstructed by relatively shallow surface gradients,
likely contributes to observed WAIS warming. Of any region of Antarctica, the Amundsen Sea
coast shows the strongest links to the tropical Pacific Ocean. ENSO influences on regional
circulation and surface winds have been shown to impact CDW upwelling and melt rates beneath
ice shelves.

Providing context for these recent observations is key to assessing their significance with respect
to natural variability. It is well established that ice cores contain proxy records providing insight
into air temperature and moisture transport (water stable-isotopes), sea-ice and polynya
conditions (methanesulfonic acid, sulfate, CI'), atmospheric circulation (non-sea-salt Ca2+), and
more. Examining Radar Depth Sounder and Snow Radar data recovered during NASA Operation
IceBridge flights, we propose several potential ice coring sites on ice domes within the Getz Ice
Shelf (115°W to 135°W) and explore regional variability in snow accumulation rates. Ice
thicknesses near the summit of several ice domes range from 500-1000 meters, with snow
accumulation rates varying from 1.0 m to greater than 2.0 m. Ice flow modeling suggests ages at
90% depth ranging from 2000 to 8000 years before present.

An ice core record from the Amundsen Sea coast would likely provide an annually resolved, very
high-resolution 2000 year record of natural variability in ice, ocean, and atmospheric dynamics
relevant to rapid changes observed in this sector of Antarctica. Additional benefits include physical
constraints on recent temperature trends from borehole thermometry and thinning history of as yet
unstudied ice domes in this region.
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High resolution chemical characterization of West Antarctica's main event

Peterson K, Cole-Dai J

South Dakota State University

Previous ice core records and radar sounding data identified a highly acidic layer of ice covering at
least 250,000 km? in West Antarctica, and spanning approximately 170 years. This layer, referred
to as the “main event” and “Old Faithful’, is dated 17,500 + 500 years BP, corresponding to the
beginning of the transitional period between a glacial climate and the warmer Holocene climate.
The main event is composed of multiple episodes of high acidity, along with increased
concentrations of fluoride and chloride. Despite the high acidity levels, the main event lacks the
increased concentrations in sulfate and dust that are typically associated with volcanic eruptions.
Regardless, the nature of the main event is still hypothesized to be a series of (possibly
subglacial) volcanic eruptions. Due to its correlation with the transition between a glacial climate
and the Holocene climate, it has been postulated that the main event may have served as a
precursor to this transition. The detailed chemical composition of this layer of ice could give
insight into the nature of the main event. We have determined the concentrations of the major
chemical species (including fluoride, chloride, and sulfate) at high resolution from the West
Antarctic Ice Sheet (WAIS) Divide replicate ice core in order to characterize each individual event
(episode) of the 170-year main event. This high resolution record of the main event allows us to
study each individual event and determine a more accurate age and duration due to the improved
depth-age scale of the WAIS Divide core, as well as compare our data to electrical conductivity
measurements (ECM). Additionally, the high resolution characterization of each individual event
of the main event will allow for future in-depth studies of the sulfur and oxygen isotopic
composition of the ice. This information will help us determine the type of eruptions that compose
the main event, as well as whether these eruptions were climate impacting.
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Relationship between the Southern Annular Mode and precipitation anomalies identified at the

Lagoa do Peixe National Park, Southern Brazilian coastal region

Schossler V, Cardia Simdes J, Aquino F, Ribeiro Viana D, Burgo Braga R

Centro Polar e Climatico - CPC

The Peixe Lagoon is set within the Lagoa do Peixe National Park (LPNP), stretching 344 km? on
the coastal plain of Rio Grande do Sul. It is ecologically significant due to its role as resting and
feeding grounds for many migrating avian species and endemic flora. This lagoon is a shallow
(~30 cm depth) water system presenting a narrow and intermittent channel to the sea. This study
investigates the climatic connections between the LPNP precipitation and the Southern Annular
Mode (SAM). By employing both Empirical Orthogonal Functions (EOF) and correlation analysis
with the ERA-Interim database variables: average sea level pressure (SLP), geopotential at 500
(Z500) and 850 (Z850) hPa (1979-2010); TRMM (Tropical Rainfall Measuring Mission) average
monthly precipitation (MP), 1961-2008 and SAM Index from Nan and Li (2003). The SAM is widely
accepted as the principle Southern Hemisphere (SH) atmospheric circulation variability mode,
influencing many different aspects of all the related SH land masses. The SAM shows a positive
monthly trend (Jan/1979-Dec/2009) and, seasonally, a positive trend (1979-2009), statistically
significant (a<5%) for summer and autumn. The atmospheric fields (SLP, Z850 and Z500)
variability modes show that the main EOF presents a dipole pattern between the SH subtropical
and Polar Regions. The correlations between the atmospheric field EOFs and the SAM are
statistically significant (a<1%), presenting a dipole spatial pattern. The SAM and the seasonal
precipitation anomalies (SPA) are both positive, 31% of the cases occurring in summer and winter,
27% in autumn and 25% in spring. When the SAM and SPA are negative, 29% of the cases occur
in summer and 23% are evenly distributed. For the SAM(-)/SPA(+) 25% of the cases occur in
spring. For SAM(+)/SPA(-), 33% of the cases were concentrated in autumn; 31% in winter and
27% in spring. Also, 60% of the SPA, between 1961 and 2008, ensued in summer [the cases for
SAM(+)/SPA(+)and  SAM(-)/SPA(-)], 63% of the cases with SAM(+)/SPA(+) and SAM(+)/SPA(-
) occurred in winter; 60% of the cases with SAM(+)/SPA(+) and SAM(+)/SPA(-) occurred in
autumn. Noteworthy are the extreme negative and positive monthly and seasonal precipitation
variabilities for the LPNP can result from the variation in the atmospheric circulation between the
Antarctic Peninsula and Southern Brazil. This variability puts the LPNP in a fragile position when
faced with SAM driven environmental change.
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Snow accumulation rate variability on the Detroit Plateau, Antarctic Peninsula
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This paper examines the variability of the annual net snow accumulation rate at a site located on
the Detroit Plateau (64°05'07"S, 59°38'42"W; 1937 m a.s.l.), northern part of the Antarctic
Peninsula. We determined the annual snow accumulation rate from hydrogen peroxide (H,0,)
variations in an ice core (DP-07-1), collected in the austral summer of 2007/2008, by a joint
Brazilian-Chilean-USA research team. The Detroit Plateau ice core represents 27 + 1 years of
accumulation corresponding to the period 1981-2007. The average annual net accumulation rate
is 2.43 m in water equivalent (w. eq.) and shows a positive trend during the period (+0.035 m a‘1).

The observed increase in the accumulation rate is attributed, in the literature, to a greater flow of
warm air from north to south originating in the southeast of the South Pacific due to intensified
westerlies that encircle Antarctica and are related to a positive phase of SAM (Southern Annular
Mode), which began in mid 1960 (Marshal et al., 2005). We, therefore, examined the relationship
between changes in the snow accumulation rate with variations in the SAM index and with data
from the Faraday/Vernadsky weather station (65°15'S, 64°16'W; 11 m a.s.l.) [Annual averages of
air temperature, mean sea level pressure (MSLP) and mean wind speed] in the west of the
Antarctic Peninsula. The variability in the snow accumulation rate is correlated with changes in the
SAM index, r = 0,445 (p < 0,001) [annual value] and therefore to the variability of the climate
controls that it represents indirectly. This accumulation rate is related to the mean air temperature
and wind speed variations in the western part of the Antarctic Peninsula.
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Southern Hemispheric climate variability over the last century reconstructed using Antarctic
ice core proxy records of atmospheric circulation, moisture source and sea ice variability

Thamban M, Laluraj C, Rahaman W

National Centre for Antarctic and Ocean Research

The significance of Southern Hemispheric climate variability within the global system and its
spatial and temporal heterogeneity are still poorly understood due to the limited and very short
periods of observational data available. To reconstruct the shifting climatic regime in Antarctic
region and its regional/global linkages, we have conducted a high-resolution study of dust fluxes,
stable isotope and glaciochemical composition in an ice core from the coastal Antarctica.
Reconstructed fluxes of dust and trace metals at the IND-25/B5 core revealed a doubling of dust
deposition since 1985. It has been shown that large-scale atmospheric circulation and climate
variability in seasonal to decadal scale in the mid to high latitude Southern Hemisphere is primarily
responsible for Southern Annular Mode (SAM) variations.

A strong positive correlation between dust flux and SAM suggests a role of SAM in the dust
deposition over East Antarctica, through the strengthening of the westerly winds. Modelled back
wind trajectories also supported the increase in dust deposition is associated with the air parcels
originating from the southern South America. Proxy records of moisture source variability
[deuterium excess (d-excess)] as well as sea ice extent [methane sulphonic acid (MSA) and sea-
salt sodium (ss-Na")] in the ice core revealed synchronous changes during the last century in
coastal DML, supporting their linkages to the climate change in Southern Hemisphere. Major
excursion in d-excess and ss-Na" profiles during 1940-1960 coincide with the period of negative
SAM and when SAM-ENSO in-phase. The shifting of SAM from positive to negative phase
coupled with strong SAM-ENSO teleconnection could have diminished the moisture supply from
remote source in the mid latitude to higher latitude.
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Tracing anthropogenic pollution in Antarctica from the RICE core

Tuohy A", Bertler N', Edwards R?
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A high-resolution ice core from Roosevelt Island, West Antarctica (RICE — Roosevelt Island
Climate Evolution project), has been analysed for heavy metal concentrations. The location of the
ice core at the northern edge of the Ross Ice Shelf presents the opportunity to investigate the
production and transport of heavy metals to the Ross Sea sector of Antarctica. More than 2000
samples have been analysed using ICPMS for concentrations of 12 transition metal elements and
more than 30 other elements at Curtin University, Perth, Australia. To understand the links
between heavy metals, atmospheric circulation and pollutant sources, we have explored
correlations between RICE trace metal concentrations and reanalysis data-sets from 1979 to the
present. Several reanalysis data-sets have been considered, in order to reduce the uncertainties
associated with individual records. Significant technological developments over the past decade
now allow detailed records of heavy metal concentrations from ice cores to be produced due to
the advanced technology required to analyse the ultra low (ppt to ppb) concentrations.

Heavy metals are elements of interest in climate studies as tracers for the environmental impact of
human industrial activities. Monitoring programs tend to operate on local to regional scales, and
are usually heavily influenced by local sources of pollution. Antarctica’s geographical isolation, and
it's low population and relative lack of industrial activity, makes Antarctic ice cores an excellent
record to investigate:

e The natural background levels and sources of heavy metals prior to industrialisation

e The transport mechanisms of heavy metals to Antarctica

¢ Identification and quantification of anthropogenic sources

Here we present data from snow collected during storm events at Roosevelt Island, which allow
for a precise reconstruction of airmass trajectories and thus pollutant sources. In addition we
present a longer 200 year record that shows the transition from natural backgrounds to
anthropogenic influenced levels.
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Aeolian dust in the Ross Sea: Local versus distal sources
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Investigating dust provenance in the Ross Sea region is important as it provides constraints to
atmospheric circulation models. In addition, dust is also an important source of soluble iron which
is a limiting nutrient required for phytoplankton growth in the Ross Sea.

Roosevelt Island, located on a rise on the eastern Ross Ice Shelf, is the site of the recently drilled
intermediate depth ice core Roosevelt Island Climate Evolution (RICE). It is expected that this
core will provide a high-resolution record of dust flux, particle size and provenance spanning the
late Holocene in coastal West Antarctica, that according to the last IPCC2013 report this is one of
the most sensitive regions of the globe with respect to climate change. We report snow pit data
from Roosevelt Island revealing a) strong seasonality in dust advection and deposition; b)
seasonal variability in dust particle size distribution; and c¢) a Nd and Sr isotopic composition of
dust suggesting a possible Australian source for present day as suggested by modelling studies of
transport and deposition of dust in the Southern Ocean and Antarctica; however, further studies
are needed on a possible input from local West Antarctica dust sources.

McMurdo Sound represents one of the most “dusty” locations in Antarctica, and the upper bound
of locally-derived dust flux there is more than 2 orders of magnitude greater than long-range
transport dust measured in ice cores from the polar plateau. Local dust is deposited at least 120
km north of McMurdo Sound. Transport beyond this is currently unquantified.
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S03: GLACIERS AND ICE SHEET MASS BALANCE

One RWV model for precise ice volume estimation on polythermal glaciers

Ai S, Wang Z, Geng H

Chinese Antarctic Center of Surveying and Mapping,Wuhan University

The glaciers in Svalbard are mostly polythermal type. On these polythermal glaciers, the radio
wave velocity (RWV) of ground penetrating radar (GPR) is variable, and the RWV is an important
parameter for the ice volume estimation. But the ice volume estimation usually uses a single RWV
for one whole glacier in order to simplify the calculation. How about the difference between the
actual volume and the estimated result?

We used a RWV model, derived from common mid-point (CMP) profiles of GPR measurement, to
simulate the RWV for each GPR trace on Pedersenbreen in Svalbard. Then a relative accurate
volume of glacier Pedersenbreen was acquired. From which we found the difference among those
volumes calculated from a single RWV, three RWVs and our RWV model. Our RWV model for
polythermal glaciers refined the volume estimation and enhanced the precision in mass change
study. And the difference between different models could raise an error up to 10% of the volume
results. Moreover, the fixed RWV usually used was probably larger than the actual one in those
polythermal glaciers.
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Spatio-temporal modelling of Antarctic mass balance from multi-satellite observations
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Constraining past ice mass changes, identifying their cause(s) and determining rigorous error
estimates, is important for closing the sea level budget and as an input for and test of numerical
models. For the Antarctic ice sheet, considerable uncertainty remains between different methods
and groups. Estimates obtained from altimetry, gravimetry, and mass-budget methods can yield
conflicting results with error estimates that do not always overlap, while the, commonly adopted,
use of different forward models to isolate and remove the effects of glacio-isostatic adjustment
(GIA) and surface mass balance (SMB) processes introduces another source of uncertainty which
is hard to quantify. To address both these issues, we present a statistical modelling approach to
the problem. We combine the observational data, including satellite altimetry, GRACE, GPS and
INSAR, and use the different degrees of spatial and temporal smoothness to constrain the
underlying geophysical processes. This is achieved via a spatio-temporal Bayesian hierarchical
model, employing dimensionality reduction methods to allow the solution to remain tractable in the
presence of the large number (> 106) of observations involved. The resulting trend estimates are
only dependent on length and smoothness properties obtained from numerical models, but are
otherwise entirely data-driven. The statistical methods are presented elsewhere and here we
focus on the results of the combination.

We present annually-resolved spatial fields for i) dynamic ice loss, ii) SMB anomaly, iii) firn
compaction and iv) GIA, using a combination of GRACE, ICESat, ENVISat, and GPS vertical uplift
rates, for 2003-2009. The elastic flexure of the crust is also determined simultaneously. We
estimate that, between 2003 and 2009, there has been an acceleration in dynamic ice loss, from
close to balance in 2003/2004 to a rate of -200Gt/yr by 2009. This was predominantly driven by
losses in West Antarctica and the Antarctic Peninsula. These dynamic losses have been partially
compensated by an overall positive trend in SMB over the whole continent. We conclude that
there was no statistically significant net imbalance in the seven year period. Other data are being
included to allow extention of the time series back to 1995 and forward to the present day using,
for example, CryoSat 2, ice core records and accumulation radar data.
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The role of refreezing meltwater beneath the Antarctic and Greenland Ice Sheets
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Meltwater can influence ice flow by lubricating the base or by freezing-on new warm ice that
changes ice sheet strength. In East Antarctica water in subglacial networks along the valleys of
the Gamburtsev Mountains refreezes along the high ridge producing large bodies of basal ice.
Basal ice units thicken along flow and deflect the overlying stratigraphy upward up to 1000m. In
Antarctica, basal units are characterized by an upper reflector and often emerge from the bright,
water-filled ice sheet bed. Basal freeze-on in the Dome A region must have persisted in the same
locations through the last glacial-interglacial transition to produce the 60km long features. While
the surface accumulation, surface slope and bed morphology vary on the north and south of Dome
A, a quarter of the ice sheet base consists of ice freeze-on from the bottom. Similar structures are
present within the Greenland Ice Sheet. In Greenland, both surface and basal meltwater refreeze
to the bottom of the ice sheet producing distinct ice units up to 1100m thick. In Greenland, it is
clear the units consist of a core of refrozen water commonly surrounded by 100’s of meters of
heavily deformed ice. Beneath Petermann Glacier, Greenland refrozen ice units coincide with the
onset of fast flow and continue downstream where they correspond to locations of rapid melting of
the floating ice tongue. Refreezing can modify the temperature structure and rheology of an ice
sheet, influencing both deformation and discharge of ice into the global oceans. In Antarctica,
refrozen ice has been sampled over Lake Vostok and imaged downstream of Lake Vostok, over
Lake Concordia, close to Dome C and on both sides of Dome A. The basal freeze-on modifies the
fundamental structure of ice sheets, thickening the ice column from the base. Widespread freeze-
on can change the rheology and modify the flow of the Antarctic and Greenland ice sheets.
Inclusion of these basal processes is essential to produce robust predictions of future ice sheet
change and to accurately predict the location of the oldest ice.
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Area changes and frontal ablation of glaciers on James Ross Island
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The glaciers of James Ross Island have shown considerable retreat since many years. Some of
them even show dramatic changes after the disintegration of the ice shelf in Prince-Gustav-
Channel. Using multi-spectral imagery from various mission back to 1975, we document and
quantify these area changes on a catchment basis. From 1975 to 1988 (12.4 years) the glacier
area decreased by 22.8 Km2, at a rate of 1.8 Km2/a, and from 1988 to 2009 (21 years) the decay
more than doubled to 58.5 Km2, at an increased rate of 2.8 Km/a. This is coincident with the
regional warming trend. During period 2001-2009, 101 Km2 of shelf ice within Rohss Bay were
lost. Using repeat acquisitions of ALOS PALSAR we additionally derive surface velocity fields and
estimate the ice discharge. Ice thickness was provided from BEDMAP project.
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Flow and ice discharge of tributary glaciers of Larsen-C Ice Shelves

Hubner F, Seehaus T, Braun M
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Using repeat acquisitions of various SAR satellite sensors we derive surface velocity fields and
estimate the ice discharge of the tributaries of southern Larsen-C Ice Shelf. We analysed various
acquisitions of ALOS PALSAR as well as ERS/ENVISAT as well as TerraSAR-X data takes. While
the L-Band data provided very accurate results, the X-Band data showed some temporal
decorrelation. Combining the velocity fields with ice thickness data from the NASA Icebridge
missions provides an estimate of ice discharge for selected outlet glaciers.
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Changes in ice dynamics of tributary glaciers of former Larsen-A and Prince-Gustav-Channel
Ice Shelf (Antarctic Peninsula)
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During the last decades numerous ice shelves along the Antarctic Peninsula retreated, have
started to break-up or disintegrated completely. The loss of the backstress caused tributary
glaciers to accelerate and an increased ice discharge is reported for the Antarctic Peninsula.
Quantification of the mass changes is still subject to considerable errors although numbers are
converging from the different methods.

We provide detailed analysis of glaciers former draining into Larsen-A and Prince Gustav ice
shelves. The aim is to study its response to the ice shelf disintegration in the end of the 1980 and
1995 as well as to better quantify the ice mass loss over time. Using feature tracking we analyse
time series of different SAR satellites (ERS-1/2, ENVISAT, Radarsat-1, ALOS PALSAR,
TerraSAR-X/TanDEM-X) of the last 20 years in regard to glacier surface velocity changes. Ice
front position changes are recorded in conjunction with the velocity data. From high resolution bi-
static TanDEM-X satellite data, ASTER and SPOT stereo images changes in surface elevations
are determined. Airborne laser scanning, ground penetrating radar (AWI Polar-5/6, NASA
operation ice-bridge) and differential GNS data from field campaigns support the analysis to
estimate the ice discharge. For example at the Dinsmoore-Bombardier-Edgeworth glacier system
results show an increase in surface velocity from 0.9 m/d in 1996 up to 3.3 m/d in 2007 close to
the terminus. Subsequently, surface velocities decreased to 1.6 m/d in 2010 and kept nearly
constant. The changes in flow velocities are coinciding with changes in front position.
Furthermore, the estimates of surface elevation changes indicate a lowering of ~24m on
Bombardier and Edgeworth Glacier between 2003 and 2013. Finally, ice discharge estimates are
calculated by combining all datasets. These will support the imbalance calculation in the research
area and the interpretation how ice shelf disintegration effects the tributary glaciers.
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Glacier mass balance and glacier changes in the north-eastern Antarctic Peninsula

Marinsek S, Ermolin E
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Climate warming during last decades is affecting the glaciers on north-eastern Antarctic
Peninsula. In particular, “Glaciar Bahia del Diablo” and “Glaciar Cabo Lamb” on Vega Island have
been subject to a mean surface lowering of 1.0 m/year since 1984. “Glaciar Bahia del Diablo”
mass-balance results from 1999 up to date also show a negative trend. Annual net mass balance
results are directly related with the mean summer air temperature. Field data obtained by several
DGPS surveys during field campaigns were used to improve the Digital Elevation Models of the
glacier, to re-assess the glacier boundary and to calibrate the mass-balance series by means of a
geodetic volume-change determination for a similar period.
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Spatio-temporal analysis of a 32-years time series for surface melt and runoff on the Antarctic
Peninsula
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The present study estimated a 32-years time series for Surface Melt (SM) and Runoff (R) on the
Antarctic Peninsula (north of 71°S), comprising the 1980-2012 period. A Positive Degree Days
gridded-based model was used, in daily resolution, to calculate annual sums of SM and R. The
model was fed with surface air temperature data obtained by the ERA-Interim reanalysis project,
which was interpolated to a 200 m resolution grid using a multivariated regression method. For the
SM estimation, the highest and lowest melt factors (MF) for snow found in literature were applied
(2.17 and 6.00 kg m” °C™" day™), while R was considered to be the difference between the total
SM and the amount retained by capillarity, refreezing and porosity. Differences of up to 50.96 Gt/a
and 35.13 Gt/a for SM and R, respectively, were found by applying both MF, which is considerable
for the magnitude of the data, but both are extreme high and low factors. Hereafter, all analysis
considered the median time series between both extreme MF.

SM and R showed maximum and minimum peaks in the 2002/2003 and 1986/1987 years,
respectively (SM =20.86 Gt/a, R =7.08 Gt/a). The most remarkable characteristic is the high

interannual variability (SMstd =10.77 Gt/a, R°™ = 5.29 Gt/a), which is also observed in sea ice
extent and surface air temperature time series of the same region. The geographical distribution of
both variables is strongly dependent on the elevation, almost restricting the occurrence of R to the
coastal zones and ice shelves. A wavelet analysis indicated a 3 to 4 years periodicity in the time
series, with an energy peak between 1998 and 2007.

Comparing visually the total melt extent area time series with the one obtained by Liu et al. (2006)
through passive microwave imagery, a good agreement is observed, although we obtained lower
values. The best accordance occurred in the post 1998 period. As the microwave signal decays
exponentially with liquid water content, the lower accordance in the pre-1998 period may be due to
the low resolution (whole 25 x 25 km) of the passive microwave imagery. As the air temperature
rises, so will the time series agreement. The same explanation may be valid for the smaller melt
area estimated by our model. The estimative of a statistically significant temporal trend for the time
series was unfeasible, in part due to the high annual variability even considering the median time
series, but the presence of superimposed climatic cycles should also be considered. The strong
SM and R over the Larsen C ice shelf supports the high relevance of these variables to the Larsen
A and B disintegrations processes.
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Quantifying surface mass balance estimates over Antarctica using ice penetrating
radars and ice cores
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Accurate quantification of surface snow-accumulation over Antarctica is important for mass
balance estimates and climate studies based on ice core records. Large uncertainties exist in
current compilations of Antarctic surface mass balance (SMB), particularly in East Antarctica.
Using airborne radar, lidar and thresholds of surface slope, modeled SMB and wind fields, we
have predicted continent-wide distribution of wind-scour zones over Antarctica. These zones are
located over relatively steep ice surface and controlled by bedrock topography. The near-surface
winds accelerate over these zones and erode and sublimate the snow. This results in numerous
localized regions (< 200 km2) with reduced surface accumulation. Each year, tens of gigatons of
snow on the Antarctic ice sheet are ablated by persistent near-surface katabatic winds over these
wind-scour zones. Near the coast, winds often blow significant amounts of surface snow from

these zones into the ocean. SMB estimates over Antarctica rely on sparse point measurements or

coarse atmospheric models that do not capture these local processes and overestimate the net
mass input by more than 40 Gt/yr.

The snow mass eroded over the wind-scour zones are either sublimated, redistributed downslope
in topographic depressions or blown out into the ocean. While these processes of surface mass
loss are known, it is harder to quantify the amount of total mass lost. To constrain the regional
SMB, we use Operation IceBridge's snow radar, ice core dielectric and depth-density profiles, and
ice penetrating radars from the Norwegian-U.S. Scientific Traverse of East Antarctica over the
Recovery Ice Stream catchment to estimate the amount of snow redistributed at the topographic
depressions downslope of the wind-scour zones. Accurate quantification of regional SMB will
reduce the imbalances observed between mass-budget methods and mass balance estimates
from GRACE observations.
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Modelled glacier response to centennial temperature and precipitation trends on
the Antarctic Peninsula
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The northern Antarctic Peninsula is currently undergoing rapid atmospheric warming. Increased
glacier-surface melt during the Twentieth Century has contributed to ice-shelf collapse and the
widespread thinning, acceleration and recession of glaciers. Glaciers peripheral to the Antarctic
Ice Sheet currently therefore make a large contribution to eustatic sea level rise, although future
melting may be offset by increased precipitation. The future behaviour of Antarctic Peninsula
glaciers consequently depends on whether air temperature or precipitation is the primary control
on glacier mass balance. Here we present glacier-climate relationships during the Holocene, using
ice core and geological data and numerical model simulations focussing on Glacier IJR45, James
Ross Island, northeast Antarctic Peninsula. Our modelling experiments show that this
representative glacier is sensitive to temperature change, but relatively insensitive to precipitation
change. Consequently, the most recent glacier expansion occurred during late Holocene cooling
and not during the warmer and potentially wetter mid-Holocene, as previously hypothesised.
Increases in precipitation are unlikely to offset high glacier melt over the coming century.
Modelling experiments, spanning a range of past, present and future time intervals, together
strongly suggest that future increases in precipitation are unlikely to offset atmospheric warming-
induced melt of glaciers peripheral to the Antarctic Peninsula.
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Antarctica's potential contribution to future sea-level rise
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A hybrid ice sheet-shelf model with freely migrating grounding lines is improved by accounting for
1) surface meltwater enhancement of ice shelf calving; and 2) the structural stability of thick (>800
m), marine-terminating (tidewater) grounding lines. When coupled to a high-resolution
atmospheric model with imposed or simulated ocean temperatures, the new model is
demonstrated to do a good job simulating past geologic intervals with high (albeit uncertain) sea
levels including the Pliocene (3Ma; +20 +10m) and the Last Interglacial (130-115ka; +4-9m).
When applied to future IPCC CMIP5 RCP greenhouse gas forcing scenarios with ocean
temperatures provided by the NCAR CCSM4, the same model shows the potential for massive ice
and freshwater discharge beginning in the second half of this century. In both RCP2.6 and 8.5
scenarios considerable retreat begins in the Pine Island Bay region of West Antarctica. In the
more aggressive (and arguably more likely) RCP8.5 scenario, Pine Island Bay retreat is followed
by more massive retreat of the entire WAIS, and eventual ice retreat into deep East Antarctic
basins. During peak rates of retreat, freshwater discharge exceeds 1 Sv and exceeds 0.2 Sv for
several centuries with potential to disrupt ocean circulation in addition to contributing between 2m
and 9m sea level rise within the next 500 yers. Here, we demonstrate that large portions of the
Antarctic Ice Sheet (in West and East Antarctica) can retreat on relatively short (decadal-
centennial) timescales, posing a serious threat to global populations.
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'Unlocking the archive’: Using photogrammetry of historic aerial photographs to
extend the record of glacier change on the Antarctic Peninsula
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Changes to glacier fronts and ice shelves and glacier acceleration on the Antarctic Peninsula are
well documented, but there is almost no data on mass changes for the more than 400 glaciers in
the region. Forecasting the future impacts of the Antarctic Peninsula ice sheet on sea level will
require a much improved understanding of 20" Century and contemporary glacier mass

changes. Satellite data has been used to measure recent changes, but methods to quantify
changes over decadal time scales have eluded researchers. However, there is an archive of aerial
photography of the Antarctic Peninsula dating back to the 1940s, but this has been largely ignored
due to the technical problems associated with deriving quantitative data from historic aerial
photographs. Modern advances in photogrammetric processing and capture of GPS-supported
aerial photography now allow this archive to be ‘unlocked’.

Accurate photogrammetric reconstruction from aerial photographs traditionally requires known
ground control points surveyed in the field; in remote and inaccessible areas, such as the Antarctic
Peninsula, this is often impossible and so has restricted the use of photogrammetric analysis of
the available aerial photography. Our project provides control for historic photos without fieldwork
on the ground, by 1) linking them to a newly acquired, highly accurate photogrammetric model
adjusted through direct kinematic GPS positioning of the camera, or 2) adjusting DEMs derived
from the historic photographs to a reference surface extracted from ASTER stereo satellite
imagery.

Our methods will allow accurate measurements of surface elevation change for about 50 glaciers
on the Antarctic Peninsula over a time-span of up to 65 years, enabling detection of both spatial
and temporal patterns of change and improving understanding of glacier response in this area.
The use of this technique opens up possibilities for ‘unlocking the archive’ in other remote glacial
areas where historic aerial photography exists but the collection of ground control points is limited.

This presentation will outline the photogrammetric workflow and associated errors with examples
from the Antarctic Peninsula region and summarise initial findings from the research.
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A stochastic model for dynamic ice loss
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Quantifying ice sheet reduction on a timescale of decades to centuries is highly challenging due in
large part to the episodic and highly non-linear nature of rapid dynamic ice loss. Deterministic
approaches are progressing but still need considerable development before they can make
reliable projections for whole ice sheets. The most convincing deterministic models are at the
scale of individual glacial systems and require scaling up in some way to estimate whole ice sheet
contributions to future sea level rise. In parallel, new discoveries concerning the complexity of
different ice sheet systems continue as observations increase and improve. In response to the
challenges of modelling ice sheets, there have been calls to adopt alternative approaches to
estimating the potential upper bounds to the ice sheet contributions to future sea level rise. Here
we develop and apply an approach based on a recurrence interval model governing Dynamic Ice
Loss (DIL) for individual marine outlet basins. Our stochastic approach integrates paleo and
instrumental data and can account for the stochastic nature of ice sheet discharge. Intermediate
size ice streams contribute most to DIL on a century time scale. This work makes a strong case for
collecting more paleo-proxy data to better understand larger marine outlets with longer recurrence
intervals and the focused modelling of specific, intermediate size ice-streams with sophisticated
ice-stream models.
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Ice dynamic and related records at Union Glaciar, Heritage Range, West Antarctica
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Several sectors of Union Glacier (79°45.66’ S / 83°15.89’ W) area are being studied by a joint
Brazilian—Chilean program since December 2011. The central ice basin is characterized by the
feeding of several tributary glaciers descending from surrounding Edson Hills, Buchanan Hills,
Collier Hills and Enterprise Hills, parts of southern east section of Heritage Range in the Ellsworth
Mountains. A program to study the ice mass balance, snow properties, and the interactions of
climate and ice dynamic was initiated in the Criosfera Glacier site, one of these tributaries.
Records are based on DGPS surveys, snow stratigraphy sampling, GPR sounding, Glacier
Ablation Sensor System probe logging, automatic weather station installation and analysis of
multi-sensor remote sensing data. At Criosfera Glacier the bamboo stakes array report an annual
snow accumulation of 31.5 + 54.6 cm. The surveying of additional ground control points for the
generation of a larger scale digital elevation model of the area was initiated to create a map with
larger spatial resolution in order to geocode multisensor satellite data. Observation of epiglacial
melt water and subsequent vigorous water run-off has been recorded at the end of December
2011 and 2012, lasting for short time periods. These events were recorded in days with cloud-free
skies and with warmest air temperatures (ca. -2°), being located close to dark rock outcrops
covering slopes with northward exposition. Evidence of semi-frozen ponds with a thin-frozen layer
surface were detected in the upper part of the southern moraines suggesting warm conditions that
last for several weeks every season.
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CryoSat-2 observations in Antarctica: Quantifying uncertainties by calibration and
validation utilizing different satellite, airborne and ground-based techniques

Knéfel C ', Scheinert M, Schréder L', Helm V2, Horwath M, Dietrich R

! Institut fur Planetare Geodasie, TU Dresden, ? Alfred Wegener Institute, Helmholtz
Centre for Polar and Marine Research (AWI)

ESA's CryoSat-2 mission with its radar altimeter system SIRAL has been designed in order to
determine fluctuations in the mass of the vast ice sheets that overlay Greenland and Antarctica
and marine ice floating in the polar oceans.

To fulfill the main goals of the CryoSat-2 mission it is necessary to validate the different CryoSat-2
products against independent measurements. The objective of the CryoSat Validation
Experiments (CryoVEX) is to collect and analyse airborne and ground-based measurements in
order to get such independent data sets.

In 2008/09 and 2010/11 the Institut fiir Planetare Geodasie of TU Dresden successfully realised
CryoVEx campaigns in the blue-ice area south-east of Schirmacher Oasis, Dronning Maud Land,
East Antarctica. Since altimetric returns at blue ice are dominated by surface reflection, such
areas are particularly suited for calibration/validation activities. The surface heights have been
observed utilizing kinematic GNSS measurements. Extensive ground-based observations along
traverses covering the blue-ice area have been carried out since 1991 in order to determine long-
term surface-height changes and surface velocities. The two Antarctic CryoVEx campaigns
provide an excellent continuation of the long-term observations.

In the presentation we will discuss the results of the accomplished CryoVEx campaigns,
comparisons to the former measurements and possible inferences. Up to 2008 the repeated
measurements yielded a decrease of the surface height of up to -15 ... -20cm/a in this area. In
contrast to this, the rates of the surface-height change based on the results of the two CryoVEXx
campaigns, which cover even 2 years, register a positive trend in the same magnitude. We
detected the anomalous trend change on basis of the repeatedly observed traverse covering the
blue-ice area as well as of several kinematic test grids. Additionally, we will compare our ground-
based results with coordinated airborne measurements carried out by AWI including a collection of
radar (ASIRAS) and laser altimeter data.

In order to classify the anomalous and probably temporary trend change it is planned to proceed
with the validation activities in the blue-ice region and to carry out an additional CryoVEXx
campaign during the upcoming Antarctic season. These additional observations will help to clarify
the further development of the long-term height-changes of the surface within the area of
investigation.
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Sensitivity of the Weddell Sea sector ice streams to sub-shelf melting and surface
accumulation
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A recent ocean modelling study indicates that possible changes in circulation may bring warm
deep ocean water into direct contact with the grounding lines of the Filchner-Ronne ice streams,
suggesting the potential for future ice losses from this sector equivalent to ~0.3 m of sea-level
rise. Significant advancements have been made in our knowledge of both the basal topography
and ice velocity in the Weddell Sea sector, thus enabling an assessment to be made of the
relative sensitivities of the diverse collection of ice streams feeding the Filchner-Ronne Ice Shelf.
Here we use the BISICLES ice sheet model, which employs adaptive-mesh refinement to resolve
grounding line dynamics, to carry out such an assessment. The impact of perturbations to the
surface and sub-shelf mass balance forcing fields from our 2000 year ‘reference’ model run
indicate that both the Institute and Mdller Ice Streams are highly sensitive to changes in basal
melting either near to their respective grounding lines, or in the region of the ice rises within the
Filchner-Ronne Ice Shelf. These same perturbations have little impact, however, on Rutford,
Carlson or Foundation ice streams, while Evans Ice Stream is found to enter a phase of unstable
retreat only after melt at its grounding line has increased by an order-of-magnitude from likely
present-day values.
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Surface mass and heat budget of snow cover and blue ice in the western Dronning
Maud Land

Lepparanta M, Lindgren E, Jarvinen O
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The surface heat balance of an ice sheet depends on the surface reflectance and the thermal
properties of the glacial surface layer. Dry snow ad blue ice areas represent extreme cases in this
question. Field investigations have been made on the surface mass and heat balance of both
these surfaces in the western Dronning Maud Land based on automated station and manual data
collection, including Aboa and AWS5 weather stations, FINNARP snow stations, and field
campaigns in two austral summers (2009-2011). With both atmospheric layer data and glacial
data the surface heat balance could be closed to gain a significant improvement on the accuracy
of the total heat flux. The surface heat balance was governed by the radiative fluxes with
occasional strong turbulent fluxes in connection with cyclonic activity and catabatic winds. Due to
the low relative humidity latent heat transfer was also significant. In the snow site the air
temperature ranged from near 0°C to —30°C. The air temperature ranged from 0°C to—-30°C, and
the snow temperature at a depth of 54 cm revealed three distinct cycles shorter than annual: the
daily cycle, the synoptic scale cycle, and a long cycle of of 2-4 months. The average density was
390 kg m at the surface and at 1.5-m depth it was 460 kg m. The blue ice site was located at
Basen nunatak, its size being about 5 kmZ. The albedo was 0.4-0.6 according to the manual field
measurements, and in summer a supraglacial lake formed at the site. The summer heating of the
ice penetrated deep, at 3-m depth the temperature was still at the freezing point. The lake body
consisted of two layers, each around 1 m thick: an upper layer with a thin ice layer on top and
main body of liquid water, and a lower layer containing slush and hard ice sub-layers. The light
attenuation coefficient of the lake body was 0.5-0.7 m™". The lake freezes up in winter in the
present climatic conditions. The monthly sublimation varied between 2.2 mm (July) and 19.9 mm
(December). Thermally active surface layer is deeper over blue ice due to the higher reflectance,
optical thickness and thermal conductivity. The snow-covered site reached the melting point in a
very thin subsurface layer, but in the blue ice site a 1-m layer of liquid water was produced. The
method of closing the surface heat balance using ice and snow data is a highly important addition
since the integral heat flux can be obtained instead of getting lost with a several independent
errors and uncertainties in the atmospheric data.
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Understanding the response of the Ecology Glacier to climate change
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The glacier complex on King George Island in the South Shetland Islands has been exhibiting
accelerated rates of retreat over the last decade. Several studies have investigated the response
of the upper parts of the ice cap, but the outlet glaciers have received less attention. The Ecology
Glacier is a polythermal outlet glacier of the Warzawa ice field, which is located in the southern
quadrant of King George Island. This glacier has been retreating at a relatively high rate, such that
it has changed from being a marine-terminating glacier, to a land-terminating glacier during the
last few years. This change to a deglaciating environment has implications for the biological
systems downstream of the Ecology Glacier (which includes an Antarctic Protected Area). In this
project we investigate the hydrological role of the Ecology Glacier under current and future climatic
conditions through a monitoring and modelling effort. This presentation features data from the first
of three monitoring seasons and from existing meteorological datasets and remote sensing
products. Using daily MODIS imagery from 2003 to present, we have reconstructed snow
coverage and albedo patterns, and we use this as input data to give a preliminary look at mass
balance changes through the last decade.
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GRACE Antarctic ice mass change: Trends and accelerations from different
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Several methodologies are employed to extract time series of Antarctic ice mass change from
GRACE level 1b positioning, K band range rate data, and accelerometer and attitude data. These
include global spherical harmonics, mascons and spherical cap harmonics. In this study we use
these methodologies to extract Antarctic ice mass change for 2003-2013 inclusive. A comparison
of the solutions based on the different methodologies is undertaken with particular reference to the
spatial scale. Time series analysis based on linear regression under the assumption of Gaussian
noise has been shown to underestimate the trend and acceleration uncertainties. This
underestimation will lead to erroneous conclusions on the spatial distribution of locations where
accelerated ice mass change is observed. Here, we utilise autocorrelation and infer the
appropriate stochastic noise model for each time series. We will discuss the differences in the
stochastic properties of the time series as derived from the three methodologies as well as
differences in the spatial distributions of significant trends and acceleration. A further complexity in
time series analysis concerns deterministic versus stochastic variations. By utilising the
appropriate stochastic models for each methodology we can infer the spatial extent for which we
are confident that the observed GRACE signatures are deterministic and unlikely to be a result of
stochastic variation.
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On the Use of Spherical Cap Harmonics for GRACE Ice Mass Change
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We consider Antarctica ice mass change using spherical cap harmonics and GRACE data. Unlike
global harmonics, spherical cap harmonics utilise associated Legendre functions of non-integral
orders. Furthermore, two types of spherical cap harmonics are defined depending on the
boundary conditions. In this study we describe and develop the theory of spherical cap harmonics
as applied to GRACE. The surface mass change is defined over a polar cap of half angle 64 by
representation of the surface mass in terms of gravitational spherical cap harmonics. By utilising
positioning, K band range rate data and accelerometer and attitude data for short arcs across the
Southern Hemisphere time series of Antarctica ice mass change is recovered from GRACE data.
We will discuss the relevance of the spherical cap size, and the truncation of the spherical cap
harmonic expansion. Comparisons of Antarctica ice mass change from spherical cap and global
spherical harmonics will be presented.
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Temporal mass anomalies from GRACE have been obtained using a number of different
approaches including; conventional spherical harmonic and the mascon approach, which applies a
constraint matrix between mascon parameters that share geophysical similarities. The resulting
temporal gravity fields are frequently obtained using different codes and algorithms and are
produced by different groups, making it hard to directly compare any subsequent mass flux
analysis.

To assess the errors and the ability of each technique to resolve basin-level mass changes at a
variety of spatial scales we undertake a comparison of solutions generated through the estimation
of mascon and spherical harmonic coefficients. We use simulations to provide an accurate
assessment of each technique and quantify the capability to resolve basin-level mass changes at
a variety of spatial scales while using simulations to understanding how each methodology handle
the noise inherent at higher degree and order.

Through a simulated recovery of a GLDAS anomaly with added noise in the form of ‘stripes’ we
will show the advantage of the mascon solution over a spherical harmonic recovery. We will show
how the addition of a constraint between mascon parameters that share geophysical similarities
result in a reduction of the signal lost at all degrees and an improvement in the recovered signal.
We will validate the use of the mascon methodology in Polar Regions by subsequently extending
the simulation to the recovery of an Antarctic mass signal.
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Evolution of 27 individual Svalbard glaciers over the 21st century
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Sea-level rise is one of the major challenges for mankind in the oncoming decades. The Arctic
glaciers and ice caps are known to play a major role in this respect due to their large surface area
and their location in the region of highest predicted air temperature increases over the 21st
century. One of the most heavily glacierized archipelagos in the Arctic is Svalbard. It holds about
36,000 km? of glaciers and ice caps. What is known about the future evolution of Svalbard’s ice
masses so far suffers rather high uncertainties as future mass balance and volume change
assessments have only been performed as part of global-scale studies.

We here present a high-resolution modelling study of the climatic mass balance and related
changes in ice volume for 27 individual glaciers spread throughout Spitsbergen, the largest island
of the archipelago. Our model calculates glacier mass balance and area/volume changes using a
temperature-index approach in combination with a surface elevation change parameterization.
The initial glacier topographies and volumes have been assessed from extensive ground-
penetrating radar measurements that have been carried out in recent years. The calculations are
performed for the 21st century and are forced by statistically downscaled output of ten different
global circulation models representing the four SRES RCP scenarios 2.6, 4.5, 6.0 and 8.5.

Results indicate a strongly decreasing ice volume over the 21st century, especially for smaller
glaciers. However, substantially different magnitudes of ice volume evolution are evident over the
entire set of glacier size classes and dependent on the climate-change scenarios used. Based on
statistical upscaling of the results from our individual glaciers we are able to extrapolate them to
the entire set of smaller ice bodies on Spitsbergen and present an estimate of 21st century sea
level rise originating from these glaciers.
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The ice shelves of the princess Ragnhild Coast, Dronning Maud Land, are laterally confined by
large ice rises, and at several places pinned on the ice-shelf front by small ice rumples. Both ice
rises and rumples significantly buttress the ice flow from large outlet glaciers (such as West
Ragnhild Glacier, east of the S6r Rondane Mountains) flowing into these ice shelves. Potential
unpinning of the shelves could lead to ice shelf acceleration and thinning, but more importantly, an
acceleration of outlet glaciers at the upstream entrance of the ice shelf.

Over the last years, we carried out an extensive geophysical survey, comprising low and high
frequency radar and differential GNSS, across the Roi Baudouin ice shelf, the ice rumple and the
two ice rises that buttress the flow. The Derwael ice rise (to the east of the ice shelf) is
characterized by a well-developed Raymond effect, i.e. an upwarping of internal ice reflectors due
to the high effective viscosity underneath the ice divide, which is a characteristic of steady ice flow
over long time scales. Forward and inverse ice shelf models were then developed and applied to
interpret the geophysical observations.

Based on this evidence, our understanding of the ice-shelf systems shows that:

1. Ice flow across the ice rises has been local over longer (thousands of years) time
scales, demonstrating that they are stable features.

2. Basal melt rates at the grounding line are of the order of tens of centimeters, but
significantly higher within sub ice shelf channels and at the grounding line of the major outlet
glaciers feeding in the ice shelf.

3. The outlet glaciers feeding the ice shelf are dominated by ice flow due to basal sliding,
probably over unconsolidated sediment; their ice flux across the grounding line shows that they
are amongst the primary discharge features of the whole Dronning Maud Land.

4. The speed of the ice shelf flow is significantly reduced by local pinning of small ice
rumples that show a great variability in response to the tidal signal; unpinning inevitably leads to
ice shelf speedup.

5. Sub-shelf marine ice accretion is a common feature of the ice shelf, pointing to a
vigorous ocean circulation across the continental shelf.

All observations show that, despite the apparent stability of the ice shelf system in Dronning Maud
Land, outlet glaciers and ice shelves control the discharge of the East Antarctic ice sheet in this
area and that small perturbations in this system may lead to significant ice flow acceleration as
observed elsewhere in West Antarctica.
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The Amery Ice Shelf is one of the primary drainage basins for the East Antarctic Ice Sheet.
Monitoring its response to climate change is an important step in determining what role the East
Antarctic Ice Sheet may play, positive or negative, in sea level rise. This study calculates the
velocity of the southern portion of the Amery Ice shelf and its tributary glaciers by measuring the
displacement of features on the ice surface over a sequence of visible spectrum Landsat 7 images
separated by one year intervals spanning 2004 to 2012. The displacements undergo a geo-
rectification correction before being converted into velocities. No changes in surface velocity are
observed above the uncertainty level over this period, indicating that the ice velocity has been
stable over our study region. Accordingly we use the spatially incomplete velocity fields from each
image pair between 2004 and 2012 to synthesise an average velocity dataset of the Amery Ice
Shelf region (VAIS). The VAIS dataset is compared to previous velocity measurements from the
RAMP-MAMM and MEaSUReS velocity datasets, as well as the limited in situ GPS data in the
region. The velocities in the VAIS are higher than MEaSUReS across the region, but differ
regionally from RAMP-MAMM with higher velocities on the grounded ice and slower velocities on
the floating ice. The few GPS velocity measurements are higher than all three remotely sensed
velocity datasets. Monitoring the rate of ice flow into ice shelves is vital to understand how, where
and when changes occur in Antarctica, and to quantify their impact on sea level rise.
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The Fisher, Lambert and Mellor glaciers are the primary tributary glaciers of the Amery Ice Shelf
and converge over the southern grounding zone. This region experiences complex stresses as
each flow has variations in velocity and thickness, coupled with complex topography and spatially
varying basal traction. This study develops an idealised topography to investigate both the
physical controls on ice flow in this scenario, as well as the importance of model resolution and ice
flow physics. The model being used is BISICLES, which has two different ice physics modes: a)
Shallow Shelf Approximation and b) Higher order model. This study will investigate how the two
different physical approximations over a range of resolutions represent flow dynamics and
evaluate them based on our physical knowledge of the physics from observations.
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A new scientific traverse in an unexplored area of East Antarctica
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During the 2013-2014 summer field campaign, a scientific traverse was performed from Cap
Prud’Homme (CP) to GC40 location in the Aurora Basin North (ABN, East Antarctica), via the
D85 station. The scientific expedition is a new French contribution to the international SCAR
program ITASE (International Trans-Antarctic Scientific Expeditions). This project was
associated to a larger initiative from the Australian Antarctic Division (AAD), and in close
collaboration with Denmark, USA and France, to perform an intermediate ice core drilling (400
m) at GC40 (71°36'10, 111°15'46). The site located 1250 km from Dumont d’Urville, 600 km
from Casey and 550 km from Dome C. Because the access to the site was limited, a traverse
was realized to GC40 where >a skiway was grooved to allow planes to land deliver the material
and the drilling team. This was an excellent opportunity to pursue scientific activities in this
poorly explored sector of Antarctica. The main scientific objectives of the "traverse" was to
extend our vision on the distribution of accumulation and on the related processes, to estimate
past and current snow accumulation changes (last 50-100 years) in the central regions of east
Antarctica. A continuous Snow Ground Penetrating Radar signal was retrieved along the
traverse. This signal allows interpolation of accumulation data obtained from firn / ice cores
collected at selected locations. Here we present the first results from this traverse.
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Modeling interactions between Antarctic instability and Surface Mass Balance
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In the context of future global warming, Antarctic contribution to sea level rise (SLR) depends on
several processes leading to opposite impacts. First, under a warming climate, precipitation is
supposed to increase, inducing a plausible negative impact on SLR. Contrary to the Greenland ice
sheet case, ablation should stay a marginal process at least on grounded ice. Second, oceanic
warming and/or surface ponding on ice shelves may trigger a Marine Ice Sheet Instability by
reducing the back force they exert on outlet glaciers. Once engaged on such a self-entertained
retreat a large positive contribution to SLR may be expected. This dynamic process is already
going on in the Amundsen sea sector. Although these two processes (surface mass balance --
SMB -- and ice dynamics) have been modeled separately to infer sea level contribution, little work
has been done to study their interactions.

In this presentation we focus on how grounding line retreat can affect estimation of SMB in the
future and the related contribution to sea level change. To evaluate the shift of precipitation
pattern while the steep surface slope region migrates inward due to the grounding line retreat, we
simulate surface mass balance on various surface topographies of the Antarctic ice sheet. Each
ice sheet topography is obtained with an ice sheet model (GRISLI) in which grounding line retreat
is parameterized according to glaciological considerations. Because we are looking at coastal
changes, a high resolution is needed for the atmospheric model.

We use the regional circulation model MAR with a resolution of 40 km. The SMB is further
downscaled on fast-retreating areas with SMHIL (a fast-computing surface mass balance
downscaling model) and MAR to take into account scales as small as 10 km. Comparing the
performance of MAR and SMHIL indicates in which range of grounding line retreat SMHIL is
sufficient to capture the interaction between ice dynamic changes and SMB.

This work constitutes an important step toward asynchronous coupling between atmospheric and
ice sheet models improving our ability to perform SLR projections
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Internal structure and subglacial characteristics of the triple ice divide between
Pine Island, Rutford and Institute Ice streams in West Antarctica

1and 2

Rivera A , Zamora R, Uribe J ", Oberrreuter J ', Cisternas S’

' CECs, 2 Universidad de Chile

In January 2014, a new oversnow traverse was conducted by CECs to the triple ice divide
between Pine Island, Institute and Rutford ice streams in the West Antarctic ice sheet. The main
aims of the campaign were to: (1) map the surface and subglacial topography of the region; (2)
identify the internal structure of the ice; and (3) investigate surface mass balance and ice
dynamics. West Antarctica has been considered potentially unstable. This is especially true for
Pine Island Glacier which is the most dynamic in the region and has been recently considered as
experiencing irreversible changes. In spite of these changes, little is known about present or past
dynamic at its ice divide with nearby ice streams. Is the ice divide experiencing a migration in
response to the high rates of thinning and ongoing acceleration? Is there evidence in the ice divide
internal structure of the ice of past dynamic changes? To answer these questions, two different
radars operating on a synchronous basis were used throughout the traverse. The first radar was a
VHF coherent system with high output power (200 W) and was employed to map the bedrock.
This radar used the pulse-compression method at central frequency of 155 MHz and a bandwidth
of 20 MHz. The second radar was a frequency modulated continuous wave (FM-CW) system
transmitting in the UHF band, between 203 and 1019 MHz. All radar data was geo-located using
dual GPS receivers.

The traverse convoy, pulled by a Prinoth tractor, comprised of a scientific fiber glass module
specially designed to allocate up to 6 scientists with all needed scientific sensors, and a logistic
module including kitchen and bathroom. Both modules were installed onboard lehmann sledges.
In total, the traverse covered near 1100 km since leaving the summer base camp at Union glacier
(79.8°S/83.4°W). Apart from the extensive radar and GPS data collection, a network of stakes was
installed for mass balance and ice dynamic purposes.

The scientific instruments performed very well during the whole campaign and allowed for the
detection of ice thickness up to a maximum of 3100 m. The detected subglacial topography
surrounding the triple ice divide was much rougher and deeper than previously estimated by the
BEDMAP 2 data set. The internal structure of the first 200 m of snow/firn was clearly mapped,
showing a complex pattern of isochronous layers. In addition, the bedrock returns allowed for the
identification of a new subglacial lake with an estimated area of near 18 km?

The results obtained during the traverse and a preliminary analysis of the data will be presented.
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Present-day changes of the Antarctic Ice Sheet by satellite gravimetry, satellite
altimetry and ground-based GPS

Scheinert M, Groh A, Rosenau R, Ewert H, Horwath M, Dietrich R

TU Dresden

Currently, the Antarctic Ice Sheet is in the main focus of interdisciplinary research with respect to
climate change. Special attention is given to the investigation of ice height and velocity changes,
of ice-mass balance and, closely related to these, of ice-sheet dynamics. We utilize satellite
observations of the Gravity Recovery and Climate Experiment (GRACE) and of the Ice, Cloud,
and Land Elevation Satellite (ICESat). Using GRACE RLO05 data analyses were carried out for the
entire period 2003 to 2012 as well as for the period 2003 to 2009 covered by ICESat data in order
to facilitate a consistent cross-comparison. Both satellite sensors provide independent estimates
of the ice-mass change, although the GRACE estimate is a direct one and the ICESat results have
to be converted from height resp. volume change to mass change adopting reasonable
assumptions on the density pattern. The main error sources of the present-day ice-mass balance
will be discussed. For GRACE the largest source of uncertainty originates from the glacial-isostatic
adjustment (GIA). Mass-change predictions by current GIA models will be examined and
discussed. For ICESat the determination of the biases between the different laser operation
periods is a crucial issue. To accomplish this analysis step we make use of the region of the
subglacial Lake Vostok which provides an almost flat, near-zero accumulation area which has
been also investigated by ground-truth observations with respect to height and height change.
Furthermore, the volume-mass conversion step has to be examined in detail to come up with a
reasonable error measure for the inferred ice-mass change. Finally, we will update our results of
Groh et al. (2012) where a combination of GRACE and ICESat results was utilized to commonly
estimate ice-mass balance and GIA mass effect. These results can be checked by independent
GPS observations of the induced vertical deformation where the largest uplift rates in Antarctica
were detected for the first time by Groh et al. (2012) in the region of the Amundsen Sea
embayment. Hence, it is shown that present-day models considerably underestimate the GIA
effect in this area. This gives a further indication for the ongoing discussion how to best capture
the GIA effect by models. There are many issues still to be investigated like major differences in
the solid earth characteristics between West and East Antarctica, laterally variable rheology,
timing of the glacial history (e.g. Holocene events), ice volume at last glacial maximum, and,
eventually, the coupling of GIA and ice-sheet dynamics.
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Non-trivial dynamics of Antarctic ice sheet resulted on borehole, geodetic and
radar observations

Markov A, Talalay P

Jilin University, Polar Research Center

As the result of analysis of recent research in ice boreholes, geodetic and radar observations, a
number of the Antarctic ice sheet flow features were observed, which do not fit to the traditional
concept of ice sheets dynamics. For many years four boreholes were logged on the traverse
between Vostok and Mirny stations, East Antarctica: at Vostok station to the depth of 1920 m (25-
years monitoring), Vostok-1 and Mirny stations to 450 m, Pionerskaya station to 350 m. The data
of borehole directional survey were compared with the data of surface radar profiling, and some
general conclusions from experimental observations can be made: (1) the entire Antarctic ice
sheet has a layered structure of the flow and the flow direction of each sub-layer is changed in the
‘fan’ manner; (2) the upper snow-firn layer’s flow direction greatly differs (by 30...80°) from the
underlying layers flow direction; (3) the flow rate of lower layers is faster than the upper layers.
Recently the complicated folded structures were recorded by radar survey at the lower part of
Antarctic ice sheet which in accordance with the morphological geotectonic geology may be
interpreted as not-laminar ice flow (‘glacial diapirs’). The results of surface and astronomo-
geodetic observations revealed that the Antarctic ice sheet is flowing generally outward from the
central part to the periphery but it can be divided into local streams. These streams have individual
features similar to the nature of mountain glaciers and are varied for different local domes and
glacier trunks.
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Marine ice sheet profiles and stability under Coulomb basal conditions

Tsai V, Stewart A, Thompson A

California Institute of Technology

Basal sliding of ice sheets and ice streams is of critical importance for explaining high glacial
surface velocities and ice sheet stability. The vast majority of studies parameterize basal sliding by
assuming that the basal shear stress is proportional to a power of the basal velocity. Recent
laboratory measurements suggest this may be a poor representation of the actual sliding physics.
In this work we instead consider the case of a Coulomb rheology, which is more consistent with
some recent experiments on Antarctic till. Under this assumption, the basal shear stress may not
exceed a linear function of the effective pressure at the ice sheet base, and is therefore
substantially reduced close to the grounding line. We explore the consequences of this
modification by calculating steady ice sheet profiles and stability conditions in a one-dimensional
ice sheet model. We find that if water pressures are low, the model recovers classical results. With
high water pressures, a different regime can be achieved in which highly pressurized till results in
a modified steady-state ice sheet profile as well as different conditions for grounding line stability.
Numerical model results suggest that our revised solution can exist under certain conditions for
which the approximations made in the analytical solution are appropriate. Work is ongoing to
evaluate which Antarctic ice streams meet the criteria necessary to transition to this different
behavior.
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Evaluation of modeled Antarctic surface mass balance by RACMO2
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Regional atmospheric climate models are commonly used to estimate the Antarctic surface mass
balance (SMB) since observations are too sparse for continent wide estimates. Evaluation of
modeled SMB is essential since climate models do not provide a priori uncertainty ranges. Given
the limited number of direct observations, this model evaluation is not trivial.

In the results presented we compare SMB estimates of two versions of the regional atmospheric
climate model RACMO2: RACMO2.1 and its successor RACMO2.3. The most relevant model
change in RACMO2.3 is the parameterization of super-saturation in ice clouds. In RACMO2.1,
super-saturation was not allowed. The expected improvement in modeled SMB reflects into a
better agreement with SMB observations and these improvements are most outspoken in the
interior of East Antarctica where RACMOZ2.1 was too dry. The improved agreement also leads to
lower uncertainty ranges in the modeled ice sheet integrated SMB. A similar pattern of
improvement arises when balance velocities based on the modeled SMB fields are compared with
INSAR ice-surface velocities.
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Holocene changes in relative sea-level in the Liitzow-Holm Bay region, East
Antarctica
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Compared to the other continental ice masses, the East Antarctic Ice-Sheet (EAIS) has few field
data to constrain its past volume and contribution to global sea-level changes since the Last
Glacial Maximum. We developed a new relative sea-level (RSL) curve for Liitzow Holm Bay by
using marine to freshwater transitions in sediment cores from four isolation lakes and 14C-dating
of macrofossils in raised beaches. These data were combined with radiocarbon dating of
the transitions from glaciogenic to organic-richer sediments in three glacial lakes to obtain the
minimum age of deglaciation and the maximum sea-level high stand. Our results were
integrated with published raised beach data and records from two isolation lakes. In West
Ongul Island, the maximum marine limit was 17 m at 10,500 14C yr BP. RSL fall was
relatively rapid (15 mm/yr) between c. 5000 cal. yr BP and 4800 cal. yr BP. The uplift rate
equaled 2.1 mm/yr during the past c. 4800 cal. yr BP, which was similar to that in
Skallen (2 mm/yr during the past 4690 + 100 cal. yr BP). In Skarvsnes, the maximum
marine limit was 32.7 m at 5410 + 40 14C (5265 - 4653 cal. yr BP). RSL fall was very
rapid (14.5 mm/yr) between c. 3670 and 1905 cal. yr BP. Between c. 1905 and 1500 cal. yr BP,
RSL fall dropped to 2.1 mm/yr and from c. 1500 cal. yr BP onwards, it was ¢c. 1 mm/yr.
The RSL changes on West Ongul Island and Skallen are in agreement with previous
findings from the region. By contrast, the RSL curve for Skarvsnes differs in shape and
maximum marine limit from previous reconstructions and those from nearby regions and
elsewhere in East Antarctica. These regional differences are likely related to neotectonic
faulting, and complicate estimations of the contribution of this part of the EAIS to past sea-level
changes.
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Dynamics and mass flux of Denman Glacier, East Antarctica

Young N "2
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Denman Glacier is a long, well-defined glacier stream draining ice from a basin in the East
Antarctic ice sheet. This stream discharges through the Shackleton Ice Shelf, during which it
essentially retains its speed and form rather than merging with other out-flows that cross the
adjacent sections of the coastline. The tongue of the ice stream progressively extends outwards
and calves episodically to form a large iceberg. The most recent calving episode occurred in
1985. Each of the latest iceberg, and previous one, grounded off-shore for periods of around 20
years before drifting away.

Early estimates of glacier velocity were derived from a pair of Landsat-1 images, as well as aero-
photo surveys. Now new estimates of velocity have been derived from various satellite images.
Detail surface topography has been derived from analysis of a combination of ICESat GLAS data
and CryoSat SIRAL data, and stereo images. The Digital Elevation Model shows discrete steps in
slope related to variations in the derived strain rates. Estimates of ice thickness are used to define
the driving stresses and spatial variation of mass flux.

Shear strain rates at the outer margins of the stream are large consistent with the stream passing
through the ice shelf, while longitudinal strain rates along the section where the stream passes
through the shelf are small indicating the restraining effect of the slower ice of the shelf to each
side of the stream.
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S04: PAST ANTARCTIC ICE SHEET DYNAMICS (PAIS)

Lateglacial-Holocene ice sheet thinning and retreat in southern Victoria Land,
Antarctica
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Retreat of the East Antarctic Ice Sheet (EAIS) since the Last Glacial Maximum (LGM) has been
associated with sea-level rise and ocean warming on the ice sheet margins, but the significance
and relative contribution to eustatic sea-level rise since this time has been difficult to quantify.
Here we present new constraints for the timing and retreat for EAIS in the Ross Embayment and
Ross Sea Ice Sheet (RSIS). Using two nunataks, Escalade and Tate peaks as a gauge for past
EAIS levels, glacial geologic evidence and cosmogenic-nuclide exposure ages indicate the ice
surface of the Skelton Névé was between 50 and 106 m thicker than present during the LGM. The
ice surface elevation remained close to its maximum ice level until at least 17.3 ka and has
thinned by at least 50 m to the present-day level since ~13.5 ka. Much of the thinning occurred
prior to 8.7 ka, and then thinning slowed until it reached the present-day ice level post 3.2 ka. This
lateglacial-Holocene ice-surface lowering is asynchronous from other sites in the Transantarctic
Mountains where increased snow accumulation caused thickening up glacier. These results
suggest that the first phase of significant thinning and retreat in the Skelton Névé occurred during
or most likely just after meltwater pulse 1A (MWP-1A), a period of abrupt sea-level rise of up to 20
m that occured between ~14.7 ka and 14.3 ka. Thus it is unlikely that this part of the EAIS made
any significant contribution to eustatic sea-level rise at this time. Exposure ages from large (>1 m)
boulders in southern McMurdo Sound show that the RSIS had an ice surface elevation ~520 m asl
on the eastern side of Mount Discovery during the LGM and ice surface lowering took place after
13.6 ka. The ice surface retreated from 520 to 205 m elevation between 13.6 and 8.9 ka; and from
205 m elevation to the present ice shelf between 8.9 and 5.4 ka. Our late-glacial and Holocene
chronology from southern McMurdo Sound is consistent with other records in the Ross
Embayment, and implies the RSIS responded to ocean warming and sea-level rise during the
early to middle Holocene. We conclude that while components of both the EAIS and WAIS that
drained into the Ross Sea contributed to lateglacial-Holocene sea-level rise; it was in response to
warming of the Southern Ocean and sea-level rise from the melting of the Northern Hemisphere
ice sheets.
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On the duration of West Antarctic Ice Sheet grounding events in Ross Sea during
the post-LGM retreat

Bart P ', Owolana B2
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A back-stepped grounding zone wedge (GZW) on the middle shelf of the Glomar Challenger Basin
paleo trough is usually assigned to the time that elapsed since the West Antarctic Ice Sheet
(WAIS) began a rapid but apparently pulsed retreat beginning at ~11 ka "*C BP. In the marine
environment, GZWs are constructed at the marine termination of ice streams. Detailed seismic
and multibeam mapping revealed the extent and volume of the GZW in the paleo trough. This
volume estimate is of interest because it can be used to estimate the duration of the WAIS
grounding event that constructed the middle shelf GZW. The paleodrainage basin for the middle
shelf GZW had an area of 10.105 x 10"" m?. Only a few data based estimates of modern sediment
yield and/or flux have been obtained for Antarctic ice streams because these erosion and
deposition sites are below thick and fast flowing ice cover. We infer that the retreat mode flux is
estimated to be 2.424 x 108 m*/a. Given our GZW volume estimate of 3.5716 x 10" m3, the
duration of the grounding event is estimated to have been 1.47 ky. This duration estimate is of
interest because it provides some perspective on the potential duration of the modern grounding
event.
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The Recovery ice stream, East Antarctica: Tectonics, lakes and the onset of fast
flow
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The Recovery Ice Stream drains a large catchment covering 8% of the East Antarctic Ice Sheet.
The Recovery Ice Stream, East Antarctica extends over 800 km inland and widens a broad 400
km wide onset region. Within this broad onset region the fast flow is organized into multiple
branches, each with different onsets. Here we use new airborne and ground based geophysics to
constrain the physical setting of the onset region in order to advance our understanding of the
controlling mechanisms for the onset of fast flow. The 400 km wide Recovery onset region is
characterized by a crustal boundary, a change in roughness, a topographic step, and four
topographic basins (A,B,C,D). The crustal boundary controls both the 500-1000m high
topographic step and the regional change in roughness. This crustal boundary is between the
elevated Recovery Highlands underlain by thicker crust and the low-lying smooth Recovery Lakes
region underlain by thinner crust. Of the four topographic basins aligned along this boundary,
three contain water and form the Recovery Lakes (A,B,C). In Lakes B and C the subglacial water
is located in basins with sharp downstream ridges in contrast to the gradual slopes on the
downstream margin of Lake A. The fastest flowing branch of the ice stream reaches to the
margin of Recovery Lake A, the only lake basin with a shallow slope that may allow the water to
escape. The presence of multiple potential triggers along the four Recovery Lakes onset, indicates
basal water is a dominant trigger for the onset of fast flow but only if it is stored in a shallow-sided
basin where it can lubricate the flow downstream. Relative minor topographic barriers appear to
trap the water within the basins and inhibit the onset of streaming out of Lakes B and C. Other
proposed triggers, such as topographic steps, changes in roughness, changes in geothermal flux
and lubricating sediments have a lesser influence.
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Assessing sea ice dynamics and paleoceanography of the Oligocene Southern
Ocean using organic-walled dinoflagellate cyst assemblages from the Wilkes Land
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The Oligocene Epoch (33.9-23 Ma) is the time interval in the Cenozoic that saw the establishment
of a continental-scale Antarctic ice-sheet. Some numerical modeling studies suggest that this
continental-scale ice sheet inhabits many positive feedbacks which make large ice sheets require
a large climatic forcing to decrease in size. In contrast, deep-sea oxygen isotope records suggest
a highly dynamic East Antarctic Ice sheet during the Oligocene, in contrast to these numerical
models. Other numerical modeling studies simulating continental ice buildup suggest that
alongside continental ice, first sea-ice conditions may have started along the East Antarctic
Margin. The sea ice itself is an important climatic feedback as it provides a powerful source for
salty, cold bottom water formation. Furthermore, sea ice concentrates primary productivity to a
short season, which enhances export productivity and adds to carbon drawdown in the Southern
Ocean. Integrated Ocean Drilling Expedition 318 drilled the Wilkes Land Margin in 2010, which
provided the direct sedimentary archives required to evaluate the robustness of the results of the
numerical models with field data. Particularly the sediments recovered from Site U1356 yield a
thick and relatively complete (albeit compromised by core gaps) Oligocene succession that is
chrono-stratigraphically well-calibrated with use of nannoplankton- dinocyst- and
magnetostratigraphy. Notably, this record yields well-preserved dinoflagellate cysts (dinocysts).
Dinocysts are the fossilisable remains of dinoflagellates, some of which are today specifically
linked to the high (seasonal) productivity of the ecosystems associated with sea-ice and oceanic
fronts.

In the earliest Oligocene, just after the onset of Antarctic glaciation, we document the installation
of dinoflagellate cyst assemblages that bear remarkable similarity with those of the present-day
Southern Ocean. We interpret this as a regime-shift in plankton communities in response to the
installation of the seasonally highly productive sea-ice ecosystem. Following this initial installation,
we document variable dinocyst assemblages during the remainder of the Oligocene. These
patterns argue that changes in sea-ice extent, and/or the intensity of the vertical mixing of the
water column occurred in response to the waxing and waning of the Antarctic ice sheet.

| will present a paleoceanographic reconstruction of the Oligocene Southern Ocean surface
waters offshore the Wilkes Land Margin, inferred from dinocyst assemblages from U1356. This
provides a first image of the evolution of Southern Ocean surface water ecosystems in response
an apparently quite dynamic Oligocene East Antarctic Ice sheet.
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Glaciated scoria cones as climate and erosion indicators: morphometric analysis
of Erebus Volcanic Province, Antarctica, using high-resolution digital elevation
data

Collins A, Wilson T
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Polar desert environments are generally presumed to have minimal effects on landscape change
and polar dry-based glaciers are considered to be ineffective agents of erosion. Morphologic
studies of dated cinder cones in the Erebus Volcanic Province, Antarctica, test these
presumptions by documenting the signatures of wet-based and dry-based Neogene and
Quaternary glaciation activity on cinder cones and by determining effective erosion rates for polar
desert environments from diffusion modeling of degrading cones across an age spectrum that
encompasses the types of glaciation addressed. Differences in erosion rates beneath polar and
polythermal glaciers can be established using these results and the conclusions of previous
authors. Interpretations of conditions during glaciated periods from ANDRILL core data are
combined with reconstructions of past glacial extents to correlate morphologic history of cinder
cones with periods of wet-based and dry-based glaciation.

Morphologic study of cinder cones is also used to establish an age-calibrated rate of surface
change in a polar desert environment. Establishment of a relative age classification based on the
degree of cone slope degradation can potentially be used to assign ages to the hundreds of
undated cones in Antarctica, and may also prove applicable as a dating tool for volcanism in other
cold-desert environments, such as those on Mars and other terrestrial planets.

The principal methods applied are quantitative morphometric analysis and modeling using ArcGIS
tools with digital elevation models (DEMs) derived from Airborne Laser Scanning (ALS) data and
high-resolution stereo satellite imagery. Cinder cones provide ideal subjects for this analysis
because they form consistently as simple, radially symmetrical landforms with approximately
constant slopes. DEMs are used in tandem with satellite images to characterize landforms and
surface properties of both glaciated and non-glaciated polar desert volcanic terrain. LIiDAR and
DEMs from satellite imagery are compared to determine the most accurate visual two- and three-
dimensional representations of partly snow-covered, high-contrast surface environments.
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Relative sea-level (RSL) variations during the late Pleistocene cannot be reconstructed
independent of the estimates of ice-volume fluctuations. For the latter, however, the knowledge of
regional and global relative sea-level variations is necessary as sea level is a forcing variable for
ice-sheet variations. Overcoming this problem of circularity demands a fully coupled system where
ice sheets and sea level vary consistently in space and time and dynamically affect each other.
Here we present results for the past 410,000 years from the coupling of a set of 3-D ice-sheet-
shelf models to a global sea-level model based on the solution of gravitationally self-consistent
sea-level equation. The sea-level model incorporates all the Glacial Isostatic Adjustment
feedbacks for a Maxwell viscoelastic and rotating Earth model with variable coastlines. Ice volume
is computed with four 3-D ice-sheet-shelf models for North America, Eurasia, Greenland and
Antarctica. With an inverse approach, ice volume and temperature are derived from a benthic
d180 stacked record.

We show the dynamical response of the ice sheets to changes in RSL, the latter including both the
deformation of the bedrock to ice and water loading and the geoidal deformations. Especially for
the West Antarctic ice sheet, ice volume is lower during glacial periods relative to an uncoupled
simulation that uses eustatic sea level. Earth model parameters, i.e. the viscosity profile and
lithosphere thickness have been varied to test the importance for the glacial-interglacial variability
of the Antarctic ice sheet. Additionally, ice-sheet model parameters have been varied accordingly.
In such a way we come up with a suite of different modelling results for the Antarctic ice sheet and
accompanying global RSL and Northern Hemisphere ice volume over the past glacial cycles.
Subsequently, we compare our results with RSL reconstructions derived from geological and
archaeological paleo sea-level indicators over the globe, and present the set of model parameters
that best depict the variations of Antarctic ice volume in coherence with observational evidence.
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Simulating the Antarctic ice sheet in the Late-Pliocene warm period: PLISMIP-ANT,
an ice-sheet model intercomparison project
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In the context of future climate change, understanding the nature and behaviour of ice sheets
during warm intervals in Earth history is of fundamental importance. The Late-Pliocene Warm
Period (also known as the PRISM interval: 3.29 to 2.97 million years before present) can serve as
a potential analogue for projected future climates, with a global annual mean surface-air
temperature warming of 1.76 °C. Although Pliocene ice locations and surface extents are still
poorly constrained, a significant contribution to sea-level rise should be expected from Greenland
and West and, possibly, East Antarctica based on palaeo sea-level reconstructions. Here, we
present results from simulations of the Antarctic ice sheet by means of an international Pliocene
Ice Sheet Modeling Intercomparison Project (PLISMIP-ANT). We include an overview of the 6 ice-
sheet models used and how specific model configurations influence the resulting Pliocene
Antarctic ice sheet. For the experiments, ice-sheet models including the shallow ice and shelf
approximations have been used to simulate the complete Antarctic domain (including grounded
and floating ice). We compare the performance of the ice-sheet models in simulating modern
control and Pliocene ice sheets by a suite of sensitivity experiments. Ice-sheet model forcing fields
are taken from the PlioMIP results incorporating at least 4 coupled atmosphere-ocean general
circulation models (AOGCM). We show that ice-sheet models simulate a present-day ice sheet,
which is comparable to the observations, and find no systematic biases introduced when using
different AOGCM forcing relative to observational climate forcing. This project includes multiple
ice-sheet models forced with multiple climate model output, from which a comprehensive
assessment can be made as to the uncertainties of ice-sheet extent on Antarctica. These results
may eventually serve as a new constraint on the extent of the Antarctic ice sheet during the Late-
Pliocene Warm Period for use in climate modelling experiments.
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The Ross Sea, located between Victoria Land and Marie Byrd Land in Antarctica, is one of the
main drainage of the Antarctic Ice Sheet (AIS). Reflection seismic data acquired by many
countries during several decades have provided insights into the history of the Ross Sea and the
AIS evolution. However the majority of the existing seismic data are concentrated in the shelf
area, where hiatus formed by grounding ice sheet erosion by multiple events prevent to fully
reconstruct the sediment stratigraphic record. On the outer shelf and upper slope, where the
sediments were discharged by grounding ice, the geological record is more continuous. The main
purpose of this study is the investigation of the Cenozoic Antarctic Ice Sheet evolution through the
seismic sequence analysis of the outer shelf and slope of the Central Basin, in the Ross Sea. The
data used are the new multi-channel seismic data, KSL12, that were acquired on the outer shelf
and upper slope of the Central Bain, in February 2013 by Korea Polar Research Institute. The
reflection seismic data, previously collected by the Italian Antarctic Program (PNRA) and other
data available from the Seismic Data Library System (SDLS) are also used for velocity
tomography and seismic sequence mapping. The seismic data were processed by a conventional
processing flow to produce the seismic profiles. Preliminary results show well-developed
prograding wedges at the mouth of glacial troughs, eroded by a major glacial unconformity, the
Ross Sea Unconformity 4 (RSU-4), correlated to a main event between early- and mid-Miocene.
The velocity anomalies shown along KSL12-1 can be interpreted as showing the occurrence of
gas and fluids, diagenetic horizons and sediment compactions. The isopach maps of each
sequence show the variation of thickness of the sediments depocenter shift. The seismic
sequence stratigraphy and acoustic facies analysis provide information about different phases of
ice sheet’s advance and retreat related to the AIS Cenozoic dynamics.
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Late Neogene geomorphological and glacial reconstruction of the Northern
Victoria Land coast, western Ross Sea, (Antarctica)
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This study is a contribution to the reconstruction of the geomorphology and the glacial history of
the northern Victoria Land coastal and East Antarctic Ice Sheet (EAIS) outlet glaciers.

A grid of high-resolution single-channel reflection seismic lines, collected in Wood Bay and Lady
Newnes Bay, north to Cape Washington (western Ross Sea, Antarctica), provides evidence of
overdeepened marine subglacial valleys, more than 1 km deep and 1-2 km wide, formed along the
seaward extension of the Tinker, Aviator, Fitzgerald and Icebreaker glaciers and converging into
the major SW-NE Drygalski ice stream system.

The existence of an ice cap seaward of north Victoria Land (NVL), possibly in the early Pliocene,
or earlier since 8.2—7.5 Ma, was inferred by spatial distribution and geometry of seismic facies, as
well as the direct correlation with the Northern Basin seismic glacial units.

The expansion of the dynamic NVL ice cap would be corroborated by the wide and uniform
distribution of clinoforms up to the shelf edge and their direction of deposition seaward of a broad,
grounding-line, subglacial system prograding from the coast eastward and northward. The inferred
initial possible scenario of the ice cap was followed by the development of EAIS outlet glaciers that
cut sea valleys near the Victoria Land coast, onto the shelf, and their successive deviation toward
the NE by ice streams coming from the south western Ross Sea.

The transition from a thick ice cap covering the NVL to the NVL valley glaciers advancing and
retreating up to about 100 km from the coast, during the Neogene would represent a significant
environmental change, possibly from interglacial conditions more temperate than today and
gradually cooling to a cold and dry coastal regime
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Successful implementation of an operational vibroseismic system
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After the first application of the vibroseis technique on firn within the seasons 2009/10 we now
established an operational vibroseis system that allowed the longest vibroseismic traverse with
continuous data acquisition in Antarctica. We followed a route from the Ekstromisen over the
grounding line onto the ice sheet, covering about 500 km distance within three weeks.

The seismic data was collected using a vibroseis Buggy ‘EnviroVibe’ in combination with a 1.5 km
long snow streamer towed behind a Pistenbully. The vibroseis on Mattracks was set onto a
polyethylene sled to distribute the load of the vibroseis on the surface and allow flexibility on rough
surfaces. The highest production was reached for an operation speed of 6 km/h ensuring minimal
damage to the 1.5 km streamer, consisting of 60 channels with 8 geophones each. Still the setup
allowed for the measurement of 20 km of seismic 6-fold data per day or 40 km/day for 1-fold data.

Hence, within three weeks of survey time 407 km seismic profile were acquired, including 110 km
of 6-fold data with 125 m shot spacing and 25 km of 3-fold data with 250 m shot spacing. The
remaining distance was covered with 1-fold data. This survey allowed covering the bathymetry
below the Ekstrémisen, the bed topography within the catchment area of the Ekstdmisen as well
as englacial features. Especially, the imaging of deepenings within the bed topography and their
steep sidewalls shows the advantages and the additional information that can be gained from
these seismic surveys compared to airborne or ground-penetrating radar data. We present the
overall characteristics of different vibroseis sources and mounting set-ups investigated over the
last six years and provide recommendation which set-up to use for which scientific questions and
areas of interest. Our surveys demonstrate the potential to help increase our understanding of
subglacial and englacial properties by the application of such an operational vibroseismic system,
which is a main target of the PAIS program.

119



Neogene Antarctic climate and oceanographic reconstructions using molecular
and isotopic biomarker proxies

Duncan B, McKay R, Naish T, Levy R?, Bendle J?, Ventura T2

! Victoria University of Wellington, 2 GNS Science, Wellington, NZ, ® University of
Birmingham, UK

Atmospheric CO, reconstructions ranged between 500 and 300ppm across intervals of significant
climate and environmental change during the Neogene, indicating that major climate thresholds
were passed during periods of relatively modest CO, variation. This implies the Earth’s climate
system is highly sensitive to feedbacks associated with changes in global ice sheet and sea-ice
extent, as well as terrestrial and marine ecosystems. In particular, moderately elevated CO, (350-
>400 ppm) levels were present during the Mid-Miocene Climate Optimum (MMCO, ~17-15 ma)
and the Pliocene Warm Period (~5-3 Ma). Modelling of global climate, vegetation, and ice sheet
extent has tried to reconcile the various feedbacks that led to a global warming of 3°C, and up to
6°C of warming at the poles, during these periods. Advances have been made regarding the
timing and extent of ice sheet and oceanic variability from studies on continental margin drill cores
offshore of Antarctica, such as those provided by ANDRILL and the Integrated Ocean Drilling
Program. However, better reconstructions of past hydrology, land and sea surface temperature
using geological proxies are required to understand marine-terrestrial climate linkages at the
Antarctic margin, and to reconcile data-model comparisons.

This study will produce new proxy climate reconstructions using terrestrial and marine organic
biomarkers from Antarctic drill cores and outcrop samples that span the MMCO, the Pliocene
warm period, and the subsequent rapid cooling events that followed (14-13.5 Ma and 3-2.5 Ma
respectively). A range of sample sets sourced from existing repositories and from field work
undertaken in Antarctica in 2012 will be used. Variations in n-alkane abundances and
concentrations will be used to identify changes in the distribution of terrestrial vegetation. These
and other biomarkers will be analysed to determine biomarker syngeneity and abundances across
a range of lithologies. Bacterial ether-lipids will be analysed to determine terrestrial mean annual
temperatures and soil pH (via the methylation and cyclisation indexes of branched tetraethers —
MBT and CBT, respectively). Tetraether-lipids of crenarchaeota found in marine sediments
sampled from continental shelves around Antarctica will be used to derive sea surface
temperatures using the TEXgg index.
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The Wilkes Subglacial Basin (WSB) extends for ca 1,400 km into the interior of East Antarctica
and hosts several major glaciers that drain a large sector of the East Antarctic Ice Sheet (EAIS).
The region is of major significance for assessing the stability of the EAIS, as it lies well below sea
level and its bedrock deepens inland, making it potentially more prone to marine ice sheet
instability. It has become a focus of research within IODP Leg 318 that aims to better comprehend
the initial stages of glaciation and the history and longer term stability of the EAIS.

Understanding geological boundary conditions onshore is important to assess their influence on
ice sheet dynamics and interpret the paleo-ice sheet record. Early geophysical models inferred a
major extensional sedimentary basin beneath the WSB that could potentially help maintain
enhanced glacial flow and may be linked to inferred but strongly controversial Neogene
deglaciation in the region. Later geophysical models proposed that the WSB is a Cenozoic flexural
basin with little or no Cenozoic infill. A joint Italian-UK aerogeophysical exploration campaign is
super-seeding these earlier geophysical views of the WSB (Ferraccioli et al., 2009,
Tectonophysics): i) Precambrian and Paleozoic basement faults can be recognised as providing
structural controls on the topographic margins of the basin and it deep sub-basins; ii) the crust
beneath the basin is thinner compared to the Transantarctic Mountains, but is unlikely to be
strongly affected by Cretaceous or Cenozoic rifting (Jordan et al., 2013, Tectonophysics), iii) its
bedrock is composed of rocks of different ages and composition, including Proterozoic basement,
Neoproterozoic and Cambrian sediments intruded by Cambrian arc rocks and cover rocks formed
primarily by Beacon sediments intruded by Jurassic Ferrar sills.

A new collaborative Italian-US and UK initiative is underway to analyse and model the variable
geological boundary conditions in the WSB using previous and new geophysical data that now
includes four new campaigns over the region since IPY. We will present initial interpretations of
the potential field signatures and radar over the northern and central parts of the basin to help
analyse tectonic and lithological influences on the subglacial topography and on EAIS flow
regimes within the WSB.
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Determining the behaviour of the marine-based West Antarctic Ice Sheet over millennia is critical
to place recent rapid changes in context and better predict Antarctic’s future contribution to sea-
level rise. Here, we reconstruct the geometry of two major ice streams entering the Weddell Sea
over 20,000 yrs, using terrestrial geologic constraints and high-resolution ice-sheet simulations, to
understand the effect enhanced flow has on regional ice dynamics and mass balance.

We reconstruct terrestrial ice surface elevations through time by measuring multiple cosmogenic
nuclides (in situ **C and "°Be) in glacially transported erratics from four sites — the Flower Hills and
Union Glacier, and the Patriot and Marble Hills — to record elevation changes in catchments of the
Rutford and Institute ice streams. Glacial erratics sampled from steep exposed bedrock surfaces
serve as ‘dipsticks’ that allow us to reconstruct past surface elevation changes in the Rutford and
Institute ice streams as they decayed from their proposed extent at the Last Glacial Maximum
(LGM) to their modern configuration. To test the dynamic glaciological changes predicted by our
geological interpretation we assessed the changes to geometry and ice-flow pattern triggered by
post-LGM increases in oceanic heat flux and sea level as predicted from high-resolution ice sheet
modelling using the Parallel Ice Sheet Model (PISM). In our simulations of the whole LGM
Antarctic ice sheet we implement PISM at 5 km resolution in order to resolve at a fine scale the
geometry and dynamics of the ice sheet and to predict its response to sea-level rise and ocean
warming.

We demonstrate that changes at the marine margin of the expanded ice sheet triggered ice-
stream instability in the Rutford and Institute ice streams, which led to an asynchronous local
response. This effectively decoupled these ice streams from climate forcing and resulted in the
Institute Ice Stream migrating, switching flow from the Rutford Trough into the Thiel Trough,
changing regional ice dynamics markedly during the mid Holocene. Given predictions of ocean
warming in the Thiel Trough at the grounding line of ice streams that are sensitised to marine ice-
sheet instability in the Weddell Sea, these results have important implications for future West
Antarctic Ice Sheet stability.
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Antarctic bedrock topography and ice sheet hysteresis during the Cenozoic
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There has been a long standing disagreement regarding the stability of the East Antarctic ice
sheet during the Oligocene, Miocene and Pliocene, the period after a continental sized ice sheet
formed at the Eocene-Oligocene transition (EOT). Indirect evidence from large variations in
benthic 3'°0 records and from sequence stratigraphy has been used to suggest large fluctuations
in the volume of the Antarctic ice sheets during this interval. Provenance studies based on
sediments recovered offshore of the east Antarctic continent suggest that there was significant ice
retreat into the Wilkes Subglacial Basin during the Pliocene and possibly the Miocene. This is
coupled with relatively low (typically <750 ppmv) atmospheric CO, during this interval as
suggested by proxy records.

Until recently, ice sheet models have struggled to achieve significant ice loss from the East
Antarctic ice sheet due to a strong hysteresis effect. Recent improvements in ice shelf physics and
the addition of an ice cliff failure mechanism has helped to reconcile some of this disagreement,
with significant ice loss simulated from the marine basins of east Antarctica under Pliocene
boundary conditions.

Here we present a number of sensitivity experiments to determine how the bedrock topography
affects this failure mechanism. Reconstructions of the bedrock topography of Antarctica at the
EOT suggest that the marine basins were less pronounced than. Our results suggest that although
there is some retreat of the ice sheet into the marine basins under Eocene/Oligocene boundary
conditions, this would have a limited impact on sea level change (<10 m).
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The West Antarctic Ice-Sheet (WAIS) is likely to have been subject to very dynamic changes
during its history as most of its base is grounded below modern sea-level, making it particularly
sensitive to climate changes. Its collapse would result in global sea-level rise of 3-5 m. The
reconstruction and quantification of possible partial or full collapses of the WAIS in the past can
provide important constraints for ice-sheet models, used for projecting its future behaviour and
resulting sea-level rise. Large uncertainties exist regarding the chronology, extent, rates as well as
spatial and temporal variability of past advances and retreats of the WAIS across the continental
shelves. By using the seafloor drilling device MeBo during an RV Polarstern cruise scheduled for
early 2015, a series of sediment cores will be drilled on the Amundsen Sea Embayment (ASE)
shelf, where seismic data show glacially-derived sequences covered by only a thin veneer of
postglacial deposits in some areas. From analyses of seismic data, we infer that interglacial
sediments can be sampled which may have been deposited under seasonally open water
conditions and thus contain datable microfossil-bearing material. A shallow basin near the Pine
Island Glacier front will be one of the prime targets for the drilling. The near-horizontal seismic
reflection horizons may represent a sequence of continuously deposited, mainly terrigenous
material, including ice-rafted debris, meltwater deposits and hemipelagic sediments deposited
rapidly during the last deglaciation and Holocene or a series of unconformities caused by erosion
resulting from grounding line oscillations through many glacial cycles. Subglacial bedforms imaged
in multibeam bathymetric data indicate fast glacial flow over some shelf areas of the ASE, where
seismic profiles show acoustic basement near the seafloor. It is unknown, whether fast ice-flow in
these areas was facilitated by water-lubricated sliding over bedrock or presence of a thin layer of
deformable till (perhaps less than a metre in thickness). The nature of this layer holds important
clues for understanding the processes that operated beneath the margin of the ice-sheet, beneath
ice-flows and on ridges between ice-streams during the Last Glacial Maximum. Grounding zone
wedges (GZWs) are widely thought to be important in stabilising grounding line positions during
ice-sheet retreat, but hypotheses about the processes and duration of their formation and their
composition, are mainly based on conceptual models. Drill sites on and near GZWs are aimed to
establish the nature of their sediments, their formation processes, their rates of growth and the
palaeo-environmental conditions in their surroundings.
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Antarctic meltwater pulses from a positive ice-ocean feedback mechanism
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Global mean sea level at the last glacial maximum (c. 21 ka) was 130 m lower than at present
(Austermann et al., 2013), with the equivalent ice volume locked up in ice sheets in both
hemispheres. Melting of these ice sheets took place episodically (Carlson & Winsor, 2012), with at
least two periods of abrupt sea-level rise - "meltwater pulses' - taking place (Clark et al., 2009;
Stanford et al., 2011). Although the timing and magnitude of these events is increasingly well-
constrained (Deschamps et al., 2012), the sea-level contribution from Antarctica remains
vigorously debated (Carlson & Clark, 2012). Here we use a data-constrained ice-sheet model,
driven with timeseries-forcings from empirical proxies and from an intermediate complexity Earth
system model (Menviel et al., 2011), to reconstruct the pattern and timing of Antarctic ice-sheet
recession from 25 ka to present. Our suite of transient simulations indicates that ice-sheet mass
loss peaked during two periods broadly coincident with meltwater pulses 1A and 1B (Stanford et
al., 2011), contributing to sea-level at rates of up to 1 m per century at c.14 ka. Together with
global oceanic proxies, our results offer compelling evidence that Antarctica may have contributed
to MWP1A as a consequence of reduced Southern Ocean overturning following Heinrich Event 1,
when warmer subsurface water thermally eroded grounded marine-based ice and instigated a
positive feedback that further accelerated ice-sheet retreat.
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The glacial geomorphology of the Antarctic Ice-Sheet bed
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In 1976 David Sugden and Brian John developed a classification of Antarctic landscapes of glacial
erosion based upon exposed and eroded coastal topography, providing insight into the past glacial
dynamics of the Antarctic Ice Sheets. We extend this classification to cover the continental interior
of Antarctica by analysing the hypsometry of the subglacial landscape using a recently released
dataset of bed topography (BEDMAP2). We use the existing classification as a basis for first
developing a low-resolution description of landscape evolution under the ice sheet before using
this to build a more detailed classification of patterns of glacial erosion.

Our key findings are that a more widespread distribution of ancient, preserved alpine landscapes
may survive beneath the Antarctic ice sheets than has been previously recognised. Furthermore,
landscapes of selective erosion are suggested to exist further inland than might be expected from
the beds of northern hemisphere ice sheets, and may reflect the presence of thinner, less
extensive ice in the past. Much of the selective nature of erosion may be controlled by pre-glacial
topography, and especially by the large-scale tectonic structure and fluvial valley network. These
interpretations are supported by existing Radarsat and Modis data of the ice surface in which the
characteristic valley spacing of subglacial landscapes can be traced and inferred.

The age of selectively eroded landscapes cannot be directly determined, but they probably pre-
date the cessation of warm-based glaciation at the coast. We suggest the ages of glacial
landscapes are likely to get progressively older towards the center of East Antarctica. This reflects
the likelihood of the ice margin retreating into the continental interior during Cenozoic ice sheet
fluctuations, and the increased potential for long-term cold-based ice conditions to be maintained
in the upland core of East Antarctica.
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The configuration of Antarctic ice sheets is inherently linked to changes in climate and the
encircling oceans. Direct observations of the ice sheet have shown that changes are possible on
the timescale of years to decades (Pritchard et al., 2012), but ice sheets also respond on longer
timescales. Understanding the changes that occurred in Antarctica since the Last Glacial
Maximum (LGM) is therefore vital for evaluating longer-term drivers of ice sheet changes.

The Ross Sea embayment drains both the marine-based West Antarctic Ice Sheet (WAIS) as well
as some of the East Antarctic Ice Sheet (EAIS) through the Transantarctic Mountains. At the LGM,
grounded ice extended to the outer continental shelf (Anderson et al., 2002). Deglaciation in the
Ross Sea Embayment initiated at ca. 14 ka (Licht et al., 1999), continued during the Holocene and
slowed and/or stopped in recent millennia. To the east of the Ross Sea Embayment in West
Antarctica, surface-exposure dating indicates thinning was underway by 11 ka (Stone et al., 2003)
and in a similar manner to the Ross Sea, continued throughout the Holocene.

A very rapid and large global sea level rise, known as Meltwater Pulse 1a, occurred during the last
global deglaciation, between around 15 and 14 ka. Existing chronologies appear to indicate that
Antarctic deglaciation slightly post-dated this event (e.g. Stone et al., 2003; Bentley et al., 2006;
Mackintosh et al., 2011). In contrast, relative sea level evidence (Deschamps et al., 2012) and
reinterpretation of geological data (Carlson & Clark, 2012) suggest that Antarctica was a
significant contributor. Further direct constraints on the timing of deglaciation from Antarctica are
required to test these competing hypotheses.

This project aims to better reconstruct the configurations of the EAIS and WAIS in the
Transantarctic Mountains at the LGM, specifically of the Mackay Glacier system which has not
previously been studied. Mackay Glacier is important because its response on glacial-interglacial
timescales is likely modulated by changes in grounded ice volume in the western Ross Sea. We
present >50 cosmogenic surface-exposure dates collected from elevation transects at 3 locations
beside Mackay Glacier. The data record early thinning after the LGM that continues into the late
Holocene. Rapid thinning occurs during the mid-Holocene after grounded ice in the Ross Sea
retreated past Mackay Glacier. The deglacial thinning chronology is being used, together with a
series of mapped offshore grounding-zone wedges, to constrain a 1-dimensional numerical
flowline model investigating the time-transgressive glacial dynamics. The model will help to
evaluate the mechanisms that forced ice sheet retreat between the LGM and present-day.
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Chronostratigraphic data from Deep Sea Drilling Project (DSDP) Site 270 in the Ross Sea provide
important temporal constraints on regional stratigraphy. Importantly, much of the sequence cored
at Site 270 correlates with the upper section targeted by the ANDRILL Coulman High Project.
Biostratigraphic data in the upper section of DSDP 270 are rare, but the occurrence of the diatom
Kisseleviella tricoronata at 105 mbsf provides an age constraint of 24—21 Ma for this stratigraphic
level. The sample falls within a reversely magnetized interval that we correlate to either Chron
C6Cr or C6Cn.2r. Planktonic foraminifera diagnostic of late Oligocene age occur at 310 mbsf and
greensands at 385 mbsf indicate a minimum age of 26 Ma based on K-Ar dating of glauconite. We
have used these tie points to guide correlation of magnetozones in the core to the Global Polarity
Timescale, producing two possible age models. Here we report new chronostratigraphic results
that provide additional age constraints, including new results from Ar-Ar dating on the glauconite
from the greensands and foraminifera biostratigraphy. In addition, samples have now been
analyzed for calcareous nannofossil biostratigraphy. The presence of hannofossil Chiasmolithus
altus (last appearance datum [LAD] 26.10 Ma) at 345.29 mbsf, together with the presence of
Dictyococcites bisectus (LAD 23.9 Ma) at 280.25 mbsf and absence of the species at 123.05 mbsf
support the younger age model. This interpretation suggests that a complete Oligocene/Miocene
boundary is preserved at Site 270 and offers an ice-proximal marine record of the Mi-1 glaciation.
These latest results enhance the Ross Sea chronostratigraphic model and indicate that drilling at
Coulman High will recover an upper Oligocene and older section. Site 270 provides insight into
late Oligocene ice-sheet dynamics, but recovery was relatively poor and key high-resolution
datasets were not acquired. We would benefit from new records through this interval with more
complete recovery to which we could apply a full suite of modern measurement techniques (e.g.,
physical properties measurements, X-ray fluorescence, etc.), making drilling at Coulman High a
high priority.
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Much of Antarctica’s Cenozoic geological record is hidden beneath the thick ice sheets and
fringing ice shelves that cover the continent. Glacial erratics of sedimentary rocks present in
coastal moraines at Minna Bluff and Mount Discovery, McMurdo Sound, western Ross Sea,
Antarctica contain middle and late Eocene plant and marine fossils that were deposited in a range
of marine settings along the Antarctic coastline. This suite of sedimentary rocks were likely
deposited at the margin of a narrow (c. 100 km wide), relatively deep (up to 1000 m) marine
seaway that was bound by the proto-Transantarctic Mountains to the west and a topographic high
to the east. Although these Eocene “McMurdo Erratics” lack stratigraphic integrity, they are
significant as they offer a rare glimpse into Antarctica’s climate during global greenhouse
conditions at high latitudes (c. 78°S). Fossils recovered from the rocks are diverse and include
marine and terrestrial palynomorphs, diatoms, molluscs, wood, leaves and other macrofauna and
flora. Bioclimatic analysis of pollen assemblages suggests minimum mean annual temperatures
ranged from from ~15°C to ~8°C. Geochemical temperature proxies derived from the sedimentary
rocks include organic biomarkers (TEX86) and fish tooth 6180 that indicate coastal sea surface
temperatures were at least 15°C in the late Middle Eocene. While rare lonestones occur in several
sandstone erratics, we find no conclusive evidence for glaciation at the coast.

The fossil-bearing coastal moraines also contain a suite of igneous and metamorphic erratics that
are comparable to lithological units exposed in the Transantarctic Mountains between the Skelton
and Mulock glaciers. This suggests that the Eocene erratics were eroded from the north-eastern
portion of a large sub-glacial basin behind Minna Bluff and/or from grabens in a basement high
immediately south-east of Minna Bluff. Importantly, the northeastward extension of this basement
high is a target for stratigraphic drilling during the proposed ANDRILL Coulman High Project.
Drilling on the Coulman High has an excellent chance of recovering correlative Eocene marine
strata, providing stratigraphic context for the fossiliferous erratics and providing new constraints on
polar environmental conditions under high atmospheric CO, concentrations.
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Provenance studies of both marine and terrestrial glacial deposits have provided key constraints
on Antarctica’s ice sheet history. The tools applied to Antarctic glacigenic sediment provenance
include mineralogy/petrography, elemental compositions, radiogenic isotope compositions,
geochronology and thermochronology. Our analyses show that single-method approaches
typically produce the same provenance interpretation in supraglacial and subglacial debris, but
that more distal deposits may require a multi-proxy approach to reach unambiguous provenance
interpretations. For instance, sand/pebble petrography, Nd, Sr and Pb isotopic values of the <63 p
fraction, detrital zircon geochronology, and “°Ar/**Ar of hornblendes independently show that
lateral and medial ice cored moraines along TAM outlet glaciers contain locally derived material,
whereas some nunatak moraines contain subglacially-derived erratic material. These same
approaches were applied to the provenance of LGM tills on the Ross Sea continental shelf and all
lead to similar LGM ice flow reconstructions showing that East and West Antarctic ice converged
in the central Ross Sea. Broad ice flow patterns can be refined using detrital zircons, which show
distinctive age distributions for individual ice streams that can be traced to LGM tills.

In contrast, published circum-Antarctic surveys of fine sediment radiogenic isotopes (Nd, Hf, Sr
isotopes) and dispersed mineral grains show that each has potential for distinguishing different ice
sheet sectors, but the combination is most powerful. A clear distinction is found between West and
East Antarctic contributions with eNd ranging from +1 to -5 for <63 p sediments from along the
west side of the Antarctic Peninsula and West Antarctica and from -11 to -21 for samples around
East Antarctica. The Ross and Weddell Seas have intermediate compositions (-3 to -7 and -8 to -
10 respectively) reflecting the mix of West and East Antarctic sources. Hf and Sr isotopes follow
similar patterns, with Hf isotopes co-aligned with Nd on the global terrestrial array, and Sr isotopes
<0.715 along West Antarctica, >0.72 along East Antarctica and intermediate in the Ross and
Weddell sectors. Published evidence from dispersed sand grains is mostly “’Ar/**Ar ages of
hornblendes. East Antarctica in general has a very large Ross/Pan African signature, with
subordinate Grenville ages. The exception is the Wilkes Land/Adelie Land margin where a large
fraction of the grains are in the 1.2 or 1.5 Ga range. Thus, while the Wilkes Land margin overlaps
in its eNd with the Prydz and Dronning Maud Land sectors, the OAr/°Ar ages clearly distinguish it.
Likewise while the Prydz Bay and Dronning Maud Land sectors have largely overlapping
Ross/Pan African “°Ar/**Ar ages, their eNd is not overlapping and thus all three major East
Antarctic sectors can be distinguished from each other with this combination of tools.
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Seeking for the sedimentary records of behavior of east Antarctic ice sheet during
the Pliocene warmth epoch
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The Pliocene Warmth Event has been influenced globally, including Antarctica. But behavior of
Antarctic continent is still unclear. The Grove Mountains emerge as a group of 64 isolated
nunataks scattered over an area of ~3 200 km? within the EAIS (72°20'S to 73°10'S, 73°50'E to
75°40'E). Land based multi-disciplinary study of past ice surface elevations in Grove Mountains,
including the glacial geology, the cold desert soils, the depositional environment of moraine
sedimentary boulders and their spore pollen assemblages, and the bed rock cosmogenic nuclide
exposure ages, implies a significant shrinkage of the ice sheet at Pliocene Epoch, with its margin
retreated back to the Grove Mountains, ~400 km southern from its present coastal position. Such
a dramatic history of the EAIS should be proved by the sedimentary drilling core from sub-glacial
basins. During the Pliocene collapse of the EAIS, it should left a set of frontal outwash basins
system along its paleo-margin of the EAIS at the Grove Mountains where the key records
describing such scenario just be hidden up today. The survey of snow-ledge ice-radar for the sub-
glacial topography has been carried out in the Grove Mountains, with the preliminary results
showing the distribution trends of such paleo-sub-glacial sedimentary basins. The ice-geological
core drilling at basins (a different sort of sub-glacial lake) in the Grove Mountains will be actualized
for next step of CHINARE.
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Seismic echo-characters and sedimentary distribution on the South Shetland
Islands continental margin, Antarctica

Magrani F, Ayres A

Universidade Federal Fluminense

The present work consists in characterizing the sedimentary distribution on the South Shetland
Islands continental margin, Antarctica Peninsula, through the interpretation and correlation of high-
resolution seismic profiles and geological samples. The characterization was made through echo-
characters, maps of seismic amplitudes and its correlation with the collected samples, filling the
gap in scientific research about the sedimentary coverage at this location. Five different echo
types have been identified and classified. Echo types | and Il have good seismic resolution and
are characterized by continuous sharp bottom echoes with sub-parallel reflections. Echoes Il and
IV are characterized by diffuse and very prolonged bottom echoes with no sub-bottom reflectors.
Echo V is associated to glacial deposits on the upper slope in response to deglaciation and the
transport of coarse grains in a muddy matrix and is characterized by diffraction hyperbolae.

Echo | has medium-high amplitudes and indicates silty sand and sandy silt (AM-02 and AM-14),
respectively, and presents the highest sand content among the samples. Echo II, with numerous
sub-parallel reflections, demonstrates the lowest amplitudes and high percentages of mud,
approximately 90% of mud (AM-17). Echos Ill and 1V, located on the shallowest portions of South
Shetland's continental margin, showing prolonged and diffuse echoes with medium-low amplitude
values, are related to samples AM-01 and AM-04, both classified as sandy-silt with approximately
35% of sand.

The echo-characters showed good correlation with geological samples collected along the
Bransfield Strait and bays of the King George Island, but not completely with the amplitudes map.

At this point, the best indicators of small lithological variations are the echo-characters, whereas
seismic amplitudes proved to be good indicators of the deposits present in Echo V. These glacial
sediments were brought by glaciers to the mouth of the fjords and are identified on the seismic
records as large overlapping diffraction hyperbolae with high seismic amplitudes (Echo V).

The results indicate a strong influence of the sedimentary process on the seismic signature of
sedimentary deposits with similar grain size characteristics. Peak amplitudes were able to detect
only sedimentary deposits with different geological nature.
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Early Holocene retreat of the marine-based ice sheet in the central Ross Sea
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Establishing a reliable chronology for the retreat of marine-based ice sheets in the Ross
Embayment since the Last Glacial Maximum (LGM) has proved challenging, in large part due to
an absence of carbonate material in marine sediment cores from which precise radiocarbon
chronologies can be obtained. Here, we report a lithofacies-based retreat history from the
ANDRILL Coulman High drill site in the Central Ross Embayment. This site was located within the
paleo-drainage path of the Byrd Glacier, the largest East Antarctic Ice Sheet outlet glacier draining
in to the Ross Sea at the LGM. Planktic and benthic formaniferal-based radiocarbon dates from a
laminated-diatom- and ice-rafted debris-bearing glacimarine mud constrain the retreat history of
the Last Glacial Maximum (LGM) ice sheet in the Ross Embayment. This establishes that the
modern-day calving line location of the Ross Ice Shelf was established by 9.5 ka BP, indicating
that the majority of ice sheet retreat in the Ross Sea occurred prior to this time.

During post-LGM retreat of the ice sheet margin in western Ross Sea, and prior to the first open
marine conditions at Coulman High, it is hypothesized that the grounding and calving line were in
relative close proximity to each other. As the calving line became “pinned" in the Ross Island
region, the grounding line likely continued its retreat toward its present day location, although if
this occurred rapidly or gradually throughout the Holocene remains unknown.

We examine our results in the context of oceanic drivers and marine instability mechanisms for the
LGM retreat of the ice sheets in the Ross Embayment. This will be acheived through comparison
with recently published chronologies derived from marine sediment cores in the Amundsen Sea
and Wilkes Land margin. Our results imply that the majority of post-LGM ice sheet retreat occurred
in unison in all three sectors, which is consistent with the strong oceanic connections between the
Amundsen and Ross Sea and Wilkes Land, via the Ross Sea Gyre and Antarctic Slope Current.
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Paleoclimate perspectives on present and future polar amplification

Naish T1, CH 5 IPCC WG1 AR5 Author Team
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Polar amplification occurs when the magnitude of zonally-averaged surface temperature change
at high latitudes exceeds the globally-averaged temperature change. It is of global concern due to
the potential effects of future warming on ice sheet stability, and therefore, global sea level and
carbon cycle feedbacks linked with permafrost melting. In this talk | will describe different
feedbacks operating in both polar regions, and then contrast polar amplification depicted for past
high CO, (mid-Pliocene, Early Eocene) and low CO, (LGM) climates with present and projected
temperature patterns for future greenhouse gas emission scenarios.

In the Arctic, the sea ice/ocean surface albedo feedback plays an important role. Since 1875, the
Arctic has warmed at a rate of 1.36°C per century, approximately twice as fast as the global
average, and since 1979, Arctic land surface has warmed at an even higher rate of 0.5°C per
decade. In contrast the transient response of Antarctic and Southern Ocean temperatures appears
more complex. Mixed-layer depths in the Southern Ocean typically exceed several hundreds of
meters, which has allowed the ocean to take up vast amounts of heat and damp the temperature
response to external forcing. This process, and the presence of the ozone hole over the Antarctic
ice sheet is suppressing amplified surface warming in southern high-latitudes. While, the Antarctic
Peninsula is experiencing one of the strongest regional warming trends (0.5°C per decade over
the past 50 years), more than twice that of the global mean temperature, and central West
Antarctica may have also experienced a similar strong warming trend, zonal mean Antarctic
surface warming has been modest at 0.1°C per decade over the past 50 years.

For past high CO, time periods, reconstructions and simulations reveal Arctic and Antarctic
surface temperature amplification of up to two times the global mean. This relatively
symmetrical bipolar amplification appears to be a robust feature of the long-term equilibrium
Earth system response to changes of CO, concentration, and explains in part why Greenland
Ice Sheet and the West Antarctic Ice Sheet appear to be highly sensitive to relatively small
increases in CO, concentration and global mean temperature. For example, global sea level
during the mid-Pliocene warm period may have been up to +20m higher than present day
when atmospheric CO2 concentrations were ~350 to 450 ppm and global mean surface
temperature was 2°C to 3°C above pre-industrial levels.

In response to rapid atmospheric CO, changes, climate models project an asymmetric
transient warming, with an earlier response in the Arctic and a delayed response in the
Southern Ocean. For the RCP8.5 scenario, annual mean Arctic warming is expected to
exceed the global average by 2.2 to 2.4 times for the period 2081-2100 compared to 1986—
2005, which corresponds to the higher end of polar amplification implied by paleo-
reconstructions. Whereas polar amplification in the Southern Ocean and Antarctica is much
smaller in magnitude than the equilibrium response implied from paleo-reconstructions for a
high-CO, world.

134



Dynamic to persistent transition of East Antarctic Ice Sheet (EAIS) during early Pliocene and
cycles of waning and waxing of EAIS inferred from clay minerals and carbon content of ocean
sediments
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Ocean sediments from site U1359 of IODP expedition 318, collected from the continental rise off
the coast of Wilkes Land, east Antarctica are analysed for clay mineralogy and carbon content.

The Total Organic Carbon (TOC) contents of the sediments show an inverse relationship with the
rate of sedimentation. Total inorganic carbon values are generally very low consistent with high
depth of water column. However, coincident with the seismic unconformity WL-U8 significantly
high values of Total Inorganic Carbon (TIC) possibly correspond to change in glacial regime from
dynamic to a persistent ice sheet (EAIS) at ~4.9 Ma (Tauxe et. al 2012).

The temporal variation of the clay mineralogical data shows a dominance of illite with chlorite,
smectite and kaolinite in decreasing concentration. lllite is negatively correlated with smectite
which shows enrichment during 6.2-6.8, 5.5-5.8, 4.5 and 2.5 Ma. The mineralogical analyses on
the silt size fraction (2-53 pym) of some selected samples were also carried out. The combined
results of clay and silt size fractions show presence of chlorite and illite in both size fractions and
smectite and kaolinite restricted only to the clay size fraction (<2 um). The crystallinity and
chemistry of illite in both fractions are similar. This suggests negligible role of sorting probably due
to the deposition from the waxing ice sheet. During times of ice growth nearby cratonic east
Antarctica shield provided biotite rich sediments to the depositional site. On the other hand, the
presence of smectite, only in the clay size fraction suggests the effective role of sorting probably
due to the deposition from distal source in ice retreat condition. During times of ice retreat smectite
rich sediment derived from Ross Orogen is transported to the sampling site through surface or
bottom water currents (Gordon and Tchernia, 1972) (Bellanca et al., 1998; Ehrmann, 1998,
Damiani et al., 2006). Poor crystallinity of illite due to degradation further corroborates the ice
retreat condition (Hambrey and Barrett, 1993). Thus, the enrichment of smectite/illite reflects the
waning /waxing of ice sheet respectively.

References available on request
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Orbital forcing of the East Antarctic Ice Sheet during the Pliocene-Early Pleistocene
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Geological reconstructions of global ice volume and sea-level during the Pliocene and Early
Pleistocene (5 to 2 Ma) display regular glacial-interglacial cycles predominantly paced every 41-
kyrs, paced by variations in Earth’s axial tilt (obliquity). The absence of a strong ~20-kyr
precession signal challenges our fundamental understanding of how ice sheets respond to orbital
forcing because precession should impart the greatest influence on high-latitude summer
insolation intensity, and therefore have an influence on polar ice volume. While a number of
hypotheses have been proposed, reconciliation of this conundrum remains hampered by a lack of
observational evidence from the Antarctic ice sheet. Here, we present an orbital-scale time-series
of ice-berg rafted debris and continental rise sedimentation from a well-dated sediment core
(Integrated Ocean Drilling Program site U1361) adjacent to the Wilkes Land margin of the East
Antarctic Ice Sheet (EAIS). Our data reveal ~40-kyr cyclic variations in the extent of the EAIS
paced by obliquity between 4.3-3.3 Ma during the warmer-than-present climate of the Pliocene, as
has previously been demonstrated for the West Antarctic Ice Sheet (WAIS). Under a warmer
climate state, mean annual insolation (paced by obliquity) had more influence on Antarctic ice
volume, than insolation intensity modulated by precession. However, a transition to 20-kyr
precession cycle dominance at 3.3 Ma preceded the development of a more stable EAIS marine
margin at ~ 2.5 Ma, reflecting the declining influence of oceanic forcing as the high latitude
southern ocean cooled and a perennial summer sea-ice field developed. Furthermore, this
transition from obliquity to precession dominance occurs when the benthic 8180 stack displays an
abrupt loss of the 40-kyr signal and becomes dominated by the 100-kyr eccentricity frequency.
Our data implies an eccentricity-modulated, precession-paced response of EAIS, under a colder
climate state, may account for the variability observed in the benthic §180 reconstruction of ice
volume, and lends support to the hypothesis that anti-phased polar ice-volume cancels out on a
precession time scale.
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Modeling Antarctic ice sheet variations: past calibration and future ensembles
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Several recent studies have used large-ensemble techniques in modeling Antarctic Ice Sheet
retreat from last glacial maximum extents over the past ~20,000 years. Here we use similar
techniques in a 3-D hybrid continental ice-sheet model, assessing model simulations of ice retreat
during the Last Interglacial period (~125 ka) and the middle Pliocene warm period (~3 Ma).For the
latter, recently added mechanisms of melt-enhanced calving and tidewater-cliff failure allow major
retreat into East Antarctic sub-glacial basins, in better agreement with (albeit uncertain) proxy sea-
level data.

Large-ensemble techniques are used to objectively constrain ranges of model parameters, using
algorithms to quantitatively score each model run vs. geological data. The sets of large-ensemble
runs are extended into the future (centuries to millennia), with atmospheric and oceanic forcing
based on IPCC AR5 scenarios. The goal is to produce calibrated probabilistic envelopes of
Antarctic response and associated sea-level rise to future anthropogenic warming, which include
the relatively speculative but serious possibility of drastic retreat due to the newly added
enhanced-calving and cliff-failure mechanisms.
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Eocene - Oligocene terrestrial palynology of the CIROS-1 drillhole, McMurdo Sound, Antarctica
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Fifty six new pollen samples from the Late Eocene — Early Oligocene of the CIROS-1 drill hole
below the ~9 million year disconformity at 366m reveal a number of stratigraphic and
paleoenvironmentally important in situ taxa.

The coastal vegetation of the Late Eocene (below 550m in the core) consisted of podocarps,
beeches, various Proteaceae, and a variety of other tree and shrub species indicative of a beech-
dominated rain forest. A subtle loss of key taxa is apparent in the 366-550m interval, mainly
characterised by a loss of Proteaceae pollen diversity. Bioclimatic analysis of these pollen
assemblages suggests a decrease in the minimum range of possible mean annual temperature at
this interval, from ~13-15°C to ~8°C. However, low diversity assemblages, and some uncertainty
in assigning modern analogues allows the possibility that mean annual temperatures remained
relatively steady at 19-20°C over this interval.

The possible cooling signal appears to precede a marked decrease in dinoflagellates cyst diversity
at ~450m, and a cooling inferred from clay mineralogy at ~430m. Initial results, subject to an
increase in the size of the pollen dataset, suggest that terrestrial vegetation records high-latitude
Eocene — Oligocene cooling earlier than proxies of continental weathering and the coastal marine
environment. Three new strontium dates obtained from shells from the same interval are
consistent with the possibility that the Eocene — Oligocene boundary lies below 450m in the core.
If so, these climatic deterioration events could all occur within C13n, and would likely slightly
postdate the Oi-1 oxygen isotope event.
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A long-term history of Antarctic grounding line change from ice divides
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Layering in ice divides stores a record of ice dynamics going back centuries to millennia and can
tell us whether today’s rapid change is normal or exotic.

Currently, rapid grounding-line retreat is underway along several sections of the Antarctic ice
sheet margin, forced by the arrival of warm water at the coast and leading to the continent's
significant ongoing contribution to sea level rise. Even an ice sheet stable to grounding line
perturbations will continue to lose mass if this forcing is sustained, but the forcing is poorly
understood: is it unusual? Will it continue or increase? We can start to answer these questions by
looking for evidence of coastal dynamic change stored within the ice itself.

Fortunately, a record of flow dynamics along the ice sheet margins — the glacial response to
grounding line change - is preserved within ice divides. ‘Raymond bumps’ in the internal ice
stratigraphy form over a long (and calculable) time under an unmoving divide, hence their
presence indicates a sustained, unchanging flow regime. A present-day divide that is offset from
its underlying Raymond bump indicates a long spell of unchanged flow perturbed at some time in
the more recent past. | present here a map of this Antarctic flow history spanning centuries to
millennia, derived from both ground and satellite radar remote sensing, that serves as a proxy for
changes at the grounding line. This reveals a surprising picture of prolonged stasis where we now
see rapid and recent change, implying a new and exotic shift in the coastal regime.
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Oligocene-Miocene East Antarctic ice sheet history from Wilkes Land sediments: IODP Site
1356.
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IODP Expedition 318 drilled seven sites in two transects across the Wilkes Land (WL) margin of
Antarctica to obtain a long-term record of the Cenozoic Antarctic glaciation in response to climatic
changes, including major transitions. Our study focused on nearly 300 meters of Oligocene-early
Miocene sediments from Site 1356 (cores 42R to 72R) located on a channel levee in the lower
continental rise. Magnestostratigraphic and biostratigraphic age control at Site 1356 constrains the
timing for three well-differentiated depositional environments. Hemipelagic and bottom current
deposition dominated during the late early to late Oligocene. Debris flows with interbedded
turbidite deposits characterized sedimentation during late Oligocene to early Miocene. Turbidite
and hemipelagic sedimentation dominated during the early Miocene. Based on correlations with
the regional grid of seismic lines, early to late Oligocene deposits are characteristic of abyssal
plain sedimentation under the influence of bottom currents. The sharp transition from abyssal plain
facies to distal debris flows during the late Oligocene coincides with the deposition of large mass
transport deposits at the base of the continental slope and erosion of large channels on the
continental rise. The distal mass transport deposits are recovered in our cores and are mixed with
levee turbidites from the nearby channel. The Oligocene to Miocene transition marks the
disappearance of debris flows in our cores and the start of turbidite and hemipelagic deposition
that characterizes levee sedimentation of the early Miocene environment.

The changes in seismic and sediment facies document the evolution of the East Antarctic Ice
Sheet on the Wilkes Land margin, with debris flow and channel-levee development during the late
Oligocene to earliest Miocene indicating significant East Antarctic Ice Sheet expansion during the
climate cooling leading to the Mi-1 glaciation. During this cooling, highly erosive wet-based ice
sheets transported large volumes of sediment to the continental shelf edge, triggering widespread
debris flows and turbidite deposition along the Wilkes Land margin.

140



Subglacial sediment provenance and transport from the Whillans and Kamb ice streams: New
micropaleontological, biomarker and 10Be results
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We report preliminary micropaleontological and geochemical analyses of Subglacial Lake Whillans
(SLW) sediments, recovered in 2013 by the WISSARD Project, augmented by new analysis of
sediments previously recovered from beneath the upstream sectors of the Whillans (WIS) and
Kamb (KIS) ice streams. Siliceous microfossils (notably diatoms and sponge spicules) and
organic-walled palynomorphs (pollen, spores, dinoflagellates) in these sediments provide insights
into West Antarctic rift basin paleobiogeography, subglacial sediment transport, and ice sheet
history. Absolute abundance (particles per gram dry sediment) of identifiable diatoms and diatom
fragments in different size classes were calculated to compare and contrast physical conditions
and sediment provenance at each setting. Sponge spicules are analyzed for taphonomic effects
from subglacial transport and microbial bioerosion. Palynomorphs are analyzed for abundance,
diversity, and source rock ages. Biomarkers for marine algae (Brassicasterol & Dinostanol) and
land plants (leaf wax n-alkanes) independently assess terrestrial and marine contributions to these
glacial sediments. Cosmogenic '%Be in the sediments provides an assessment of post-Miocene
contribution to the diamictons.

No statistically significant stratigraphic variation in microfossil and fragment abundance or
taphonomy is noted in SLW diamictons, in agreement geochemical and geological data. Low
abundance and poor preservation of diatoms and spicules at SLW suggests relatively long
distance transport from marine sediment sources, with evidence of high shear strain. Upper
Miocene diatoms dominate all samples analyzed, though older and younger diatoms are present.
WIS samples exhibit the highest diversity of diatoms, including Pleistocene marine and Paleogene
freshwater taxa. KIS sediments have the highest abundance of whole diatoms, but they are
characterized by low diversity, indicating local erosion of an Upper Miocene deposit.
Palynomorphs in all samples demonstrate a sizable contribution of Eocene terrigenous material.
Initial biomarker analyses strongly corroborate the micropaleontological data. '°Be in SLW
samples are significantly higher than typical WIS and KIS sediments, indicating different potential
input sources, including (1) young sediments deposited during deglacial intervals, (2) input from
sub-ice shelf oceanic sources, or (3) concentration of basal ice melt sources.
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Testing the role of Milankovitch forcing on global sea-level change using a continuous Late
Pliocene shallow-marine sedimentary record from the Wanganui Basin, New Zealand
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Milankovitch Theory directly links the waxing and waning of ice sheets to orbital forcing. These
cyclic variations in insolation are widely thought to cause significant changes to global ice volume
(and therefore sea-level) at frequencies of ~21,000 years (precession) and ~41,000 years
(obliquity). Classical Milankovitch Theory implies both signals should be present in globally-
integrated records of ice volume/sea-level change. However, the global marine oxygen isotope
(5'®0) record during the Late Pliocene (3-2.5 Ma) consists of distinctly obliquity dominated signals,
with a notable absence of precession. This observation has led to a number of hypotheses
concerning the global and hemispheric influence of orbital forcing on glacial-interglacial cycles.
Well-dated, high-resolution shallow-marine sediment records provide a method independent of the
5'®0 record to reconstruct the frequency of Late Pliocene glacial-interglacial variability, via its
effect on global sea-level recorded as cyclical water depth changes. While the amplitude of these
water depth changes may reflect local factors such as sediment supply and tectonics, their
frequency should reflect global glacio-eustatic sea-level changes. The Wanganui Basin, New
Zealand, contains a high-resolution and well-dated Neogene shallow-marine sedimentary
succession, making it an ideal location to examine sea-level/ice-volume change. We propose to
investigate the magnitude and timing of changes in sea-level and ice volume during the Late
Pliocene. This will be achieved through a coordinated integrated study of sediment grain size (a
proxy for paleo-water depth), oxygen isotopes (a proxy for ice volume), and a quantitative census
of benthic foraminifera (another proxy for paleo-water depth) in the Mangaweka Mudstone (~3-
2.6Ma), where it is exposed in a continuous sequence along the Rangitikei River in the Wanganui
Basin. Geochemical fingerprinting, correlation and absolute ages of rhyolitic tephras within a well-
established magneto-stratigraphic framework will form the basis of an age model. It is anticipated
that water depth changes corresponding to precession, obliquity and/or eccentricity forcing on
global sea-level will be resolved in the Late Pliocene record and will provide insights into the
relative responses of both polar ice sheets during the transition from a unipolar to a bipolar world.
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Subsidence and tilting of a pre-25 Ma wave-cut platform in Ross Sea, Antarctica
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Publications using analysis of oxygen and calcium isotopes in deep sea cores indicate an earliest
Oligocene Antarctic ice sheet of larger volume than today. Recent publications explain this by a
higher, and thus less marine, West Antarctica at that time. We use all available seismic reflection
profiles in the Seismic Data Library System, correlated to Deep Sea Drilling Program sites, to
interpret the Oligocene to Middle Miocene seismic stratigraphy of most of Ross Sea. A planar
unconformity was cut into eroded basement rocks before 25 Ma across Central High. We interpret
this unconformity to be planar because of sub-aerial and wave erosion. Late Oligocene
sedimentary rocks aggraded above basement everywhere on Central High soon after it subsided
through paleo-sea level, although deposition at DSDP-270 may have been at 300 m depth after a
hiatus. The eroded basement surface tilted down into the neighboring sedimentary basins through
Oligocene and Miocene time, resulting in a Central High antiform.

Tilting suggests that flanking basins continued to subside faster than the Central High basement
ridge during Oligocene through Miocene time. At -76.7 degrees latitude, the wave-cut platform
antiform crest is below 0.8 km depth, and, 110 km to the east, its eastern edge is near 2 km depth.
Subsidence of the crest through paleo-sea level occurred just before 25 Ma, and subsidence of
the eastern edge of the planar basement unconformity through sea level occurred before an
inferred age of ~30 Ma. Planar progressively-tilted Oligocene-Miocene stratigraphic horizons
suggest that the increase in subsidence rate can be projected 60 km east of the basement
platform edge. The post-30 Ma extrapolated subsidence of the edge of deep Eastern Basin would
thus be 2.5 km. This supports published interpretations for 3 km of post-RSU6 unconformity
subsidence of the middle of Eastern Basin, and near sea level formation of this unconformity,
inferred to be ~30 Ma. Restoring this subsidence supports an end Eocene emergent West
Antarctica as well as large land or shallow areas within Ross Sea.

The isotopic record supports major ice retreats and advances through Oligocene time. Once in
place, the high elevation of much the East Antarctic Ice Sheet makes it unlikely to have greatly
retreated at expected CO2 levels. Oligocene to Middle Miocene deposition rates were rapid
enough to keep up with subsidence and maintain a shallow Ross Sea except in the northeast. A
shallow Ross Sea may have facilitated advances and retreats of a dynamic West Antarctic Ice
Sheet.
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East Antarctic deglaciation and the link to global cooling since the Quaternary: Evidence from
glacial geomorphology and 'Be surface exposure dating of the Ser Rondane Mountains,
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Reconstructing past variability of the Antarctic ice sheets is essential to understand their stability
and to anticipate their contribution to sea level change as a result of future climate change in a
high-CO, world. Recent studies have reported a significant decrease in thickness of the East
Antarctic Ice Sheet (EAIS) during the last several million years. However, the geographical extent
of this decrease and subsequent isostatic rebound remain uncertain and a topic of debate. In this
study, we reconstruct magnitude and timing of ice sheet retreat at the Ser Rondane Mountains in
Dronning Maud Land, East Antarctica, based on detailed geomorphological survey, cosmogenic
exposure dating, and glacial isostatic adjustment modeling. Three distinct deglaciation phases
since Pliocene for this sector of the EAIS are identified, based on rock weathering and "°Be
surface exposure data. We estimate that during the Plio-Pleistocene the ice sheet thinned by at
least 500 m. This thinning is attributed to the reorganization of Southern Ocean circulation
associated with the global cooling into the Pleistocene, which reduced the transport of moisture
from the Southern Ocean to the interior of EAIS. The data also show since the Last Glacial
Maximum the ice surface has lowered less than ca.50 m and probably started after ca. 14 ka. This
suggests that the EAIS in Dronning Maud Land is unlikely to have been a major contributor to
postglacial sea-level rise and Meltwater pulse 1A.
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Early glaciation already during the Early Miocene in the Amundsen Sea, Southern Pacific:
Indications from the distribution of sedimentary sequences
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The distribution and internal architecture of seismostratigraphic sequences observed on the
Antarctic continental slope and rise are results of sediment transport and deposition by bottom
currents and ice sheets. Analysis of seismic reflection data allows to reconstruct sediment input
and sediment transport patterns and to infer past changes in climate and oceanography. We
observe four seismostratigraphic units which show distinct differences in location and shape of
their depocentres and which accumulated at variable sedimentation rates. We used an age-depth
model based on DSDP Leg 35 Site 324 for the Plio/Pleistocene and a correlation with seismic
reflection characteristics from the Ross and Bellingshausen Seas, which unfortunately has large
uncertainties. For the period before 21 Ma, we interpret low energy input of detritus via a palaeo-
delta originating in an area of the Amundsen Sea shelf, where a palaeo-ice stream trough (Pine
Island Trough East, PITE) is located today, and deposition of this material on the continental rise
under sea ice coverage. For the period 21-14.1 Ma we postulate glacial erosion for the hinterland
of this part of West Antarctica, which resulted in a larger depocentre and an increase in mass
transport deposits. Warming during the Mid Miocene Climatic Optimum resulted in a polythermal
ice sheet and led to a higher sediment supply along a broad front but with a focus via two palaeo-
ice stream troughs, PITE and Abbot Trough (AT). Most of the glaciogenic debris was transported
onto the eastern Amundsen Sea rise where it was shaped into levee-drifts by a re-circulating
bottom current. A reduced sediment accumulation in the deep-sea subsequent to the onset of
climatic cooling after 14 Ma indicates a reduced sediment supply probably in response to a colder
and drier ice sheet. A dynamic ice sheet since 4 Ma delivered material offshore mainly via AT and
Pine Island Trough West (PITW). Interaction of this glaciogenic detritus with a west-setting bottom
current resulted in the continued formation of levee-drifts in the eastern and central Amundsen
Sea.
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As the southern extension of the Atlantic Ocean, the Weddell Sea is a key area to study Earth’s
past climate variability. It constitutes a major source of Antarctic Bottom Water formation, which
influences the Atlantic Meridional Overturning Circulation. Moreover, the Weddell Gyre is an
important cyclonic circulation system for water-mass communication between the Antarctic Ice
Sheet and the Southern Ocean. One of the world's two largest ice shelves, the Filchner-Rgnne Ice
Shelf, drains into the Weddell Basin.

Marine data from the southeastern Weddell Sea indicates that the advance to and retreat from the
maximum extent of this sector of the Antarctic Ice Sheet (AIS) was, within dating uncertainties,
synchronous with most sectors of Northern Hemisphere ice sheets. Our modeling studies indicate
that AIS dynamics in the Weddell Sea sector of the EAIS are highly susceptible to far-field
changes in sea level, likely forced from the Northern Hemisphere. Also, changes in North Atlantic
Deep Water formation and attendant heat flux to Antarctic grounding lines were able to
synchronize the hemispheric ice sheets.

Despite the paramount scientific importance that has, over the last two decades, identified the
Weddell Sea as a key area to study past and present climate change, there has been no deep
scientific drilling for high-resolution reconstruction of the Plio-Pleistocene. Therefore, IODP
proposal 848 (Weber et al., 2013) proposes to continental margin sites to address critical
questions of EAIS and WAIS stability, the interhemispheric phasing of ice-sheet and climate
events, ocean circulation, and bottom-water production.
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54 geoscientists met in November 2013 at the NSF-sponsored Antarctic Geological Drilling
Workshop to discuss geologic drilling goals in areas from the South Pacific to the South Pole and
from Precambrian time to modern day. Much knowledge of past climate changes, and inferred ice
sheet history, has been obtained from drill cores taken in low-latitude oceanic settings. Such far-
field proxies offer a general outline of ice sheet behavior, but cannot show which part of the ice
sheet changed, or what ocean currents, temperatures, or other controlling parameters were in
proximal settings. Drilling in Antarctica can yield samples of rock that were influenced directly by
glacial processes and that provide access to Antarctica’s ice-covered geology. Limited outcrops,
short gravity cores, and drill cores with partial recovery have been studied from many locations,
but such records cannot give the continuous temporal record needed to determine timing and
rates of ice sheet change, boundary conditions controlling that behavior, or model future behavior.
Spatially distributed records, including transects from onshore to distal far-field records from each
major ice drainage basin, are needed to resolve the individual histories of each area, which have
large differences that are only now being realized. High quality seismic data linking drill sites can
increase the impact of individual sites by extending the details over a broader area and tightening
the time constraints at each site. Over-ice seismic capabilities offer a means to identify future
drilling targets in the Antarctic interior. New approaches to sample bedrock beneath the ice sheet
and measure conditions beneath the ice will help refine basal-bed boundary conditions that are
vital to reconstructions of ice sheet behavior. Numerical modeling, with an eye toward the
integration of model output with geological records, can test data-driven hypotheses and link
Antarctic climate and ice sheet history with distant latitudes. In workshop discussions, two general
themes rose to highest priority. One is the study of mid-Cenozoic-Pliocene ice sheet history
during times when climate forcing of high atmospheric CO, was comparable to estimates for the
next century, but when tectonic and ocean circulation boundary conditions were not the same as
today. The other priority, is on late Quaternary interglacials, when Earth and ocean boundary
conditions were similar to today and ice retreated landward of its current position, although
atmospheric CO;levels were lower than at present. Combinations of records of ice sheet behavior
during these two time intervals, and under these two sets of boundary condition and greenhouse
gas forcing scenarios, will yield information needed for studies of near and long-term future
behavior of the Antarctic Ice Sheet.
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Regional versus local ice retreat histories in Prydz Bay, East Antarctica: deglaciation
chronology of Rauer Group
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Investigation into the ice extent during the Last Glacial Maximum (LGM) and timing of the last
deglaciation has been completed at a handful of widely separated sites scattered around East
Antarctica. Widely divergent ice sheet retreat histories have been reported, complicating
generalization of the nature and timing of ice retreat.

Prydz Bay is one such area with conflicting evidence. Estimates of ice extent during the LGM vary
from almost no expansion compared to the present in Larsemann Hills to 700 m of thinning and 40
km of post LGM margin retreat in Vestfold Hills, although the latter is highly debated. The Rauer
Group, a 300 km? archipelago of ice free islands lies between these two sites. We investigated
former ice extent using '°Be and %Al dating in conjunction with geomorphic evidence to resolve
the controversy surrounding the nature and timing of ice retreat along this coastline since the Last
Glacial Maximum.

Our new cosmogenic exposure dates provide evidence for a relatively slow uncovering of the
Rauer Group during the late Pleistocene and early Holocene, followed by a stable ice margin
during most of the Holocene. The ice margin retreated eastwards from the outer islands to near to
within 1 km of the modern ice margin between ~14 and 10 ka BP. Further retreats of ~ 0.5 km
occurred at ~ 6 ka and within the last few hundred years.

Ice retreat at Rauer Group corresponds closely to the larger retreat histories proposed at Vestfold
Hills, suggesting that substantial retreat occurred along much of the Princess Elisabeth Land
coastline following the LGM. We suggest that the ice sheet surface elevation near the Larsemann
Hills was kept low by an extension of an ice stream occupying Svenner Channel and the Amery
Depression that drained ice from the hinterland through the Dalk Glacier, thus enabling ice free
conditions to persist in the eastern part of Larsmann Hills throughout the LGM.
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The George V Land and Adélie Land continental shelf of East Antarctica contains a record of
Antarctica’s climate and ice history from the lush forests of the Eocene greenhouse to the dynamic
ice sheet margins of the Neogene. Short piston cores and dredges have recovered Early
Cretaceous and Eocene organic-rich sediment at the seabed, and in 2010, IODP Expedition 318
recovered earliest Oligocene and early Pliocene subglacial and proglacial diamictites at shallow
drilling depths. However, challenging ice and drilling conditions from the JOIDES Resolution on
the shelf resulted in poor core recovery and sites had to be abandoned before the main
stratigraphic targets could be reached. Therefore, in IODP Proposal 813, we plan to use an ice-
strengthened research vessel for easier access to the shelf, and to use the MeBo sea bed drill for
impoved core recovery in two stratigraphic transects of shallow (~80m) holes. In February 2014,
high-resolution seismic reflection, bathymetry and grab sample data were collected on Palmer
expedition NBP1402 in the Mertz Glacier area. These new data will provide context and aid in
selecting drill sites.

Along the Cretaceous and Eocene “Greenhouse” transect of sites, marine and terrestrial
temperature proxies and palynological records will provide information on high-latitude
paleoenvironments and pole-equator temperature gradients, and their evolution through time. The
“Icehouse” transect will investigate the evolution of the Antarctic ice sheet in this sector by
targeting strata above and below regional erosional and downlap surfaces to date and
characterize major episodes of ice sheet advance. These direct records of ice extent on the shelf
can be set in the context of Southern Ocean records of temperature, ice-rafted debris (IRD) and
latitudinal fluctuations of the opal belt, and hence we can relate ice sheet evolution to paleoclimate
conditions. Targets include possible late Eocene precursor glaciations, the Eocene/Oligocene
boundary erosion surface, and ice extents in the Oligocene, Miocene, and Pliocene. The ice and
climate history of the George V Land and Adélie Land margin can provide warm-world scenarios
to help to understand ice sheet instability and Antarctic climate under future global warming.
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Rexamination of lithospheric flexure induced by volcano loads in McMurdo Sound, West
Antarctica, and implications for regional lithospheric strength
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Lithospheric flexure induced by extrusive volcanism plays an important role in regional scale basin
evolution. Examining flexural features, in turn, help us understand regional lithospheric strength.
Ross Island volcano loading provides a natural experiment to examine the lithospheric strength of
McMurdo Sound region, Antarctica. Previous researchers have examined flexural loading in the
region using spatially limited seismic and gravity data. In this study, a more comprehensive data
set of marine seismic and gravity profiles are investigated. The data set includes lines that show
the complete flexural architecture across McMurdo Sound to the west of Ross Island, and shorter
profiles on the north and south sides of Ross Island. The seismic profiles clearly show
unconformities representing flexure surfaces induced by loading. Age constraints for these
unconformities are derived from ANDRILL project results. Improved digital topographic data for
the volcanoes are used to model applied loads. Elastic thin plate models were built according to
Vening Meinesz’s isostatic flexure model. A set of effective elastic thicknesses (Te) was tested, by
comparing misfit between the modeled flexure surfaces and the flexure surfaces observed in
regional seismic lines, and by comparing misfit between the modeled free air anomalies and the
free air anomalies observed in regional gravity lines. The selected ‘best fit' Te is compared with Te
estimated by previous researchers for the region. New constraints on Te are important, because
this parameter controls the spatial extent and depth of flexural basins formed around the volcano
loads. Neogene sediments deposited in the accommodation space provided by the flexural basins
are important targets for new ANDRILL-style drilling in the McMurdo Sound region.
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GPS measurements are the core of the Italian geodetic activity in Antarctica. During the 1999-
2000 expedition, Italian geodesist began the establishment of a large GPS network devoted to the
detection and monitoring of crustal deformations in the Northern Victoria Land (NVL). Nowadays,
28 markers are monumented on rocky outcrops and form the VLNDEF (Victoria Land Network for
DEFormation Control) network. VLNDEF extends over 500 km North-South and 300 km East-
West, and its markers can be accessed by means of helicopter from MZS or, more conveniently,
planning remote camps in the North and or South of NVL.

A permanent GPS station (TNB1) was installed in 1998 at MZS with DOMES N. 66036M001. In
addition, to increase redundancy in the long term observations at MZS, an additional permanent
GPS station TNB2 was installed in 2008 on a marker materialized a couple of years earlier and a
few meters apart from TNB1. During 2008 three markers of the network were converted into semi-
permanent remote stations, namely VLO1 (Cape Hallett), VLO5 (Cape Philips) and VL18 (Starr
Nunatak). They are powered by a set of batteries and solar panels and provide a few months of
data every year. Since its establishment, VLNDEF has been surveyed ten times, of which three
are surveys of the whole network.

The remarkable amount of GPS data collected so far can be used to shed some light on the
ongoing crustal deformations, their pattern and the presence of any neo-tectonic activity. We
present the results obtained using the Bernese V.5.0 and the GIPSY-OASIS software, adopting a
common analysis strategy, models and parameters. We compare and critically comment the
results.
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Numerical models are the primary predictive tools for understanding the dynamic behaviour of the
Antarctic ice sheet. But a key boundary parameter — the magnitude of sub-glacial heat flow — is
controlled by geological factors and remains poorly constrained. We show that variations in the
abundance and distribution of heat-producing elements (U, Th and K) within the Antarctic
continental crust give rise to higher (by a factor as much as 2-3), and considerably more variable,
regional sub-glacial heat flows than that assumed in many ice modelling studies. Such elevated,
and variable, heat flows would fundamentally impact on regional ice sheet behaviour and predict
higher localized basal melt production and enhanced ice surging and streaming. We also note
that, prior to the breakup of Gondwana, much of the East Antarctic continental crust was
contiguous with southern Australia where extensive high heat-producing Proterozoic-aged rocks,
and correspondingly elevated regional heat flows, are well documented and such crustal rocks
almost certainly extend beneath the modern east Antarctic ice sheet. We also present an example
from Prydz Bay, where the presence of high heat producing Cambrian granites, with elevated Th
contents, fundamentally modifies local and regional heat flows. Such fundamental geological
controls on sub-glacial heat flow must be considered to accurately model ice dynamics, and would
allow more refined predictions of ice mass balance and sea level change, particularly in the
context of anthropogenic climate change.
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Several exposed, sub-glacial, and submarine volcanoes exist throughout West Antarctica in the
vicinity of the West Antarctic Rift System; prior work has suggested that a mantle plume beneath
the region influences the observed rifting and volcanism. However the existence of a mantle
plume has not been verified, because models from recent seismic tomography results are not well
resolved at mantle transition zone depths. We use P-wave receiver functions (PRFs) from all
Antarctic seismic stations, including recent 2007-2012 Antarctic POLENET, permanent GSN, and
the 2000-2003 TAMSEIS seismographs to explore the depth to and the thickness of the mantle
transition zone throughout Antarctica. We calculate PRFs for all earthquakes occurring at 30-90°
with Mb>5.5 using a time-domain iterative deconvolution method filtered using a Gaussian-width
factor of 0.5 and 1.0, corresponding to frequencies less than ~0.24 Hz and ~0.48 Hz, respectively.
Using this method, we check stability of the deconvolution by convolving the vertical component
with the final radial receiver function, rejecting all receiver functions that did not recover at least
80% of the original trace. Results for P receiver functions stacked by station and migrated to depth
using the ak135 1-d velocity model indicate subtle changes in the thickness of the transition zone
throughout West Antarctica, although deviating only slightly from the global average thickness. In
addition to transition zone thickness variations that could reveal the presence of a mantle plume,
we detect the presence of prominent negative peaks which may reveal melts produced in
response to plume upwellings through a water-rich mantle transition zone. In two regions of West
Antarctica a faint 720’ peak is detected, which is also thought to become more prominent in the
presence of hot mantle. The 520’ discontinuity is detected beneath most of West Antarctica; in the
vicinity approaching the Transantarctics, the 520’ appears to split into two positive peaks. Future
work is planned to incorporate data from the 2-3 year AGAP survey in order to resolve whether the
transition zone is normal beneath the anomalously high topography of East Antarctica. Additional
analysis will use three-dimensional regional seismic velocity models to migrate receiver functions
in West Antarctica to more clearly resolve whether regions with subtle transition zone thinning are
significant features.
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The Gamburtsev Subglacial Mountains (GSM) played a key role in the initiation of the Antarctic ice
sheet. Despite recent advances in understanding their subglacial landscapes and their underlying
crustal and lithospheric architecture, the origins and evolution of the GSM remain enduringly
enigmatic and increasingly controversial.

Aerogeophysical data reveal a major Paleozoic to Mesozoic rift system in East Antarctica
surrounding the GSM and a thick high-density lower crustal root beneath the range that may have
formed during the Proterozoic assembly of East Antarctica. Continental rifting may have triggered
phase changes at deep crustal levels, perhaps restoring some of the latent root buoyancy, as well
as causing more classical lithospheric flexure and rift-flank uplift.

The Permian to Cretaceous rift-flank uplift model for the Gamburtsevs (Ferraccioli et al., 2011
Nature) is appealing because it links intraplate mountain-building to the geodynamic processes
that led to the separation of India from East Antarctica. However, while Permian rifting is well-
established in both the Lambert Rift and India, recent detrital thermochrology results suggest that
Cretaceous rift-related exhumation in interior East Antarctica may not have been as significant as
previously proposed. This raises the question of whether the modern Gamburtsevs may instead
have been uplifted solely in response to changes in Cenozoic erosion (e.g. during the early stages
of East Antarctic Ice Sheet development), superimposed upon a Permian rift flank or via other
mechanisms (e.g. dynamic topography).

To address this question we are combining analyses of the GSM landscapes with 2D & 3D flexural
models of peak uplift caused by the isostatic responses to fluvial and glacial valley incision. The
advantage of this approach is that outputs of geophysical relief and isostatic modelling can be
compared with estimates of erosion rates since the Oligocene and the total amount of incision
estimated in the Lambert rift region (Thomson et al. 2013, Nature Geoscience). Modelling outputs
can also be compared against the present-day elevations of up to 1500 m a.s.I of uplifted
Oligocene-early Miocene glacial-marine sediments in the Lambert Glacier (Hambrey et al., 2000,
Geology). These new models provide more quantitative means of assessing the possible range of
pre-incision elevations of the “Gamburtsev plateau”, which is a key constraint when modelling East
Antarctic ice sheet nucleation and evolution.
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Long-range airborne geophysics measurements were carried out in January/February 2013 in
hitherto unexplored parts of Interior East Antarctica (the Recovery Lakes region), supplementing
earlier surveys over the interior Dronning Maud land region Jan/Feb 2011. The 2013
measurement programme provided for the first time a regional coverage of gravity, magnetics and
ice penetrating radar for major Dronning Maud land ice stream systems from the grounding line up
to the Recovery Lakes drainage basin. The campaign was carried out with a BAS Twin-Otter,
operating from the UK Halley and Argentina Belgrano Il stations, as well as a field camp on
Recovery Lake B, with camp logistics provided by the Norwegian Polar Institute.

The gravity measurements were the primary driver for the mission, with two airborne gravimeters
(L&R and Chekan) providing measurements at accuracy levels of 2 mGal, supplementing the
GOCE satellite mission with fill-in data in a major void of Antarctica, in support of global gravity
field modelling. The combined 2011-13 airborne gravity data show, together with the magnetic
data and ice-penetrating radar data, hitherto unknown geological features in deep interior
Dronning Maud Land, as well as provide new data on the sub-ice structures of the major ice
streams and the underlying sediments. Ice radar data further provide detailed insights into the
nature of the subglacial Recovery Lakes, the second-largest in Antarctica, confirming that the
lakes are real lakes, with more water stored in 2013 than earlier suggested. The success of a
survey like this, in one of the most inaccessible areas on Antarctica, highlights the possibility of
rapidly closing the last data void of Antarctica around the pole, especially important for global
gravity field mapping, where the GOCE gravity field mission has not provided any data south of 83
S.
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Relation of positive gravity anomalies of sedimentary basins of the Ross Sea to the Antartic
Ice Sheet
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The extensional basins of the Ross Sea are paradoxical in that positive gravity anomalies overlay
the Victoria Land Basin, Central Trough, Northern Basin and Northern Central Trough while
basement highs are associated with negative gravity anomalies. A number of studies have
attributed the positive gravity anomalies across the depocenters to high-density volcanics deep
within the basins or magmatic intrusions within the region of the thinned crust or upper mantle
(Edwards et al., 1987). Karner et al. (2005) had regarded that there is no clear correlation between
known volcanic outcrops in the western Ross Sea region and the Bouguer gravity anomaly.
According to the conclusion from Karner et al. (2005), the observed anticorrelation of gravity
anomalies with sediment thickness can be reproduced if the flexural strength of the lithosphere
during rifting is significantly lower than the flexural strength of the lithosphere at the time of
sedimentation. In contrast, the younger Terror Rift has a negative gravity anomaly, a simple
consequence of comparable syn-rift and post-rift rigidities and a relatively narrow width. But in
fact, in the main part of the Victoria Land Basin apart from the Terror Rift and the Central Trough
there are some outcrops of alkali basalts or magmatic intrusions indicated by the Werner
deconvolution solutions of magnetic data, corresponding to those peaks of positive gravity
anomalies. Thus, either the Ross Sea sediments or the basement may have unusual densities
that might produce these positive anomalies. The flexural isotatic model based on a normal
density relationship between sediment infill and basement would not be an exclusive selection to
slove the paradox. Interpretations advancing the concept of high density material in the lower crust
or upper mantle and general gravity studies of the Ross Sea basins have tended to ignore the
constraints offered by isostasy in mapping the density distributions in the lithosphere (Davey and
Cooper, 1987). For example, Tre'hu et al. (1993) underscore the non-uniqueness of gravity
modeling when isostasy is not taken into account. In particular, the modeled gravity does not
laterally integrate to zero, indicating the existence of unbalanced forces and thus untenable
geological models. If both the Ross Sea and the Antarctic Ice Sheet or the Transantartic
Mountains are treated as one system, we may get rid of this dilemma. As the Antarctic Ice Sheet
or the Transantartic Mountains had been developing, the local crust would gradually subside and
its underlying anthenosphere would flow outwards. Along weak belts or faults at the depocenters
of the Ross Sea,compressed magma were likely to upwell and underplate, and then cooling
magma in crust and the negative buoynacy of anthenosphere would lead to increase gravity
anomalies within the extensional basins.
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During the international GEA-II expedition to Sgr Rondane (East Antarctica), large aggregates of
crystalline gypsum were found within blue-ice moraines on the south side of the Sgr Rondane
Mountains at an elevation of ca. 2000 m and ca. 250 km inland of the present coastline. Gypsum
aggregates reach one meter in diameter with individual crystal length up to 20 cm. Apparently, the
gypsum grows in-situ and as a result of sublimation of the blue ice on the gravel of the moraine.
Individual cobbles and sand are incorporated into the gypsum aggregates. The gypsum does not
show signs of transport. In thin section, the gypsum shows an irregular growth zoning and in part
bent cleavage planes. Abundant primary fluid inclusions are present parallel to the growth zoning
as well as parallel to cleavage plains. This type of gypsum formation is enigmatic and has never
been described before. It might indicate an important and thus far unknown process,
characterising a special way of interaction between the lithosphere and the cryosphere.
Preliminary Sr-isotope data indicate relatively high values and suggest crustal affinities. A
preliminary set of sulfate sulfur (5**Sso4) and oxygen (5'2Osou4) isotope data reveals values ranging
from +7.0 and +29.6 %o (5**Sso4) and between -16.7 and +0.3 %o (5'®0s04). Samples display a
positive correlation between 5**S and 5'°0. Thus, Sulfur isotope values are highly variable and
offer different conclusions with respect to potential sulfate sources. None of the gypsum samples
displays a sulfur isotopic composition reflecting a pure seawater sulfate (i.e. sea spray) origin. Two
samples yielded 3*Sgo4 values of +7.0 and +9.0 %o, most others are distinctly more positive than
modern seawater sulfate (i.e., above +21.0 %o), with a maximum value of +29.6 %.. In general, the
sulfur isotope values more positive than modern seawater sulfate suggest bacterial sulfate
reduction. The low 5S4 values are comparable to values measured previously for continental
sulfate and are similar to a single pyrite sample from a black schist sample, ca. 150 km to the W,
Steingarden area (this study). The oxygen isotopic composition for the blue ice gypsum samples is
also characterized by rather variable including strongly negative 5'®0g04 values. Negative sulfate
oxygen isotope values possibly reflect an '®0 depleted continental source such as Antarctic glacial
waters that could have fostered the oxidative weathering of sulfide sulfur. The observed variability
could reflect different stages of bacterial sulfate reduction.
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Bedrock elevation, crustal thickness, and Inferred upper mantle temperatures for Antarctica
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! Geological Survey of Canada, 2 School of Earth and Ocean Sciences, University of Victoria

Previous analyses of surface elevations and crustal thickness for North America has revealed
distinct trends for cratonic and Cordilleran regions, with mountain belts being elevated relative to
cratonic regions (Hyndman, 2010). The higher elevations in mountain belts for crustal thicknesses
similar to or smaller than cratonic regions were inferred to be a consequence of thermal expansion
of the asthenosphere. The relationship between crustal thickness and surface elevations was
explored for Antarctica with the CRUST 2.0 and BEDMAP digital compilations of crustal thickness
and bedrock topography. Bedrock elevations were corrected for crustal density and for isostatic
loading using the 1J05 glacial isostatic adjustment model. Antarctica was divided into six broad
structural elements: Antarctic Peninsula, East Antarctica, Ellsworth Land, Marie Byrd Land,
Transantarctic Mountains, and West Antarctic Rift System. For each region, the crustal
thicknesses and corrected bedrock elevations were evaluated and compared to the trend lines
developed for North America. Broadly speaking, Antarctic regions were concordant with North
America, with East Antarctica lying on the cratonic trend and Marie Byrd Land, which is
hypothesized to lie on a mantle hotspot, lying close to the Cordilleran trend. Most other regions
are intermediate to the two trends. These results are consistent with previous analyses based on
seismic wave speeds which inferred high mantle viscosities beneath East Antarctica and low
viscosities beneath West Antarctica. A prominent exception, however, was the West Antarctic Rift
System (WARS), which lies on the cratonic trend. It may be a consequence of the WARS region
having an average crustal thickness in CRUST 2.0 that is larger than expected for a rift
environment. This may reflect the paucity of constraining observations for the region. An analysis
of a limited number of crustal thicknesses directly constrained by seismological observations also
finds that East Antarctica lies on the cratonic trend and Marie Byrd Land lies close to the
Cordilleran trend. With the exception of the WARS, the Antarctic analysis is consistent with the
trends found for North America, but more direct observations of crustal thickness are needed for
Antarctica before independent relationships can be developed.
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Long-term detectability of teleseismic events and their relation to surface environment at
Syowa Station, Antarctica
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Phase identifying procedure for teleseismic events at Syowa Station (69.0°S, 39.6°E; SYO), East
Antarctica have been carried out since 1967 after the International Geophysical Year (IGY; 1957-
1958). From the development of INTELSAT telecommunication link, digital waveform data have
been transmitted to the National Institute of Polar Research (NIPR) for utilization of phase
identification. Arrival times of teleseismic phases, P, PKP, PP, S, SKS have been reported to the
International Seismological Centre (ISC), and published by "JARE Data Reports" from NIPR. In
this paper, hypocentral distribution and time variations for detected earthquakes are demonstrated
over the last four decades in 1967-2010. Characteristics of detected events, magnitude
dependency, spatial distributions, seasonal variations, together with classification by focal depth
are demonstrated. Besides the natural increase in number for occurrence of teleseismic events on
the globe, a technical advance in observing system and station infrastructure, as well as the
improvement of procedure for reading seismic phases, could be efficiently combined to produce
the increase in detection number in last few decades. Variations in teleseismic detectability for
longer terms may possibly by associate with meteorological environment and sea-ice spreading
area around the Antarctic continent. Recorded teleseismic and local seismic signals have
sufficient quality for many analyses on dynamics and structure of the Earth’s as viewed from
Antarctica. The continuously recorded data are applied not only to lithospheric studies but also to
Earths deep interiors, as the significant contribution to the Federation of Digital Seismological
Network (FDSN) from high southern latitude.
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Characteristic cryoseismic waves associated with surface environments around the Liitzow-
Holm Bay, East Antarctica

Kanao M

National Institute of Polar Research

In an international geoscience prospect at the IPY, the ‘Polar Earth Observing Network
(POLENET)’ was the largest contributions in establishing a seismic and GPS network in
Antarctica. Several kinds of environmental signals associated with the atmosphere - ocean —
cryosphere - solid earth systems are detected in the continent and surrounding oceans. Ice-
related seismic motions for small magnitude events are generally named ‘ice-quakes’ ( ‘ice-
shocks’) and can be generated by glacially related dynamics (Kanao et al., 2012). Such kinds of
cryoseismic sources are consisted from the movements of ice sheets, sea-ice, oceanic tide-
cracks, oceanic gravity waves, icebergs and the calving fronts of ice caps. Nettles and Ekstrom
(2010), moreover, determined the hopocenter and magnitude of several large ice-quakes (glacial
earthquakes) around Antarctica by using the long period surface wave data. These hypocenters
locate mainly at the outlet of the large glaciers, otherwise the edge of ice shelves. Cryoseismic
and oceanic waves are likely to be influenced by the variations in environmental conditions,
including lower atmosphere, and the continuous study of their time-space variation provides
indirect evidence of climate change. In this presentation, several characteristic features of
cryoseismic waves observed the stations around the Liitzow-Holm Bay (LHB) region are
introduced, involving the surface environmental variations in vicinity of the area from continental
coastal to the southern ocean. Hypocenters of local events, waveforms invlolving discharge of
sea-ice, tide relating signals, as well as the tremor signals with characteristic frequency contents
are demonstrated. As the glacial earthquakes are the most prominent evidence found recently in
the polar region, these new innovative studies of polar seismology has been achieved on the basis
of observational experiments and long-term monitoring under the extreme conditions of the polar
environment.
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Rheology of the Antarctic Peninsula from rapid ice unloading and change in rates of bedrock
uplift
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Commencement of large glacial unloading in the Antarctic Peninsula since 1995, and especially
2002, resulted in rapid bedrock uplift. The ice unloading and the bedrock response are both well
observed, since 2001 and 1998, respectively. The observed uplift increase cannot be explained by
an elastic response only, but modelling based on a viscoelastic (linear Maxwell) rheology closely
reproduces the observations. Strong preference is found for a low value of upper mantle viscosity,
but with little sensitivity to the modelled thickness of the elastic lithosphere.

However, wider geophysical and laboratory studies suggest that a more complex rheological
model may be required to correcitly interpret the observed deformation. This well observed event
offers a rare opportunity to constrain the rheology of the upper mantle using post-glacial rebound
data and without large ambiguity in the ice history. Here, we discuss such constraints.
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GPS crustal motions show 3D earth models are needed to understand Antarctic ice mass
change
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GPS observations of crustal motion in the Antarctic interior appear to be driven by changes in ice
mass, and provide essential constraints for models of glacial isostatic adjustment (GIA). While
vertical displacement patterns are commonly used to assess GIA model accuracy, efforts to
develop more realistic 3D earth models have shown that horizontal motions are more important for
characterizing GIA on a laterally varying earth. This phenomenon is especially significant for
Antarctica, where a strong boundary in crustal thickness and mantle viscosity separates East and
West Antarctica.

We present GPS-derived horizontal crustal motion data from Antarctica acquired by the Antarctic
Network (ANET) component of the Polar Earth Observing Network (POLENET). Observed
displacements validate predictions from models that GlA-induced horizontal motions across an
extreme earth properties boundary can be reversed, resulting in motion toward, rather than away
from former ice mass centers. Specifically, horizontal crustal motions are consistently near-
perpendicular to the very strong gradient in mantle viscosity mapped by seismology, with motion
toward the weaker, West Antarctic side from the stronger, East Antarctic side. This correlation
suggests that the disagreement between observed and predicted horizontal motions derived from
1D GIA models is a result of the strong influence of heterogeneity in earth structure on solid earth
deformation. Comparison to 3D GIA models shows a close agreement between observed and
predicted motions, indicating 3D laterally-varying earth models are necessary to produce reliable
predictions of GIA for Antarctica. Both horizontal and vertical displacements due to GIA are
impacted by lateral variations in earth structure, therefore this result further indicates the
importance of using 3D GIA models to correct for GlA-induced uplift and associated gravity signals
to estimate Antarctic ice mass balance from satellite gravity and altimetry measurements.
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Cenozoic stress field evolution in King George Island from mesofault population analysis
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A study on palaeostresses was performed in King George Island (South Shetland Islands) in order
to establish the Cenozoic plate tectonic evolution in the southwestern Scotia Arc and Bransfield
Strait. 254 faults were measured at 13 sites on Upper Cretaceous and Eocene igneous and
sedimentary rocks in Fildes (9 sites), Barton (1 site), Potter (1 site) and Keller (2 sites) peninsulas.
Fault data were analyzed with the Etchecopar, y-R and Right Dihedra methods.

In Fildes Peninsula palaeostress analysis was performed on 168 faults. Fault planes dip between
30° and vertical. Directional fault analysis shows a NE-SW orientation maximum and a relative
maximum striking N-S. Orientation of 64 shows two main axes trending NE-SW and NW-SE,
whereas the g3 direction is N-S, NE-SW and E-W. The R relationship is normal to radial normal
and wrench regimes. In Barton Peninsula 16 faults have been measured. Most faults show dips
between 50°-80°. Faults show NNW-SSE, NE-SW and ESE-WNW orientations. Results of our
palaeostress analysis indicate NW-SE o horizontal stress direction and ESE-WNW o3 horizontal
stress directions and the R relationship point to wrench and normal regime, respectively. In Potter
Peninsula 8 faults have been measured. Faults show subvertical dips and they exhibit N-S and
ENE-WSW orientation. Results of our palaeostress analysis indicate a main compressional regime
with N-S direction and the R relationship shows a wrench regime. In Keller Peninsula palaeostress
analysis was performed on 62 fault planes. Fault planes dip between 30° to vertical. Directional
fault analysis indicates a NE-SW and ENE-WSW orientation maxima and a relative maximum
striking NE-SW. From the orientations of stress axes, it can be observed that o4 present two main
axes trending NE-SW and NW-SE, whereas the o3 direction is NE-SW. The R relationship mainly
indicates a wrench regime.

According to our interpretation, NW-SE maximum horizontal stress is related to the Mesozoic-
Cenozoic oceanic subduction of the Former Phoenix Plate under the Pacific margin of the
Antarctic Plate along the South Shetland Trench. The NE-SW compression could be connected
with late Miocene to present-day sinistral transcurrence movement along the South Scotia Ridge
and the South Shetland Trench. The NE-SW extensional stress field could be associated to the
Oligocene opening of the Powell Basin. Finally, the E-W extensional stress field could be related
to the Pliocene to present development of the Bransfield Basin.
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Antarctic seismic sources recorded by recent large-scale seismograph deployments
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With the advent of year round seismic installations, we find the apparent lack of seismicity in
Antarctica is actually a limitation in instrumentation. Continuous data recorded by
POLENET/ANET (+/- 38 stations in West Antarctica) and GAMSEIS (+/- 30 stations in East
Antarctica) since 2007 record many sources of seismicity in Antarctica, including a new source of
cryoseismicity.

We observe a shallow cryoseismic source located on the East Antarctic plateau. Only strong
surface waves (always Rayleigh and in most cases Love waves as well) are recorded, and even
the nearest stations record no body waves. Modeling indicates the source must be very shallow,
within the upper 30-50 m, in order for no body wave energy to be observed above the noise. We
calculate a Rayleigh wave group velocity dispersion curve and then invert for S-wave velocity
structure with the best recorded events. The structure, which shows a 100-200 m thick lower
velocity firn layer overlaying a relatively constant ice layer, becomes the input model for reflectivity
synthetics as we test what source mechanism and depth are required to produce the observed
waveforms. A pure double-couple mechanism is insufficient and therefore an expansion or
contraction component is necessary. Some form of crack formation in the firn layer is most likely
the source of these newly discovered events.

POLENET/ANET also records seismic activity associated with volcanism in the Executive
Committee Range (ECR) in 2010-2011. Over 1,300 deep long period (DLP) events are located
below what we assume to be the current location of volcanic activity in the linear ECR chain. The
events are 25-40 km deep and cannot be resolved with a glacial source. The cluster of events
correlates with a subglacial topographic high, possibly a volcanic construct, and magnetic
anomalies indicative of volcanic material. Ash layers ~8,000 years old attributed to nearby Mount
Waesche indicate volcanism more recent than any dated eruptions. Together a swarm of volcanic
seismic events associated with geologic evidence of volcanism and a very young ash layer
indicate volcanism in the ECR is continuing to migrate southward. These observations invite the
question of the impact of an eruption and the subsequent melt to the subglacial system. An
eruption is unlikely to breach the 1.2-2 km thick ice sheet but the large volume of melt water
introduced to the subglacial system could increase the velocity of overlying ice.
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Network of absolute-gravity stations in Western and Central Dronning Maud Land
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There are now five absolute-gravity (AG) stations in Western and Central Dronning Maud Land
between longitudes 14 deg W and 12 deg E. The oldest station is at the Finnish base Aboa, with 5
measurements by the Finnish Geodetic Institute (FGI) starting with the FINNARP 1993 expedition.
Measurements at Maitri (India) and Novolazarevskaya (Russia) were first performed in 2004 by
the National Geophysical Research Institute (NGRI) of India, and by the FGI, respectively. In the
season 2010/11 a new station was constructed at Troll (Norway). In the season 2011/12 the
aforementioned four stations were occupied by the FG5-221 absolute gravimeter of the FGI. At
Sanae IV (South Africa) there are two previous occupations by the FG5-221, in 2003/4 and
2005/6.

AG stations are important for Antarctic geodynamics. They provide accurate starting values for
gravity surveys performed for geophysical and geological investigations. Observed gravity change
from repeated AG measurements can be compared with vertical motion from continuous GNSS
observations, predictions from models of Glacial Isostatic Adjustment (GIA) and with solid Earth
deformation from estimated variation in contemporary ice load. Given sufficient joint coverage with
International Terrestrial Reference Frame (ITRF) sites, gravity rates at high latitudes could in
principle provide an independent check of the geocentricity of the z-dot (velocities in the direction
of the rotation axis of the Earth) of the ITRF.

All the AG sites mentioned have continuous GNSS stations. Numerous supporting measurements
have been made at them: microgravity networks, levelling and GNSS ties to excentres etc., for
controlling the stability of the stations. At some sites, nearby glacier elevations were surveyed to
monitor the attraction of the variable close-field snow and ice masses. We give a description of the
sites and the measurements performed at them. The work benefited from the co-operation in the
COST Action ES0701 “Improved Constraints on Models of GIA”.
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Time series of absolute gravity measurements at the Finnish Antarctic Station Aboa, Dronning
Maud Land: comparison with observed vertical motion, models of Glacial Isostatic
Adjustment, and variation in contemporary ice and snow mass
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The gravity laboratory at the Finnish Antarctic Research Station Aboa in Western Dronning Maud
Land was constructed by the FINNARP 1993 expedition, and the site was first occupied by the
JILAg-5 absolute gravimeter (AG) of the Finnish Geodetic Institute (FGI) in January 1994. Repeat
measurements were performed with the JILAg-5 in FINNARP 2000, and with the FG5-221 in
FINNARP 2003, 2005, and 2011. The station has thus one of the longest absolute-gravity time
series in the Antarctic:

The continuous GPS (CGPS) station at Aboa started operations during FINNARP 2002 in
February 2003. The receiver works unattended during the austral winter. The data is stored in the
memory card of the receiver and recovered by summer expeditions to Aboa. The CGPS station is
part of the POLENET. A broadband seismometer of the Institute of Seismology of the University of
Helsinki occupies the laboratory pier whenever AG is not there. The seismometer data is collected
and recovered in the same way as that of the CGPS receiver.

The gravity laboratory and the CGPS antenna close to it are on exposed bedrock on the nunatak
Basen. The expectation was that the primary signals of time-dependent gravity would be (i)
viscoelastic gravity change due to Glacial Isostatic Adjustment and (ii) elastic gravity change due
to contemporary variation in regional ice load. In other words, signals that should show up as
vertical deformation in the GPS coordinate time series. However, it was soon recognized that the
close-field attraction of the variable snow and ice masses on the slopes of Basen and on the
glacier Plogbreen below Basen could have a large influence on observed gravity. Monitoring of
local snow mass started during FINNARP 1999 in cooperation with several institutions and has
been pursued ever since, now using mainly RTK-GPS methods.

We describe the results and discuss the contributions of the different phenomena to the absolute
gravity record and to the coordinate time series from the CGPS.
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Absolute gravity time series at Aboa, Dronning Maud Land: influence of near-field snow
masses revisited
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The absolute gravity station at the Finnish Antarctic Research Station Aboa (Western Dronning
Maud Land) has been occupied in 5 FINNARP expeditions since 1993/1994, at time intervals of 2
to 6 years. We have previously found that the campaign-to-campaign variation in the snow mass
within 100 m of the station can cause a gravity effect of some microgals. It thus can mask gravity
signals related to vertical deformation, e.g., due to Postglacial Rebound (PGR) or variation in
contemporary ice load. At this close-range the snow surface heights were mapped on foot in a
dense grid using Real Time Kinematic GPS (RTK-GPS) methods.

Here we extend the analysis to a distance of 3 km from the station, using repeated RTK-GPS
profiles measured by antennas mounted in sledges, towed by snowmobiles. Technical details of
the method are described. The variation in snow surface heights can in this area be up to 5 m
between campaigns and is primarily caused by wind accumulation and ablation. We have sampled
extensively the mean density of the top 1 m snow layer; it shows lateral variations of tens of
percent. We discuss the appropriate density modelling for transforming variation in surface heights
to variation in mass.
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Antarctica's hypsometry and crustal thickness: Implications for the origin of anomalous
topography in East Antarctica
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The hypsometry of Antarctica revealed by BEDMAP2 data is characterised by deglaciated modal
elevations of ~-450 m and ~650 m for West and East Antarctica, respectively, and an East
Antarctic plateau that is topographically anomalous by ~400-600 m with respect to global
continental modal elevation estimates. Superimposed on the East Antarctic plateau are the
Gamburtsev Subglacial Mountains, the Dronning Maud Land Mountains and the Vostok Highlands
with modal elevations ~400 m in excess of the East Antarctic mode. To ascertain whether East
Antarctica's anomalous topography can be attributed to Airy-type crustal compensation, a
continental-scale crustal thickness model was derived from the inversion of GOCOO03S satellite
gravity data constrained by seismic crustal thickness estimates. The average crustal thickness of
East Antarctica is ~40 km (for West Antarctica ~24 km), a value typical of continental shields, and
while crustal thicknesses of >50 km locally beneath the Gamburtsev Subglacial Mountains and
Dronning Maud Land can account for their differential modal elevation above the plateau, crustal
thicknesses elsewhere across East Antarctica offer no suggestion of crustal-level continental-
scale support for the broader plateau. Enderby Land, for example, resides on the plateau and is
characterised by a modal elevation of ~750 m and crust ~40 km thick, whereas off the plateau in
East Antarctica, the Aurora and Wilkes Subglacial Basins have modal elevations of ~-50 m and
~50 m, respectively, yet similarly thick crust. The lack of crustal support for the elevated broader
East Antarctic plateau, coupled with seismic images showing fast upper mantle velocities beneath
the plateau, suggest a mid-to-lower mantle source for East Antarctica's anomalous topography.
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P-wave velocity structure beneath Mt. Melbourne in the northern Victoria Land, Antarctica
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The P-wave velocity structure of the shallow upper mantle beneath Mt. Melbourne was modeled
from the double precision teleseismic inversion method [VanDecar, 1991]. The teleseismic events
used in this study were obtained from the Korea Polar Seismic Network at Terra Nova Bay
(KPSN@TNB), which consisted of five broadband seismic stations deployed from 2001. The 1501
relative P-wave traveltime residuals were computed from 402 events using the multichannel cross
correlation (MCCC) method [VanDecar and Crosson, 1990]. The inverted velocity model reveals
two separate low-velocity regions; one is beneath Mt. Melbourne and trending N-S direction
between 40 - 90km depths, and the other is beneath the KP03 station and extending to NW
direction. The low velocity anomaly smeared downward along the raypaths in the model space of
the outside the KPSN@TNB. However, several resolution tests confirmed that our model is
reasonably good for the model space within the network. The low velocity anomaly beneath Mt.
Melbourne is associated the uplift of and volcanic center.
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Volcanotectonic deformation models for Deception volcano and its environment: update and
time evolution (1992-2014)
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The region defined by the South Shetlands Islands, the Bransfield Sea and the Antarctic
Peninsula represents one of the most interesting geodynamic regions in Antarctica due to the
convergence of several tectonic plates. The South Shetland archipelago is a volcanic arc formed
as a consequence of the Phoenix micro-plate subduction under the Antarctic plate. A close to 1.0
cm/year velocity has been measured and attributed to the NW-SE Bransfield basin extension and
the Phoenix micro-plate shortening or subduction, after the Phoenix-Antarctic opening finished at
about 3.3 Ma. The slow subduction rate is favorable to the roll-back motion of the subducted slab,
producing the extension of the overriding plate and giving way to the back-arc Bransfield basin
formation, and therefore to the separation of the South Shetland block. To the north, the South
Shetland trench ends at the left-lateral Shackleton fracture zone near Elephant Island, and to the
south, ends at the Hero fracture zone. Within the Bransfield Basin, Deception Island presents
active volcanism manifested in seismic, thermal and surface deformation activities, which recent
eruptive processes took place in 1967, 1969, and 1970. Two seismic crisis were detected along
the 1991-1992 and 1998-1999 austral summers with hypocenters located in Fumaroles Bay.
Deception Island presents two major geodynamic behaviors of distinct origins: the tectonic regime
of the Bransfield Basin and its own volcanic activity.

The presented work focuses on both the regional tectonic study and the monitoring of the volcanic
activity of Deception Island, based on GNSS observations registered in the geodetic benchmarks
located in the region. An evaluation of the surface deformation gives the displacement velocities of
each benchmark from GNSS observations made between 1992 and 2014. From the velocity field
of the Spanish Antarctic Geodynamic Network (RGAE) benchmarks a regional tectonic model was
assessed. This model supports an ongoing subduction process at the South Shetland trench and
presents a singular geodynamic behavior of Byers Peninsula in Livingston Island. From the
velocities of the three geodetic benchmarks with permanent GNSS observations each austral
summer campaign, near the “Gabriel de Castilla” Spanish Antarctic Station, in Fumaroles Bay and
in Pendulum Cove, the analysis of the volcanic activity of Deception Island is presented. In the
1992-2014 time window, periods of expansion and uplift interchanged by periods of compression
and subsidence were identified. Also the seismic crisis registered in this time window were
correlated with the periods of expansion and uplift.
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Bransfield basin's strain marker: Insights from Deception's GNSS-GPS benchmarks' enhanced
sub-daily surface deformation analysis
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Deception island is the most prominent active volcanic center situated in the Bransfield basin
between the South Shetland islands to the west and the Antarctic peninsula to the east, whose
main volcano-tectonic feature is a central flooded depression. This central caldera has been
described as a collapse caldera originated after one or more voluminous eruptions, or by
progressive passive normal faulting along a nearly orthogonal fault system. This fault system
results from to the Phoenix slab roll back along the South Shetland trench, the Phoenix-Antarctic
subduction zone, and its additional left-lateral component consequence of the Antarctic plate
regional northeastwards movement that also promotes the southwestward propagation of the
South Scaotia ridge, the Antarctic-Scotia boundary.

A methodology for near real time surface deformation analysis was developed and applied along
Deception island’s austral summer campaigns for volcano surveillance purposes. It relies on a
minimum of three strategically deployed benchmarks position variations at sub-daily rates
determined through GNSS-GPS (Global Navigation Satellite Systems — Global Positioning
System) geodetic techniques. The benchmarks’ positions were computed every 30 minutes with
the Bernese GPS Software 5.0. Multipath and residual loading and meteorological effects were
dealt with a discrete Kalman filter. The method 1 sigma position accuracy was assessed at 1 mm
in the northing and easting components and 2 mm in the height component, when applied to
baselines ranging up to 300 km with a reference benchmark that is far away from the volcano's
dynamic influence. Supported on accurate benchmarks’ positions, a normal vector analysis was
applied to the triangle covering the monitored surface determining instantaneous strain and
inclination.

Deception island deformation general trend is of compression. However, Deception movement
relatively to the South Shetland block suggests a southeastwards general trend following the
Bransfield basin opening, also reflected in the lesser southeastwards relative movement of the
benchmark closest to the South Shetland block. That is only possible if the NW-SE extension rate
is usually inferior to the NE-SW compression rate, that at times may also be NW-SE, further
reflected in Deception’s elliptic shape. Those are respectively the Bransfield extension, the
Antarctic-Scotia left-lateral compression and the South Shetland trench compression directions.
Nevertheless, Deception’s NE-SW extension processes identified in 1996-1999 and 2004-2008
are inferred to be driven by volcano dynamics or by normal faulting consequence of the left-lateral
component of the South Shetland trench. Hence, Deception Island acts as a strain marker in the
Bransfield basin volcano-tectonic setting.
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Modular Volcano Monitoring System (MVMS) for the deception volcano (Antarctica):
Seismicity, ground deformation and soil temperature parameters
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The multidisciplinary scientific field of Volcanology uses mainly geological, geophysical and
geochemical surveying techniques and methods. To determine the risk and degree of danger of
an impending volcanic eruption, it is essential to evaluate the state of the currently-existing
volcanic activity. The geodetic and geophysical parameters commonly used for volcanic
monitoring and surveillance include seismic activity, gravity anomalies, analysis of volcanic gases,
geomagnetic anomalies, thermal anomalies, and ground deformation parameters. Volcano
monitoring requires realtime or quasi real-time evaluation. The complexity of a volcanic process
involves the simultaneous evaluation of two or more of these parameters; mainly, seismicity and
ground deformation. Through the analysis of these parameters the start, energy, location and
behavior of the process can be inferred. The main aim is to carry out a temporal and spatial
forecast of its short term evolution.

The multiparametric condition of the system and the need to evaluate the volcanic parameters in
real-time, together with the increasing storage capacity and logging rate of the geodetic and
geophysical instrumentation make necessary the design and development of systems that have to
be faster, more efficient, more robust, more scalable, and easily deployed. Due to the different
characteristics of the behavior of each volcano, it is necessary to design multiparametric systems
with a modular structure (MVMS). The system MVMS is sufficiently flexible to quickly incorporate
any sensor (seismometers, GNSS-GPS receiver, inclinometers, thermistors, infrasound, gas,
MINIDOAS, etc.) and change the settings and applications, adapting it to the available sensors
and environmental conditions and activity.

This job presents a MVMS system designed for volcanic monitoring on Deception Island
(Antarctica). In this case the following modules have been incorporated: Ground Deformation
Module (IESID); Thermometric Sensor Module (TSM); y Seismic Sensor Module (SSM).

The TSM and SSM modules are managed by an embedded ARM system. The observations of
these parameters are sent via WiFi to a control center located in the BAE Gabriel de Castilla. In
this control center the mentioned observations are jointly processed, analyzed and evaluated with
the aim of establishing forecasts about the immediate evolution of the volcanic system. The
developed system has provided data from these parameters in a continuous, uninterrupted way
throughout the Spanish campaigns in the southern summer.

This modular design MVMS developed on Deception Island, with appropriate modifications and
adjustments, has been used in the eruptive process occurred in October 2011 on the island of El
Hierro (Canary islands).
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Study of the crust in East and West Antarctica based on S-wave receiver functions
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Aster R*, Huerta A°®, Patrick S, Wilson T*®
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In regions with thick ice cover, seismic reverberations within the ice layer create strong multiples
that can be observed in P-wave receiver functions. The P-to-S (Ps) conversion from the crust-
mantle boundary is often masked by these ice multiples. S-wave receiver functions (SRF) are an
alternate way to estimate the crustal structure using the S-to-P (Sp) conversions, which do not
interfere with the ice multiples. We analyzed broadband data from the TAMS, AGAP and
POLENET temporary networks encompassing 78 stations. Moho Sp arrivals are clearly seen at
~4-6 seconds for the TAMS stations, ~6-8 sec in the AGAP stations and at ~3-4 sec for the
POLENET stations. A grid search approach was used to obtain Moho depths constrained by both
receiver functions and Rayleigh wave phase velocities on all three of the networks. Using this
methodology, we were able to constrain the Moho depths and average crustal S-wave velocity for
all three of the networks stations. We found Moho depths with an average of 30 km in West
Antarctica, 43 km for the TAMS station and 52 km for the AGAP stations.
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Near field dynamic, co-seismic and post-seismic deformations associated with the 2013, M7.8,
and 2003, M7.6, South Scotia Ridge Plate Boundary earthquakes observed with GPS
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The South Scotia Ridge (SSR) left-lateral transform fault defines the Scotia plate’s (SP) southern
boundary separating it from the Powell Basin (PB), South Orkney Microcontinent (SOM), and the
Weddell Sea sections of the Antarctic plate (AP). The SP developed as a space filling
accommodation zone for S. America-Antarctica relative motions, mostly during the last 40 m.y.
The SSR also hosts several restraining and releasing bends. The SP, PB and SOM have complex
evolution histories including large-scale displacement and stretching of the SOM, as well as other
continental fragments within the SP, all of which were incorporated into a background of changing
sea floor spreading geometries.

The SOM defines an ~300 km segment of the SSR opposite a section of the SP that is primarily
oceanic crust with a few small, stretched continental fragments. Two large earthquakes, M7.6 and
7.8, with aftershock zones largely confined to the northern SOM boundary, occurred on the SSR in
2003 and 2013. Moment tensor solutions show they occurred on faults dipping ~30 and 45° to the
south. The 2013 event was almost pure, left-lateral strike-slip, while the 2003 event was oblique
but predominantly strike-slip. This is an unusual combination of fault dip and slip direction for a
strike-slip plate boundary. The half duration of both events is also relatively long.

A continuous GPS station on Laurie Island is located immediately west of the rupture zone of the
2003 event and at the approximate center, and close to the surface projection, of the finite fault
models for the 2013 earthquake. We present co-seismic static offsets and post-seismic transients
for both earthquakes from GPS daily position estimates. In addition, the GPS station now records
at 1 Hz and we present the GPS displacement seismogram for the 2013 event. This record
contains a complex signal that includes the passage of the Love and Rayleigh surface waves, with
max displacements of ~70 cm, over an ~80 second time interval during which a ~50 cm static
offset developed.
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Inception and variability of the Antarctic Ice Sheet across the Eocene-Oligocene transition
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Climate cooling throughout middle to late Eocene triggered the transition from hot-house to ice-
house conditions. Based on deep-sea marine 5'®0 values, a continental-scale Antarctic Ice Sheet
(AIS) developed across the Eocene-Oligocene transition (EOT) in two ~200 kyr-spaced phases
between 34.0 and 33.5 Ma.

Geochemical data and ice-sheet modelling show that AIS glaciation initiated as atmospheric CO, fell
below ~2.5 times pre-industrial values. AlS likely reached or exceeded present-day dimensions.
Quantifying the magnitude and timing of AlS volume variations by means of 5'®0 records is
hampered by the fact that the latter reflect a coupled signal of temperature and ice-sheet volume.
Furthermore, bathymetric variations based on marine geologic sections are affected by large
uncertainties and, most importantly, reflect the local response of relative sea level (rsl) to ice volume
fluctuations rather than the global eustatic signal.

IAIS proximal and Northern Hemisphere (NH) marine settings show an opposite trend of rsl change
across the EOT. Consistently with central values based on 5'%0 records, an 60 + 20m rsl drop is
estimated from NH low-latitude shallow marine sequences. Conversely, sedimentary facies from
shallow shelfal areas in the proximity of the AIS witness an 50 - 150m rsl rise across the EOT. This
contrast clearly stems from glacial isostatic adjustment (GIA). Accordingly, we solve the
gravitationally self-consistent Sea Level Equation for two different and independent AlS models both
driven by atmospheric CO, variations and evolving on different Antarctic topographies. In particular,
minimum and maximum AIS volumes, respectively of ~55m and ~70m equivalent sea level, stem
from a smaller and a larger Antarctic topography.

Minimum and maximum GIA predictions at the NH rsl sites respectively correspond to the lower limit
and central value of the EOT rsl drop inferred from geological data. In general, the departures from
the eustatic trend significantly increase southward toward Antarctica, where the AlS growth is
accompanied by a rsl rise. Accordingly, the cyclochronological record of sedimentary cycles
retrieved from Cape Roberts Project Drillcore CRP-3 witness a deepening across the EOT.
Furthermore, CRP-3 record shows that full glacial conditions consistent with the maximum AIS
model dimensions were reached only at ~32.8 Ma, while AlS volume fluctuations around the
minimum model volume persisted during the first million years of glaciation.
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Sensitivity of present-day uplift rates to ice thickness changes in the late Holocene
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Uplift and gravity rates caused by changes in past ice thickness depend on the variation of
viscosity beneath Antarctica. For low viscosity, the uplift rates become sensitive to more recent
changes in ice thickness and vice versa. We use information from seismology and geology to
estimate 3D viscosity. The viscosity estimates are inserted in a finite element model for GIA to
enable us to study sensitivity of present-day uplift rates to ice loading changes.

First, global tomography models are combined with regional seismic data to provide information
about the upper mantle beneath Antarctica. Second, shear velocities are converted to temperature
for a typical mantle composition. Finally, the temperature estimates are inserted in olivine flow
laws, which results in lateral variations in viscosity by orders of magnitude, and low viscosity
beneath West Antarctica. To infer plausible flow law parameters we compare model predictions to
GPS uplift rates and relative sea level histories at locations where the ice model is thought to be
reliable. The preferred model is used to study how sensitive uplift rates at various locations are to
ice thickness changes in the late Holocene.
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Using dense GPS records to constrain the ice history of the Antarctic Peninsula
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Global Positioning System (GPS) measurements of present-day land surface motions in glaciated
or formerly glaciated regions can be used to infer the history of ice thickness and extent. The
geologically recent glacial history of the Antarctic Peninsula is relatively poorly understood but can
provide an insight into the evolution of ice sheets during deglaciation. Knowledge of deglacial load
changes in the Antarctic Peninsula is required to correct observations from the GRACE satellite
mission for the contribution of Glacial Isostatic Adjustment (GIA) to changes in Earth’s gravity field.
The uncertainties in this correction propagate into estimates of the Antarctic Ice Sheet contribution
to modern globally averaged sea-level rise.

We present a study of land surface motion on the Antarctic Peninsula based on a comparison of
GPS measurements with high resolution forward models of GIA. GPS data were collected from
Austral summer 2010-2014 in Palmer Land, Antarctic Peninsula. The GIA models apply a suite of
established and novel ice histories to a spherical Earth with visco-elastic rheology and produce
predictions of present-day surface motion. This model output was used to understand the
sensitivity of the observed land surface motion to changes in ice load and to assumptions
concerning the deep geologic structure of the Antarctic Peninsula. We found that significant
uncertainty in the modelled GIA in the Antarctic Peninsula arises from the assumed structure of
the solid Earth, thus we adopted a plausible range of Earth model parameters guided by
independent lines of evidence, such as studies based on seismic tomography. The results of our
data-model comparison provide an evaluation of the critical timescales and magnitudes of ice
sheet evolution that influence GPS observations in the Antarctic Peninsula.
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GIA and GPS: How does 3D Earth structure influence the pattern of horizontal deformation
across Antarctica?
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Lateral variations in Earth structure have been shown to play an important role in determining the
solid Earth response to ice loading and unloading, particularly with reference to horizontal
deformation. The pattern of present-day horizontal deformation across Antarctica, as measured by
GPS receivers, is currently poorly understood, and does not match predictions derived from
Glacial Isostatic Adjustment (GIA) models that only consider radial variations in Earth properties.

In this study we investigate the effect of including 3D variations in Earth structure on predictions of
present-day horizontal deformation across Antarctica. Seismic data collected as part of the
POLENET program are used in combination with global seismic data to define a 3D model which
forms the solid Earth component of a GIA model. The model is forced using the W12 and ICE-5G
deglaciation models, which are implemented within the sea-level equation to determine surface
load changes throughout the last glacial cycle. We explore the sensitivity of model predictions to
choices made during the construction of the 3D Earth model, and compare our results with the
present-day pattern of horizontal deformation across West Antarctica as observed by the
POLENET GPS network.
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New Antarctic seismic structure models and implications for solid-earth ice sheet interactions
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The structure of the earth beneath ice sheets controls many factors influencing ice sheet
dynamics, including geothermal heat flow into the base of the ice sheet and the timescale and
amplitude of isostatic response to ice mass change. Recent broadband seismic deployments,
including the AGAP/GAMSEIS array of 26 broadband seismographs in East Antarctica and the
POLENET/ANET deployment of 34 seismographs in West Antarctica, reveal the detailed crust and
upper mantle structure of Antarctica for the first time. The seismographs operate year-around due
to insulated boxes, power systems, and modified instrumentation developed in collaboration with
the IRIS PASSCAL Instrument Center. We use Rayleigh wave phase velocities at periods of 20-
180 s determined using a two-plane wave decomposition of teleseismic Rayleigh waves to invert
for the three dimensional shear velocity structure. In addition, Rayleigh wave group and phase
velocities obtained by ambient seismic noise correlation provide constraints at shorter periods and
shallower depths.

The new results show that the Gamburtsev Mnts in East Antarctica are supported by 55 km thick
crust, and are underlain by thick Precambrian continental lithosphere that initially formed during
Archean to mid-Proterozoic times. The absence of lithospheric thermal anomalies suggests that
the mountains were formed by a compressional orogeny during the Paleozoic, thus providing a
locus for ice sheet nucleation throughout a long time period. In West Antarctica, the crust and
lithosphere are extremely thin near the Transantarctic Mountain Front and topographic lows such
as the Bentley Trench, which represent currently inactive Cenozoic rift systems. Slow seismic
velocities beneath Marie Byrd Land at asthenospheric depths suggest a major thermal anomaly,
possibly due to a mantle plume. We investigate several different parameterizations for inferring
heat flow, lithospheric thickness and mantle viscosity from seismic velocity models and apply them
to the 3D shear velocity models of Antarctica. Extremely high heat flow is predicted for much of
West Antarctica, consistent with recent results from the WAIS ice drilling. We find large variations
in lithospheric thickness, with East Antarctica showing thick lithosphere and the West Antarctic Rift
System (WARS) showing almost no lithosphere. Older geological regions that were reactivated
during the Phanerozoic, such as the Ellsworth-Whitmore mountains, show intermediate
lithospheric thickness. We also infer several orders of magnitude difference in viscosity between
East and West Antarctica, with lowest viscosities found beneath Marie Byrd Land and the WARS.
Realistic glacial isostatic adjustment models must take these large lateral variations into account.
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The POLENET-ANET integrated GPS and seismology approach to understanding glacial
isostatic adjustment in Antarctica
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The POLENET-ANET project is simultaneously resolving crustal motions, measured by GPS, and
earth structure and rheological properties, mapped by seismology. Measured vertical and
horizontal crustal motion patterns are not explained by extant glacial isostatic adjustment (GIA)
models. These models have ice histories dominated by ice loss following the Last Glacial
Maximum (LGM) and rely on 1D earth models, with rheological properties varying only radially.
Seismological results from POLENET-ANET are revealing significant complexity in lateral variation
in earth properties. For example, crustal thickness variations occur not only across the East-West
Antarctic boundary, but also between crustal blocks within West Antarctica. Modeling of mantle
viscosity based on shear wave velocities shows a sharp lateral gradient from high-to-low viscosity
in the Ross Embayment, a much more gradual gradient in the Weddell Embayment, and very low
viscosities below Marie Byrd Land and the Amundsen Sea Embayment (ASE).

Remarkable vertical and horizontal bedrock crustal motion velocity magnitudes, directions and
patterns correlate spatially, in many aspects, with earth property variations mapped by
seismology. Within the ASE, extremely high upward velocities are flanked by subsiding regions —
neither predicted by GIA models. Given the thin crust and low mantle viscosity, it is likely that this
is not an LGM signal, which would have already relaxed, and uplift modeled as the elastic
response to modern ice mass change can’t explain measured rates. As in other regions where
rapid GlA-induced uplift has been measured, the crustal velocities in the Amundsen Embayment
likely record a viscoelastic response to ice loss on decadal-centennial time scales. Along the
East-West Antarctic boundary in the Ross Embayment, GlA-induced horizontal crustal motions are
foward, rather than away from, the principal ice load center, correlating spatially with the strong
lateral gradient in mantle viscosity. In the Weddell Embayment region, where crustal thickness is
intermediate between East and West Antarctica and mantle viscosity values are moderate, crustal
motions show the best match with predictions of GIA models. It is clear that lateral variations in
earth properties fundamentally control the isostatic response to ice mass changes in Antarctica.
Ongoing, integrated seismic-GPS studies are critical to developing the next generation of GIA
models.
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Seismic observations of Beardmore Glacier, Antarctica
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We report initial results of our project to determine the dynamic sensitivity of outlet glaciers to
forcing at the grounding lines in order to assess the contribution of East Antarctica to sea-level rise
when the surrounding ice shelves collapse. In this project, the specific focus is Beardmore Glacier,
an outlet glacier that discharges into the Ross Ice Shelf. Goals are to address the following: What
is the magnitude and spatial pattern of basal resistance? What are the bed conditions? Does
basal motion occur through sliding over a hard bed or deformation of basal sediments? What
controls the spatial and temporal patterns of sliding and basal drag? How will collapse of the Ross
Ice Shelf affect the flow of outlet glaciers? How fast and how much ice could be draw down from
East Antarctica? In this presentation, we focus on initial active source seismic observations. First
results from seismic measurements revealed that ice in the vicinity of camp is up to 3100 m thick.
Surface elevation of the camp is 910m; the bed of the glacier there is more than 2200 m below
sea level. Surface velocities in this region are ~3001m/yr. Such a deep trough has also been
detected on Byrd Glacier by a recent CReSIS airborne radar survey. These deep troughs exert
strong influence on the dynamics of outlet glaciers. In contrast, ice thickness on the slow-moving
(~50 ml/yr), "sticky spot" is only 900- 1000 m. Change in ice thickness is the primary control in the
observed pattern of surface velocity.
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Observations of normal mode coupling below 4 mHz at the South Pole
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Strong coupling of free oscillations, between fundamental spheroidal and toroidal modes (S-T
coupling), below frequencies of 3 mHz is mainly caused by Earth’s rotation. Significant rotational
S-T coupling should not occur at QSPA, a permanent IRIS/USGS station located at the South
Pole, as Coriolis force comes near zero at the polar region. However, we have found that strong
S-T coupling are occasionally observed in the early period(less than 24 hours) following some
recent large earthquakes. One typical example is significant coupling of 0S11-0T12 observed at
QSPA after the 2011/03/11 Mw=9.1 Tohuko earthquake. The coupling is also observed at P061, a
temporary station close to South Pole, but it is not identified at global stations located along the
great circle paths connecting QSPA and the epicenter, suggesting that the strong coupling is
caused by a local structure beneath the polar region. It is noted that non-rotational coupling 0S24-
0T24, 0S25-0T25 and 0S26-0T26 are also identified at QSPA after some recent large
earthquakes. Our extensive observations suggest that the local azimuthal anisotropy beneath the
South Pole may be the main cause for strong S-T coupling at QSPA.
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Structure of the Marie Byrd Land crustal province from GIMBLE aerogeophysics
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Coastal Marie Byrd Land (MBL) represents a region of elevated terrain associated with the West
Antarctic Rift System, which underlies the West Antarctic Ice Sheet (WAIS). It likely provides a key
point for both the inception and the stabilization of the generally marine based WAIS during the
Neogene, however, the nature and evolution of MBL are still unclear.

The presence of subaerial volcanos and geological evidence for bed rock elevation increase over
the late Cenozoic have lead to the interpretation of MBL as a Neogene hotspot dome analogous to
that seen in East Africa. An alternative explanation is that MBL is the northern rift flank of the
Mesozoic WARS that originated during the Cretaceous extension and lead to the detachment of
New Zealand from this sector.

Discerning between these interpretations and testing the hotspot hypothesis is especially
important for understanding geothermal heat flow under WAIS, and therefore key for
understanding melt water production and ice sheet lubrication.

For these reasons, MBL has been a target of POLENET investigations.

Here we present results of the first aerogeophysical survey targeting MBL specifically, integrated
into reprocessed regional aerogeophysical data. The first season of the GIMBLE survey took
place in January 2013. Ice penetrating radar demonstrate evidence for deep tectonic and
erosional dissection of the Marie Byrd Land massif, and locate evidence for recent volcanic activity
in MBL from bright layers within the ice, and subglacial edifices. Magnetics data combined with
the radar data provide further evidence for local subglacial volcanism. Finally, airborne gravimetry
interpreted in the context of POLENET results indicate that the crustal structure of MBL is complex
but distinct from that of the broader WARS. No clear bounding fault can be identified, which
provides a line of evidence against the rift flank hypothesis

The second season of GIMBLE will take place in December 2014, and will specifically target the
proposed rift flank region at high resolution.
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The overall circumpolar extent of Antarctic sea ice has increased over the last three and a half
decades while, over the same period, many Antarctic ice shelves have thinned, and some have
collapsed completely. But with both sea ice and ice shelves there are significant regional
differences in the changes around Antarctica. For example, the maximum extent of sea ice and its
seasonal duration have increased in some sectors but decreased in others. Some of the regional
differences appear to be driven by atmospheric and oceanic processes and interactions which are
also regional.

Ice shelves and floating ice tongues fringe more than 70% of the Antarctic coastline and buttress
the flow of grounded ice from the margin of the Antarctic ice sheet. Most of those ice sheet
drainage basins which are currently losing mass, and contributing to global sea level rise, drain to
the ocean via ice shelves that are thinning. In many of these cases there is also evidence that the
grounding line is retreating inland. Antarctic ice shelf thinning is predominantly a result of
enhanced submarine basal melting, driven by warmer ocean waters circulating beneath the
shelves. The changes to ocean properties and circulation within ice shelf cavities may in turn be
driven by changes in the atmosphere, as well as by associated changes in sea ice production.
Inter-annual to decadal variability in the size and rate of sea ice production in latent-heat polynyas
around the Antarctic coast is one important influence on the properties and seasonality of oceanic
circulation and basal melt within ice shelf cavities. This and other close links and feedbacks
between atmosphere, ocean, sea ice, ice shelves (and ultimately ice sheet mass loss) in the
Antarctic coastal margin will be explored and reviewed in this presentation.
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Sedimentary geochemical markers to identify deglaciation of the South Shetland Islands Ice
Cap
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A 2.5m long core collected from Admiralty Bay on King George Island, one of South Shetland
Islands, West Antarctica were used to reconstruct the environmental conditions of the bay and to
link the marine record with deglaciation of the South Shetland Islands Ice Cap. The core, sampled
every 2 cm, were analyzed for %COT, 5'°C, 5"°N, %CaCO3, metals and biomarkers compounds
(n-alkanes, steroids, and n-alcohols). Based on the results the core can be divided in two sections:
unit | below 156 and unit Il above 156 cm. Unit | has lower values of COT and n-alkanes
(averages 0.04% and 810 ng g'1), but higher values of %CaCOj; (average 11.6%), while Unit Il has
higher values of TOC and n-alkanes (averages 0.29% and 1385 ng g'), but lower values of
%CaCO; (average 9.6%). The low values of COT and n-alkanes in Unit | suggest low surface-
water productivity probably due to glacial advance at that time. The higher values of CaCOj in Unit
| can be associated to the presence of surface ice that would limit CO, exchange between ocean
and atmosphere. Thus, dissolution of CaCO3 in sediment would be minimal. The increase of COT
and n-alkanes levels in Unit Il can be an indicative of deglaciation when the melt water inflow rise
and increased surface production. Also due to a possible deglaciation, the exchange of CO,
between ocean and atmosphere would increase as indicated by decrease in CaCOj; values.
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Changes in ice dynamics of Wilkins Ice Shelf
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Wilkins Ice Shelf has undergone dramatic changes since the beginning of the 1990's. Several
break-up events occurred resulting in considerable area loss and changes in backstress. The ice
shelf is characterized by a very distinct geometry and a large number of ice rises partly stabilizing,
but also partly nuclei for fracture and rift development. We investigate the adjustment of surface
velocities to changes in frontal positions using data from various SAR satellite missions (ERS-1/2
SAR, ENVISAT ASAR, ALOS PALSAR, TerraSAR-X). Flow fields were derived using intensity
feature tracking on various concatenated scenes along a track. Masking of sea areas, fast flowing
and rapidly changing areas increased coregistration accuracy of the data and considerably
improved the velocity products. While the L-band data from ALOS PALSAR provided repeat
coverage with mostly very reliable results, the C-Band data showed strong decorrelation effects.
Nevertheless, we could derive a set of velocity fields that support further analysis of the break-up
event and the investigation of potential mechanisms.
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Continuing changes in Ross Sea Temperature, salinity and 180: Evidence for Accelerating
Glacial Melt

Dunbar R, Mucciarone D
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The Ross Sea, Antarctica, lies adjacent to the world’s largest floating ice shelf, the Ross Ice Shelf
(RIS), that forms from continental ice drainage from both East and West Antarctica. There are
conflicting views regarding whether (and where) the Ross Ice Shelf may be losing mass. Physical
and isotopic observations from the Ross Sea water column extend back into the 1960’s, providing
a long and rich data set against which to compare recent observations. Here we focus on
properties that allow evaluation of the contribution of melting glacial ice to the changing salinity of
the Ross Sea. Seawater [1'%0 values, paired with precision measurements of Salinity and
Temperature extend back to 1977 some of which are summarized in Jacobs et al. (1985, 2002).
Here we present 2 new data sets collected by hydrocast in the Ross Sea during cruises aboard
the RVIB Nathaniel B. Palmer in 2006/2007 and 2014. We produced over 800 new seawater 1"%0
measurements, all from samples that were independently measured for Salinity using the
shipboard AutoSal or PortaSal systems. We compare these new data sets to previously published
11'®0 values along with T and S. We observe continued freshening and slight warming of many of
the Ross Sea subsurface water masses identified by Jacobs et al. and particularly in High Salinity
Shelf Water (HSSW). Mean salinities observed in HSSW decreased by about 0.06 between the
1970’s and 2006/2007. We observed a further decrease in S of about 0.04 between 2006/2007
and 2013. Declining HSSW Salinity is accompanied by continuing declines in seawater 1'®0, from
mean values of ~-0.42°/00 in the 1970’s to ~-0.55°/00 in 2006/2007 to ~-0.72°/00 in 2013.
Examination of water mass evolution pathways involving mixing of Circumpolar Deep Water with
shelf water masses and with low salinity waters derived from precipitation and glacial ice melt
suggests a large and increasing contribution of freshwater derived from melting glacial ice, most
likely from the RIS. We also compare stable isotopic composition, T, and S profiles recorded at a
long time series station north of Ross Island as well as several transects from along the front of
the Ross Ice Shelf. This work suggests continuous and accelerating freshening of the Ross Sea
water column in part due to melting continental ice, despite the observation of increased sea ice
extent during the past decade.
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Long-term statistics of coastal polynyas in the Weddell-Sea using satellite-based thermal
infrared thin-ice retrievals

Paul S, Willmes S, Heinemann G

Environmental Meteorology, University of Trier, Behringstr. 21, 54296 Trier, Germany

We derived long-term statistical polynya parameters such as polynya area and ice-production
rates from thin-ice thickness composites that were derived from high-resolution infrared MODIS
imagery. So far, only short-term investigations were done using infrared spaceborne
measurements, while this study is based on a twelve year investigation period (2002-2013) in the
Weddell Sea region. The focus lies on the coastal polynyas which are important hot spots in new-
ice formation. They influence the bottom-water formation and also act as biological habitats. The
here used MODIS data has the capability to resolve even very narrow coastal polynyas which
would stay otherwise undetected in comparison to coarse resolution passive microwave imagery.
Its major disadvantage is the sensor limitation due to cloud cover. We present simple pre- and
post-processing steps to account for missing spatial coverage as a result of cloud covered areas.
Our findings are discussed in comparison to recent studies based on passive microwave imagery
as well as model-based studies investigating polynya areas and ice-production rates in different
parts of the Weddell Sea.
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Polynya formation and ice production in the Weddell Sea

Heinemann G, Ebner L

University Trier

The Weddell Sea is known as one of the most active regions of polynya developments around the
Antarctic continent. Low temperatures are prevailing particularly in winter and lead to strong ice
production and the formation of high salinity shelf water. The Ronne Ice Shelf polynya is was
found to be the most important polynya for these processes. It is generally recognized that
polynya formations are primarily forced by offshore winds and secondarily by ocean currents.
Many authors have addressed this issue previously at the Ross Ice Shelf and Adélie Coast and
connected polynya dynamics to strong katabatic surge events. Such investigations of atmospheric
dynamics and simultaneous polynya occurrence are still severely underrepresented for the
southwestern part of the Weddell Sea and especially for the Ronne Ice Shelf. Due to the very flat
terrain gradients of the ice shelf katabatic winds are of minor importance in that area. The forcing
by synoptic systems or atmospheric processes therefore play a crucial role in polynya
developments at the Ronne Ice Shelf.

High-resolution simulations have been carried out for the Weddell Sea region using the non-
hydrostatic NWP model COSMO from the German Meteorological Service (DWD). For the austral
autumn and winter (March to August) 2008 daily forecast simulations were conducted with the
consideration of daily sea-ice coverage deduced from the passive microwave system AMSR-E.
These simulations are used to analyze the synoptic and mesoscale atmospheric dynamics of the
Weddell Sea region and find linkages to polynya occurrence at the Ronne Ice Shelf.

Seven significant polynya events are identified for the simulation period, three in the autumn and
four in the winter season. It can be shown that in almost all cases synoptic cyclones are the
primary polynya forcing systems. In most cases the timely interaction of several passing cyclones
in the northern and central Weddell Sea leads to maintenance of a strong synoptic pressure
gradient above the Ronne Ice Shelf. This strong synoptic forcing results in a moderate to strong
offshore surface wind. It turned out that these synoptic depressions lead to strong barrier winds
above the northwestern Ronne Ice Shelf and along the eastern flank of the Antarctic Peninsula.
The fact, that these barrier winds often appear prior or during the initial break up of sea ice at the
shelf ice edge, suggest that this mesoscale wind phenomenon plays a crucial role for polynya
development. Furthermore, mesoscale cyclones contribute to the break-up of the sea-ice under
large-scale stationary weather conditions.

189



Tidal bending and strand cracks at the Kamb Ice Stream grounding line, West Antarctica

Hulbe C ', Klinger M?, Masterson M ®, Catania G*

! University of Otago, ? National Snow and Ice Data Center, ® Portland State University, * University of
Texas at Austin

An extensive set of shore-parallel fractures are observed at the grounding line of Kamb Ice Stream
(KIS) in West Antarctica. The cracks are far more pervasive at the KIS grounding line than at the
nearby Whillans Ice Stream (WIS) grounding line. Fracture propagation is heard (and felt) at the
KIS grounding line during the falling tide. We use field observations together with models of elastic
bending and fracture propagation to establish that bending on the falling tide favors propagation
while bending on the rising tide suppresses propagation, and that only near the grounding line is
the combination of stresses associated with viscous deformation and tidal bending large enough
to produce strand cracks. Differences in basal boundary conditions across the KIS and WIS
grounding line transitions (stagnant to floating vs. fast-flowing to floating) are likely the cause for
differences in strand crack appearance at the two locations.
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Storm-induced sea ice breakup and the implications for ice extent

Kohout A", Williams M, Dean S, Meylan M*?

! National Institute of Water and Atmospheric Research, 2 The University of New Castle

Energy propagation from large storm-driven waves through sea ice has previously been
unmeasured. Here we present the first set of concurrent observations at multiple locations in
Antarctic sea ice. These show that storm-generated ocean waves propagating through sea ice are
able to transport enough energy to break first-year sea ice hundreds of kilometres from the ice
edge. This is further than was previously believed possible. We observed the wave height decay
for large waves, those with a significant wave height greater than 3 m, to be linear. This implies a
more prominent role for large ocean waves in sea ice breakup and retreat than previously thought.
We examine the relevance of this by comparing observed Antarctic sea ice edge positions with
changes in modelled significant wave heights for the Southern Ocean between 1997 and 2009,
and find the sea ice edge retreat (expansion) correlates with mean significant wave height
increases (decreases). It also captures the spatial variability found in the Ross and Amundsen-
Bellingshausen Seas. Our results highlight that with climate models failing to capture changes in
sea ice in both polar regions, the absence of either explicit or parameterized ocean wave-sea ice
interaction models within a climate scale model is a significant omission.
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An integrated physical and biological study on land-fast sea ice: the effects of proximity to an
ice shelf

Langhorne P, Heil P2, Smith | ', Leonard G, Meiners K2, Williams M*, Haskell T °

! Department of Physics, University of Otago, New Zealand, 2 Australian Antarctic Division & ACE
CRC, University of Tasmania, Australia, > School of Surveying, University of Otago, New Zealand, *
National Institute of Water and Atmospheric Research, Wellington, New Zealand, ° Callaghan
Innovation Ltd, Lower Hutt, New Zealand

Land-fast sea ice (fast ice) forms adjacent to the coast. During winter it surrounds most of the
Antarctic continent and greatly affects energy and material fluxes between the ocean and the
atmosphere. It is held in place by the land, an ice shelf or other feature, and generally increases
in thickness due to loss of thermal energy to the atmosphere. However in regions where it abuts
an ice shelf there is also a contribution to thickness from the very cold water that emerges from
deep in the ice shelf cavity. The dependence of fast ice upon these purely thermodynamic
processes means that its maximum thickness is likely to be a sensitive indicator of climate
change. Fast ice is also an important structural component of Antarctic coastal ecosystems,
providing a habitat for diverse microbial communities.

In some cases fast ice is accessible from research stations that may be are staffed throughout
the year. Consequently studies are usually restricted to small geographic regions, providing
location-specific knowledge. To broaden our understanding of fast ice, international coordination
was inaugurated in 2007 through the Antarctic Fast Ice Network (AFIN). The aim of AFIN is to
monitor land-fast sea ice around Antarctica and to make these observations available to a larger
community. In this contribution to AFIN we seek improved understanding of the seasonal
formation of Antarctic fast ice at remote sites in the New Zealand and Australian sectors, which
include a variety of physical settings. Based on these in situ physical measurements, we will
ultimately develop an observation-based algorithm for estimating land-fast sea ice algal biomass.
By collating our results with historical measurements, the ultimate aim is to recognise the early
signs of the response of fast ice to climate warming.

Mass balance stations, supplied by New Zealand and Australian scientists, will make
simultaneous measurements at Scott Base in the Ross Sea and at Mawson and Davis stations in
East Antarctica. They will provide the seasonal evolution of a vertical temperature profile, from
atmosphere to ocean. Such measurements allow us to derive sea ice growth rate, and
atmospheric and oceanic heat flux from the time the buoys are deployed in mid winter. Here we
describe initial measurements from this study and compare them with measurements made in
previous years at Australian and New Zealand sites.
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Continuous GPS measurements on the Drygalski Ice Tongue, Antarctica

Lee C', Lee W', Seo K2, Scambos T3, Ross R*

' Korea Polar Research Institute, 2 Seoul National University, > University of Colorado, * Polar 66

Velocity and thickness variations of the Drygalski Ice Tongue on the west side of the Ross Sea
were analyzed from two AMIGOSs (Automated Meteorology-Ice/Indigenous species-Gepphysics
Observation System) and Landsat images. The continuous GPS measurements since early 2012
present the ice velocities of ~705 m/yr at KA1 (near the ice front) and ~697m/yr at KA2 (25 km
upstream of KA1) site. The ice tongue is stably flowing with residual displacements in the range of
5m. We found small motions related with the drag by wind force and irregular transverse motion
with several meters amplitude in August 2012 and January 2014. According to the analysis of past
Landsat images, there was a big change of flow direction in 2007. The flow direction change may
imply the variation of ocean circulation or sea ice near the ice tongue.

The elevation observed by GPS is gradually lowering for two years. The snow accumulation, firn
compaction, dynamic deformation by strain, and basal melt affect the elevation of the surface on
which the AMIGOS was installed. We removed other effects except for basal melt using the
accumulation rate observed from the continuous camera images of a stake on snow, the strain
rate determined from the velocities at two AMIGOSs, and the previous estimates of firn
compaction. The basal melt rates beneath the KA1 and KA2 are about 3 m/yr and 2m/y
respectively. The new basal melt estimates beneath the Drygalski Ilce Tongue are significantly
larger than the basal melt in a steady state (~0.76 m/yr). The accelerated basal melt is a quite
recent event because the ICESat elevation measurement from 2003 to 2009 does not show a
significant thinning as our in-situ measurement.
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Seasonal variation of double frequency microseisms and its application to monitor sea-ice
variability in the Ross Sea, Antarctica

Lee W, Lee J, Park Y, Yoo H, KimY

Korea Polar Research Institute

Korea Polar Research Institute has been operating a broadband seismic network in the Terra
Nova Bay, Antarctica, since 2011. Examining ambient seismic noise level using power spectral
analysis for the period of 2011-2013, we observed a seasonal pattern at 4-10 s period. The
amplitude of double-frequency (DF) microseism reaches an annual minimum in July. Correlation of
the DF energy and Sea-Ice Concentration (SIC) information obtained from the AMSR-E
(Advanced Microwave Scanning Radiometer for EOS Aqua), we found a strong negative
correlation. The result implies that as the SIC becomes higher, i.e. more sea-ice in the ocean, the
DF power decreases, which is coincident with the hypothesis of ‘sea-ice damping effect’. We also
determined the lag time as almost zero from the cross correlation indicating that the DF energy
responses immediately to the sea-ice condition nearby. In this study, we propose that a long-term
observation of the DF microseisms should be necessary to monitor local climate change in Polar
Regions, which contributes extra benefits to the satellite remote sensing.
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Snow precipitation, accumulation, and redistribution on Antarctic sea ice

Leonard K ', Maksym T2, Trujillo E 3, Wever N*, White S’
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Lausanne, * WSL Institute for Snow and Avalanche Research SLF

Snow plays a critical role in Antarctic sea ice mass balance, yet there have been very few
measurements of snow accumulation and the processes that control its distribution on sea ice. We
present data on snow accumulation, distribution, and blowing snow from two recent cruises to the
East Antarctic and Weddell Sea ice pack. To examine the three-dimensional distribution of snow
and its relationships with ice surface morphology, snow depth and surface elevation were
measured through a combination of high-resolution terrestrial lidar scanning and gridded snow
depth surveys at 1-3m resolution. These data allow relationships between surface roughness
features and snow accumulation to be examined in unprecedented detail. Contemporaneous with
these data, weather stations were installed on the ice to monitor wind profiles, precipitation, and
blowing snow, providing information on driving forces controlling the snow distribution. To extend
these time series of snow accumulation and redistribution, autonomous weather stations capable
of monitoring accumulation, precipitation, blowing snow, and meteorological data were deployed
alongside ice mass balance buoys and snow depth buoys on five floes — two in the East Antarctic
in October-November, 2012, and three in the Weddell Sea in June-August, 2013. These data are
compared to estimates of precipitation from atmospheric reanalyses. These observations show
that precipitation is not necessarily a good estimator for snow accumulation, with the latter
depending strongly on local surface morphology and meteorological conditions. This suggests that
treatment of blowing snow must be included before sea ice models will accurately simulate
Antarctic snow and sea ice mass balance.
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A remote sensing based ice-shelf crevasse detection and analysis: a case study on the Amery
Ice Shelf, East Antarctica

LiuY"', Cheng X', Vogel S2, Cheng C'
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There is an increasing need to understanding calving process due to iceberg calving as one of the
major mass loss paths. However, not enough measurements of crevasse properties are provided
for a calving model. A cross-interferometry-based digital elevation model (DEM) of ice shelves at a
resolution of 25 m derived from highly coherent ERS-ENVISAT data pairs provides a possibility to
detect detailed properties of crevasses using remote-sensing. We present a remote-sensing
method to detect crevasse location, width, length, depth, orientation and strain rate, and have a
case study on the Amery Ice Shelf (AIS). The results show that the complexity of crevassing on
the AIS is beyond expected: (1) The occurrence of strike-slip motion proposed a mixed-mode of
the tensile and sliding. (2) Three types of crevasses identified suggest basal topography and strain
rate are two key factors to the ice-shelf crevasse formation. (3) Interactions exist between older re-
existing crevasses and newly formed crevasses. (4) The spacing between crevasses formed at a
fixed place is likely to be used for tracking the history of velocity or strain rate field. (5) The suture
zones have important impact on the crevassing. (6) The relationship between crevasses and
breakups at ice-shelf front indicates that the great threat to breakups of the Amery ice shelf only
comes from the crevasses formed by ice flowing over basal obstructions near the ice-shelf front.
The other crevasses formed far from the ice front have little impact on the ice-shelf breakup and
limited contribution to the propagation of rifts. This investigation can be used to test crevasse-
depth models and improve a calving law for an ice shelf or ice sheet model.
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Climate driven enhanced calving of retreating Antarctic ice shelves

LiuY', Gladstone R?*? Moore J '*®, Cheng X'
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Iceberg calving from Antarctic ice shelves occurs both for ice sheet-shelf systems in balance and
for systems undergoing change. Rapid changes to calving rates can result from the episodic
nature of long-term stable ice sheet-shelf systems, or can be caused by changing forcing, in which
case they may be indicative of ongoing change and possibly a regime shift. Quantification of
iceberg calving styles and spatial distribution can identify vulnerable ice shelves and help to
establish links between calving and climate-related forcing, such as ocean-induced ice shelf melt.
Here we use multi-source satellite data and model derived products to provide a first direct
empirical estimation of iceberg calving rates, classified according to two distinct styles, and thence
the mass balance of all Antarctic ice shelves. Between 2005 and 2011 we estimate an iceberg
calving rate of 755124 gigatonnes per year (Gt/yr), and derive a basal melt rate of 1516+106 Gt/yr.
Net Antarctic ice shelf mass balance is slightly positive, as giant ice shelf advance dominates
retreat of smaller systems. For ice shelves in negative mass balance, loss mainly due to melt-
induced calving (302 Gt/yr) is as important as from basal melting (312 Gt/yr), underlining that
climate forcing is causing this retreat.
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Cloudiness and sea ice mutual variations in the Antarctic and Arctic

Mokhov |, Chernokulsky A

A.M. Obukhov Institute of Atmospheric Physics Russian Academy of Sciences

Mutual changes of clouds and sea ice extent in polar latitudes based on observations and
reanalyses for last decades and CMIP5 multi-model simulations are analyzed. Different datasets
are used, including satellite data ISCCP, PATMOS-x, CM SAF for clouds.

We performed a comparative analysis of the relationship of clouds and sea ice extent in the
annual cycle and interannual variability in the Antarctic (55-70°S) and Arctic (70-90°N) with the use
of cross-wavelet analysis.

In addition, we assess possible tendencies of change in the relationship of clouds and sea ice
extent in the Antarctic and Arctic from multi-model simulations with the RCP scenarios for the 21°
century.

198



Antarctic sea ice response in ensemble CMIP5 historical and ozone perturbation simulations
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Antarctic sea-ice trends from three CMIP5 modelling systems are compared with observations.
Several hypotheses advanced to explain the recent small positive trend in overall extent are
investigated. In the CSIRO Mk3.6 system, area-weighted trends match the observations in some
of the ensemble members. Whilst the CSIRO results with ozone forcing are more realistic, with
regional patterns being enhanced in the Bellingshausen and Weddell seas and East Antarctica,
we do not exclude the hypothesis that the current positive trend is due to natural variability. The
regional patterns of ice advance and mid-winter ice maximum are well represented in the
ACCESS modelling system and are driven by atmospheric pressure, air and ocean temperature
trends; inclusion of ozone forcing did not have a discernible signal. The results do not support a
hypothesis for regions of positive ice concentration trends being driven by increased stratification
from sea-ice melting.
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Seismic constraints on the glaciology, oceanography, and geology of the Pine Island Glacier
ice shelf region, West Antarctica
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Pine Island Glacier exhibits some of the largest ice mass loss in all of Antarctica, even though it is
currently buttressed by a small ice shelf. Warming ocean waters are potentially threatening the future
of the ice shelf, which could lead to even greater ice mass loss from this sector of the West Antarctic
Ice Sheet in the future. However, the ability to accurately model how these warm waters will interact
with the ice shelf is dependent on constraining ocean circulation patterns beneath the ice shelf,
which requires detailed information on the shape of the sub-ice-shelf ocean cavity. We present new
constraints on the geometry of the ocean cavity beneath the Pine Island Glacier Ice Shelf,
/Antarctica, from seismic measurements collected across the ice shelf.

During the 2012/13 Antarctic field season, the first active seismic observations of the ocean cavity
and seafloor geology beneath the Pine Island Ice Shelf were made in an effort to better constrain the
geometry of the ocean cavity beneath the ice shelf and improve ice-ocean modeling studies. 55
point observations were made across the ice shelf and approximately 14-line-kilometers of seismic
reflection data were collected across the ice shelf. These data point to an ocean cavity ranging in
thickness from <200 m along a seafloor high beneath the ice shelf to >600 m in some localities. The
seismic reflection profile data also reveal bands of internal water reflectors that likely arise from
temperature and salinity variations due to ocean circulation patterns. The three-dimensional shape
of this cavity, coupled with the seismic profile data and oceanographic measurements made at three
locations across the ice shelf, will provide modelers with the ability to model ocean circulation
beneath the ice shelf and predict its fate in a warming climate.
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The influence of the largescale atmospheric circulation on Antarctic sea ice during ice
advance and retreat seasons

Raphael M, Hobbs W2
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Using observed sea ice concentration data this research isolates distinct regions of sea ice
variability around Antarctica and determines advance and retreat seasons for each of them. The
latter are then statistically linked with observed geopotential height data to determine the
atmospheric circulation mechanism most closely associated with the sea ice seasons. The
Amundsen Sea Low, the Southern Annular Mode, Zonal Wave Three and ENSO, are shown to
influence different regions of sea ice around the continent. The timing of their influences vary and
these influences maybe of similar or opposing signs. The results clarify which atmospheric
circulation mechanism is of primary importance to sea ice variability in the different regions around
Antarctica. As these circulation mechanisms respond to a changing climate, sea ice variability
around Antarctica will also change.
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Antarctic sea ice seasonality - an EOF and trend analysis
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There have been distinct and contrasting regional changes in Antarctic sea ice seasonality (day of
advance, retreat and subsequent duration) since 1979/80: larger total duration in the Ross Sea, by
approximately 2 months, and smaller duration in the Bellingshausen and Amundsen Seas, by
approximately 3 months. Here we examine modes of variability in satellite-derived sea ice
seasonality for the period 1979/80-2013/14, employing an empirical orthogonal function (EOF).
We compare these modes with trends of sea ice extent and concentration, and of large-scale
atmospheric indices and variables such as the Southern Annular Mode (SAM), the Southern
Oscillation Index and ozone concentration. Distinct trends are found in the time series of the
second principal component of advance and retreat, compared to high variability in trends for the
other modes and duration. The first principal component of retreat is found to be closely related to
the SAM. This study supports and enhances recent studies of others connecting trends in sea ice
with dynamic atmospheric changes.
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Sensing under the ice: a strategy for sustained observations in the sea-ice zone of the
Southern Ocean
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Polar regions play a critical role in setting the rate and nature of global climate variability and
change through their moderation of the earth’s heat, freshwater and carbon budgets. Recent
studies suggest that some of the strongest climate change signals are already underway in the
high latitudes. The Southern Ocean is warming more rapidly than the global average. Both the
Arctic and Southern Oceans are experiencing widespread changes to water mass properties,
circulation and the distribution of sea ice. Routine, sustained observations are required in order to
detect, interpret and understand polar climate change. The under-ice polar oceans are some of
the least well sampled and understood regions on earth and remain a ‘blind spot’ in the global
ocean observing system.

The Southern Ocean Observing System organised an international workshop to develop a
strategy for sustained observing in the Antarctic sea ice zone. The workshop was motivated by
increasing evidence for rapid change at high latitudes, growing recognition of the widespread
consequences of changes in the polar ocean, and advances in ocean observing technology.

A strategy for sustained observations of the ocean beneath the sea ice and in the sub-ice shelf
cavity was developed. Broad-scale measurements are needed to assess heat and freshwater
budgets. These observations will be provided by ice-capable profiling floats (including acoustic
navigation in some regions), instrumented mammals, and ship-based sampling. As additional
biogeochemical sensors become proven, a subset of the floats will include measurements needed
to track the evolving ocean inventory of carbon and oxygen. A combination of tools will be used to
provide the observations and understanding needed to assess the vulnerability of the Antarctic ice
shelf to changes in ocean temperature and circulation: moorings and acoustically-navigated
gliders will be used to measure exchange with the sub-ice shelf cavity; autonomous submarines
will sample the ocean cavity directly; instruments will be deployed through boreholes at key
locations to provide time series of ocean properties beneath the ice shelf; and ship-based
measurements will be needed to sample the full range of water mass tracers. Acoustics are likely
to play an increasingly important role, for instrument navigation, data transmission, and acoustic
tomography in the sub-ice shelf cavity.

Many of these technologies are being used now, and the talk will highlight recent scientific
advances enabled by under-ice observing.
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Antarctic land-fast sea ice: ice shelf influence on sea ice structure and growth rates
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More than half of Antarctica’s coastline is fringed by ice shelves. Land-fast sea ice forming near
ice shelves can be influenced by supercooled sea water originating from ice shelf basal melt.
Although the ice shelf influenced water is only marginally less saline and the supercooling slight
(of the order of 0.01 K), the effects on sea ice structure (through platelet ice formation) and growth
rates are dramatic. In this presentation, a method to reconstruct changes in water masses using
oxygen isotope measurements from sea ice cores is examined. Direct measurements of sea ice
growth rates are used to validate the output of a sea ice thermodynamic model driven with
Modern-Era Retrospective Analysis for Research and Applications (MERRA) reanalysis data,
along with observations of snow depth and freeze up dates. The output of that model is used
along with sea ice oxygen isotope measurements and fractionation equations to determine
changes in sea water isotope composition over the course of the ice growth period. For McMurdo
Sound, Antarctica in 2009, the method is at the limits of resolution for determining the presence of
ice shelf influenced surface waters, and improvements to the methods are suggested for that
region.
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The role of floating glaciers in interrupting Antarctic buoyant coastal currents

Stevens C "2, Rickard G ', Fusco G2
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One of the unique features of Antarctic coastal waters is the interjection provided by floating
glaciers entering the coastal ocean. Buoyant melt water-influenced currents, bound by Coriolis,
must negotiate these ephemeral structures. Recent ocean data from two floating glaciers in the
Ross Dependency will be presented and contextualised using computational results from an
adaptive mesh fluids solver. The two glacier tongues examined are the Erebus Glacier Tongue
(EGT) and the Drygalski Ice Tongue (DIT). The two are different in scale by an order of
magnitude, with the DIT as wide as the EGT is long. They both are influenced by their proximity to
the Ross Ice Shelf Cavity and the evolution of the ice shelf water plume that exits this cavity in the
Western Ross Sea and so forming a component of the so-called Victoria Land Coastal Current.

The observations show that, whilst the high latitude will strongly influence propagation of internal
waves, there are still clear oscillation-like responses in the near-field water column to tide-glacier
interaction. This, along with interaction with complex bathymetry influences local turbulent mixing.
The numerics reveal the complexity of the system whereby there is a clear downstream wake
zone. The recirculating wake, three-dimensional effects and sub-ice internal waves are all
observed in the numerical results. While there is a clearly a flow-distortion effect in the near-field,
changes to regional energetics are also influenced. Estimates of integrated dissipation suggest
that these floating extensions of the Antarctic ice sheet may alter energy budgets through
enhanced dissipation, and thus influence coastal near-surface circulation. Furthermore, the
glaciers have the potential to influence ice shelf water by (i) modifying the transport, and/or
generating new ISW water through (ii) melting at depth or (iii) through influence on the pressure
history experienced by any given parcel of fluid. These all likely serve to influence the influence of
the shelf cavity on sea ice production.
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The increasing extent of Antarctic sea ice

Turner J
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Over the satellite era beginning in 1979 the extent of Antarctic sea ice has increased throughout
the year, with the annual mean extent having increased at a statistically significant rate (p<0.01) of
1.2% per decade. However, such figures mask large regional variations, and in particular the
observed decrease of ice in the Bellingshausen Sea and increase in the Ross Sea. But the
increase in the Ross Sea has been critical to the overall Southern Ocean positive trend and
accounts for ~84% of the net Antarctic sea ice extent increase. Between the Bellingshausen and
Ross Seas sea ice anomalies are strongly correlated with changes in the near-surface wind field,
although other processes, such as freshwater injection from basal ice shelf melting, oceanic
change and ice-ocean feedback processes have also been suggested as controlling factors. In
this area the dominant atmospheric feature is the climatological Amundsen Sea Low (ASL), with
changes in the winds around the low correlating highly with changes in the sea ice. The ASL has
deepened since 1979, increasing the near-surface wind speeds over the Ross Sea, especially
during the spring. The climate in the region of the ASL is affected by a number of factors, including
sea surface temperatures across the tropical Pacific Ocean and the phase of the El Nino —
Southern Oscillation, ocean conditions in the Atlantic and the loss of stratospheric ozone.
However, the ASL also has a large natural/intrinsic variability. This talk will consider the relative
importance of these different factors in increasing the extent of Antarctic sea ice using
observational data and model output.
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Sea-ice production estimated from under-ice floats on the Antarctic continental shelf
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Ocean and sea ice observations of the Antarctic continental shelf are sparse and consequently the
physical processes and dynamics of this region are not well understood. Most historical
observations are from hydrographic surveys during ice-free summers, with very few observations
from under the ice during winter. The Argo program has successfully used profiling floats to
observe the global ice-free oceans to a depth of 2000 m over the past 15 years. Advances in float
design now give us the capability to deploy profiling floats in the seasonal ice zone. In this study,
we describe the first results from polar profiling floats deployed on the Antarctic continental shelf in
the Mertz polynya, Adélie Land. We use the floats in a novel way, deliberately grounding floats
between profiles, in order to obtain full-depth water column profiles and to increase their residence
time in a poorly observed region. The seasonal cycle of salinity reflects the formation and melt of
sea ice and water mass formation. Using a salinity budget, sea-ice production is estimated
monthly and seasonally over two full annual cycles (2012-2013). Sea ice production peaks in
March in both years. The mean winter (March to October) ice formation rate was 2.4 cm/day in
2012 and 1.5 cm/day in 2013. These rates are lower than some previously published estimates
for the Mertz Polynya, likely reflecting the decrease in polynya area and ice formation following the
calving of the Mertz Glacier Tongue in 2010. The float provided the first full water column
sampling in an Antarctic coastal polynya through the complete annual cycle, increasing our
understanding of sea ice production and water masses and circulation in the Mertz polynya.
Widespread deployment of similar floats would allow further insights into ocean — ice interaction,
circulation and seasonality of the Antarctic continental shelf.
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Numerical investigation of the Ross Sea water masses with thermodynamically active sea
icelice shelves

Tonelli M, Wainer |

University of Sao Paulo

Dense water formation around Antarctica plays a critical role modulating the climate, since that's
where the linkage between the upper and lower limbs of MOC takes place. Assessing whether
these processes may be affected by rapid climate changes and all the eventual feedbacks may be
crucial to fully understand the ocean heat transport and to provide quality future projections.
Applying the Coordinated Ocean-Ice Reference (CORE) interannual forcing we have run a 60-
year simulation (1948-2007) using ROMS with a new sea-ice/ice-shelf thermodynamics module.
Another 100-year simulation forced with CORE normal year was previously run to provide stable
initial conditions. The normal year consists of single annual cycle of all the data that are
representative of climatological conditions over decades and can be applied repeatedly for as
many years of model integration as necessary. The 60-year forcing has interannually varying data
from 1948 to 2007, which allows validation of model output with ocean observations. Both
experiments employed a periodic circumpolar variable resolution grid reaching less than 5 km at
the southern boundary. By performing OMP water masses separating scheme, we were able to
identify the main Ross Sea water masses: Antarctic Surface Water (AASW), Circumpolar Deep
Water (CDW), Antarctic Bottom Water (AABW) and Shelf Water (SW). Results are consistent with
previous observational studies (Budillon et al., 2003; Orsi & Wiederwohl, 2009). From the
interannual simulation we were able to estimate the freshening of the shelf and bottom waters at
rates of ~0.03/decade and ~0.01/decade, respectively, consistent with the observed trends found
by Jacobs & Giulivi (2010). We believe that this freshening is caused a greater flux of warm waters
from the Antarctic Circumpolar Current onto the shelf of the Ross Sea, leading to glacial melting
due to changes in the sea ice and ice shelf dynamics.
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The role of Antarctic sea ice in heat absorption by the Weddell Sea

Mas M, Ferrero B, Wainer |

0OC2 - 10USP

The Southern Ocean, especially the Weddell and Ross seas, play an important role on the
exchanges between the atmosphere and the deep ocean, once these are regions of subsurface
water formation, where the ocean interacts with the atmosphere and sea ice to form subsurface
water masses. These regions act as a gateway that enables the deep ocean to store an enormous
amount of heat with no direct contact with the atmosphere, and heat fluxes at these regions are
controlled by atmospheric temperature and sea ice, which acts not only as a leading mechanism
in the formation of bottom waters but also as an insulator agent between the ocean and the
atmosphere.

Climate models are a powerful tool to better understand the responses of such regions in relation
to interactions with the atmosphere and ice, and consequently their role in climate change. For
IPCC’s Fifth Assessment Report (AR5), WRCP’s Working Group on Coupled Modelling has
launched the fifth phase of the Coupled Model Intercomparison Project (CMIP5), which consists of
a series of different models with different setups that are run with the same goal: to assess what
drives the changes in climate. This is done by evaluating how realistic are model simulations of
the past, analyzing future projections both in short and long time scales and understanding the
differences in projections results by different models.

In this context, the aim of this study is to intercompare heat content time series of the CMIP5
climate models and try to correlate their values at different layers (surface to 300, 700 and 3000
meters) with variations in sea ice concentration and extension as well as surface atmospheric
temperatures at the Weddell Sea region, in an attempt to infer if these variables may be
influencing or being influenced by the increase in ocean heat content.

209



Multi-year / multi-decade ice about Mertz Glacier, East Antarctica, and its temporal evolution

Young N 2 Lieser J ', Massom R ", Fraser A°®, Floricioiu D *
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Institute of Low Temperature Science, Japan, * Earth Observation Center - IMF/German Aerospace
Center — DLR

Large areas of multi-year and multi-decade sea ice occur to the east of the Mertz Glacier Tongue
[MGT] in East Antarctica. Measurements of the free-board height of this ice obtained by satellite-
borne laser and radar altimeters indicates that the ice is many metres thick and in places tens of
metres thick. Visual observations from ships of the above water layers of thick floes from the
region suggest that the free-board is composed of snow. Snow accumulation rate for the region is
estimated at around 1 m/y from firn core data retrieved from the large iceberg BO9B when it was
grounded to the east of MGT. So the primary process contributing to the large thickness of the
floes appears to be accumulation of snow at the surface and flooding to create snow-ice.

The thick ice in the region has been described as land-fast, however long fractures do form
through the ice-field and allow the ice to diverge somewhat and move. But, the ice floes typically
remain in place. They converge again, and export of ice appears to occur rarely. Re-location of
iceberg BO9B and calving of MGT in early 2010 brought about major changes. Large sections
broke-up and drifted out to the west through what was the location of the Mertz Glacier polynya.
The breakup and melting of the snow cover introduced a fresh-water pulse into the upper layers of
the ocean in the region. We derive the temporal evolution of the spatial distribution of this thick ice
and its growth through analysis of time series of SAR images and altimeter data from ICESat and
CryoSat-2.
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S07: DEVELOPMENTS IN THE UNDERSTANDING OF SUBGLACIAL AQUATIC ENVIRONMENTS

Preliminary results of chemical analyses of Lake Vostok water refrozen in borehole 5G-1
following the unsealing of the lake

Alekhina |, Vasiliev N?, Ekaykin A", Lipenkov V'

! Arctic and Antarctic Research Institute, > National Mineral Resources University (University of Mines)

One year after the lake’s unsealing, the first samples of refrozen lake water have become
available. A new, 122m-long ice core taken from a depth of 3415-3543m was obtained in spring
2013. Drilling stopped at 227m above Lake Vostok. The top of the refrozen material was
represented by a foam-like hydrate compound. This was identified as a mixed clathrate hydrate of
lake gases and hydrofluorocarbon densifier. The secondary ice had a heterogeneous, radial-beam
texture, with the concentration of gaseous and liquid inclusions increasing towards the borehole
axis.

A few horizontal thick sections of the secondary water ice were analysed using chromatography
and GC-MS, with focus on the modified organic species of drilling fluid, which may give additional
information on the properties of the lake water.

It was shown that ice core samples of the secondary water ice selected on its vertical profile,
contain minor inclusions of drilling fluid, and the presence of this fluid means that we unfortunately
cannot obtain authentic data about the initial chemical composition of the lake water. Essential
variations in structure of drilling fluid components were established during studying the central
channel of the core. It is assumed, that reactions which have led to similar transformations, can be
connected with the high content of oxygen in lake water.

Elemental analysis of the cleanest samples showed increased concentrations of some elements.
But because the samples were contaminated with drilling fluid, it is not possible to come to any
firm conclusions about the composition of the lake water.
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Subsurface imaging reveals aquifer beneath an ice-sealed Antarctic lake

Dugan H', Doran P, Tulaczyk S?2, Mikucki J 3, Arcone S*, Auken E °, Schamper C°

! University of lllinois at Chicago, ? University of California, Santa Cruz, * University of Tennesee, * US
Army Cold Regions Research and Engineering Laboratory, ® Aarhus University

We use ground penetrating radar (GPR) and a helicopter borne time-domain electromagnetic
(TDEM) survey to interpret the presence of highly saline brine beneath Lake Vida, in the McMurdo
Dry Valleys, East Antarctica. The GPR signals penetrated 20 m into lake ice and facilitated
bathymetric mapping of the grounded ice. The TDEM survey revealed a low resistivity zone 30-
100 m beneath the lake basin. Based on previous knowledge of brine chemistry and local geology,
we interpret this zone to be an isolated and confined aquifer situated in unconsolidated sediments
with a porosity of 23-42%. Our results facilitate the modeling of hydrologic processes in an ice-
sealed environment, provide a better understanding of historic conditions in the Dry Valleys, and
reveal a system where liquid water may act as microbial refugia beneath a cold, desert
environment.
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Subglacial lakes and estuaries — geophysical observations of subglacial hydrology beneath
Whillans Ice Stream

Horgan H1, Christianson K2, Alley R3, Jacobel R4, Anandakrishnan S°

"Victoria University of Wellington, 2 New York University, * Pennsylvania State University, “St Olaf
College

Water beneath Whillans Ice Stream flows through a system of active subglacial lakes via a poorly-
known drainage system before discharging across the ice sheet grounding zone into the sub ice-
shelf cavity. Here we present active source seismic and radio echo sounding data recently
acquired as part of the Whillans Ice Stream Subglacial Access Research Drilling (WISSARD)
program. WISSARD geophysics focussed on Subglacial Lake Whillans (a small active lake) and
on the downstream location of subglacial water discharge across the Whillans Grounding Zone.
Active source seismology and surface elevation data indicate that Subglacial Lake Whillans is a
perennial, albeit shallow, lake, with sometimes discontinuous water bodies. Drilling into the lake
revealed a water depth of approximately 2 meters. Downstream at the grounding zone, water is
hypothesized to flow both up and down glacier in an estuarine zone, contrary to the traditional
one-way view of water crossing from beneath an ice sheet into the ocean. At both the lake and
grounding line location subglacial sediments are thought to play a role. At the lake, erosion and
deposition of imaged sediments may lead to episodic lake generation and demise as
hydropotential traps are generated and destroyed. At the grounding line, subglacial sediments are
imaged but are not observed to be forming the asymmetric wedge deposits that are thought to
mark stable grounding line positions elsewhere.
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The nature of microparticles found in frozen water after unsealing of Lake Vostok

Leitchenkov G1, Lipenkov V, Ekaykin A, Antonov A, Bulat S, Alekhina A, Charlot F

Institute for Geology and Mineral Resources of the World Ocean, Arctic and Antarctic Research
Institute, All-Russian Geological Institute, Peterburg Nuclear Physics Institute, Labo Microscope
Electronique a Balayage, UJF

After unsealing of Lake Vostok by drilling in 2012 (at depth of 3769.3 m), the lake water was risen
few hundred meters into the borehole and then has been frozen. The deepest ice core of the
accreted ice (3768.4-3769.3 m), retrieved from the well was covered with brownish film-like
deposit which formed as a result of lake water penetration between the drilling bit and the ice core.
Visual and optical studies showed that this deposit consists of mineral particles of up to 50 mkm
across. For definition of nature and origin of these particles they were studied using SEM and X-
ray microprobe analyses. More than 100 particles with determinations of their elemental
composition have been explored. Based on this study, it was established that most of particles (c.
90%) are ferrous oxides (often with the impurity of nickel, copper and zinc) as well as iron-zinc
alloys, reduced iron (4 particles) and organic matter. Other particles (c. 10%) are represented by
silicates (clay-mica minerals) and clasts of quartz, corundum and ilmenite which range from 10 to
70 mkm in size.

Detected compositions clearly evidence that the most of the observed deposit is of technogenic
origin and associated with metal oxidation after the contact of lake water with the drilling bit. The
oxidation was supposed to be very fast indirectly confirming assumption about a high
concentration of oxygen in Lake Vostok. The mineral clasts (20-70 mkm in size) found in the water
frozen on the deepest ice core are more intriguing. If these clasts are not the result of
contamination they can indicate the existence of fine-grained suspension at least in the uppermost
lake water layer. Contamination could come from the drilling fluid (artificial contaminant) and/or
from walls of the borehole which drilled through the accreted ice containing mineral
clots/aggregates in the layer between 3538 m and 3608 m (natural contaminants). The analysis of
drilling fluid (microscopy of filters after fluid filtration) did not show mineral microparticles as
artificial contaminants and examination of accreted ice cores suggests vanishing field of
outcropped mineral inclusions in borehole walls.

In 2013 season, the frozen water was sampled by drilling but it proved to be heavily polluted with
kerosene. This fact severely restricted the study of biomarkers and primary water composition but
SEM and microprobe analyses discovered amorphous quarts and crystals of calcite (with faces of
up to 10 mkm long). All these minerals are considered to be rather authigenic in nature, i.e.
formed in lake water. If found mineral particles came from the water, it can be evidence of the
relatively strong water circulation in the lake (i.e. a circulation which supports aleurite-sized
material in the water as a suspension).
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Antarctic subglacial exploration - highlights from recent investigations of subglacial Lake
Whillans and Blood Falls

Mikucki J ', Tulaczyk S, Dachwald B3, Gosh D", Purcell A", Chua M ", Priscu J*, Powell R®,
Mitchell A®, Scherer R®, Christner B”, WISSARD Science Team
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Subglacial environments are one of the most difficult portions of the cryosphere to access.
Recently, in collaboration with innovative and often large-scale drilling projects, ecologists are
beginning to explore the subglacial biome. Understanding the persistence of life in extended
isolation and the evolution and stability of subglacial habitats requires an integrated,
interdisciplinary approach. Here we highlight how drilling and exploration come together with
results from a recent Antarctic drilling project that sampled Subglacial Lake Whillans, a fresh water
lake under the Whillans Ice Stream. We also discuss a new approach to subglacial exploration
with investigations of a ferrous, saline subglacial ecosystem below the Taylor Glacier in East
Antarctica, known as Blood Falls. Both of these ecosystems appear to persist independent of
photosynthetically derived carbon inputs. This is supported by molecular data and biogeochemical
measurements that indicate chemoautotrophic activity is present with energy derived in part by
cycling iron and sulfur compounds. Comparing these two distinct subglacial ecosystems will
provide important insight into microbial community structure and function, as well as elucidate
unique adaptations for cold, dark life. The collaborative efforts of exploring these isolated
microbial habitats help enable the development of relevant tools for geomicrobiological
examination of other subglacial environments on Earth and prepare us for the exploration of icy
extraterrestrial targets.

215



Environment and processes of Subglacial Lake Whillans, West Antarctica

Powell R, Hodson T, Wei J !, Castafieda |2, Science Team T

' Northern lllinois University, Department of Geology & Environmental Geosciences, 2 University of
Massachusetts, Department of Geosciences

Subglacial Lake Whillans (SLW) lies 800m below the low gradient, Whillans Ice Plain West
Antarctica, upstream from where Whillans Ice Stream goes afloat into the Ross Ice Shelf. During
2013-14 season the WISSARD project made measurements in, and collected water and sediment
samples from SLW. Sediment is typical subglacial till; a homogenized, structureless diamicton.
Debris from local basal ice is likely not contributed to SLW by rainout because ice is theoretically
below pressure melting. So lake floor diamicton likely was transported to SLW by deformation
while the ice stream was grounded at the drill site both prior to lake formation and during lake
“lowstands”. Satellite altimetry has shown SLW experiences short (~7 month) discharge events,
lowering the ice surface and lake water level by between 1-4m. Lake lowstands are separated by
longer periods of gradual recharge, but over the period of many lowstands the ice stream is
suspected to touch down and couple with the lake floor, potentially shearing new till into SLW.
Subglacial hydrological diversions also may play a role in SLW history; if water is captured by
another drainage basin, then the bed at SLW will also act as a till. The lack of sorted sediment
(apart from a lamina of mud at the sediment-water interface) and erosional lags within sediment
cores indicate water flow during discharge/recharge events has had a low current velocity with
quiescent conditions in the lake. Although important volumes of water are moved during such
events, water velocities are not those of classic “floods” due to low hydropotential gradients on the
ice plain and wide channels. Sediment source indicators (particle composition, form and surface
texture, geochemistry (XRF, XRD, "°Be), fossils, biomarkers) show sediment is recycled from older
Cenozoic sediments and bedrock. Biologists show del'®0 values of lake water likely from up-
stream ice sheet melt; however, Cl and Br ion concentrations indicate a seawater source likely
recycled from older marine sediments. Chemolithoautotrophs dominate an active microbial
community, indicating they play a role in breakdown of subglacial particulates. The most notable
variability in cores is a weak, critical porosity horizon down to ~50cm depth above more
consolidated till. We interpret the weak upper horizon as a product of shear deformation and
decreasing effective pressure experienced during final stages of grounding prior to a lake
recharge event. The presence of this weak layer illustrates the importance of hydrology in
modulating till rheology and is an example of how subglacial sediments can preserve archives of
hydrologic conditions at the ice-bed interface. All results show till is being subglacially deformed
and sheared from up-ice-stream into SLW and beyond. That appears to be the main sediment
transport mechanism rather than fluvial transport. We cannot yet constrain basal/englacial debris
transport.
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Concentrated englacial shear over rigid basal ice, West Antarctica: implications for modelling
and ice sheet flow

Siegert M, Ross N2

! University of Bristol, > Newcastle University

Basal freeze-on, deformation and ice crystal fabric re-organisation have been invoked to explain
thick, massive englacial units observed in the lower ice column of the Antarctic and Greenland ice
sheets. Whilst recognised as having very different rheological properties to overlying meteoric ice,
studies assessing the impact of basal units on the large-scale flow of an ice sheet have so far
been limited.

We report the discovery of a previously unknown, extensive (100 km long, >25 km wide, and up to
1 km thick) englacial unit of near-basal ice beneath the onset zone of the Institute Ice Stream,
West Antarctica. Using radio-echo sounding, we describe the form and physical characteristics of
this unit, and its impact on the stratigraphy and internal deformation of overlying ice.

The lower englacial unit, characterised by a highly-deformed to massive structure, is inferred to be
rheologically distinct from the overlying ice column. The overlying ice contains a series of englacial
‘whirlwind’ features, which are traceable and exhibit longitudinal continuity between flow-
orthogonal radar lines. Whirlwinds are the representation of englacial layer buckling, so provide
robust evidence for enhanced ice flow. The interface between the primary ice units is sharp,
abrupt and ‘wavy’. Immediately above this interface, whirlwind features are deformed and display
evidence for flow-orthogonal horizontal shear, consistent with the deformation of the overlying ice
across the basal ice unit. This phenomenon is not a local process, it is observed above the
entirety of the basal ice, nor is it dependent on flight orientation, direction of shear is consistent
regardless of flight orientation.

These findings have clear significance for our understanding and ability to realistically model ice
sheet flow. Our observations suggest that, in parts of the onset zone of the Institute Ice Stream,
the flow of the ice sheet effectively ignores the basal topography. Instead, enhanced ice flow
responds to a pseudo-bed, with internal deformation concentrated and terminating at an englacial
rheological interface between the upper ice sheet column and the massive basal ice.

Our results demonstrate that we may need to: (i) adapt numerical models of those parts of the ice
sheet with extensive and thick basal ice units; and (ii) carefully reconsider existing schematic
models of ice flow, to incorporate processes associated with concentrated englacial shear.
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WISSARD at Subglacial Lake Whillans: Scientific operations and initial results
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Antarctic subglacial lakes represent important targets for scientific exploration because they may
harbor unique microbial ecosystems, help determine ice sheet dynamics, and contain
sedimentary paleoenvironmental and paleoclimatic records. There are already several hundred
known subglacial lakes in Antarctica, including so-called active lakes experiencing fill-and-drain
cycles. The glaciologic, geologic, and hydrologic settings of these lakes are likely to be variable
and may result in large differences in subglacial lacustrine conditions.

Subglacial Lake Whillans (SLW) is located beneath the Whillans Ice Plain (WhIP), which is fed by
Mercer and Whillans Ice Stream on the upstream end and discharges into Ross Ice Shelf. SLW
belongs to a group of active subglacial lakes discovered beneath WhIP based on ice elevation
change anomalies by Fricker and others (2007). It was targeted for drilling by the Whillans Ice
Stream Subglacial Access Research Drilling (WISSARD) project.

The WISSARD project includes an extensive geophysical component, whose major part is
focused on monitoring active subglacial lakes using a network of continuous Global Positioning
System (cGPS) stations. One of these cGPS units was placed on SLW in December 2007 and
captured one filling-draining cycle in 2008-09 with amplitude of ~3m. After this event the cGPS
on SLW has shown only minor uplift , indicating that the lake was close to its most drained state
at the time of drilling, in late January 2013. As part of direct preparations for site selection and
drilling, an extensive geophysical survey of SLW was conducted in austral summer of 2010-11.
Detailed kinematic GPS and ice-penetrating radar surveys revealed that SLW corresponds to a
~15m depression in ice surface topography and >80kPa low in the regional subglacial water
pressure field, as estimated from ice surface and bed topography data (Christianson and others,
2012). Active-source seismic investigations over SLW confirmed that the basal reflection
coefficient is consistent with the presence of a subglacial water reservoir and revealed a sub-ice
reflector interpreted as lake bottom (Horgan and others, 2012).

Based on the geophysical results summarized in the previous paragraph, the WISSARD science
team selected the site with the thickest inferred subglacial water column thickness as the SLW
drilling location for the 2012-13 field season at 84.240° South and 153.694° West. We will
describe the scientific operations which took place in the SLW borehole in the course of ~3 days
at the end of January 2013. We also report selected preliminary results describing conditions
encountered in SLW water column and underlying sediments.
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Microbial nutrient cycling and physiology in Subglacial Lake Whillans, Antarctica

Vick-Majors T, Michaud A, Skidmore M, Priscu J
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Recent recognition of the widespread nature of liquid water beneath the Antarctic ice sheet has
generated international interest in subglacial aquatic environments as functional microbial
ecosystems that play a role in global elemental transformations. Subglacial Lake Whillans (SLW)
lies 800 m beneath the ice surface of Whillans Ice Stream, West Antarctica. Remote sensing data
indicate that the lake is situated near the end of a hydrological flow-path and periodically flushes
into the sea under the Ross Ice Shelf. We report here on the collection of the first bulk liquid water
samples from SLW and provide the first direct evidence for active microbial life and elemental
cycling in a subglacial lake.

Epifluorescent microscopy showed that water collected cleanly from SLW contained ~10° cells mL"
' Cellular viability and metabolic activity were measured as (i) cellular ATP concentration, (ii)
respiratory electron transport activity, and (iii) cellular incorporation and/or respiration of Ye-
bicarbonate, *C-leucine, *H-thymidine, and *H-leucine. The fluorescent portion of dissolved
organic matter (DOM) in the water column and surficial sediments was analyzed via excitation
emission matrix spectroscopy (EEMS).

ATP levels (avg +/- SD = 3.7 +/- 0.4 pmol L'1) in the lake samples were significantly (p<0.05)
greater than levels in drill borehole water and blanks. Dark incorporation of “C-bicarbonate, which
we assume to represent chemoautotrophic activity, provides ~33 ng C L™ d” to the SLW water
column, which meets ~15% of the heterotrophic carbon demand (BCD) estimated from the
incorporation and respiration of '*C-leucine in SLW water. More conservative estimates of BCD
based on 3H-thymidine, and *H-leucine incorporation rates reveal that chemoautotrophic activity is
sufficient to supply between 30% and 150% of BCD. Fluorescence, humification, and freshness
indices calculated from EEMS data indicate that DOM in the SLW water column and surficial
sediments are the products of microbial activity, and that water column DOM was produced more
recently than surficial sediment DOM. "C-dating and [1'*C characteristics of the particulate
organic carbon component of the SLW water column provide further insight into sources of and
processes affecting organic matter in subglacial environments.

Collectively, our data show that SLW is a microbially dominated ecosystem driven by
chemoautotrophy that transforms carbon and other key biogeochemical elements beneath the
Antarctic ice sheet.
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Development and validation of biogeochemical sensors for subglacial aquatic ecosystems
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! University of Bristol, UK, 2 Cardiff University, UK, * National Oceanography Centre, Southampton,

UK

Subglacial runoff from glaciers and ice sheets has the potential to influence global biogeochemical

cycles, via the export of bioavailable carbon and nutrient. However, measuring such
biogeochemical parameters in subglacial aquatic environments and in bulk runoff is challenging.
Manual sampling cannot provide continuous datasets and relies on the presence of personnel in

the field, which is frequently impossible outside of the summer season. Collection of samples from

more remote subglacial aquatic environments, such as ice stream sediment porewaters and
subglacial lakes, is logistically difficult and expensive. Sensors provide an alternative for
monitoring in situ conditions and are available for many analytes, but they are frequently
unsuitable for deployment in icy environments. Low temperatures, freeze-thaw cycles, remote
locations, low concentration and low ionic strength meltwaters challenge technologies designed
for temperate aquatic systems. In order to overcome these limitations, the UK Natural

Environment Research Council has funded the DELVE project, which will DEvelop and VaLidate
the first miniaturised biogeochemical sensor suite for glacial Environments. The DELVE initiative

will assemble a suite of sensors with the goal of monitoring dissolved oxygen (DO), pH, nitrate,
H,S and iron/manganese in glacial meltwaters. Where possible, commercially available sensors
were employed or re-developed (DO, pH and H,S). If no commercial alternative was suitable,
bespoke lab-on-chip microfluidic sensors (developed at National Oceanography Centre,
Southampton) were designed and manufactured (nitrate, iron/manganese). All sensors were
subject to comprehensive performance evaluation at low temperatures, including freeze-thaw
cycling, and the response to low concentration and low ionic strength was quantified. Sensors
which performed well throughout the laboratory testing process were deployed in glacial
meltwaters in south Greenland, where they collected high resolution, continuous data on the
evolution of meltwaters during a summer season. We present the results of this testing, and

demonstrate a suite of sensors suitable for monitoring biogeochemical species in the cryosphere,

including subglacial lakes.
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Instrumentation of recoverable autonomous sonde RECAS for environmental exploration of
Antarctic subglacial lakes

Zhang N, Talalay P, Markov A, Sysoev M, Hong J
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Nowadays it is generally recognized that a vast network of lakes, rivers, and streams exists
thousands of meters beneath Antarctic Ice Sheets. The subglacial water most likely contains life,
which must adapt to total darkness, low nutrient levels, high water pressures and isolation from
atmosphere. It is obvious that in situ investigations should not contaminate these subglacial
aquatic systems. This criterion makes sustainability of subglacial environment of chief importance.
The proposed RECoverable Autonomous Sonde ‘RECAS’ will allow analysis and sampling of
subglacial water while the subglacial lake would stay isolated from the surface.

The wire for the transmission of electric power to it and signals from it is twisted on the coil inside
the sonde, paid out of the advancing sonde and became fixed in the refreezing melt-water above
it. The sonde is equipped by two hot-points with heating elements located on the bottom and top
sides of the sonde and able to move down and upwards. While the sonde melts down to the ice
sheet bed and up to the ice sheet surface, it is vitally important to control melting-drilling operating
parameters (rate of penetration, bit load, true vertical depth, measured depth, temperature of
electrically heated melting tip and lateral housing heaters, power consumption by different energy
users, borehole inclination and diameter) and to identify environmental conditions (pressure,
temperature), because in the case of RECAS fail its recovery would be impossible. Some of the
registered parameters (e.g. bit load and borehole inclination) have limits. When parameters are
going out the limits, the system is adjusted manually or automatically. When the sonde enters into
the subglacial lake, it samples the water and examines water parameters: pressure, temperature,
pH, oxygen concentration, sound velocity, and conductivity. Video cameras and sonar provide
additional information on the lake environment. The first laboratory tests of the RECAS
components are scheduled for 2014. Field tests of the RECAS in Antarctica are planned as soon
as the project gets full financial and logistical support.
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Rates and landscape implications of soil transport on hillslopes by patterned ground
processes in Taylor Valley, McMurdo Dry Valleys, Antarctica
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Cryoturbation and formation of patterned ground are important processes for organising the
microtopography and surface characteristics of Antarctic ice-free areas. On flat topography,
development of polygonal patterned ground is associated with a convection-like motion of
sediment from sand wedges beneath the troughs defining polygon boundaries to the centre of
polygons. Some return movement of sediment occurs near the surface. This sense of motion
implies an inflating polygon centre with a stable surface.

This study aimed to determine how patterned ground processes are modified by gravitational
stresses on hillslopes. We trenched across one 8-sided, 12 m-wide polygon between the upslope
and downslope contour-parallel troughs. We measured electrical conductivity (EC) and pH of the
soils and dated sediments by single-grain luminescence techniques. Trenching exposed a sand
wedge centred on the upslope trough and extending beneath the downslope side of the trough.
From this zone, 10 cm-thick lenses of well-sorted sand emerged at low angle from beneath the
ice-cemented permafrost at 30 cm depth to become closer and parallel to the surface within the
active layer further downslope. A 40 cm-thick cell of well-sorted gravel formed the downslope wall
of the trough and extended downslope about 1 m. The pattern of alignment of clast long axes
suggested a rotating motion — downslope at depth, and return to the trough at the surface. A
thinning wedge of the well-sorted gravel extending downslope from the gravel cell suggested
rafting atop the downslope-extruding layers of sand. Adjacent to the downslope trough, a plug of
diamicton, presumed to be deformed Ross Sea Drift, deflected extruding sand lenses steeply
upward.

Luminescence ages showed that sand grains making up the extruding layers comprised multiple
cohorts of grains. The cohorts became progressively older in a downslope direction, confirming
the inference of extrusion at the upslope sand wedge and ongoing downslope motion. The oldest
cohorts were ca 29 ka, which presumably date the Ross Sea Dirift. Soil pH and EC increased in a
downslope direction, indicating a corresponding increase in residence time for surface soil layers.
By calculating sand layer velocities and measuring soil depths above the sand layers, we
estimated soil flux rates that suggested hillslope diffusivities similar to that of temperate regions.
Polygon dimensions and soil flux rates determine soil turnover times and limit the extent to which
soil salinity and pH can increase. These are important soil chemical attributes for structuring soil
microbial communities. Our results suggest that McMurdo Dry Valley hillslopes may be as
responsive as temperate hillslopes to climatic forcing, and reaffirm the importance of abiotic
processes in structuring soil ecosystems.
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Geoenvironments of the Potter Peninsula, King George Island, Maritime Antarctic
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The aim of this work was to identify and map the geoenvironments of Potter Peninsula, King
George Island, Maritime Antarctica. Multi-criteria based analysis of geomorphology, landforms,
vegetation, susceptibility to wind action and incident solar radiation was used to cluster the
environmental characteristics of Potter Peninsula. By means of that, seven geoenvironments were
identified and mapped: marine terraces, outwash cones with sporadic vegetation, raised marine
terraces with accentuated anthropic influence, marine terraces with high biodiversity of flora,
moraines in recent ice-free areas, surface with rocks predominance, and glacial. The ice-free area
of Potter Peninsula has 6.68 km? and comprises six geoenvironments, with a predominance of
terrains with convergent and concave forms and little or inexistent susceptibility to wind action. In
general, geoenvironments located on marine terraces have more diversity of flora, while
geoenvironments in the inner part of the peninsula showed predominance of old and young
moraines, exposed rocks and lakes.
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Aeolian dust in Terra Nova Bay Polynya, Antarctica
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Aeolian dust derived from the Transantarctic Mountains is transported by katabatic winds across
the surface of the Nansen Ice Sheet (NIS) and into Terra Nova Bay (TNB) Polynya in the western
Ross Sea. Intense phytoplankton blooms occur in the polynya each summer which influence an
important biogeochemical cycle that draws-down atmospheric CO,, alters the oceanic food web
and contributes biogenic sediment to the seafloor. Despite many studies suggesting that aeolian
dust is an important source of iron (Fe) critical for triggering the blooms, the flux of Fe-bearing dust
remains poorly constrained. Understanding these fundamental modern processes is essential for
understanding how the Fe-driven biogeochemical cycle operates in the Ross Sea and also for
interpreting records of past environmental change in the region and predicting how they might
change in a warming Antarctic and Southern Ocean.

We present new data from a network of custom built dust traps and snow samples from the
surface of the NIS combined with reanalysis of local wind field data from automated weather
stations in the TNB region to quantify the dust flux into the polynya. The dust dispersal pattern
combined with X-ray florescence analysis of dust provenance shows that the distribution is
strongly related to the occurrence of limited rock and moraine outcrops in zones of katabatic
airflow. We suggest that most aeolian sediment entering the TNB polynya is funneled through a
narrow ‘dusty corridor’ ~2 km wide on the northern part of the ice shelf between the Northern
Foothills and Inexpressible Island in an area known as Hells Gate. Future work will focus on
relating these insights on the dust flux with bloom intensity as measured by satellite images of
chlorophyll-a concentration and also with records of sea floor sedimentation. This will contribute to
an improved understanding of the impact of dust on primary productivity and biogeochemical
cycling in the region.
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New insights into the long-term dynamics of the Victoria Valley Dune-Field, Antarctica
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The Victoria Valley dune-field is the largest in Antarctica, occupying an area of ~8 km?, within
which there is a range of permafrosted dune-types including transverse, reversing, barchanoid
and whaleback dunes. High-resolution ground penetrating radar (GPR) imaging of selected dunes
reveal sets of cross strata and low-angle bounding surfaces that indicate dominant and changing
wind speed and direction during sand accretion and deflation. GPR images from the western-most
Vida dune, the largest in the dune-field, demonstrated that the Vida dune is in excess of 70 m-
thick and comprised of undeformed lee-side dipping strata suggesting sand accretion under
dominantly westerly katabatic winds sourced from the East Antarctic Ice Sheet. Conversely, the
Packard and whaleback dunes several km to the east are little more than 8 m thick and display
complex stratigraphies reflecting the bi-modal wind regime that dominates modern dune
morphodynamics at the eastern-end of the dune-field. Optically-stimulated luminescence (OSL)
ages were obtained from sand packages identified from the GPR imagery, with the OSL ages
ranging from modern to ca 1.3 ka suggesting that the dunes are latest Holocene features in their
present configuration. Selected sand samples dated by OSL were also analysed for their
terrestrial cosmogenic nuclide (TCN) concentrations ('°Be and °Al) to assess the long-term
migration history of the sand grains. The TCN exposure ages suggest a residence time of at least
500 ka that most likely reflects continual deflation and mixing of the sand. Furthermore, the dual
nuclide banana plot suggests it is possible that sand dunes in some form may have been present
for at least 6 Ma. However, it is unclear whether we are dealing with sand grains that are being
continually re-exposed/buried, or have spent much of their time buried. Consequently we are
presently analysing a third and stable nuclide, ?'Ne, to enable us to determine a mean age for the
sand and hence infer the likely period that the dunes can have persisted in the Victoria Valley
landscape.
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Monitoring of climate variability and permafrost active layer on James Ross Island, Maritime
Antarctica
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Permafrost and glaciers belong to key indicators of climate change as they react sensitively to
climate variations. Monitoring the climate variability, thermal regime and thickness of the
permafrost active layer is especially important in polar regions, which experience a rapid increase
in average temperature of the air . The largest warming in the Southern Hemisphere over the last
50 years was reported from the western side of Antarctic Peninsula. However, field evidence of
meteorological and cryospheric environmental variables is limited due to difficult accessibility and
expensive logistics. The Ulu Peninsula in the northern part of James Ross Island represents a
suitable locality for investigations of these variables and their interrelationship, as it is one of the
largest deglaciated areas along the Antarctic Peninsula. Since 2007, an integrated
multidisciplinary study of terrestrial ecosystems has been carried out at the Johann Gregor Mendel
Station (63°48'S, 57°53'W). In this contribution, preliminary results of microclimate measurements
and active layer monitoring on the Ulu Peninsula are presented. Climate conditions of this region
are characterized by a short summer (December-February) with positive air temperatures up to
8°C and annual mean air temperature around -7°C. In spite of high cloudiness (daily means of 80—
90 %), global solar radiation can reach the maxima as high as 30 MJ.m? on clear sky days around
summer solstice. Mean annual ground temperatures (MAGT) range from -6.2°C (200 cm) to -
6.6°C (5 cm) near by the Mendel Station. MAGT at Johnson Mesa (~320 m a.s.l.) varies from -8.0
°C (50 cm) to -8.5 °C (5 cm), which confirms the strong dependence of the sites on altitude. The
active layer thickness was recorded at the depth of about 55-60cm (Mendel Station) and/or 25-30
cm (Johnson Mesa) at the end of January. The effect of air temperature and global radiation on
ground temperature was studied with respect to the site characteristics and snow occurrence. The
correlation analysis showed that the highest influence of the air temperature on the ground
temperature was observed in days without snow cover during winter season. Conversely, the
significant decrease of the air temperature influence was found in days with snow cover higher
than 7 cm and/or in days without snow cover during summer. Acknowledgements: The authors
thank CzechPolar infrastructure for providing facilities.
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Sources of phosphorus to ponds of the McMurdo Ice Shelf, Antarctica
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Meltwater ponds are a common habitat for terrestrial biota on continental Antarctica. The
productivity of benthic cyanobacteria (the dominant biomass) requires availability of phosphorus
(P), but sources of P and factors limiting its bioavailability are poorly understood. Consequently it
is difficult to predict how productivity will be affected by changes in pond size that may result from
a warming climate. As part of a larger research programme to determine the P biogeochemical
cycle for meltwater ponds in Victoria Land, this study has explored P distribution and speciation in
ponds of the McMurdo Ice Shelf to develop a conceptual model of the P cycle in this area.

Over three visits between 2011 and 2013; sail, soil salts, sediment, water and biological material
was collected from 5 ponds at the study site, as well as data on the structure of the ponds. The
ponds sit above a layer of sediment ca. 40 cm deep, which lies on an ice cement, with the water
table around the ponds extending ca. 30 cm above the pond water level. The major reservoir of P
in the ponds is contained within the microbial mats, which can hold 100 times the amount of P
present in the water column. The speciation of water column P had variable composition, but was
most often dominated by organic P species. Pond sediments contain 10-20 % less total
phosphorous than surrounding soils, which have up to 11 mg/kg of water soluble phosphorous,
and up to 2 g/kg of total phosphorous. This suggests that recently flooded soils have a major role
as an immediate source of phosphorous to newly formed ponds, and that leaching of sediments is
a key process for some time thereafter. A conceptual model for a P cycle is proposed for a typical
pond in this environment, identifying the microbial mat as the major P reservoir in the pond, and
the sediment as the major source of P over time. These relatively P rich coastal systems on the
McMurdo Ice Shelf will be compared and contrasted with P poor inland pond environments in the
McMurdo Dry Valleys.
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The presence of photosynthetic organisms in Potter Peninsula, King George Island, estimated
from Landsat images
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The aim of this work was to map snow free areas with photosynthetic organisms cover, such as
grasses, lichens or algae in the Potter Peninsula (King George Island, South Shetland Islands), in
two different years, selected by the occurrence of El Nifio (2004) and La Nifa (2008) events. For
this investigation, we classified Landsat 7/ETM+ sensor data to generate a binary map with two
classes: snow free areas with photosynthetic organisms and other areas.

The images were co-registered (RMSE = 0.024), using as reference the image from 2004, which
was georeferenced using the WGS84 and a Polar Stereographic projection. Only the near infrared
band (0.78 - 0.90 um) was used in the classification process, since all the photosynthetic
organisms have a reflectance value increase (even though small for lichens) in this wavelength,
allowing discriminating areas with this kind of organisms. The classification was made using the
ISODATA algorithm (which is implemented on the ENVI software), configured for ten interactions
and for discriminating no more than ten classes. The algorithm was able to separated areas with
ice, snow, water and snow free areas with and without photosynthetic organisms.

A binary map showing the snow free areas with photosynthetic organisms and other areas in
Potter Peninsula was produced for both years. The calculated areas with a photosynthetic
organisms cover were 24.5 km?in2004 and 21.1 km?n2008.These results are limited by the spatial
resolution of satellite images, probably these areas are overestimated, since each pixel is 30 x 30
meter (or 900 m?). Results for other years, using high resolution images (like the ones from the
Ikonos sensor) “vegetation” smaller than our results. Neither ENSO nor air temperature in Potter
Peninsula can explain the difference of about 3,4 km? between 2004 and 2008, since the mean,
maximum and minimum air temperatures for the 2004 Austral summer was lower than the ones for
2008 (1.6, 3.5, -0.9°C for 2004 and 1.9, 4.2, 0.1°C for 2008).
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Three years of electrical resistivity monitoring in a CALM site in Livingston Island (Maritime
Antarctica)
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With the objective of detecting and studying the spatial and time distribution of permafrost in a
Circumpolar Active Layer Monitoring (CALM) site near the Bulgarian Antarctic Station St. Kliment
Ohridski in the Hurd Peninsula of Livingston Island, several geoelectrical surveys using the
electrical resistivity tomography (ERT) method were used during the summer season of the years
2009, 2012, and 2013. The ERT profiles (profiles 7, 8, and 9) were made along three different
directions, crossing approximately at the center of the CALM site; however, only profiles 8 and 9
were done in 2009, 2012, and 2013; profile 7 was done in 2009 and never repeated because of
snow accumulation along some portions of the profile during 2012 and 2013. Each ERT profile
consisted of 40 electrodes equally spaced 2 m apart. Since it was expected to have permafrost
structures that should be approximately horizontal, a Wenner configuration was used. The
apparent electrical resistivity sections obtained along each ERT profile were transformed into
electrical resistivity models using a 2-dimensional inversion code (RES2DINV). The geoelectrical
models obtained for the 78 m long profiles 8 and 9 represent the distribution of the electrical
resistivity of the ground to depths of about 13 m. In some models electrical resistivities as high as
10,000 ohm.m were obtained. During the field work some portions of the ground traversed by
profiles 8 and 9 were covered with snow; some of those snow covered areas coincide with very
high electrical resistivity patches below the ground surface which are interpreted as frozen ground
or sporadic permafrost. As a first interpretation, the snow that was not melted yet during the field
work was acting as an insulating cover to the ground maintaining the temperature below the
values it would reach if there were no snow; to a certain extent, this could explain the existence of
some of the frozen ground patches.
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High-degree snow metamorphism in the Allan Hills, Antarctica
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Snow metamorphism is a primary driver of the transition from snow to ice. High-degree snow
metamorphism, which results in major structural changes, is little-studied but has been identified in
certain places in Antarctica. Albert et al. [2004] and Courville et al. [2007] described the structural
properties of such metamorphosed snow in the megadunes of East Antarctica. Here we report on
a 5-m firn core collected adjacent to a blue-ice field in the Allan Hills (-76.67°, 159.23°) in January
2011. This entire core showed a high degree of snow metamorphism, and little densification. We
determined the physical properties of the snow using computer tomography and measured the
isotopic composition of 8H and 9'°0, as well as #'°Pb activity. The micro-CT measurements show
a homogenous and stable structure throughout the entire core as opposed to the more variable
structure pattern of seasonal snow observed elsewhere in Antarctic and in alpine regions. This
implies that the snow has undergone high-degree metamorphism, which is likely to have been
caused by decades of temperature-gradient driven metamorphic growth in the near surface due to
prolonged exposure to seasonal temperature cycling. Such metamorphism is likely to be
accompanied by altered isotopic compositions and chemical species concentration. 2°Pp has a
short half-life of 22.3 years and can thus be used to detect changes in accumulation rates that
occurred within the last century. Except for the top 0.3 m, our 5-m core has no detectable 21%pp
activity. This implies that most of the snow is older than 100 years. The measured isotopic
compositions require high vapor transport and can thus also be linked to prolonged exposure of
snow to seasonal temperature cycling and very low accumulation rates. For ice core research, this
means that cores from near-zero accumulation areas can help better understand the ranges of
isotopic composition during ice ages, when accumulation rates were lower than today.

Albert, M., C. Shuman, Z. Courville, R. Bauer, M. Fahnestock, and T. Scambos (2004), Extreme
firn metamorphism: impact of decades of vapor transport on near-surface firn at a low-
accumulation glazed site on the East Antarctic plateau, Annals of Glaciology, 39(1), 73-78,
doi:10.3189/172756404781814041.

Courville, Z. R., M. R. Albert, M. A. Fahnestock, L. M. Cathles IV, and C. A. Shuman (2007),
Impacts of an accumulation hiatus on the physical properties of firn at a low-accumulation polar
site, Journal of Geophysical Research, 112(F2), 1-11, doi:10.1029/2005JF000429.
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The origin of buried ice and permafrost sediments in Victoria Valley, Antarctica
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Massive ice and ice-cemented sediments lie beneath the surface of most areas in the McMurdo
Dry Valleys (MDV). While the origin of this ice and sediment remains poorly understood, their
occurrence in Victoria Valley clearly relates to the past advance and retreat of cold-based glaciers
in the valley. The spectrum of ice and sediment ranges from clear massive ice, to sediment-rich
ice and displays variable degrees of deformation. We suggest that the massive ice forms from
stranded remnants of ice aprons and frozen melt-water ponds at the margin of the previously
expanded cold-based Victoria Lower Glacier. These isolated ‘pods’ of ice may then become buried
by fluvial sediments, which act to protect them from further melting as the glacier retreats. Multiple
advances and retreats of the Victoria Lower Glacier not only repeat this process but the overriding
of previous deposits generates extreme deformation and complex ages of the relict sediment-rich
ice.

In several stream cuts we find highly deformed bodies of massive ice and ice-cemented sediment
buried beneath a cover of glacial debris in the Victoria Valley. This includes both ductile and brittle
deformation of ice-cemented sediment and sediment rich ice. Ages of these sediments from
optically stimulated luminescence (OSL) and C-14 range from 5 ka to 40 ka and show no
recognizable patterns. This attests to the complexity of deposition through repetitive events. We
conclude that much of the buried ice and ice-cemented sediments throughout the Dry Valleys
formed by similar processes over millions of years.
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Soil diversity in Thala Hills oasis (Enderby Land, East Antarctica)
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The Thala Hills oasis is located in the western part of Enderby Land. It consists of two parts—
Molodezhny and Vecherny sites—with a total area of 20 km2. The Thala Hills and other coastal
oases of Enderby Land are related to polar desert soil zone of Bockheim and Ugolini (1990) and
Blume et al. (1997). In our opinion coastal oases of Enderby Land should be allocated to Mid-
Antarctic snow-patch cryptogamic barrens (Goryahkin et al., 2011; Balks et al., 2013). Melt water
from snow patches enhances soil development, and pedogenesis of soils in wet valleys have
features of more humid soils than are common to Antarctic, including pervection, cryoturbation,
biochemical weathering, podzolization, and peat accumulation. At the same time soils of well
drained and wind-affected habitats may have some features of pedogenesis which are
characteristic of a more arid climate, including desert pavement, desert varnish, salinization, and
calcification. Wet valley oasis should be regarded as the closest analogues of the wet valleys
oasis "Larsemann Hills* (Mergelov, 2011). Organo-mineral soils (first centimeters depth) with
micro profiles on fine earth under algae, lichen and moss are well represented. Soils with macro-
profiles are associated with the receipt of the organic material from the ocean («ornithogenic» n
«post-ornithogenic») and from lakes - «kamphibia» soils (Abakumov, Krylenkov, 2011). The most
“succulent” vegetation of oases is related to wind shelters on colluvium in hollows formed in hard
rock. It creates thick moss and lichens cover; the organo-mineral soil with peat and raw humus
horizons is formed. Close analogues of such soils are Spodorthels in the Grearson Hills oasis,
Wilkes Land (Beyer, Bolter, 2000). The dominant soil taxa along the coast are
Haploturbels/Haplorthels, Aquiturbels/Aquorthels, and previously unclassified ornithogenic soils
and endolithic microsoils. Lithic subgroups both for Haploturbels and Gelorthents (permafrost > 1
m without cryoturbations) are predominant in the territories with shallow rock contact.
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Radiocarbon distribution in lake waters and streams of the McMurdo Dry Valleys, East
Antarctica: implications for lake history and ecology
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The water of the permanently ice-covered lakes of the McMurdo Dry Valleys is derived primarily
from glacial melt streams and to a lesser extent permafrost seeps and subglacial outflow. The
result is a mixture of radiocarbon ages that reflect both the source and the biogeochemical
processing of waters as they migrate to the lake water column. Samples were collected from
various locations within the dry valley lakes, and the streams that feed them, and analyzed for
radiocarbon abundance of organic and inorganic carbon. Stream gradient and length were shown
to affect the degree of equilibration of water with the modern atmosphere prior to entering the
lakes. Stream microbial mats assimilate inorganic carbon flowing over them. Seasonal ice free
‘moat’ water dissolved inorganic carbon (DIC) is largely dependent on the amount of meltwater
input from streams (modern) vs. that from direct glaciers input (old). Under the ice-cover,
radiocarbon ages of lake water DIC and organic matter are dependent on lake history,
composition, and quantity of particulate matter fallout. Bottom waters of the west lobe of Lake
Bonney have a DIC age of ~27,000 14C yr before present which we believe are the most
radiocarbon deficient lake waters on earth. Comparison of the radiocarbon profiles in the two
lobes of Lake Bonney, along with previously published geochemical data, provides a new
chronology of the evolution of these two water bodies and shows that currently deep saline water
is being displaced over the sill separating them.
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Geomorphic-biological interactions in the Ahimannryggen and Jutelsessen areas of Western
Dronning Maud Land, Antarctica
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Interactions between abiotic variables and community structure in Antarctica are poorly
understood. Research is, therefore, required to elucidate the patterns of biodiversity that exist and
the factors that influence them, particularly under changing climates. Landscape processes affect
environmental heterogeneity, which in turn affect patterns of biodiversity. Nine nunataks in the
Ahlmannryggen and Jutelsessen areas were investigated to determine the potential impact of
abiotic variables on some ground fauna and flora at intra and inter-nunatak scales. Lichen was
found to colonise small-scale topographical features that result from rock weathering.
Topographical depressions were also found to provide sites for snow accumulation. The
availability of moisture from snow melt provides preferential habitats for biota. In the Jutelsessen
area, invertebrates and microbes were found to inhabit the cracks of thermal contraction polygons
where snow, and, therefore, moisture is available. Two nunataks, Veseleskarvet and
Robertskollen, were specifically targeted for comparison of ground temperature, ground moisture
and air temperature as clear differences in biodiversity were found, despite being only 25
kilometres apart. The two nunataks serve as excellent laboratories that can potentially be used as
proxies for investigating the possible impacts of climate change. The surface ground temperatures
recorded on Robertskollen were often in excess of 15°C warmer than those recorded on
Vesleskarvet.
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Digital Mapping of total organic carbon in Cryosols of the Keller Peninsula - King George
Island - Maritime Antarctic
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The aim of this study was to evaluate different digital mapping methods for the prediction of total
soil organic carbon in Cryosols and provide maps and data that can support an understanding of
key processes involved in pedogenesis and landscape evolution in the Keller peninsula, King
George Island, Maritime Antarctic. Soil samples were collected in 55 points in a semiregular grid
pattern to cover most of the ice-free area of the peninsula. Samples were collected at depths of 0-
5, 5-10 and 10-30 cm.

Total organic carbon (TOC) was quantified according to YEOMANS and BREMEMER (1988) and
0.5g of air-dried fine soil samples were weighed, crushed and passed through a 60-mesh sieve.
Subsequently, 5ml of k2Cr207 and 7.5 ml H2SO4 were added and heated at 170°C for 30 min. A
total of 0.3 ml of phenanthroline was used and titrated with ferrous ammonium sulphate solution
0.2 mol.L™".

Three spatial distribution methods were tested: multiple linear regression (MLR), ordinary kriging
(OK) and kriging with external drift (KED). For models MLR and KED, 12 terrain covariates were
generated using a digital elevation model (DEM) with 5 m resolution. For covariate selection, a
stepwise process was used based on the Akaike Information Criterion, followed by correlation
analysis between the selected covariates to avoid effects of multicolinearity. The same covariates
used in MLR were used in KED for prediction of the corresponding variables. A terrain attribute
called K_5 was also used, which is Kernal density estimation based on the occurrence points of
bird nests and plant species fields in the peninsula.

The total organic carbon (TOC) variable was only spatially distributed at a depth of 5-10 cm.
because it was the only variable with normal data distribution among the studied depths. For the
prediction of total organic carbon (TOC), the K_05 elevation covariates were selected. Both
positively correlated with the TOC variable.

This model was chosen directly by stepwise and no alterations were needed, considering that the
model presented few covariates and no redundant covariates that should require removal. The
fact that stepwise selected KO_5 and this covariate positively correlates with TOC indicates that
the method was effective in constructing the model, showing that at the locations with more nests
and plant cover there is a greater contribution of organic carbon in the soil. The elevation covariate
also had a positive correlation with TOC due to the high levels of carbon found in the north peak
(highest peak of the peninsula), where there is a large field of Usnea antarctica.

Evaluation of the RMSE index, by means of relative improvement, showed that KED had a better
performance than the other tested methods, with values 2.2% better than ordinary kriging and 3.3
% over MLR. Analysis of minimum and maximum values observed and predicted by the three
methods showed that prediction by KED presented values that were more similar to the observed
values. The map generated by KED revealed the direct influence of locations with nests and plant
species.
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Catastrophic Release of an Ice-Dammed Lake. A trigger of rapid geomorphic change
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The McMurdo Dry Valleys are considered a geomorphically stable landscape due to its cold and
dry environment. Comparisons between current photographs and those that date to Scott’s visit
in 1903 indeed show an unchanging valley. In this context we were surprised to note the sudden
disappearance of the Garwood River into the subsurface in about 2003, only to become revealed
a few years later when the overlying abandoned stream channel collapsed >2 m into the
subterranean thermokarst channel. This event may be related to the bank erosion further down
valley that exposed a massive layer of Pleistocene ice and to the formation of an extensive flood
plain.

Investigations upstream suggested the trigger for these events may be the catastrophic release of
ice-dammed Buddha Lake. Terraces around the lake and abandoned deltas adjacent to inlet
streams indicate the lake has filled and drained multiple times in the past. Our observations over
the past two years show that the formation and drainage of the lake may be an annual event. To
monitor the process we deployed two automatic cameras and installed a stage recorder on the
outlet stream during the 2013-14 austral summer. Results showed that the lake rapidly filled
during a three-week period in December prior to an abrupt drainage (15 hours) in early January.
The timing of release roughly coincided with a release the previous year.

The drainage of the lake appears to be controlled by a thin, ~2 m, ice dam. The lake outflow is
constrained between the Joyce Glacier and a valley wall composed of bedrock/colluvium, which
forms an ice-walled channel positioned against a steeply sloping bedrock/colluvium surface. A
mixture of refrozen glacial melt and ice debris from the glacier cliff, an accumulation commonly
found around many glaciers in this environment, appears to fill the channel. In addition, a small,
intermittent, lake outflow may form auf-ice that also helps to fill the channel. Initial field
observations after lake drainage in the previous season suggest a subsurface pathway along the
ice/bedrock contact. We hypothesize that a subsurface leak develops and quickly enlarges by
thermal erosion that rapidly drains the lake. As such, ice-dammed lakes in Antarctica are possible
agents for rapid geomorphic change in an otherwise stable environment.
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Thermal diffusivity and modelling of temperature and humidity of the active layer in the Keller
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The estimation of thermal properties of soil in areas with permafrost using energy balance models
is essential for studying the effects of climate changes in periglacial environments, considering
that these properties regulate heat transfer from the active layer and, thus, influence annual freeze
and thaw depth.

The aim of this study was to compare data of six different soil temperature and humidity
monitoring sites in the Keller peninsula, King George Island and adjust the predictive models of
these two variables. The study period was 2008 to 2011 and the sensors were located at different
depths, according to the variation of soil horizons. For soil temperature modelling, the Fourier
Transform was used to generate a sine curve. Parameters obtained from adjusting the soil
temperature model were: average, amplitude, damping depth, phase shift and thermal diffusivity.
To estimate soil temperature versus soil humidity, the Ligand-Bilding model was used, which
generates the sigmoid growth curve. Models were validated using statistical tests.

In all sites, thermal amplitude diminished with depth due to soil properties that buffer the heat
wave along the profile. The site near the Ferraz Station showed the highest soil temperature
average and lower thermal amplitude, given its greatest proximity to the station. Sites in the Tyrrell
Plateau and near the Ipanema refuge presented the lowest temperatures and amplitude. As depth
increased, the heat wave in summer tended to be buffered, as shown by increase in diffusivity with
increase of depth. In winter, the inverse occurred resulting in higher temperatures at the deeper
layers, due to changes in flow direction of heat that the soil stored during the hottest seasons.
Thermal diffusivity exponentially increased with depth of soil. The thermal regime of the active
layer in Keller was closely related to water volume of the soil, being that thermal diffusivity reached
a maximum value between 20 and 25% of soil humidity.

Adjustments of soil humidity models according to temperature in all depths and sites was
statistically significant by variance analysis (p <0.05), that is, model estimates did not present
significant differences in relation to the observed soil temperature data. The model for monthly soil
humidity averages versus temperature was satisfactory, with regression coefficients (r2) between
0.95 and 0.97.

Estimated thermal diffusivity showed that organic matter considerably influenced the thermal
regime of the active layer near the Ipanema refuge. In the other sites, diffusivity was mainly
influenced by soil texture. Model adjustment was satisfactory and showed that the freezing point of
water in the soil shifted up to -0.92°C due to the amount of salts present in the soil solution and
thermal isolation of some sites.
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"Soils" of Antarctic ice-free environment - input to change the global pedology

Goryachkin S

Institute of Geography, Russian Academy of Sciences

The International Polar Year and the ANTPAS project especially activated the study of Antarctic
permafrost and permafrost-affected soils very much. The scientific community gained the data
from the latitudes of Middle Antarctic between previously better studied Dry Valleys and Antarctic
Peninsular. The data on permafrost were published earlier (Vieira et al., 2010), however the
materials on soils have been only prepared for publishing (Bockheim et al., in print). The data on
“soils” of Antarctic show that these natural bodies are usually described and classified as natural
soils of other parts of the globe in spite of their great specificity. Most of Antarctic “soils” do not fit
criteria of the scientific definition of a soil as the differentiation of their profiles related to interaction
of an atmosphere with a parent material without any influence of macro-organisms. Even under
such macrobiota as mosses and lichens we could have no result of organic-mineral interactions in
Antarctica — no humus sensus stricto but a mixture of poorly decayed organic remnants and
mineral fine-earth. On the other hand, some results of biomineral interactions take place within
fractures of a hard rock (e.g. ehdolithic soils — Mergelov et al., 2012) but these “microsoils”, fitting
absolutely all criteria of the scientific definitions of soil, are ignored by pedologists and they are
studied in biogeochemistry. As for soil-forming factors — the usual climatic characteristics: mean
air temperatures (MAT), annual precipitation are not appropriate, as the soil temperature can be
+30°C when the MAT is negative, and 200 mm and 1000 mm of precipitation can have the same
effect on soil because solid precipitation is blown away. The lateral processes usually are
predominant in this conditions and the perception and understanding of soil processes is possible
only on the landscape level. Surely, all these natural bodies in which we can see the interaction
between biota and a rock and/or between climate and a rock should be the objects of the global
pedology. However, many concepts and elements of the pedology should be changed on the base
of knowledge on Antarctic “soils”. The new special chemical and biological methods should be
developed to study “evercold” soils not only because their temperature, as they never “knew” the
usual laboratory conditions of 20°C, but also because of their tiny horizons and features. The use
of not only mean climatic characteristics but also of their diurnal, seasonal and inter-annual
amplitudes is very important. New approaches to a classification of Antarctic “soils” are needed.
The “soil cover” of Antarctic is so specific that it has its own type of geographical zonality — the
insular one. Some of particular proposals for these and other elements of “Extremal pedology” is
elucidated in the paper.
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Seasonal effects on ice-wedge thermal variation in East Antarctica: a time series approach
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This research aims at studying the thermal variation of ice wedges at various depths. In particular,
the analysis of ice-wedge top and bottom, ground surface and air temperatures are undertaken.
The active layer depth is calculated through seasons and years using hourly data at three sites in
northern Victoria Land: Baker Rocks, Boomerang Glacier and Mount Jackman. The recording
period is from 2004 to 2013 at Baker Rocks and Boomerang Glacier, and from 2006 to 2013 at
Mount Jackman.

Daily mean ground surface temperatures (DMGST) and daily mean air temperatures are highly
correlated at Baker Rocks (r*=0.96), Boomerang Glacier (r* =0.95), and Mount Jackman (r*=0.92)
sites. This shows that the ground surface temperature at measurement sites responds strongly to
air temperature. Moreover, hourly ground surface temperature and DMGST are generally lower
than the air temperature in the winter season, which shows the absence of a significant snow
cover.

Standard deviations of the hourly temperature show that high temperature variability can exist
over one month, with higher variability in winter than in summer. Frequent and large temperature
fluctuations are common throughout winter with either a sharp drop or a rapid increase both in air
and ground surface temperature. Variations of 25°C to 30°C were recorded over periods of one to
four days.

The overall variability of temperatures is decomposed using spectral analysis in order to isolate
seasonal effects from cycles and long term trends. Moreover, spectral analysis is also applied to
the long term temperature data (26 years) from six automatic weather stations, located in northern
Victoria Land, to compare the temperature series recorded over different time spans and to
identify possible fitting trends. The time series approach in the frequency domain is quite new in
this field and it represents therefore the main contribution to the existing literature.
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Perennially Frozen lakes and frost mounds analyses through GPR investigations in Terra
Nova Bay area (Northern Victoria Land, Antarctica)
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! Insubria University, 2 Trieste University

Perennially frozen lakes are widespread in Victoria Land and represent one of the less known
component of the hydrogeology in this cold desert. In the coastal sector of the Northern Victoria
Land these lakes are particularly frequent with a wide range of size. Many of the perennially frozen
lakes show icing blisters and debris-covered mounds that seemed to be related each other. These
features were hypothesized of hydrostatic origin related to closed talik although in some cases
hydraulic origin linked to open talik can be not excluded. To analyze the relationships among icing
blisters, frost debris-covered mounds, frozen lakes and the surrounding hydrogeology a site close
to MZS station was chosen to carry out a 3D reconstruction through ground probing radar
investigation. A GPR dataset made by 15 profiles acquired with an irregular grid within an area of
about 15000 m® was recorded with two sets of antennas having central frequencies of 400 and
900 MHz, respectively. The total length of the profiles is of about 2000 m and the trace spacing
has a mean value of 2 cm, in order to reach very high lateral resolution.

Data have been processed applying the following flow: DC removal; time drift correction;
background removal; bandpass filtering; spherical divergence correction and exponential
amplitude recovery; velocity analysis through diffraction hyperbola fitting and depth conversion.
Migration algorithms have been also tested in order to both focus scattered events and to
reconstruct the real reflector morphology.

We found that the depth of the lake reaches 3.5 m showing a very irregular morphology. Within
the frozen body there are several internal reflection showing often high lateral continuity and
various dips; they are probably related with the contacts between different glaciological units.
Internal debris has been also imaged, as well as horizontal reflectors located close to the lake
bottom in its deepest parts. These levels can be interpreted as the top of a melted layer of diluted
brine. The profiles crossing both frost mounds and frost blister show that such structures are
larger than at the surface and that all the internal reflectors are strongly deformed with pull-up
shapes. Moreover, we notice that the signal attenuation of the materials constituting the frost
mounds is higher than in the other areas possibly due to either some free water content or
different ice composition.

Quantitative analyses performed allow us to evaluate the density of the frozen materials, which
span from snow to firn and ice. Further efforts will be addressed to try to discriminate between
possible fresh, brackish and salt water units and to validate the interpretation with borehole data.
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Permafrost warming and vegetation changes in Continental Antarctica

Guglielmin M, Dalle Fratte M, Cannone N
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High latitude areas of both Hemispheres are expected to be highly sensitive to climate change
impacts. Vegetation, the active layer, and the underlying permafrost are key environmental
components of terrestrial ecosystems.

Since 2000 we started a long-term monitoring of climate, permafrost, active layer and vegetation
at Victoria Land, continental Antarctica. In particular, here we presented the ground temperature,
active layer thickness and vegetation data monitored along a transect between Apostrophe Island
(73°30' S 167° 50" E) to Prior Island (75° 41' S 162° 52' E).

Our data confirm the stability of mean annual and summer air temperature, of snow cover, and an
increasing trend of summer incoming short wave radiation. The active layer thickness is
increasing with a rate of 0.3 cmly.

The active layer is characterized by large annual and spatial differences. The latter is due to
scarce vegetation, patchy and very thin organic layer and large spatial differences in snow
accumulation.

The active layer thickening, probably due to the increase of incoming short wave radiation,
produced a general decrease of the ground water content due to the better drainage of the
ground.

The resultant drying may be responsible of the decline of mosses in xeric sites, while it provided
better conditions for mosses in hydric sites, following the species-specific water requirements.

An increase of lichen vegetation was observed where the climate drying occurred. This evidence
emphasizes that the Antarctic continent is experiencing changes in total contrast to changes
reported from maritime Antarctica.
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An evaluation of high-altitude and -latitude diurnal frost environments
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Geomorphology is considered a multivariate scientific field, where a number of processes may
yield similar forms or particular processes yield specific forms. While specific processes need to
be investigated, it is often challenging to isolate these in geomorphic regimes. It has long been
thought that climatic zones control specific geomorphological processes and features. Climatic
geomorphologists believe that processes inherent to each climate zone will engender
characteristic regional patterns and landforms. However, criticism has arisen regarding the
premise of climate geomorphology and the paper discusses azonality/zonality in a variety of
environments. Three study sites of varying altitudes, latitudes and climates are investigated,
allowing for an investigation into said azonality/zonality. These sites include Western Dronning
Maud Land of the Antarctic, Marion Island in the sub-Antarctic and the Eastern Cape Drakensberg
of mainland South Africa. Continental Western Dronning Maud Land is a polar desert, Marion
Island has a hyper-maritime climate and the Drakensberg is an alpine region. Climatic
Geomorphology would consider that the three study sites each have characteristic
geomorphological features. However, it was found that common landforms existed in each,
showing a convergence of form, or equifinality. Despite widely disparate climates, common to all
three areas are diurnal frost cycles. This paper considers the role of frost cycles in on landform
evolution at each study site. It is argued that the concept of zonality cannot be universally applied
investigating landforms.

242



The Geomorphology of a rock glacier, near Troll Station in the Jutulsessen, Antarctica
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Rock glaciers are known to occur in a number of environments across the globe, yet they remain
poorly understood geomorphic features and are not well documented in the Antarctic. The
composition of ice and sediment found across these landforms has the potential to improve our
understanding of past climates, their dynamics and morphology. A rock glacier in the vicinity of the
Norwegian research station, Troll (72°01'S, 02°32'E), in the Jutulsessen of Dronning Maud Land,
Antarctica was studied during the 2013/14 Austral summer season to characterise its structure
and monitor slope movement. The study offers new research to this region of the Antarctic, and
contributes to the existing knowledge of rock glaciers. Sediment samples were collected to
determine moisture content, particle distribution and sorting. Clast characteristics and orientation
were measured and slope movement monitoring transects set up. Near-surface temperature was
recorded at 17 sites across the glacier and rock hardness measured at 30 sites using an Equotip
3™ The geology of the region is predominantly gneiss and partially metamorphosed granites that
have been weathered down into larger clasts of feldspar and quartz. The upper reaches of the
rock glacier are characterised by random sediment sorting with an absence of significant amounts
of fines. The basal lobe is characterised by larger boulders with an increased portion of fines.
Rock hardness is variable, as are ground temperatures. Liquid water accumulations found on the
basal lobe indicate melt water as a source, rather than precipitation. The presence of lichen and
advanced weathering of rock surfaces on the basal lobe suggest an absence of movement.
Current observations suggest this to be a relict rock glacier, which could potentially be a resource
of palaeoclimatic information.
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An investigation into morphology and dynamics of thermal contraction crack polygons found
at Mimelia in the Jutulsessen, Antarctica

Hansen C, Meiklejohn |, Dwight R, Scott D, Rudolph E
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Thermal contraction crack polygons in the permafrost found at Mimelia in the Jutulsessen were
identified and measured. The spatial extent of the polygon field was delineated, as was the
morphology of randomly selected polygons. Data on soil moisture, polygon dimension and shape,
temperature regimes, as well as sediment samples were collected. The spatial progression of
polygons and their morphology across the study site is discussed, as are high-frequency
temperature dynamics for polygon centres in comparison to polygon borders (cracks). The
features occur on slopes ranging from 8°-27° and are variable in size, ranging from 18m to more
than 60m in perimeter. Ground moisture at the borders is marginally higher than the centre of the
polygons. Overall, polygons have very low moisture contents (<1%). Temperatures stabilise with
depth, with near surface readings the most variable and extreme. High-frequency, as well as
annual low-frequency temperature regimes are shown to be statistically different. In addition,
sediment samples are shown to be significantly different for centres verses borders of polygons.
Given polygon dimensions and crack propagation, it is suggested that the polygon field is not yet
mature and that polygons fall within a developmental stage.
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Rapid thermokarst erosion in Garwood Valley, McMurdo Dry Valleys: multi-year observations
of ground ice thaw
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Thermokarst, a land surface lowered and disrupted by melting ground ice, is a major driver of
landscape change in the Arctic, but has long been considered to be a minor landscape process in
Antarctica. We report on multi-year (2001-2014) observations of buried ice deposits in Garwood
Valley, McMurdo Dry Valleys (MDV), that combine airborne and ground-based LiDAR with time
lapse imaging and continuous meteorological measurements. These long term observations show
that 1) thermokarst formation accelerated in Garwood Valley from 2001-2013 and has
subsequently slowed, suggesting polycyclic melting behaviour similar to that observed in Arctic
retrogressive thaw slumps; 2) the rate of thermokarst erosion had reached up to ~10 times the
average Holocene rate; and 3) the rapid rate of thermokarst formation is driven most strongly by
increasing insolation and sediment/albedo feedbacks, but is in competition with burial of ice by
overlying, dry sediment.

Stranded ice sheet deposits filling the valley floor is capped by 0.1-1 m of glacial till and (in places)
fluvial sediments deposited during the late-Pleistocene/early-Holocene. Repeat LiDAR
measurements of the valley have been made in 2001 (December), 2009 (November), and 2010-
2014 (November and January). These measurements show that the ice melt and sediment
removal along the “ice cliff’ (an exposed outcrop of sediment-capped ice, ~15 m tall and ~400 m
long) have accelerated from a long-term average of 1150 + 20 m3/year (since 6.3 ka, the last
recorded date of sediment deposition above the ice cliff), to ~5,000 m*/year (2001-2010), to
~6,700 m®/year (2010-2011), and ~11,300 m®/year from 2011-2012. Since austral summer of
2012, rapid erosion has continued at the ice cliff, however, slumping of overlying sediment has
buried much of the exposed ice, resulting in slower rates of erosion. Undercutting of ice-cored
talus cones by the Garwood River during 2013-2014 may lead to removal of this sediment cover
and renewal of rapid thermokarst erosion.

The physical factor most strongly correlated with ice cliff retreat by melting is total net radiation.
Integrated net radiation closely tracks ice cliff range, even when air temperatures are below 0°C.
Increased insolation provides an explanation for accelerating ice cliff retreat since 2001: since
1990, summer incoming solar radiation in the Dry Valleys has increased ~35 W m™ (~1.7 W/m2/yr,
R? = 0.33, P<0.01). This is a large percentage of summer average insolation (~220 W/m? from
1990-2009), and represents a departure from the 1957-1994 continental trend of decreasing
insolation in Antarctica. Net radiation at the ice cliff on sunny summer days is ~1.7-1.8 x 107 J/m?,
approximately double the latent heat required to maintain the melt rates at the ice cliff (2-4
cm/day) in the absence of sensible and turbulent heat fluxes from adjacent air.
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Relief analysis in periglacial environments on selected ice-free areas of the South Shetland
Islands
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The ice-free areas in the South Shetland Islands suppose less than 10 % of the archipelago’s
surface. Therefore these areas offer a great interest in particular for geological and ecological
studies, as well as evidences of past and current environmental changes. A quantitative
geomorphic analysis of the largest ice-free areas of the South Shetlands archipelago, Byers
Peninsula (Livingston Island) and Fildes Peninsula (King George Island) has been carried out in
order to study the drainage basins, the relief evolution and to provide insight on the glacial history,
the periglacial and fluvial processes and on possible climatic and neotectonic influences. The
general relief and in particular the drainage basins have been mapped and studied by means of
GIS spatial analysis using several data sources: aerial photographs, RADARSAT-2 satellite
images, digital elevation models and field work. Fluvial drainage systems play an important role in
the landscape evolution and can also contribute to a better understanding of the relief history.
Shape and relief distribution for both basins and drainage networks have been characterized by a
series of morphometric parameters analyzed on hierarchically selected watersheds in both
peninsulas. Results of morphometric parameters reveal an elongated shape of basins, and a
limited hierarchical network, common of a youthful stage of landscape evolution models. The use
of different fluvial morphometric indexes allows us to propose different models of ice cover retreat
and fluvial system development in the studied peninsulas. The hypsometric integrals and the T-
Factor index have been the most relevant indexes implemented to detect recent and past changes
in the glacial and fluvial evolution of ice-free areas in the studied region. The melting process is
not continuous in time and can be understood as a succession of moments of relative stability
along with others of high activity, following ice retreat, so that it leaves a mark on the earth surface
and more specifically in the morphology of river basins that the application of morphometric
indexes is able to capture, and from the results interpretation of relief evolution and spatial
discrimination are possible. Ultimately, the morphometric analysis has revealed itself as a useful
tool for acquiring knowledge on ice cover retreat processes and fluvial development, and can also
contribute to outline scenarios connected to changes produced by glacial melting in recently
deglaciated areas.
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The Geochemistry of McMurdo Dry Valley Streams: How Do They Compare to other Glacial
Derived Melt Waters?
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In seminal reviews Tranter (2004) and Anderson (2007) summarized our understanding of the
geochemistry of glacier melt streams. The geochemistry of most glacial streams is dominated by
carbonate dissolution, carbonation, sulfide oxidation and selective biotite weathering. Glacial
meltwater streams in the McMurdo Dry Valleys (MDV) originate from glaciers that are frozen to the
substrate. Because of the differences in water flow paths subglacial sulfide oxidation and
carbonation are not significant processes in the MDV streams. The major processes controlling
the biogeochemistry of the MDV streams occur in the extended stream channel or hyphoreic zone
where changing water residence times, seasonal flow dynamics and variations in size play
important roles. Our analysis of seasonal comparisons of the concentrations of weathering
products, dissolved Ca, Mg, K, and Si, suggest that the MDV streams behave like temperate
streams in regards to their concentration-discharge relationship, reflecting “chemostatic” behavior.
All these data support the notion that MDV streams are not typical of other glacial systems. We
suggest that water fluxes control the solute fluxes in MDV streams.
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The diversity and activity of methanogens in Antarctic periglacial sediment
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Antarctic periglacial regions are largely anoxic, contain plenty of organic carbon overridden by
glacier ice during periods of advance, and are recognized as a suitable environment for
methanogens to habitat. However, the in situ microbial activity and the responses of main
microbial players during periods of glacial retreat are yet insufficient investigated. In this research,
we present new data on the abundance, diversity and activity of methanogenic archaea from
Antarctic periglacial sediments. Low archaeal diversity was detected and clones of
Methanosarcinales, Methanomicrobiales and Methanocellales were identified in clone libraries.
We employed long-term laboratory incubations to quantify the CH,4 production potential in different
substrates. Results showed CH, production was more evident when H,+CO, were supplied as
substrates and the order of magnitude of McrA copy numbers reaches 10°. These results suggest
that hydrogenotrophic methanogens dominate in Antarctic periglacial sediments. In addition, this
finding is helpful to estimate the potential effect of methanogensis on the climate change in
Antarctica.
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Oxygen isotopic ratios in the snow surface along a traverse from the Geographic South Pole
to Patriot Hills

Marquetto L', Cardia Simbes J ', Casassa G2, Introne D, Alves dos Santos E*
' Centro Polar e Climatico - UFRGS, Brazil, 2 Centro de Estudios Cientificos, actually at

Geoestudios, Santiago, Chile., * Climate Change Institute, University of Maine, USA, * Laboratorio
de Radioecologia e Mudangas Globais - UERJ, Brazil

This work examines the results of an oxygen isotopic profile formed by 104 snow samples
collected in the austral summer of 2004 — 2005 along a traverse of the Antarctic ice sheet. The
traverse was a joint Chilean - Brazilian work and was carried out as part of the ITASE
(International Trans-Antarctic Scientific Expedition) program. It started at Geographic South Pole
(altitude 2,840 m) and went to the Tenente Parodi Chilean station at Patriot Hills (80°18'S;
81°22'W, altitude 720 m) collecting superficial snow samples (upper 0.30 m) at every 10 km. The
mean local annual temperature was determined at 6 points spaced approximately 220 km apart, at
a depth between 10 and 15 m. We determined the O18/016 ratios with 0.05%o. precision, using a
GSMS - Gas Source Mass Spectrometer coupled with a Micromass Multiprep device, at the
Climate Change Institute, University of Maine. Data are presented in delta (0), relative to VSMOW.
The & values for the oxygen isotopes vary from 52.6%o to 30.0%.. As expected, results show a
strong correlation of 8180 with local temperature (positive correlation), latitude, altitude and
distance to the coast (all negative correlation). The 6180/Elevation gradient is 0.08%o /100m and
the 8180/Temperature is 0.743%o0 /°C. Results agree with bibliography, which show an isotope
ratio decrease with distance from the coast ( 0.0323%./ km). We found an anomalous area, where
in less than 20 km (from 87°30'S and 86°44'S) the isotopic ratio increases rapidly with distance
from the coast, from -45.0 to -34.5%., and then, after about 100 km, goes back to the general
decreasing trend. HYSPLIT air trajectory models were run to examine if an orographic effect
caused by the Transantarctic Mountains could be the origin of this anomalous area. After further
examination, we attributed this anomaly to post-depositional processes, such as wind-driven
sublimation.
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Active-layer dynamics of Western Dronning Maud Land, Antarctica
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Permafrost is one of the controlling factors of Antarctic terrestrial ecosystems, and the role it plays
in the cryosphere is not well understood. There is much still to be learnt about the thermal state,
physical properties, thickness and age of permafrost in Western Dronning Maud Land. Active layer
dynamics and observed change over time have the potential to improve our knowledge of climate
change. Understanding the effects of a warming climate on permafrost can also be of benefit to
infrastructure, especially in areas with a large amount of frozen ground such as Scandinavia,
Canada and Russia. The paper discusses the observed active layer and permafrost dynamics of
Western Dronning Maud Land (WDML), Antarctica, using data from nine study sites. Ground and
ambient air temperature, as well as ground moisture data were collected for each site. An
inventory of active layer and permafrost landforms was compiled, as were the frequency of frost
cycles and the depth of the active layer. Furthermore, mapping of periglacial features was
conducted at each study site by use of an unmanned Autonomous Aerial Vehicle (UAV).
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Landscape processes and the active layer environment in Western Dronning Land
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A paucity of past Geomorphology research in the Antarctic makes current investigations into
active layer dynamics in this sensitive environment critical to understanding climate-landscape-
biology interactions. The findings presented are from research that commenced during the 2007-
2008 International Polar Year to investigate Geomorphology and Environmental Change in
Western Dronning Maude Land. The project has been extended to include biological interactions
with the landscape in a project titled Landscape Processes in Antarctic Ecosystems. The
research and findings presented serves as a summary as well as an introduction to other papers
in this session, where the initial findings of research during eight Austral Summers are discussed.

It is argued that the active layer environment is vital to investigating Antarctic and, by extension,
global environments. Small changes in location produce significant differences in ground-level
climate and these are ideal proxies for showing landscape and biological responses to climate
change. The responses of both the Biology and Geomorphology to environmental changes, and
associated feedbacks, can then be studied in the environment that probably has the fewest
outside influences on Earth.

Ground climates in the study show expected strong seasonal patterns, with winters being
substantially cooler than the warmer summers. The diurnal, inter-annual, and long-term trends
are more difficult to interpret, but are critical to the survival of the colonising biodiversity and
landscape development. Ground temperature differences of over 20°C have been recorded at two
sites only 25km apart.

It is also not only the thermal environment that is critical to both the Geomorphology and Biology,
but also moisture. The more moisture available, the more diverse is the landscape and the
biodiversity. Climate driven changes in the region have already been shown to be, and are further
predicted to be, dramatic.
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Soils of the Princess Elizabeth Land (East Antarctica)
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The soil cover of ice-free areas of the Princess Elizabeth Land (including Larsemann and Vestfold
Hills) could generally be described as an alternation of three major clusters: 1) soils of wet inter-hill
valleys — the hot spots of organo-mineral interactions in oases with the highest bio- and
pedodiversity due to seasonal superficial and ground water sources; 2) soils with no signs of
macrobiotic life (“ahumic”) formed on dry watersheds and elevated boards of the valleys with loose
substrates and only atmospheric moisture source; 3) endolithic and epilithic soils on rocky
exposures. Saturation by meltwater in wet valleys does not decrease the redox potential of soil
solution and thus gleyic features are not expressed. Downward migration of silt and sand particles
and cryoturbation are common. Cryptogamic biota originates mostly in epilithic, endolithic or
hypolithic forms. Organo-mineral microhorizons of the wet valley soils show low degree of
humification and the mineral matrix is not disguised by dark humus. However most coarse
fragments (sand particles, gravel) and rocks do c