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Agenda and Abstracts

Agenda
Saturday, Sept. 19
Time
3-7 pm
5:30 pm
6 – 7:30 pm
7:30 – 9:30pm
8:30 & 9 pm
Sunday, Sept. 20
Time
7 – 8:30 am
7:15 am
7:30 – 8:30
8:30 – 10:00
8:30 – 8:45
8:45 – 9:15
9:15 – 9:45
9:45 – 10:00
10:00 – 10:30
10:30 – 10:45
10:45 – 12:00
12:00 – 1:30 pm
1:30 – 3:00
1:30 - 1:50
1:50 - 2:10
2:10 – 2:25
2:25 – 2:40
2:40 – 2:55
3:00 – 3:45
3:45 – 4:00
4:00 – 4:15
4:15 – 4:35
4:35 – 6:00
6:00
8:30 & 9:00

Activity
Badge pickup, guest arrival, poster
set up
Shuttles to Sylvan Dale
Dinner, cash bar
Cash bar, campfire
Shuttles back to hotels

Activity
Breakfast for overnight guests only
Shuttles depart hotels
Badge pickup & poster set up
Session I
Opening Remarks
NSF remarks - Borg
Antar. Support Contr – Leslie, Jen, et al.
Polar Geospatial Center - Roth
Coffee/Snack Break
Polar Rock Repository - Grunow
John Calderazzo – Sci. Communication
Lunch
Session II
Geological and Landscape Evolution
Thomson (invited)
Collinson (invited)
Flaig
Isbell
Graly
Coffee/Snack break
Putokonen
Sletten
Poster Introductions
Posters
Dinner, cash bar
Shuttles back to hotels

place
Heritage Lodge
Dining tent
Hotels à Sylvan Dale
Dining tent
Dining tent
Sylvan DaleàHotels

place
Hotels à Sylvan Dale
Heritage Lodge & tent
Heritage Lodge

Dining Tent
Heritage Lodge

Dining tent
Dining tent
Sylvan DaleàHotels
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Monday, Sept. 21
Time
7 – 8:30 am
7:30 am
8:30 – 10:00
8:30 – 8:40
8:40 - 8:55
8:55 – 9:10
9:10 – 9:30
9:30 – 9:50
9:50 – 10:30
10:30 – 12:00
10:30 – 10:50
10:50 – 11:05
11:05 – 11:25
11:25 – 11:40
11:40 – 11:55
11:55 – 12:10
12:10 – 1:45 pm
1:45 – 3:00
1:45-2:05
2:05-2:25
2:25-2:45
2:45-3:00
3:00 – 3:30
3:30-3:50
3:50-4:05
4:05-4:15
4:15 – 6:00
6:00
8:30 & 9:00

Activity
Breakfast for overnight guests only
Shuttles depart hotels
Session III
Global Connections
Announcements
Nigro
Adhikari
Anderson (invited)
Hemming (invited)
Coffee/Snack Break
Session IV
Neogene-Modern landscape, ice sheet,
ocean and atmospheric interactions
Passchier (invited)
Harwood
Stone (invited)
Conway
Licht
Karner
Lunch & Posters
Session V
Biogeochemical pathways, biotic
responses and environmental change
Lyons (invited)
Adams (invited)
Levy (invited)
Edwards
Coffee/Snack break
Ducklow (invited)
Sokol
Liu
Posters and open time
Dinner, cash bar
Shuttles back to hotels

place
Hotels à Sylvan Dale
Heritage Lodge

Heritage Lodge

Dining Tent
Heritage Lodge

Dining tent
Dining tent
Sylvan DaleàHotels

2

Tuesday, Sept. 22
Time
7 – 8:30 am
7:30 am
8:30 – 10:00
8:30 – 8:40
8:40 – 9:00
9:00 – 9:15
9:15 – 9:30
9:30 – 10:00
10:00 – 10:30
10:30 – 12:00
10:30 – 10:50
10:50 – 11:00
11:00 – 11:30
11:30 – 12:45pm
1:00 – 3:00
1:00 – 2:00
2:00 – 2:30
2:30 – 2:45
2:45 – 3:00
3:00 – 3:30

Activity
Breakfast for overnight guests only
Shuttles depart hotels
Session VI
Evolution and Environmental Change
Announcements
Miller (invited)
Smith
Hasiotis
Comments from NSF, Q&A
Coffee/Snack break
Session VII Meeting Wrap-up
Berry Lyons NAS report
Selection of future TAM camps
Future of this meeting
Lunch
Shackleton Camp Planning
Camp logistics –Megan
Helo Ops - Lindsay
Chief Scientist - Thom
Q & A – wrap up
Coffee/Snack break
Dinner will not be provided

place
Hotels à Sylvan Dale
Heritage Lodge

Heritage Lodge

Dining Tent
Heritage Lodge

Posters
Balco
Bhattachan
Choi
Cuzzo
Kassab
King
Lord

Morgan
Nelson
Panter
Raab
Ryberg
Stephen
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Abstracts
for talks and Posters
Alphabetically listed
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Evolution and Environmental Change in the TAM
Byron Adams1, Berry Lyons2, Ian Hogg3, Noah Fierer4, Uffe Nielsen5 and Diana Wall6
1

Department of Biology and Evolutionary Ecology Laboratories, Brigham Young University,
Provo, UT, USA
2
School of Earth Sciences and Byrd Polar Research Center, Ohio State University, Columbus,
OH, USA
3
Department of Biological Sciences, University of Waikato, Hamilton, New Zealand
4
Department of Ecology and Evolutionary Biology, University of Colorado, Boulder, CO, USA
5
Hawkesbury Institute for the Environment and School of Science and Health, University of
Western Sydney, Penrith, NSW, Australia
6
Department of Biology and School of Global Environmental Sustainability, Colorado State
University, Fort Collins, CO, USA
The ice-free features of the TAM are ideal for addressing questions about the evolution
and ecology of TAM terrestrial ecosystems and how they have responded (in terms of
biodiversity and ecosystem functioning) to glacial recession since the LGM: 1) They provide an
excellent, accessible archive of geological legacies and past and current climate variability at
local to regional scales. 2) They provide an incredible natural experiment for testing hypotheses
about how terrestrial ecosystems have evolved since the LGM. 3) Substantial evidence indicates
that the community structure and functioning of the ice-free soils of the TAM are correlated
almost exclusively with geophysical parameters, and are not obscured by complex biological
interactions. 4) These are among the least human-modified terrestrial ecosystems on earth,
enabling accurate interpretation of patterns of genetic diversification or dispersal. 5) These
simple terrestrial ecosystems allow soil communities to be surveyed in unprecedented detail, to
an extent not feasible in more species-rich ecosystems. 6) Lastly, there is a sense of urgency:
Antarctic terrestrial ecosystems have changed very little since the LGM, but it is anticipated that
this stability will not last much longer and warming is expected to accelerate with the
amelioration of the ozone hole.
To understand how ecological communities respond to climate change it is important to
understand how they responded during and after the LGM. We have initiated a research program
that utilizes the attributes of the TAM outlined above to ask fundamental questions about the
ecology and evolution of soil ecosystems in the TAM, including: Could high elevation soil
ecosystems have served as refugia for soil biota through the Pleistocene? How have Antarctica’s
terrestrial biota responded to climate-driven changes since the Last Glacial Maximum (LGM)?
As the outlet glaciers of the TAM receded, how were contemporary terrestrial ecosystems
restructured? What biotic and abiotic drivers were responsible for observed differences in
contemporary biodiversity, ecosystem structure, and functioning?
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Earth System Model for Ice-Sheet and Solid-Earth/Sea-Level Coupling
Surendra Adhikari, Erik R. Ivins, and Eric Larour
Jet Propulsion Laboratory, California Institute of Technology
Toward developing a coherent set of ice-sheet and solid-earth/sea-level models that operates on a
common computational architecture provided by JPL's Ice Sheet System Model (ISSM), we
present a novel approach to evaluating gravitationally consistent relative sea level variations.
Unlike contemporary sea-level models that are based on spherical-harmonic formulation, the
model can function efficiently in a flexible (un)structured finite-difference or finite-element
mesh system, thus capturing the physics operating at kilometer-scale yet capable of simulating
geophysical quantities that are inherently of global scale with minimal computational cost.
Relevant global geodetic and sea level signatures that can be computed using our mesh-based
model for earth system modeling are numerous. Incorporating global sea-level model into a 3-D
ice-sheet model, for example, enhances the realistic simulation of outlet glaciers, such as Pine
Island Glacier, as it provides direct constraint to two of the important boundary conditions,
namely the bedrock elevation and the sea surface height, that would be consistent with global
scale climate driven mass redistribution. In order to explain the global model, here we compute
evolution of sea level fingerprints and other geodetic and astronomical observables, such as
geoid height, gravity anomaly, solid earth deformation, polar motion and geocentric motion,
associated with GRACE inferred monthly mass balance of the polar ice sheets for a period from
2002 April to 2015 March.

6

Standing back from the Transantarctic Mountains
Robert S. Anderson
INSTAAR and Department of Geological Sciences
University of Colorado, Boulder, CO 80304
That the Antarctic continent has seen the action of glaciers and ice sheets for an order of
magnitude longer than northern hemisphere counterparts represents both a challenge and an
opportunity. Addressing landscape evolution here requires knowledge of both the tectonic and
climatic history over much of the Cenozoic. Understanding the TAM, which lie at the edge of
the west Antarctic rift system, and which borders the ocean, requires us to honor the geophysics
and geologic history of a rift, the erosional ornamentation of that rift flank, and the interaction of
the ice sheet with both the rift and the ocean that evolve significantly on the tens of millions of
years in play. While I have not worked in this system, I have nonetheless been asked to stand
back and bring my own experience as a geomorphologist working in alpine landscapes to bear on
this magical landscape.
The Transantarctic Mountains (TAM) represent one of the world’s greatest fjorded continental
margins. Outlet glaciers have gouged deep troughs through the rift shoulder, and now represent
the means by which the East Antarctic ice sheet bleeds ice to the ocean. I will attempt to stand
back from this landscape and place it in this larger and longer-term context. I will briefly
summarize glacial erosional mechanisms, and then summarize work on the erosional instability
that inevitably leads to fjording of a continental margin. The TAM case forces us to honor the
reality that the deep trough erosion should incite an isostatic response that is sensitive to the
likely non-uniform flexural rigidity of the lithosphere. The feedbacks also include ice
thicknesses and ice trajectories that together govern the thermal field that in turn controls the
basal ice temperatures. As subglacial erosion requires temperate conditions at the bed, these
feedbacks can lead to very localized erosion that indeed must have occurred to produce the great
overdeepenings of the glacial troughs as they penetrate the bounding mountains.
Those mountain peaks that escape from efficient glacial erosion are subjected to a range of
geomorphic processes that should be dominated by deep freezing and occasional thawing of the
rock – periglacial processes. To these are added both rockfall and wind erosion, which here on
the edge of a persistent katabatic setup can play a larger role than in most other landscapes. But
for the most part I would expect these peaks to be as Teflon, essentially unassailable given the
processes and process rates available.
I will conclude by posing problems that remain to be worked in this landscape, or that can now
be worked with new methods and data sets. Given our ability to model ice sheets at high enough
resolution to capture topographic steering, to capture the essence of glacial erosion, and to track
sediment, the community is beginning to marry the sparse constraints from geological
observations with model results to hone our understanding of the continent at LGM to present.
The challenge lies in taking these models into deeper times in the past, and into the future.
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A synoptic view of Antarctic exposure-age data
Greg Balco
Berkeley Geochronology Center, 2455 Ridge Rd., Berkeley CA 94709 USA
I compiled the majority of known cosmogenic-nuclide measurements on surface bedrock and
glacial deposits that have been made in Antarctica, including ca. 2,000 measurements drawn
from both published and unpublished data. Known missing data include recently collected data
that have never been published or publicly archived, as well as several older published data sets
that incompletely record sample locations or similar background information. The data are stored
in a relational database running on the Google Cloud SQL service and thus accessible to a wide
variety of client software. Several browser interfaces to the data are available at this address:
http://antarctica.ice-d.org
The database stores only raw observations of sample properties and cosmogenic-nuclide
concentrations, and the client software that generates the browser interface dynamically
computes exposure ages according to a common scaling method and set of production rate
parameters. Thus, this approach solves the problem of comparing sets of exposure ages from the
literature that were computed using various and inconsistent methods.
This project is potentially useful for (i) obtaining a synoptic view of the large amount of
exposure-age data collected in Antarctica during the past 25 years; (ii) directly addressing
exposure-age data themselves rather than derived or interpreted ice sheet change histories for
purposes of data validation and consistency checking, reconstruction of past ice sheet change,
and model-data comparison; and (iii) project planning and design focused on maximizing the
utility of the overall exposure-age data set for ice sheet reconstructions, model validation, and
surface process studies.
POSTER
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Antarctica’s Dry Valleys: a potential source of soluble iron to the Southern
Ocean?
Abinash Bhattachan1, Lixin Wang2, Molly F. Miller3, Kathy J. Licht2 and
Paolo D’Odorico1,4
1Department of Environmental Sciences, University of Virginia, Charlottesville, VA 22904
2Department of Earth Sciences, Indiana University-Purdue University Indianapolis (IUPUI),
Indianapolis, IN 46202
3Department of Earth and Environmental Sciences, Vanderbilt University, Nashville, TN 37240
4SESYNC, University of Maryland, Annapolis, MD 21401
The soluble iron content and dust emission potential of sediment samples collected from the
Taylor Valley in the McMurdo Dry Valleys (MDVs) and sea-ice in the McMurdo Sound were
evaluated to determine whether inputs to the Southern Ocean may be sufficient to affect ocean
productivity. The results showed that the dust generating potential from the MDVs soils were
comparable to those of sediments from other major dust sources in the Southern Hemisphere.
Sediments from the MDVs and sea-ice were one order of magnitude richer in soluble iron than
those in other dust sources in the Southern Hemisphere. Forward trajectory analyses showed that
the dust from the MDVs was likely to be deposited in the Southern Ocean. Together these results
provide evidence of the possible supply of soluble iron to the Southern Ocean associated with
dust transport from the MDVs, should climate change expand the exposed areas of the continent.
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Million year old ice found and dated in Central Transantarctic Mountains,
Antarctica
Theodore Bibby1*, Jaakko Putkonen1, Daniel Morgan2, Greg Balco3, David L. Shuster4,3
1
Harold Hamm School of Geology and Geological Engineering, University of North Dakota,
Grand Forks, ND.
2
Department of Earth and Environmental Sciences, Vanderbilt University, Nashville, TN.
3
Berkeley Geochronology Center, Berkeley, CA.
4
Department of Earth and Planetary Science, University of California, Berkeley, CA.
Old ice is known to exist in Antarctica in the bottom of the continental ice sheet. The
longevity of this bottom ice is constrained by the snow accumulation on the surface, and ice flow
and eventual disappearance as the ice bergs calf off into the ocean. The oldest bottom ice, under
kilometers of ice, is hard to reach and currently is maxed at 0.8 Ma. On the other hand small
bodies of old ice are also found under thin (~1 m) debris layer in various locations in the
Transantarctic Mountains. In the classic site in Dry Valleys the dating of such ice has been
difficult and controversial due to the active recharge of the buried ice mass by active tributary
glaciers.
We found two stagnant completely debris covered ice bodies in Ong Valley, buried under
thin layer of debris, surrounded by lateral moraines. In Ong Valley the geological setting is
simple; there is no recharge of the buried ice as the valley contains only one other small glacier
which is separated by a gap and an end moraine from the buried ice.
We dated the mineral matter covering the ice and encased in the ice itself by cosmogenicnuclide measurements of 10Be, 26Al, and 21Ne. The younger of the two ice bodies is 8 ka old
and the older ice body is at least 1.1 Ma old under any circumstances.
Our samples and corresponding modeling also reveal that the ice body has been
sublimating and the resulting debris layer on top of the ice has been eroding through the life span
of the deposit. This highlights the dynamic, albeit slow motion, nature of this landscape, where
the meter thick debris layer that is on top of the ice today is a result of the balance between the
rate of ice sublimation and the rate of till erosion.
Ancient ice at an arm’s length from the ground surface provides an unprecedented ease of
access to a potential reservoir of pollen, atmospheric aerosols, gases, and dust of considerable
antiquity.
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Start of enhanced year round studies on atmospheric processes
Taejin Choi, Seong-Joong Kim, Ji Hee Kim

Korea Polar Research Institute
Enhanced year-round observations on atmospheric process from the surface to upper atmosphere
is ongoing at Terra Nova Bay, Antarctica based on Jang Bogo station (74°37.4’ S, 164°13.7’E,
Korean second Antarctic station). The first overwintering research team performed its
overwintering research in 2014. A weather station, consisting of a 2-D sonic anemometer, a
temperature/humidity probe, a barometer, snow height sensor and a visibility sensor, was
operated with synoptic observation from mid-April, 2014. Flux systems at two levels were also
operated with a net radiometer to measure turbulent fluxes of sensible (April, 2014 ~) heat and
latent heat (December, 2014 ~) and four radiative components (April, 2014 ~) at the surface. On
December, 2014 the second team took over the works. Measurement systems were enhanced in
the summer of 2014/15 compared to those in the first season. A ceilometer (CL51, Vaisala) and
an autosonde (AS14, Vaisala), which launches a radiosonde automatically as scheduled, was
installed on December, 2014. The upper air observation is performed once a day (00 UTC) from
mid-February to mid-October when is not overlapped with the period when upper air
observations are made at Mario Zucchelli summer station, ~ 7 km away from Jang Bogo station.
Since autumn, 2015, ozonesonde observation will be started once a week before the occurrence
of the ozone hole and lasted until late October. Pyranometer, pyrgeometer, total UV radiometer,
UV-A meter and UV-B meter have been operated since January, 2015 to study the ratio of
ultraviolet radiation to shortwave one, cloud cover etc. Two digital cameras are being operated to
monitor the variation of sea ice and snow coverage near and at the station. Based on the
preliminary results, the minimum air temperature was -35.8 ℃ on July 14, 2014 and the
maximum was 5.6 ℃ on December 27, 2014. Monthly averaged wind speed was not strong and
less than 6 ms-1. We had many calm days even in winter of 2014, likely indicating that the station
was not strongly affected by katabatic wind due to its location and the topography at the north of
the station. Profiles of temperature and wind speed from February to July in 2015 showed that
there was no significant differences in the profiles of air temperature and wind speed among
months below 8 – 9 km, but significant changes above the elevation with month. In the
presentation, we will talk on the atmospheric process over Jang Bogo station in detail including
brief information on other research activities such as activity on the sea ice to accord with the
purpose of this meeting.
This work was co-funded by two Korea Polar Research Institute projects (PE15010, PP15101) .
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Late Permian Reversal of Stream Flow in the CTAM Basin
James W. Collinson
Byrd Polar Climate and Research Center, Ohio State University
Most field studies of the Permo-Triassic Victoria Group in the CTAM beyond the Shackleton
Glacier are from the early1960s. Long (1962) first recognized a glacial origin for the base of the
Permian section in the Ohio Range and the similarity of the Permian stratigraphy to that of other
Gondwana continents. Minshew (1967) identified volcanic detritus in the upper part of the
Permian coal measures at Mount Weaver. In the Beardmore Glacier region, Barrett (1969)
attributed the Permian coal measures and Triassic sandstone to deposition by low-sinuosity
streams; paleocurrent data suggested axial flow in a basin parallel to the trend of the CTAM and
toward the Ohio Range. He noted volcanic detritus in the coal measures and a paleocurrent
reversal below the Triassic. Vavra (1979) recognized significant volcanic input in the Triassic in
the Shackleton Glacier region, and suggested the existence of a magmatic arc in West Antarctica.
All these studies and the knowledge of folding in the Ellsworth and Pensacola Mountains led to
the hypothesis of a Late Permian-Triassic fold-thrust belt and foreland basin. Isbell (1990) found
that the paleocurrent reversal was within the upper coal measures and concurrent with the
introduction of volcanic detritus. He suggested that the Upper Permian volcaniclastic sequence
was part of a low-gradient fan from an orogenic belt in West Antarctica. Zircon ages from
samples in the Ohio State Rock Repository (Elliot et al., 2008, 2015) confirmed older basement
sources and a Permian magmatic arc source that appeared in the CTAM basin in Late Permian at
about 260 Ma. Volcanic detritus occurs just above glacial-marine deposits in the Ellsworth
Mountains, suggesting the presence of a magmatic arc along the Panthalassan margin and a
back-arc basin beginning in Early Permian (Collinson, et al., 1992).
Knowledge of the basin beyond the Shackleton Glacier is spotty, but the lower part of the
Permian section in the Ohio Range may be mostly marine and the lower coal measures deltaic
(Bradshaw et al. 1984). Volcanic detritus first appears near the top of the coal measures (Elliot,
2014), but Long’s (1965) paleocurrent data do not show a clear reversal. Other fairly complete
Permian sections that may contain information on when volcanic detritus appeared, and if
changes in paleocurrent directions occurred, are at Mount Weaver (Minshew, 1967) and the
Nilsen Plateau (mapped in 1964; Long et al., 2009). A thick and important section resting on
basement at Mount Fridtjof Nansen (Barrett, 1965) is within helicopter distance of the proposed
Shackleton Glacier Camp.
A plausible hypothesis for the reversal in drainage is that the orogenic belt began in West
Antarctica, causing greater subsidence at that northern end of the CTAM basin. Zircon ages from
volcanic tuffs of Late Permian age (260 Ma; Elliot et al., 2014) within the marine-deltaic facies
in the Ellsworth Mountains suggest that the fold/thrust belt moved progressively toward the
Ellsworth and Pensacola mountains.
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East Antarctic Outlet Glacier Dynamics: Investigations of Beardmore Glacier
Howard Conway1, Paul Winberry2, Michelle Koutnik1, Richard Hindmarsh3, Knut Christianson1
& Max Stevens1
(1) University of Washington, Seattle, WA, USA; (2) Central Washington University, Ellensburg,
WA, USA; (3) NERC British Antarctic Survey, Cambridge, UK.
The potential contribution from East Antarctica to sea level rise is about 19m, which would have
major societal impact. Of interest is to assess how collapse of the Ross Ice Shelf would affect the
flow and discharge of the TAM outlet glaciers - how fast and how much ice could be draw down
from East Antarctica? Here we focus on Beardmore Glacier.

Mt Kyffin near the mouth of Beardmore Glacier
Our ice-penetrating radar and seismic measurements show that the bed elevation at the modern
grounding line (1100m below sea level - bsl) deepens to more than 2200m bsl 70km up glacier at
Cloudmaker. The existence of an inland sloping bed raises the possibility that the lower reach of
the glacier is susceptible to Weertman-type instabilities, especially if buttressing from the shelf
was removed. In the upper reaches (180km from the grounding line), the bed rises above sea
level, which limits the amount of East Antarctic ice that can be drawn down through the
Beardmore outlet.
Seismic, GPS and radar measurements near the grounding line were conducted to assess the state
and buttressing effects of the Ross Ice Shelf:
• Seismic activity is synchronized with tides; grounding line events (speed up of the shelf)
occur during the falling tide; ice shelf events occur on both the rising and the falling tide.
• Radar transects across trough-like surface features visible in satellite images of the shelf
show large subshelf melt channels coincident with the center of the surface trough. The
meltwater channels originate from the bed of the glacier. The evidence suggests that
water flow beneath the lower reach of Beardmore is channelized rather than distributed.
• GPS-derived horizontal surface velocities near the grounding line are ~300 m/yr. Presentday discharge is 8.2 Gigatons/yr, and the back force exerted by the shelf is ~250MN/m.
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Timing of glacial events in Victoria Valley based on cosmogenic dating their
deposits from a permafrost core
Nicolas Cuozzo, Ron Sletten
University of Washington
The McMurdo Dry Valleys are one of the few ice free areas in Antarctica that make up
0.03% of the continent. Victoria Valley is the northern most of the McMurdo Dry Valleys and
has an average yearly temperature of -20°C and average precipitation of less than 15 mm/year.
The region is protected from the East Antarctic Ice Sheet (EAIS) by the high rock thresholds of
the Transantarctic Mountains. However, there is evidence that in the past 6 million years, the
EAIS has overridden the Transantarctic Mountains on multiple occasions, inundating Victoria
Valley with ice. Moraines, tills and erosional terraces on valley walls provide evidence of at least
3-4 events, each less expansive than the last. The evidence only provides a relative history of
these events; the lack of material suitable for dating prevents quantitatively constraining the
timeline. We propose to use cosmogenic nuclides in the abundant quartz grains to provide
estimates of the age of the known glacial events in the region. A 15-meter ice-cemented
permafrost core was collected several km below Victoria Upper Glacier in 2010 and has been
kept frozen at the University of Washington. The core stratigraphy appears to show 3 to 4 events
that will be subsampled by depth and analyzed for cosmogenic nuclides.
To date glacial events, a forward numerical Matlab model will be creating using
26
Al/10Be ratios of sediments after they are buried and the cosmogenic isotopes begin to decay.
The exposure model is based on the geologic context of the region and includes understanding
the burial history, identifying unknown parameters in the model, and providing a numerical tool
that will help predict the measured nuclide concentration. The approach in constructing the
model begins with assuming a burial history based on the geologic context of the region and a
sedimentary analysis of the core. A previously characterized Dry Valley Drilling Project
(DVDP) core collected south of Lake Vida reveals at least two events with glacial deposits in the
top 15-meters of sediment. Defining the exact break between these depositional events is key for
the sampling strategy. Sampling at the bottom of the younger deposit, and the top of the older
deposit will enable definition of change in nuclide concentration. The model is sensitive to the
initial nuclide concentrations, exposure duration of each deposit, and erosion rate. Unlike a
simple burial model, Victoria Valley experienced multiple periods of depositions and, hence,
requires a more complex exposure model to estimate the burial ages. The initial nuclide
concentration was likely not zero; the sediments were transported by glaciers and were most
likely exposed to cosmic rays at some point in history; the surface was not exposed long enough
to reach equilibrium with steady state erosion; and there was a step-wise burial history rather
than a single burial period.
The exposure model will simulate the concentrations of the nuclides and solve for the
unknown exposure and burial history. The model can be iterated to minimize the misfit between
the measured and calculated concentration, and provide an estimate of the burial age of each
unit. This technique could prove helpful for dating glacial deposits in other regions of the
continent, and results can be compared against climate data from ANDRILL marine core
records.
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Palmer Long Term Ecological Research:
Interdisciplinary Science in a Rapidly Changing Polar Marine Biome.
Hugh Ducklow, Jeff Bowman, Hyewon Kim and Mike Stukel
Lamont-Doherty Earth Observatory, Department of Earth and Environmental Sciences,
Columbia University, Palisades, NY 10964, USA
Palmer LTER (PAL), one of 25 sites in US LTER Network, started in 1990 and now has over 20
years of observations documenting responses of the marine ecosystem of the western Antarctic
Peninsula (WAP), at all levels of the foodweb from primary producers to top predators, to rapid
regional climate warming. The original PAL objective, understanding how ecosystem and
biogeochemical processes are regulated by seasonal to interannual and decadal variations in the
extent, duration and phenology of sea ice cover, remains the guiding principle of PAL research.
Increases in mean winter (JJA) surface air temperature (+7C since 1950), mean surface ocean
temperature (+1-2C since 1965), and a ~90 day reduction in the duration of ice cover since 1979
are believed to result from continuing warming of Upper Circumpolar Deep Water intrusions
onto the continental shelf, forced by a multidecadal shift into a positive mode of the Southern
Annular Oscillation (+SAM).
The global ocean absorbs about 1/3 of the CO2 released by human activities. A complex and
interconnected system of biogeochemical and ecological foodweb processes contribute to the
transformation of CO2, its transport to, and storage in the deep ocean. Single-celled marine plants
(phytoplankton) convert inorganic CO2 into organic matter (biomass). A varying fraction of the
plant production is consumed by zooplankton, eventually to become penguins, seals and whales.
The unconsumed plants, and the fecal output of the grazers sink to depth. Meanwhile bacteria
race against these processes to decompose the organic matter back to CO2. The combined
operation of these processes is called the Biological Pump. Here we highlight several aspects of
our research on biological pump structure and function. The efficiency of the pump is
determined by extent to which phytoplankton deplete inorganic nutrients (nitrogen, phosphorus,
silica, iron) during the growing season. Phytoplankton bloom-related consumption of dissolved
nutrients is ultimately controlled by the SAM, which strongly determines prevailing wind
patterns and ice cover along the WAP. The export of particulate matter produced in the surface
layer can be estimated from the removal of particle-reactive Thorium-234 from the water
column. Th-234 data from the entire growing season (Oct-April 2012-13) show a large
imbalance between carbon production and export in the WAP system. Non-steady state modeling
suggests that much of the export is from diffusive losses of suspended particles rather than large,
rapidly sinking aggregates and fecal pellets. Bacterial decomposition of organic particles shortcircuits the biological pump. Although we know the broad outlines of bacterial dynamics we are
only beginning to understand the details of how different bacterial species contribute to the
breakdown of the fantastically complex myriad of organic compounds in seawater. Using a new
modeling approach, we employ bacterial gene sequence data to infer metabolic pathways present
in the bacterial community at any given time and location, that are responsible for converting
biomass to CO2 in the ocean.
These three highlights are just a few of the many projects performed by PAL scientists, students
and collaborators at Palmer Station and aboard LM GOULD each season.
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Atmospheric Methane Consumption by Antarctic Cryosols
Collin R. Edwards, Brandon T. Stackhouse, Tullis C. Onstott, Maggie C.Y. Lau
Department of Geosciences, Princeton University

Atmospheric methane (CH4) oxidation by atmospheric methane-oxidizing bacteria (atmMOB) in
acidic mineral cryosols from the high Canadian Arctic (N 79°) has recently been reported [The
ISME J (2015) 9: 1880-1891]. The results support the role for the Arctic permafrost-affected
areas as a CH4 sink, in addition to the soils in warmer regions. Such observations have aroused
attention to the distribution of atmMOB and thus, atmospheric CH4 oxidation potential in
mineral cryosols elsewhere. Atmospheric CH4 consumption by soils in the Antarctic has been
scarcely reported, however, whether this ecosystem in the southern polar region could also be a
CH4 sink remains undetermined.
Previous studies of Arctic cryosols that consume atmospheric CH4, have shown that the CH4
oxidation rates by atmMOB are temperature dependent as consumption increases in situ and in
controlled studies with rising temperature. We tested the hypotheses that (1) cryosols from the
ice-free regions in Antarctica also oxidize atmospheric CH4; (2) their CH4 oxidation rates are
temperature sensitive; and (3) that those cryosols exhibiting atmospheric CH4 oxidation contain
atmMOB.Using microcosm incubation experiments (at 4 and 10°C), this study investigated
atmospheric CH4 oxidation by six cryosol samples from two polygons in the Taylor Dry Valley,
Antarctica (S 77°39’, E 163°05’). Although atmospheric CH4 oxidation was not detected in all of
the studied conditions, the significantly higher atmospheric CH4 uptake rates by two cryosol
samples at both temperatures (-7 to -17 ng CH4-C (g soil)-1 day-1 at 10°C and -3 to -11 ng CH4-C
(g soil)-1 day-1 at 4°C) suggested a potentially higher abundance of atmMOB relative to other
samples (less than -1 ng CH4-C (g soil)-1 day-1 ). The observed rates at 4°C by these CH4oxidizing Antarctic cryosols were more than 10 folds higher than those by the Arctic cryosols.
This result is unexpected partly because of the low water content in the Antarctic cryosols (2-5
wt%; vs. 15-20 wt% in Arctic cryosols) that results in severe desiccation stress to atmMOB. The
presence of atmMOB in the Antarctic cryosol samples (pH 8.4 - 9.1) has been supported, by
PCR-cloning, with identification of a genotype closely related to Upland Soil Cluster γ (USCγ),
which is known to be more prevalent in alkaline soils. Current efforts aimed at quantification of
these atmMOB using quantitative PCR will provide insight into their relative abundance. In
conclusion, CH4 consumption by Antarctic cryosols as well as initial genomic sequencing
suggest the presence of atmMOB in this ecosystem and provides some of the first support for a
possible role of Antarctica as a CH4 sink.
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Integrating Sedimentology and Ichnology in the Beacon Supergroup, Central
Transantarctic Mountains, Antarctica to Clarify Paleoenvironmental
Interpretations and Refine Basin Analysis
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In order to develop the most accurate paleoenvironmental models for the evolution of ancient
paleopolar fluvial-deltaic-shallow-marine depositional systems, such as those preserved in strata
of the Beacon Supergroup in the Central Transantarctic Mountains (CTM), we employ a
multidisciplinary approach that integrates sedimentology, stratigraphy, and ichnology. This
approach helped us solidify our paleoenvironmental model of a shallow-marine Permian deltaic
succession in the Mackellar-Fairchild Formations (Fms) at Turnabout Ridge and a refine our
model of a fluvio-lacustrine succession containing abundant rivers, lakes, and forests in the
Buckley-Fremow Fms at Lamping Peak in the CTM. The goal of all of our investigations is to
reconstruct these paleopolar ecosystems, understand the forces driving paleoenvironmental and
basin evolution (e.g. active tectonics, fluctuating base level, climate change), and to use our
interpretations to provide better models for the response of modern polar ecosystems to a
warming world. We hope to employ similar techniques on Permo-Triassic strata in the
Shackleton Glacier Region of the CTM, comparing our results to strata of the Beardmore Glacier
Region deposited within the same elongate intracratonic and retroarc foreland basins and
investigated by us in 2003-2004 and 2010-2011.
Facies and stratal architecture of the Mackellar-Fairchild Fms at Turnabout Ridge were found to
exhibit gross similarities to those of the river-flood dominated Panther Tongue and Ferron
Notom deltas of the North American Cretaceous Western Interior Seaway and a Late Ordovician
proglacial delta of the Murzuq Basin in Libya. Ichnological analysis revealed traces known only
from marine settings or those found across marine, brackish, and freshwater systems, with no
trace fossils known solely from freshwater systems. This indicates that river-delivered freshets
recurrently prepped a shallow marine basin, reducing delta-proximal salinities. We suggest that
Turnabout Ridge likely occupied a proximal-axial position relative to an Early Permian
freshwater- and sedimentation-stressed, river-dominated marine deltaic system. Combined
ichnology and sedimentology in Permo-Triassic strata at Lamping Peak helped identify Permian
lacustrine units, Triassic abandoned channels, and the depth to the water table, refining
paleoenvironmental models.
We continue to compare these southern, Antarctic, paleopolar, fluvio-deltaic systems developed
during a deep time icehouse-to-greenhouse transition to northern, Arctic, paleopolar, greenhouse
systems such as those found in the Cretaceous of the North Slope of Alaska. We do this to reveal
facies, architectural, and ichnologic trends that might be unique to high latitude systems,
especially those developed during greenhouse periods. We also continue to contrast these with
similar mid-to low-latitude paleoenvironments to identify dissimilarities.
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Chemical weathering of moraine sediment, central Transantarctic Mountains
Joseph Graly1, Kathy Licht1, David Bish2, Michael Kaplan3, Gabriel Fillipelli1, Nicole Bader1,
Samuel Cox1
1: Indiana University Purdue University Indianapolis, Dept. of Earth Sciences
2: Indiana University, Dept. of Geological Sciences
3: Lamont-Doherty Earth Observatory
A large moraine resulting from sublimation along Law Glacier at the base of Mount Achernar,
central Transantarctic Mountains preserves glacial sediment that has recently emerged at the ice
margin and laterally increases in age to up to ~500,000 years. We exploited this sedimentary
window to examine weathering processes and to extract information about changes in ice
delivery of source material. Sediment samples (n=36) were collected from below the likely depth
of wind deflation along a 6 km transect across the moraine at its widest extent.
The dry-sieved, <63 µm fraction of the samples was analyzed for bulk composition, and
extractable phases. Sequential extraction was performed by exposing samples to a variety of
reagents designed to characterize the phase-based elemental composition of the sediments via the
supernatant after reaction with milliQ water (targeting water-soluble phases), 0.11 M C2H4O2
(targeting carbonate phases), 0.5 M HCl (targeting amorphous oxyhydroxides), and 1 M
HONH2·HCl (targeting crystalline oxyhydroxides).
Bulk composition shows some variability along transect. Total Ca, Fe, and Mg increase along
transect away from the active ice margin, while Si decreases. This suggests that either the source
may have become less mafic over time or mafic minerals are increasingly breaking down into the
silt sized phases in the subaerial environment. Pebble lithologies from the moraine surface
support the latter, suggesting that changes in bulk composition of fine material are primarily
physically controlled. Total Na also increases, likely reflecting the meteoric deposition of salts.
Concentrations of Na, Ca, Mg, S, and B increase with age in the water and C2H4O2-extractable
phases, suggesting progressive development of halides, sulfates, borates, and carbonates along
transect. These results are consistent with active chemical weathering in this region of the
Transantarctic Mountains, with cations leached from silicate minerals. Trends in the HCl and
HONH2·HCl-extractable phases are generally not statistically significant, suggesting that
observed color changes may not be due to oxyhydroxide development, as is often assumed.
Clay chemistry was analyzed through X-ray diffraction of dry and glycolated oriented mounts of
the < 1 μm fraction. Clay composition is primarily smectite, illite, and kaolinite, with
considerable variability in the relative proportion of these species between samples. The
youngest samples are >80% smectite, while smectite composition is <40% in many of the older
samples. While some of this variation may be due to shifts in the composition of source material,
illite and kaolinite precipitation is suggested by the data, consistent with weathering of silicates.
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Addressing a need: geological archives of past Antarctic climate
to inform predictive models
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The response of Antarctica’s ice sheets (AIS) to projected warming represents the single greatest
uncertainty in future sea-level rise projections over the coming decades to centuries, and is deemed
a top priority for Antarctic research. By reducing uncertainty around the rate and magnitude of
impending AIS melt, society can better prepare for inevitable future sea level rise. Model
predictions likely underestimate the contribution from ice sheet melt. Observed melting and
thinning of Antarctica’s glaciers and floating ice shelves occurred mostly within ice sheet sectors
grounded below sea-level, due primarily to Southern Ocean warming. Ice loss will likely accelerate
as long as atmospheric CO2 levels remain high and global temperature increases. Of particular
concern are recent ice sheet simulations that suggest present-day ocean warming will lead to the
irreversible loss of the West Antarctic Ice Sheet. Whereas short-term sea-level rise projections are
reasonably well constrained, commitments beyond a few decades are less certain. Current
atmospheric CO2 concentrations and associated warming scenarios virtually guarantee a 2-3°C
increase in global average surface temperature over the next century and indicate that an increase
of 8°C is possible by 2300. To improve our predictive capability we need to test model skill against
observations from the modern system, but also from geological records that cover intervals of both
recent and distant past that were much warmer than today. Past Antarctic climate and ice sheet
reconstructions provide the only viable way to observe how Antarctica responds to warming of
this magnitude and assess the longer term end-game (equilibrium) response of the AIS to climate
change. Therefore, we must look back in time to past warm periods to study AIS dynamics during
intervals when CO2 concentrations and global temperatures were similar to those projected for the
future decades, centuries and millennia. In turn, new models that have been tested against past
geological archives will improve our capacity to project future global sea-level rise by reducing
uncertainties around the magnitude and rate of Antarctic ice sheet change to the end of the 21st
Century and beyond. Drilling is required to access continuous high quality and datable geological
archives of past warm intervals from beneath Antarctica’s marine basins. Ice platform drilling of
long and nearly continuous drillcores offers a proven approach. A recent US workshop on
Antarctic Geological Drilling (report available at http://agdw.uh.edu/) identified as priorities: the
retrieval of continuous core for detailed time-series analysis; spot coring in locations with no data;
leveraging existing resources and databases to achieve full understanding of an area with limited
costs; and collection of high-quality seismic data for site selection and core integration. Specific
focus was on retrieving new core records from two different time periods: (i) late Quaternary
interglacials when sea level was higher than today, and (ii) past periods of high CO2 levels like
those expected in the future.
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Hidden Diversity of High Latitude Landscapes and Seascapes—Integrated
Ichnologic & Sedimentologic Research in the Beacon Supergroup, Central
Transantarctic Mountains, Antarctica
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Trace fossils are proxies for hidden biodiversity—diversity not represented by body fossils—in
continental and marine deposits, and record paleoenvironmental, paleoecologic, and hydroclimatic
settings of landscapes and seascapes at the time of deposition. Research in the Beardmore Glacier region
(BGR) of the Beacon Supergroup (BS) has produced paleobiologic and geologic discoveries that have
generated new interpretations and hypotheses to explain biogeologic systems evolved at high latitude. Our
research goals in the Shackleton Glacier region (SGR) are to determine how: (1) extensive diversity
patterns in landscapes and seascapes are in the BS—local vs. regional—to define high paleolatitude,
greenhouse climate signatures; (2) continental extinction-recovery patterns across the Permo-Triassic
compare to those in the BGR, which record a hydroclimate shift and little diversity loss; (3) the
community patterns of soil-dwelling therapsids and reptiles compare to those today in an interglacial
period. The following examples of significant research conducted in the BGR will be continued in the
SGR. The Lower Permian Mackellar Formation (MF) in the BGR was deposited from 80 to 85°S
paleolatitude. Previous studies suggested that MF was deposited in either a large glacial lake or inland
sea. Our research identified 30 ichnogenera from Turnabout Ridge and Buckley Island of which: 1) none
are exclusively freshwater; 2) 20 are found in freshwater, brackish, and marine settings; and 3) 10 are
exclusively found in marine settings. Combined ichnologic and sedimentologic observations suggest that
the MF was deposited in a river-dominated delta in a fully marine to brackish-marine setting. Trace-fossil
associations are characteristic of epi- and endobenthic worms, arthropods, and mollusks, with the vast
majority of the traces being diminutive in size and shallow (≤ 10 mm) in depth. These communities occur
in prodelta and distal to proximal delta front settings. The diminutive size, shallow penetration depth, low
bed ichnodiversity, high overall ichnodiversity, and sedimentologic characters are indicative of benthic
organisms in a marine deltaic environment with short-lived communities composed of small-bodied
organisms stressed by high freshwater input and high sedimentation rates. Permo-Triassic (P-Tr)
continental strata of the BS in the BGR and SGR are significant in the study of low- vs. high-latitude
paleoecosystems and extinction-recovery patterns of the greatest mass extinction of all time. In the BGR,
the Upper Permian Buckley Formation (BF) is fully continental and contains interbedded coal and alluvial
sediments of braided river and floodplain environments, deposited at > 75ºS latitude during humid,
temperate climates. Trace fossils are few and simple in alluvial deposits due to high water tables;
however, they are abundant in lacustrine deposits with higher diversity of arthropods and fishes. The
overlying Lower–Middle Triassic Fremouw Formation (FF) contains strata of alternating alluvial channel
and overbank sediments deposited from 65–70ºS latitude. Invertebrate traces show similar patterns in
occurrence, diversity, and abundance as those found in low latitude channel deposits, which are low
overall. Plant, invertebrate, and vertebrate traces in levee, crevasse-splay, proximal and distal overbank
settings, however, are much more diverse, abundant, and penetrative in weakly to moderately developed
paleosols. The patterns demonstrate fewer losses in diversity across the P-Tr boundary compared to low
latitude settings based on trace fossils. The SGR plays a significant role to test this outcome as the P-Tr
boundary is much more complete and found wholly within the FF, rather than at the boundary of the BF
and FF. Antarctic ichnologic research to date suggests that greenhouse conditions produce greater
ichnodiversity, abundance, and penetration in continental deposits compared to icehouse conditions.
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Sidney Hemming1,2, Stefanie Brachfeld3, Carys Cook4, Daniel Hauptvogel5 Kathy Licht6, Sandra
Passchier3, Stephen Pekar7, Elizabeth Pierce2, Tina van de Flierdt8, Trevor Williams2,9
1. Department of Earth and Environmental Sciences, Columbia University, 2. Lamont-Doherty
Earth Observatory, 3 Department of Earth and Environmental Studies, Montclair State
University, 4. Department of Geological Sciences, University of Florida, 5. Department of Earth
and Atmospheric Sciences, University of Houston, 6. Department of Earth Sciences, Indiana
University Purdue University of Indianapolis, 7. School of Earth and Environmental Sciences,
Queens College, 8. Department of Earth Science and Engineering, Imperial College of London,
9. International Ocean Discovery Program, Texas A&M University
The Antarctic continent is composed of a patchwork of (largely hidden) geological terranes that
have varied histories of formation and involvement in tectonic processes and thus varied
radiogenic isotope compositions. Although the landscape is currently 98% covered by the
continent-scale ice sheets, sedimentary provenance studies can help us to understand the hidden
geology of Antarctica and can be particularly valuable for documenting past changes in the ice
sheets. Surveys of proximal glacigenic marine sediments and tills around Antarctica have
demonstrated that different sectors of the ice sheet contribute sediment with varying
compositions and mineral grain ages that allow applications of terrigenous provenance in down
core marine records to detect variations in climatically relevant factors. More detailed surveys of
different ice streams within certain sectors provide the background that may allow sequencing
the deterioration of glacial margins during deglaciations by tracking the ice stream products into
down core records, and efforts are underway in the Ross and Weddell Sea sectors. The variation
in ice rafted detrital grains in distal sites is a function of a combination of ice sheet dynamics,
wind and ocean current vigor, and sea surface temperature, and recent published modeling of ice
berg rafting show great promise for teasing out the different controls. There is also promising
indication that changes in the latitudes of the wind belts and thus ocean frontal boundaries may
be seen by making time sections of sediment compositions from a transect of cores. Variations in
proximal glacigenic sediments should be a more pure function of ice sheet dynamics. Emerging
evidence from late Pliocene, middle Miocene and late Oligocene records from IODP leg 318
demonstrate significant ice margin fluctuations in the Wilkes Subglacial Basin.
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Late Paleozoic Glacigenic Strata in the Transantarctic Mountains: A
South Polar View of Gondwana Glaciation
John L. Isbell
Department of Geosciences, Univ. of Wisconsin-Milwaukee, Milwaukee, WI, USA
The late Paleozoic Ice Age (LPIA) was the most significant icehouse of the
Phanerozoic, as this interval marks the only complete transition from an icehouse to a
hothouse state for a biologically complex Earth. Because of similarities between the
LPIA and the Cenozoic Ice Age (i.e., long duration glaciation interspersed with nonglacial epochs, low atmospheric pCO2, complex fauna and flora), the transition out of
the LPIA and into the Late Permian-Mesozoic hothouse serves as an important deeptime proxy for understanding future climate change due to global warming.
The LPIA has long been assumed to be a single long duration event with ice covering
much of Gondwana from the Mississippian until the Late Permian. This view is one of a
terrestrial ice sheet that extended outward from Victoria Land across Antarctica to South
Africa and South America in one direction, and across Australia in the other.
Throughout the ice age, the South Pole was located in Antarctica. Late Paleozoic
glacigenic strata occur throughout the Transanatarctic Mountains and includes the
Metschel Tillite (SVL), Darwin Fm. (Darwin Glacier), Pagoda Fm. (CTAM), Scott
Glacier Fm. (Scot Glacier Region), Buckeye Fm (Ohio Range), Gale Mudstone
(Pensacola Moutains), and the Whiteout Conglomerate (Ellsworth Mountains). These
strata are complex. However, they provide an unparalleled view of changing climatic
and tectonic conditions in the South Polar region of Gondwana during the late Paleozoic
Emerging views of glacigenic strata in the Transantarctic Mountains are in marked
contrast to earlier reports, as at least 3 ice centers have been identified with ice flow
converging into the Transanatarctic Mountain area from both the direction of present
East and West Antarctica emptying into glaciomarine/glaciolacustrine basins. In some
areas, paleosols that developed on basement rocks are directly overlain by post-glacial
strata. All of these indicates multiple ice sheets and ice free areas within Antarctica at
that time rather than a single continuous ice sheet. Elsewhere in Gondwana, recent work
suggest that the LPIA consisted of a series of short glacial epochs that shifted
diachronously across Gondwana with each epoch supporting multiple ice sheets, ice
caps and/or alpine glaciers. Glacial acme occurred during the latest Pennsylvanian to
Early Permian with the growth of numerous ice sheets scattered across Gondwana.
Ensuing deglaciation occurred during the Early Permian (Asselian to early Sakmarian)
in eastern and southern South America, Africa, Antarctica, India, and the Arabian
Peninsula. However, glaciation continued in parts of eastern Australia until the Late
Permian (Wuchiapingian). During that interval, eastern Australia was located between
approximately 52 and 70° S latitude. In contrast, glacial deposits are unknown from
Antarctica during that time, even though Antarctica resided over the South Pole and
composed most of the landmass within the South Polar Circle. Following the early
Sakmarian deglaciation, Antarctica was characterized by post-glacial mudrock and coalbearing fluvial-deltaic deposition. Despite the importance of understanding the causes
of icehouse to hothouse transitions, the occurrence of mid-latitude glaciers and an icefree pole during the decline of the LPIA (mid Sakmarian-early Wuchiapingian) has only
recently been identified. As of yet, this paradox has received little attention.
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Meteorite search and recovery at sites in the mid-Transantarctic Mountains
James Karner, Ralph Harvey, and John Schutt
Case Western Reserve University, 10900 Euclid Ave., Cleveland, OH 44106
A major part of U.S. Antarctic Search for Meteorites program (ANSMET) activity is
identifying meteorite stranding surfaces and exploring their potential before investing in more
systematic recoveries. Remotely gathered imagery such as satellite images or aerial photographs
are typically used to locate exposed blue ice whose setting suggests slowed or stagnant flow and
an actively deflating surface where meteorite stranding is likely to occur. Ultimately the only
way to determine whether a meteorite concentration exists at such sites is to go there and look.
The overarching goal of this reconnaissance work is to find new meteorite concentrations and to
further characterize poorly-known sites to ensure that later systematic search efforts are efficient.
Reconnaissance is thus a very important component of our work, helping us provide a
continuous supply of new extraterrestrial materials for planetary researchers from around the
world.
For the 2016-17 Antarctic season we have proposed this style of reconnaissance work
operating out of the helicopter camp planned for the mid-Transantarctic Mountains on the
Shackleton Glacier. The region as a whole has been of great interest to ANSMET in the past but
because of its great distance from either McMurdo Station or the South Pole, our activities in the
area have been limited. Thus, the Shackleton Glacier camp offers tremendous access to an
important region for meteorite recoveries as well as savings as a logistical hub for our operations
(with flight times on the order of tens of minutes rather than several hours).
We have identified 12 potential target icefields within ~125 NM of the Shackleton camp,
all reachable by helicopter and/or light aircraft. These include a few sites that have been visited
only briefly and many that have not been visited at all. All the sites include significant areas of
blue ice not previously searched. Our proposed field plan includes deployment of a team of
around ten people to the Shackleton camp. Soon after arrival, leadership personnel will make an
aerial survey flight to prioritize target icefields, assess snow cover on the blue ice and identify
possible landing sites for helicopter and/or light aircraft. Results from this flight will be used to
set the itinerary for the rest of the season. The team of ten will be split into multiple teams of
appropriate size (each with scientific and safety leadership personnel) and operated
independently of each other. Individual team sizes and duration of stay would be adjusted to
meet ANSMET goals for each field site. Teams would return to the helicopter camp for
reconfiguration and resupply between deployments to the various icefields. We anticipate
having the full ANSMET group operating out of the Shackleton camp for about seven weeks,
which includes 7-10 days spent in the camp or transiting to and from field sites. An important
secondary goal for the season will be to encourage other research groups operating in the region
to be aware of the potential for serendipitous meteorite finds throughout the region, and help us
recover them properly following USAP regulations.
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Thermochronological constraints on the post-depositional development of the
Beacon Basin, Transantarctic Mountains
Christine Kassab and Kathy Licht
Indiana University – Purdue University Indianapolis, Indianapolis, IN
Double dating methods of U-Pb and U-Th/He on both zircon and apatite grains were used to
investigate the cooling history of the Permian-Triassic Beacon Basin and incorporate it into
previous research on denudation and uplift of the Transantarctic Mountains (TAM). In order to
constrain the history of the entire basin fill (~3 km), samples were selected from the lower,
middle, and upper formations of the Beacon Supergroup (Pagoda, Buckley, and Falla,
respectively) in two locations along the central TAM, the Queen Alexandra Range and
Shackleton Glacier. Previous U-Th/He zircon (ZHe) ages from Beacon Supergroup sandstone
erratics collected from till along the TAM indicate that regardless of the initial crystallization
age, the ZHe age is approximately the same, 120-180 Ma (Welke et al, in revision G3). This has
been interpreted to represent a resetting of the ZHe age due to an increase in temperature to at
least 200o C. This event is postulated to be either burial of the basin sediments deeply enough to
reach 200˚C or from the heat associated with either magmatic intrusions (Ferrar dolerite) or a
higher geothermal gradient
U-Th/He apatite (ApHe) ages from in situ bedrock samples differ between the Shackleton
Glacier and Queen Alexandra Range. In the Queen Alexandra Range, ApHe ages illustrate a
cooling trend from the uppermost to the lowermost strata, from ~110 Ma to ~60 Ma to ~ 35 Ma.
The ApHe ages at Shackleton Glacier are older than those in the Queen Alexandra Range, but
have a spread of ages that overlap for Pagoda and Buckley samples (85-170 Ma and 105-130
Ma) and lack a consistent change with stratigraphic position. This indicates rapid cooling of
rocks at Shackleton Glacier since there is approximately >500 m of stratigraphy and ~260 m of
present day elevation between the two samples. ZrHe ages have not been processed yet, but are
expected to be similar to those from the previous study with ages of 160-180 Ma.
The difference in ApHe ages between the Shackleton Glacier and Queen Alexandra Range
indicate that these regions experienced differing thermal histories which may be related to
activity on the Beardmore fault. A comparison of these ApHe ages with published apatite fission
track (AFT) ages is not straightforward. The older cooling ages at Shackleton Glacier are
opposite the trend in AFT ages, which show younger cooling histories to the south. Published
AFT ages from igneous bedrock directly below the contact with the basin sediments at
Shackleton Glacier are younger than the ApHe ages which is plausible if there was > 1km
stratigraphic distance between the samples or steep geothermal gradient since AFT has a higher
closure temperature than ApHe.

24

The timing of the Last Glacial Maximum and subsequent recession
alongside Hatherton Glacier, Antarctica.
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During the last glacial maximum (LGM), the Antarctic Ice Sheet (AIS) expanded across what
today is the Ross Sea. This grounded Ross Sea Ice Sheet (RSIS) caused inflowing outlet glaciers
from East Antarctica to thicken and expand into formerly ice-free valleys of the Transantarctic
Mountains (Anderson et al., 2013; Bockheim et al., 1989; Bromley et al., 2012, 2010; Conway et
al., 1999; Denton et al., 1989a, 1989b; Hall et al., 2000; Todd et al., 2010). The Transantarctic
Mountains (TAM), located between the East Antarctic plateau and the Ross Embayment, provide
an ideal setting to study the fluctuation history of the former RSIS, affording insight into the
history of past expanded ice, as well as bear on potential future behavior of AIS.
Previous work from ice-free areas adjacent to Hatherton Glacier affords conflicting
interpretations for the behavior of East Antarctic outlet glacier systems in the region. Based on
soil data and rock weathering, Bockheim et al. (1989) proposed the Britannia drift recorded the
LGM position adjacent to Darwin and Hatherton Glaciers. Recently Joy et al. (2014)
demonstrated with cosmogenic isotopes that Britannia II likely dates to marine isotope stage 6.
They also presented a spread of ages (8.0-4.7 ka) from eight glacial erratics dating the Britannia I
drift. At Lake Wellman alongside lower Hatherton Glacier, a limited number of radiocarbon
dates of fossil algae led Bockheim et al. (1989) to propose that the ice remained at the LGM
position, ~300 m above present-day ice, until 9.9-10.5 ka. In contrast, from a spread of
cosmogenic exposure-ages (~23-183 ka), Storey et al. (2010) proposed a mean age of ~36 ka for
the Britannia maximum and only minimal expansion of ice during the global LGM. These
interpretations have significantly different implications for size, timing, and behavior of
grounded Ross Sea ice during the LGM.
To test these hypotheses, we produced detailed glacial geomorphologic maps of the ice-free
regions alongside the Hatherton-Darwin outlet glacier system and dated samples of ancient algae
from glacial deposits and relict ice-dammed ponds from the Britannia limit to present-day
glacier. Eight radiocarbon ages from glaciolacustrine deposits at Lake Wellman indicate that ice
was at the Britannia limit (likely formed during Britannia I) at ~8.6-10.2 ka, a result more
consistent with those of Bockheim et al. (1989) than Storey et al. (2010). Another 35
radiocarbon ages from former ice-dammed ponds requiring an expanded Hatherton Glacier
demonstrate fairly steady retreat from ~10-4 ka. Over this time, Hatherton Glacier dropped more
than 200 m, to within ~50 m of present-day ice levels. Farther up glacier, 25 radiocarbon ages
demonstrate Hatherton ice recession from ~10.2-5.0 ka, dropping ~200 m to approximately 40 m
above present-day ice. These data are in accord with other evidence suggesting Holocene
thinning of EAIS outlet glaciers in response to retreat of grounded ice in the Ross Embayment.
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Shallow Groundwater Processes, Biological Community Response, and
Changes Through Time Along a TAM Climate Gradient
Joseph Levy
University of Texas Institute for Geophysics, Austin, TX, USA
What are the spatial and climatic limits of shallow (active layer) groundwater processes
in Antarctica? How do groundwater processes shape Antarctic ecosystems? And how have
shallow groundwater processes shaped soil carbon accumulation and chemical weathering over
since the LGM? Here, we describe the origin, structure, history, and impact of water tracks and
“wet patches,” the two major pathways through which groundwater interacts with Antarctic soils.
Water tracks are shallow groundwater conduits that move moisture, nutrients, carbon, and
salts through the seasonally thawed soils above the ice table via gravity-driven flow. Water
tracks form through melting of surface snow, ground ice, and deliquescence of soil salts to form
concentrated brines. Water tracks dominate hillslope-scale carbon cycling in Arctic
environments, but had been largely ignored in Antarctica. This “cryptic hydrosphere” operates at
low (and often sub-zero) temperatures, under high osmotic potentials, and low water activities.
Although historically active in the same locations (based on Scott-era photographs), water tracks
may become dramatically more active in warmer environment. Although sourced by as little as 3
mm of precipitation per year, Antarctic water tracks appear to be a dominant mechanism for
transporting meltwater and soil salts through Antarctic permafrost. Water tracks provide
connectivity across the polar landscape and are a primary site of chemical weathering and
transport of weathering products in polar soils.
Wet patches are spatially isolated zones of elevated salt content and soil moisture. Wet
patches are typically several meters in diameter and are irregularly shaped. During Antarctic
spring, in the absence of snow melt, these visibly wet (reduced albedo) patches of soil form at
the surface. The soil pore waters in wet patches are hypersaline and have water activities that
span 0.52 to 0.91 (with an average of 0.74), making them an order of magnitude more saline than
typical Antarctic soils. These salty soil patches are 3-5 times more water rich than average soils
(having a mean water content of 3% by mass). Major ion analyses of wet patch pore solutions
show that they are dominated by Ca-, Mg-, and K-chlorides, which produce the very low water
activities. Atmospheric relative humidity typically exceeds the water activity of these pore
waters, resulting in direct vapor emplacement into soil pore waters.
Together, water tracks and wet patches shape soil ecosystems in the TAM by controlling
salinity-dependent habitat suitability for invertebrates and microbial organisms. Gradients of
salinity in WT and WP create patchy zones of productivity and of carbon preservation,
producing isolated zones of very high and very low soil carbon content. Changes to soil
hydrological properties via biological and geochemical processes related to WT and WP suggest
that feedbacks may exist that promote meltwater generation and retention in WT soils, as well as
the enhancement of chemical weathering rates. A warming Antarctic will promote WT and WP
formation through enhanced snowfall, melt generation, and humidity, leading potentially to rapid
changes in soil physical, chemical, and biological characteristics.
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Sediment provenance in till sequences record pre- and post-LGM temporal
evolution of outlet glaciers in the Transantarctic Mountains
Kathy Licht1, Nicole Bader1, and Michael Kaplan2
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Glacial till from the Mt. Achernar moraine records pre- and post- last glacial maximum (LGM)
compositional variability of an East Antarctic moraine sequence through time and space. The
most distinctive change over the past several hundred thousand years occurred during the LGM.
This conclusions is based on pebble lithology, detrital zircon geochronology, till geochemistry,
and cosmogenic exposure ages, which were measured on samples along a 6.5 km transect across
the moraine. For ease of discussion, these characteristics, along with overall moraine
morphology, are used to define 5 zones. Zones 4 and 5 are most distant from the Law Glacier
and date to pre-LGM time, Zone 3 records a time of ice sheet thickening and a change in
provenance during the LGM, Zone 2 represents the deglacial period, and Zone 1 is youngest with
debris bands emerging from ice of the adjacent Law Glacier.
Nearest the Law Glacier, the moraine has hummocky topography and till <5cm thick (Zone 1),
and is followed by a relatively flat, low region (Zone 2); both show homogenous till
composition. Next, the surface becomes a series of regular ~2 m high parallel/sub-parallel ridges
and troughs accompanied by distinct color changes that are directly related to the dominant
lithology of the region (Zones 3–5). Zone 3 has ~40% more sedimentary rocks than all other
zones and has an overall shape of a broad arch with superimposed smaller ridges. The transition
between Zones 3 and 4 has distinct colored bands that alternate between dominant sedimentary
and mafic igneous lithologies. The dominant sedimentary and intermediate/mafic igneous rocks
for all Zones are interpreted to be primarily the Beacon and Ferrar Supergroup rocks
respectively. The U/Pb zircon data from the till is consistent across all zones with significant age
populations from the Permian ~250-260 Ma, the Proterozoic ~565–600 Ma, ~950–1270 Ma, and
~2300-2320 Ma, as well as the late Archean time periods ~2700-2770 Ma. These ages indicate
that the Pagoda, Mackellar, Buckley, and Fremouw Formations are likely sources of the detrital
zircons. When paired with surface exposure ages, the provenance data indicates that the debris
source has been consistent over the past ~600-500 kyr or at least several hundred thousand years,
implying relatively stable ice sheet behavior. The exception is the LGM when East Antarctic ice
sheet change is indicated by a distinct shift in pebble lithology and a trim line present on Mt.
Achernar that can be traced back to the boundary between Zones 3 and 4. This study reveals the
need for applying multiple till provenance techniques when interpreting provenance changes in
till over time as not all methods necessarily lead to the same conclusion.	
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An enhanced model of the contemporary and long-term (200ka) sublimation
of the massive subsurface ice in Beacon Valley, Antarctica
Lu Liu1, Ronald S. Sletten1, Birgit Hagedorn2, Bernard Hallet1, Christopher P. McKay3, John O.
Stone1
1. Department of Earth and Space Sciences, University of Washington, Seattle, Washington
98195, USA
2. Environment and Natural Resources Institute, University of Alaska Anchorage, Anchorage,
Alaska 99508, USA
3. Space Science Division, NASA Ames Research Center, Moffett Field, California 94035, USA
In the McMurdo Dry Valleys of Antarctica, ice is widespread within decimeters of the ground
surface; however, vapor diffusion models suggest that ground ice in this region is not stable
under current climate conditions and ice should sublimate fairly quickly; the top tens of meters
of soil should be free of ice within 100 ka. In Beacon Valley, Antarctica, a massive ice body
buried under several decimeters of dry regolith is believed to be more than 1 Ma old and perhaps
over 8.1 Ma. To better understand the controls on sublimation rates and stability of this massive
ice, we have modeled vapor diffusion using 12 years of climate and soil temperature data from
1999 to 2011, including field measurements of episodic snow cover and snowmelt events that
have not been represented in previous models of ground ice sublimation. The model is then
extended to reconstruct the sublimation history over the last 200 ka using paleotemperatures
estimated from ice core data from nearby Taylor Dome and a relationship between atmospheric
temperature and humidity derived from our meteorological records. The model quantifies the
impact of episodic snow events, including days of snow cover and occasional snow melt; they
account for over a 35% reduction in the massive ice loss. The sublimation rate of ground ice
averages 0.11 mm a−1 between 1999 and 2011 in Beacon Valley. Using the reconstructed
paleoenvironmental conditions, including relative humidity, and assuming the regolith thickness
has not changed appreciably, the modeled sublimation rate of ground ice in Beacon Valley
averages 0.09 mm a−1 for the last 200 ka, which is comparable to the long-term average rate
estimated independently from various cosmogenic nuclide studies. According to our model, the
ice has continuously sublimated for the past 200 ka but the rate has varied by a factor of four.
This study provides a realistic estimate of the long-term sublimation history and supports the
inference that the buried ice in Beacon Valley is older than 1 Ma. Our study provides a valuable,
quantitative tool to study the long-term stability and prolonged persistence of subsurface ice on
Earth, Mars, and other icy worlds, particularly where episodic surface frost/melt occurs. Other
areas in the Transantarctic Mountains are likely to contain buried glacial ice similar to Beacon
Valley and, in some areas, a slower sublimation rate may allow for even longer preservation of
buried ice.
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Glacial Fluctuations and Sediment Transport in Moraine Canyon based on
Cosmogenic 26Al, 10Be, and 21Ne Measurements
Emma Lord
University of North Dakota
In the Transantarctic Mountains, lateral moraines on the valley walls record fluctuations
of the ice sheet and mark the vertical and lateral extent of glacial ice within the valleys. Glacial
deposits in many valleys are very well preserved and provide excellent locations for sediment
samples to be collected. Analysis of cosmogenic nuclide concentrations within the sediment can
provide absolute ages or erosion rates of the landforms in this cold, arid environment.
Constantly bombarding the Earth’s surface, galactic cosmic rays (GCR) generate nuclear
reactions in mineral grains of rock material near the surface. These reactions result in the
formation of in situ cosmogenic nuclides that can be measured in the minerals. The concentration
of nuclides in a material is a function of the production rate, decay rate, and erosion rate of the
surface. Given a known nuclide production rate, the concentration of a nuclide within a sample
indicates the length of time the material has been exposed to cosmic rays at or near the surface.
During the 2010 and 2011 field seasons, soil samples were collected from soil pits in
glacial deposits in Moraine Canyon (158° 10’ W, 86° 7’ S) in the southern TAM. Within each
pit, sediment samples were collected at several depth intervals from the surface to a depth of
approximately one meter. By measuring nuclide concentrations from varying depths within each
pit, we can determine nuclide concentration-depth relationships.
The soil samples were cleaned and separated through wet chemical preparation at the
University of North Dakota, and samples were sent to PRIME Laboratory at Purdue University
for accelerator mass spectrometry (AMS) measurements of 26Al and 10Be and Berkeley
Geochronology Center for measurements of 21Ne.
The resulting the isotope concentrations are being analyzed using sediment transport and
isotope accumulation models to determine the ages of the landforms and describe concentrationdepth relationships. Lack of erosion in this environment suggests that the isotope concentrations
within the pits correspond to the production rate-depth relationship and follow a well-defined
depth profile throughout each pit. Preliminary analysis dates several different glacial deposits in
Moraine Canyon between roughly 60,000-1,000,000 years with local erosion rates between 0.30.8 m/Ma.
Because few quantitative measurements exist for this region, these results will help to
date the changes in ice elevation and related climatic history in the southern TAM. This allows
us to better connect the changes in the interior of the Antarctic continent to the deep sea sediment
records and northern hemisphere climate changes.
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The Hunt for Invertebrate Refugia During the Pleistocene: A Soil Geochemistry –
Soil Ecological Nexus
W Berry Lyons1, K. Deuerling2, B. Adams3, K.A. Welch1, S.A. Welch1, G. Michalski4, B.
Theiling4, U. Nielsen5, D.H. Wall6, I. Hogg7
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Over the past decade using the application of advanced genomic techniques, it has become very
clear that many of the invertebrates found in continental Antarctic soils today evolved to their
current species status prior to the Pleistocene. This begs the question: how and where did these
species survive the Pleistocene glaciations when the ice-free regions of the continent were much
less than today? We present soil geochemistry data from three locations in the Beardmore
Glacier region of the Transantarctic Mountains (TAM) and discuss it with respect to previous
developed habitat suitability models and use the combined information to discuss the potential
locations of invertebrate refugia during glacial maxima times. This work emphasizes the utility
of soil ecologists and geochemists working together to solve important problems of Antarctic
soil biodiversity and biogeography.

30

Changing Environment, Life, and Climate and Impact of Mass Extinction
During the Late Paleozoic – Early Mesozoic: Insights and Questions from the
Sedimentary Succession in the TAM
Molly Fritz Miller
Department of Earth and Environmental Sciences, Vanderbilt University, Nashville, TN
The sedimentary succession in the central Transantarctic Mountains (CTM) records deposition in
diverse contineontal environments (e.g., glacial and fluvial systems, lakes) from the Early
Permian to the Jurassic (see table); the area has been locked at high southern latitude since the
Permian. 	
  
The succession is generally
Jurassic
Hansen Fm
fluvial
dinosaurs
undeformed and well exposed
Triassic
Falla Fm
fluvial
?
in ice-free areas, although it is
extensively intruded by sills of
Fremouw Fm
braided stream
plants, vertebrates
Jurassic dolerite. It gives a
Buckley Fm
braided stream
Glossopteris, forests
unique glimpse of continental
Fairchild Fm
braided stream
environments, climate and life
Permian
during worldwide transition
Mackellar Fm
inland sea
trace fossils
from icehouse to hothouse
Pagoda Fm
glacial
small arthropods
conditions (Permian) and
during the Mesozoic
greenhouse (Triassic, Jurassic). Because it spans the Pm-Tr boundary, it records the effects of
the massive end-Permian extinction on high latitude terrestrial ecosystems. Highlights include:
1) The Pagoda Fm. was deposited under temperate (vs. frigid) glacial conditions, implying a
mosaic in time and space of glacial environments rather than a single widespread massive
Gondwana ice sheet. 2) After glaciation, the CTM was covered by an inland sea filled with
turbidite/delta deposit. 3) By Late Permian during deposition of the Upper Buckley Fm., large
biomass forests of large Glossopteris trees flourished in wetlands, with estimated productivity as
high as that of most modern forests implying greenhouse conditions. 4) By the Early Triassic, a
South Africa-like vertebrate fauna was present. Seasonal dryness may have allowed burrowing.
5) Dinosaurs of an early cosmopolitan dinosaur fauna were present in the Early Jurassic. 6)
Severity of end Pm extinction appears muted on trace fossils, but identification of boundary is ?
What next? 1) Constrain size and timing of Mackellar inland sea to allow GCM’s to
reconstruct post-glacial climate; 2) Develop chronostratigraphic context for Buckley productive
forests in order to compare temporally to worldwide Late Permian events; 3) Document flora and
fauna in similar facies on either side of P-Tr boundary to assess impact of end Pm extinction; 4)
Investigate the size, abundance, and facies and stratigraphic distribution of vertebrate burrows to
evaluate the importance of burrowing as a high-latitude survival strategy; 5) Search Fremouw
and Falla Formations for vertebrates; could this area have been a hotspot of either early mammal
or early dinosaur evolution?; 6) Reconstruct Triassic and Jurassic climates and environments.
The CTM Permian – Jurassic succession is a triple threat in its uniqueness: unique in its
long term records both of polar climate, flora, and fauna and of evolution of continental
ecosystems, and unique in its potential to demonstrate the effects of the most massive extinction
on a continental fauna and flora. The stratigraphic groundwork has been laid; the potential is
waiting to be exploited.
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Glacial Boulder Exposure Ages Constrained by Bedrock Erosion Rates
Utilizing Cosmogenic Ne-21 in the Central Transantarctic Mountains
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Exposure dating with cosmogenic nuclides can be an underdetermined problem because
the measured concentration depends on three unknowns: the nuclides accumulated during
previous exposure, the erosion rate, and the time period of exposure. Frequently, assumptions
have to be made about inherited nuclide concentrations and erosion rates, which can limit the
interpretation of results. For example, if erosion is assumed to be zero, then the measured
concentration must be interpreted as a minimum exposure age because an erosion rate greater
than zero would require more time to pass to accumulate the measured nuclide concentration.
Rock erosion rates are rarely measured, so erosion rates have to be assumed from other sources
of data.
Here we present a method for determining the rock erosion rate from bedrock of the same
lithology as boulders that we want to exposure date. We use cosmogenic Ne-21 concentrations in
quartz to determine the bedrock erosion rate, and then apply the measured bedrock erosion rate
to constrain the cosmogenic Ne-21 exposure age of glacially transported boulders. Because the
glacially transported boulders are the same lithology as the bedrock and they are from the same
general locale, then they have experienced the same climate conditions during exposure and the
boulder erosion rates should be consistent with the measured bedrock erosion rates. We collected
samples from two sites within the Central Transantarctic Mountains: Ong Valley (157.5°E,
83.25°S), where the bedrock consists of Hope Granite and the Argo Gneiss, and Moraine Canyon
(157.55°W, 86.1°S), where the bedrock is mostly a silicic porphyry of the Wyatt Formation. At
both sites, we collected bedrock samples above the glacial limit and boulders from the glacial
drifts on the valley floor.
Preliminary results are that the bedrock is eroding at rates of 17 - 41 cm/Myrs, averaging
23 cm/yr. The range of erosion rates is used to constrain the age of glacial drifts in these valleys,
which vary from 104 – 106 yrs. For example, one glacial boulder in Ong Valley has a minimum
age of 2.1 Myrs assuming zero erosion, but the exposure age is 4.4 Myrs if we assume that the
boulder has been eroding at 23 cm/Myrs like the average bedrock. In some cases, measured
nuclide concentrations are higher than the saturation values for high erosion rates and can be
used to constrain the maximum boulder erosion rate to less than ~28 cm/Myrs. Determining the
rock erosion rate is essential to constraining the exposure age of glacial boulders, which is a
central method used to develop our understanding of the glacial history of the Antarctic Ice
Sheet.
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Petrogenesis of the Butcher Ridge Igneous Complex, a Unique Layered Glassy
Silicic Intrusion within the Ferrar Large Igneous Province
Demian Nelsona, John Cottlea, Melanie Barbonib, and Blair Schoenec
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Mafic sills and lavas of the Jurassic Ferrar Large Igneous Province (LIP) are assumed to have
originated from the same parental magma source with minor differentiation during magma
transport, storage, and emplacement. However, a ~6000 km3 layered glassy hypabyssal intrusion
in the Cook Mountains of southern Victoria Land, the Butcher Ridge Igneous Complex (BRIC),
is reputed to be a highly differentiated intrusion of the Ferrar LIP. At present, the temporal
relationship between BRIC and Ferrar LIP magmatism is poorly constrained and the origin of
evolved compositions and meter scale layering is unknown. Here we present new high-resolution
U-Pb ID-TIMS geochronology on baddeleyite from the BRIC that confirms BRIC magmatism
was synchronous with the recently reported short (~349 kyr) interval of Ferrar magmatism.
Furthermore, new isotopic, major- and trace-element data for (n=130) BRIC samples indicate
that the BRIC contains the most highly evolved, 72.9 wt. % SiO2, rocks of the Ferrar LIP and
that differentiation was likely driven by binary mixing. Binary mixing models suggest typical
Ferrar parental magmas mixed with magmas derived from melting of the local Brown Hills
granite(s). Furthermore, petrographic observations and evidence for alkali ion exchange suggest
that hydration and devitrification along quench fractures resulted in meter-scale textural layering
throughout the BRIC and may represent a previously undescribed igneous layering process.
These new data are synthesized into a petrogenetic model for the BRIC and provide an
opportunity to compare silicic magmatism within the Ferrar LIP with other LIPs globally.
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Antarctic Atmospheric Observations: Automatic Weather Stations (AWS)
and Small Unmanned Meteorological Observers (SUMO)
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In-situ atmospheric observations are important for diagnosing atmospheric circulation in
Antarctica. A joint effort between the University of Wisconsin-Madison and the University of
Colorado-Boulder provides in-situ atmospheric observations from a network of automatic
weather stations (AWS) installed around the Antarctic continent. Each AWS is approximately 3
m tall, with the exception of the 30-m Alexander Tall Tower AWS, and typically measures
temperature, relative humidity, pressure, wind speed, and wind direction, with some stations also
measuring net radiation, snow surface height, and vertical temperature differences. The AWS
observations are transmitted in real-time via Argos satellite transmission, Iridium, or very high
frequency (VHF) line of sight transmission. The data is publicly available through the University
of Wisconsin-Madison in both raw and quality-controlled formats.
Small Unmanned Meteorological Observers (SUMO) have also been used in the Antarctic to
observe the vertical structure of the near-surface atmosphere over the Ross Ice Shelf, Antarctica
and in the vicinity of the Pegasus runway outside of McMurdo, Antarctica. The SUMO measures
temperature, relative humidity, and pressure, while wind speed and wind direction can be
calculated using the SUMO ground speed and GPS location. The SUMO has a battery life-time
of roughly 20 minutes and can fly in maximum wind speeds of approximately 15 m s-1. SUMO
observations have been used to validate observations from the 30-m Alexander Tall Tower and
to evaluate the diurnal cycle of the vertical structure of the near-surface atmosphere.
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Antarctic Climate Variability
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The alteration of glass-rich volcanic deposits is studied in order to understand the style of
eruption, the environment of deposition, and post-depositional processes of alteration. Volcanic
glass is thermodynamically unstable and readily devitrifies at ≤ 200°C to form clays, zeolites,
and carbonates. The alteration is a globally significant process whose study has led to major
constraints on geochemical cycles between seawater and crust and their contributions to mantle
source reservoirs for volcanism. Alteration of terrestrial deposits by meteoric water has also
been used to better understand paleoenvironments and climate. Glaciovolcanic sequences at
Minna Bluff (12-4 Ma), a 45 km long volcanic peninsula in the Ross Sea, provide an excellent
opportunity to investigate conditions of alteration and to evaluate the use of secondary minerals
as monitors of past environments [1]. Our results show that δ18O of carbonates and chalcedony
is highly variable, ranging from -0.50 to 21.53‰ and 0.68 to 10.37‰, respectively, and δD for
opaline quartz is extremely light (-187.8 to -220.6‰) matching Antarctic meteoric water. A
mean 87Sr/86Sr of 0.70327 ±0.0009 (1σ, n=12) for carbonates is comparable to fresh lava and
confirms a fresh water source. Temperatures by 13C-18O and quartz-calcite thermometry are 5º to
~100°C. Calculated δ18O water for carbonates (-15.8 to -22.9‰) shows a shift to heavier values
(Δ +6‰) in the Late Miocene between 11 and 8 Ma, consistent with a warming climate. These
findings agree with the interpretation of glaciomarine sequences in nearby drillcore (AND-1B).
Using the same glaciovolcanic sequences [2] has reconstructed paleo-ice conditions at
Minna Bluff and concludes that the ice was warmer (thawed-bed) relative to that at AND-1B
(frozen-bed) over the same time period. This interpretation appears to disagree with our
conclusion that the prevailing conditions were similar; that is, the shift from polar to sub-polar
conditions at AND-1B was roughly contemporaneous (~9.5 Ma) and in agreement with the
change in oxygen isotopes. However, our results do not preclude a difference in basal ice
conditions but suggest only that the climate in this region changed uniformly, as would be
expected given the proximity and moderate paleo-elevation difference (≤ 1000 m). We propose
that warmer ice conditions were a consequence of high local heat flow associated with the Minna
Bluff magmatic system. The influence of recent subglacial volcanic activity on ice flow in Marie
Byrd Land has also been used to infer wet-based conditions in a polar environment [3].
Ongoing research will test these hypotheses through more detailed analysis of the Minna
Bluff sequence and by extending the age range to include deposits from Mt. Morning (19-11 Ma)
and Mt. Early/Sheridan Bluff (19-15 Ma) located in the central and southern Transantarctic
Mountains, respectively, as well as from Castle Rock (1.2 Ma) on Hut Point Peninsula.
[1] Antibus et al. (2014), Geochem. Geophy. Geosyst. 15, 3258-3280. [2] Smellie et al. (2014),
Geology 42, 39-41. [3] Lough et al. (2013), Nature Geoscience 6, 1031-1035.
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Neogene sedimentation in onshore to offshore transects off East Antarctica
and paleoclimatic interpretations
Sandra Passchier, Melissa Hansen
Department of Earth and Environmental Studies, Montclair State University
The modern Antarctic Ice Sheet is thickening upstream due to increased snow accumulation,
whereas its margins are thinning due to ice shelf basal melt. How the balance of these processes
changes as the climate warms is a major question. Analyses of sedimentary facies in well-dated
drillcores within the Ross Sea continental shelf reveal a glacial regime change from a temperate
to a cold polar ice sheet as early as ~18 Ma. Despite the polar regime, however, Neogene strata
younger than ~18 Ma testify of considerable variability in ice influence on the Antarctic
continental margin. The deposition of biogenic opal during the Early Miocene and Early
Pliocene Climatic Optima in the Ross Sea and offshore Wilkes Land is indicative of open marine
shelf conditions and high productivity, along with a subordinate fine-grained terrigenous supply.
Sediment provenance analyses reveal that during these warm periods the ice sheet margin
retreated landward into the higher elevation regions of the Transantarctic Mountains and possibly
exposed the Wilkes Subglacial basin.
Changes in orbital cyclicity in offshore sediment cores suggest a dynamic response of ice
margins, despite the polar ice sheet regime. High-resolution time-series of particle size records
show that the pacing of ice-influenced sedimentary processes during these Neogene warm
periods changes as warming increases. In the earliest Pliocene with modest warming, obliquity
paced ice discharge is interpreted in several offshore sediment cores. With increased warming,
however, records of ice-rafted debris show variability in the eccentricity and precession bands.
We propose that as early Pliocene warming began, increased moisture supply initially lead to ice
advance, until basal melt began to outpace snow accumulation and ice discharge. Consequently,
marine-based ice sheets thinned and their margins became more susceptible to eccentricity and
precession paced local insolation forcing. We envision a role for ice-shelf surface melt and
enhanced calving until the ice margin became land based.
Some thick stratified glacial deposits in the Transantarctic Mountains, such as the Bennett
Platform succession in the Shackleton Glacier area, may hold the detailed sedimentary records of
the Neogene retreat phases. In our model, a phase of ice-sheet thickening was followed by
thinning through a period of warming and this model can be tested with geomorphological,
sedimentological, and compositional studies of land-based deposits. To achieve this, better
constraints on age, erosion rates, and provenance in onshore and offshore deposits will be
necessary to groundtruth the relationship between offshore sediment dispersal and glacial
processes.
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Anaerobic halogen metabolism in Permian deposits of TAM
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Coal beds in Antarctica were described above the Beardmore Glacier in the earliest
expedition reports of CMDR Scott. Remnants of Permian age Gondwanaland, the deposits show
remarkable preservation of Glossopteris spp. fern allies, and the anaerobic conditions under
which they grew [Schopf 1970]. Yet more significant was the preservation of both fungal
anatomical structures and signs of decay in the plant tissues. Based on 5 Permian-aged TAM coal
samples from OSU’s Byrd Polar Rock Repository, we find tot-Cl levels from 0.17 – 1.2% dry
weight, more than sufficient for chemical and X-ray spectroscopy. Chlorine K-edge XANES is
appropriate for understanding the formal oxidation state of Cl in bulk coal and sediment samples.
Comparison of two key enzymes involved in dehalorespiration, CPO (chloroperoxidase) and
FDH (flavin-dependent dehalogenase) led Aeppli and colleagues (2013) to observe a significant
isotopic disequilibrium between reactants and products under conditions of CPO action, in some
case as large as +12 per mil; the FDH pathway, on the other hand, produced only a small isotopic
effect. We would like to explore the possibility of ancient biosignatures in coal-bearing strata of
TAM: (1) sterile KNO3-leachates for direct determination of δ37Cl of Cl-, and (2) following pyrohydrolysis of whole peat, coal or sediment samples in a TOX-100 organohalide analyzer, divert a
portion of the anaerobic stream from the Coulometric apparatus, and determine the δ 37Clorgano-Cl directly. In a pilot experiment with two modern anaerobic peats from AK, we
performed such a separation for Clorg and Clin, and observed a 0.68 o/oo fractionation.
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Aeolian Inflation in Sediments of Beacon Valley, Antarctica: Implication for
Paleoenvironmental Reconstruction
Ronald S. Sletten, Bernard Hallet, and John Stone
University of Washington, Earth and Space Sciences
We have discovered a new type of sedimentation record in Beacon Valley, Antarctica. This
record consists of over 30 meters of accumulated wind-blown sand that we believe raised the
ground surface by kinetic sieving into thermal contraction cracks of polygonal patterned ground.
Sand falls into 1-2 cm wide cracks that open as the ice-cemented ground cools and contracts.
Rocks larger than the opening of the contraction cracks remain on the surface and, over time, the
continuous filling of cracks leads to the inflation of underlying sediments and the formation of a
boulder lag on the surface. These inflation sediments can be used as paleo-environmental
archives, which are rare in the barren and ice-free landscapes of the Dry Valleys, Antarctica but
may reveal important information to better understand the past glacial history of the region. As
the surface inflates the sands are progressively buried deeper and are more effectively shielded
from cosmogenic radiation; previously accumulated radiogenic isotopes will decay in a manner
that can be modeled. Our preliminary analysis of samples to 5.5 m depth for cosmogenic
beryllium and aluminum reveals that sand has been accreting at a rate of 2.5 m/Myr for the past
million years and that lower Beacon Valley was most likely covered (cosmogenically shielded)
by Taylor Glacier from about 1 to 3.5 Myr BP. In addition to the core analyzed, we are
investigating a 30.6 m permafrost core collected during the 2008-2009 field season to develop
the burial history of the frozen inflationary sand, and possibly a record of the waxing and waning
of the Taylor Glacier. Based on our preliminary study of our 5.5 m core, our 30.6 meter core may
provide a record approaching or exceeding 10 Myr. In addition to 10Be and 27Al, we will use
cosmogenically-produced 21Ne, a stable isotope that accumulates over time, and allows us to
develop a longer record. An analogous process to the kinetic sieving into thermal contraction
cracks mentioned above, has been proposed for forming the classic Edoma in Siberia or icewedge complexes. We propose that these “sand-wedge complexes” form in a similar way but are
comprised only of sand since liquid water seldom forms in sufficient amounts to fill the
contraction cracks in the hyperarid Beacon Valley. We expect that other locations in Antarctica
will have the potential for similar records, in particular areas with active polygonal patterned
ground and continuous input of eolian sediments.
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New Insights into Early Mesozoic Vertebrate Evolution and
Paleobiogeography in the Transantarctic Mountains
Nathan Smith
The Dinosaur Institute, Natural History Museum of Los Angeles County, Los Angeles, CA 90007
The stratigraphic sequence in the central Transantarctic Mountains preserves a unique
record of high-latitude vertebrate assemblages that span two major mass extinction events in
Earth History. Since the discovery of a small amphibian jaw in Lower Triassic rocks at Graphite
Peak in 1967, three distinct Mesozoic vertebrate faunas have been characterized from the region.
Early Triassic vertebrates have been collected at multiple localities in the lower Fremouw
Formation around the Beardmore and Shackleton Glaciers. The Beardmore has also produced an
early Middle Triassic assemblage at two localities in the upper Fremouw Formation, and an
Early Jurassic assemblage from the Hanson Formation on Mt. Kirkpatrick.
Early discoveries from the lower Fremouw Formation prompted comparisons to similar
faunas from the Karoo Basin of South Africa, and the presence of taxa such as Lystrosaurus
provided support for the emerging theory of plate tectonics. Antarctic faunas were often
considered to represent taxonomic subsets of those found in the Karoo Basin, along with a few
endemics. Recent apomorphy-based revisions of lower Fremouw Formation specimens largely
reduced the number of endemics, but have also demonstrated that the Early Triassic Antarctic
fauna includes the first occurrences of several taxa (e.g., Brachyopoidea, Kombuisia, and
Palacrodon) that do not appear in South African sections until later in the Triassic, which
suggests that the composition of the Antarctic fauna was not simply part of a homogeneous
southern Pangean fauna. Meanwhile, several endemic forms have been added to the Middle
Triassic assemblage (e.g., Kryostega), also revealing that Antarctica supported massive (e.g., 4.5
meter long) temnospondyl amphibians during this time. The Early Jurassic Hanson Formation
dinosaurs Cryolophosaurus and Glacialisaurus fill major anatomical and temporal gaps in basal
dinosaur phylogeny, and both reinforce the paraphyly of the classical groups Coelophysoidea
and Prosauropoda, two major clades that span the end-Triassic mass extinction event. The
Hanson Formation dinosaurs are distinct at the generic level, as are several newly discovered
Hanson sauropodomorphs; and the more fragmentary tritylodont and pterosaur specimens appear
to represent unique taxa as well.
These records suggest that early Mesozoic vertebrate faunas of Antarctica became
progressively more dissimilar to other assemblages worldwide, and this pattern of rising
endemism is consistent with the predictions for biotic response to the increasing climatic and
physiographic isolation of Antarctica from other Gondwanan landmasses during the early
Mesozoic. Ongoing revisions, continued collecting, and the discovery of new sites will be critical
to testing this pattern and to understanding the role of Antarctica in early Mesozoic
biogeography. In addition, the development of comprehensive regional datasets within the
Transantarctic Mountains is essential to determining how biotic crises in Earth history played out
at different scales and across different environments and latitudes.
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A synthesis of metacommunity dynamics in the McMurdo Dry Valleys,
Antarctica
Eric R. Sokol1 and J. E. Barrett2
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Institute of Arctic and Alpine Research, University of Colorado, Boulder, CO.
2
Department of Biological Sciences, Virginia Tech, Blacksburg, VA

An overarching goal of the McMurdo Dry Valleys (MCM) Long Term Ecological Research
(LTER) program is to understand the ecological processes that drive biodiversity patterns, and
how dominant species sorting processes vary across organisms (e.g., soil bacteria, nematodes,
stream diatoms) and ecosystem types (e.g., streams vs. arid soils). The metacommunity concept
represents a major advance in ecology because it provides a framework to link ecological
processes with biodiversity patterns at multiple scales. Metacommunities consist of assemblages
of interacting species, typically linked over broad spatial scales by dispersal. The structure of a
metacommunity is an emergent property of demographic processes (i.e., births, deaths,
emigration, immigration) that are influenced by the habitat at local and regional scales, and is
represented by measures of local (alpha) and regional (gamma) diversity, and species turnover
(beta-diversity). The objectives in this study were to (1) develop a general model linking
biodiversity patterns to metacommunity dynamics (e.g., dispersal, immigration rate,
environmental filtering, and (2) place MCM biodiversity in a global context by synthesizing
metacommunity dynamics inferred from biodiversity data sets across the LTER network.
We designed a package for the R statistical environment to simulate metacommunities to
quantitatively assess how metacommunity characteristics such as patch similarity, inter-patch
dispersal, and species similarity relate to diversity outcomes. We used simulation outcomes to
evaluate the sensitivity of different biodiversity metrics to model parameters. We then trained
neutral networks on the simulated data to create a set of models that could be used to infer
metacommunity characteristics from diversity outcomes. We assessed the accuracy of the neural
networks using both simulated and observed datasets. Biodiversity patterns suggest microbial
communities in arid soils (e.g., edaphic bacteria) in the Dry Valleys are more interconnected than
aquatic communities (e.g., stream diatoms), thus, stream communities may be more susceptible
to the increase in connectivity among landscape units that is predicted by the overarching
hypothesis of the current MCM LTER project. Generally, we found that commonly used
measures of biodiversity can be used to make inferences about some metacommunity dynamics
(e.g., the degree of ecological equivalence among species in the regional pool, local and regional
recruitment pool sizes), but not others (e.g., heterogeneity in assemblage size, dispersal kernel
shape). This approach offers much potential to understand how context (e.g., study design and
methods, ecosystem type, organism type) influences our interpretation of biodiversity patterns, as
well as a predictive framework to forecast shifts in biodiversity associated with climate change.

40

Ocean/Seismic Interaction with the Ross Ice Shelf (OSIRIS)
Ralph. A. Stephen1, Steve Elgar1, Fiamma Straneo1, Peter D. Bromirski2, Peter Gerstoft2,
Richard C. Aster3 and Douglas A. Wiens4
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In order to establish the links between ice-shelf observations and measured ocean and seismic
forcing, and to characterize their relationship to the sub-shelf and basal interactions that can
compromise RIS structure, we propose to extend the deployment of the current Ross Ice Shelf
(RIS) seismic and geodetic network and to complement these observations with ocean bottom
seismographs (OBS, with pressure gauges) and oceanographic moorings in the Ross Sea.
Understanding the effects of climate change on the buttressing ice shelves of Antarctica is
critical to predicting the amplitude and timing of sea-level rise. Modeling studies show that
vibrations of an ice shelf in response to ocean forcing could cause crevasse formation and ice
shelf fragmentation. We hypothesize that gravity wave-induced low frequency vibrations of the
ice shelf observed by on-shelf seismic stations can be used as an indicator of ice shelf integrity.
Furthermore, IG waves and swell can potentially enhance turbulence at the ice-ocean boundary
within the RIS sub-shelf cavity, accelerating basal melting and thinning of the shelf. In late 2014
an array of thirty-four broadband seismic stations was installed on the Ross Ice Shelf to record
vibrations caused by atmospheric and oceanic forcing (weather, wind waves, swell, infragravity
(IG) waves, tides).
This project entails a comprehensive and multi-disciplinary suite of year-round observations:
Oceanography - 1) Sea state (infragravity waves, swell, and wind waves) using upward looking
sonar and subsurface particle motions (fluctuating currents) at three moorings near the ice-shelf
front, 2) Temperature, salinity, and velocity throughout the water column at each mooring to
determine the circulation of water masses into and out of the ice-shelf cavity, Seismology - 3)
Near-front seafloor IG-wave pressure and seismic vibrations to compare with the co-located
moorings and nearby on-ice stations, 4) Incident deep-water IG wave fields, seismic ambient
noise, and seismic surface waves recorded by OBSs off the Ross Sea continental shelf, 5)
Temporal and spatial distribution of intra-shelf ice-quakes, Geodesy - 6) Transient ice shelf
movements with geodetic GPS.
Data from the expanded seismic array will be analyzed using seismic noise correlation, seismic
surface wave, and compliance methods to determine ice shelf properties, and crustal and upper
mantle structure beneath the Ross Sea from the continental margin to the ice-shelf front. Ocean
wave activity will be associated with modeled WAVEWATCH III significant wave heights
(forced by NCAR NCEP reanalysis winds) throughout the Pacific Ocean.
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Cosmogenic nuclides beyond the last Antarctic glacial maximum
1

John Stone1

Department of Earth and Space Sciences, Box 351310, University of Washington, Seattle, WA 98195,
USA

Exposure dating in Antarctica with cosmic-ray-produced nuclides has been used mainly to
determine the age of the last glacial maximum (LGM) and subsequent deglaciation. Exposuredating chronologies are now widespread, and cover the Ross, Weddell and
Amery embayments as well as critical sectors of the West Antarctic Ice Sheet (WAIS) such as
the Amundsen Sea. Recent high-resolution numerical models of ice sheet behavior through the
last glacial period have relied on exposure age chronologies for ground truth.
Low sub-aerial and glacial erosion rates are a unique feature of the Antarctic environment, and
allow preservation of glacial deposits and bedrock for millions of years. This precludes the use
of bedrock exposure ages for dating recent glaciation, but instead produces records of cumulative
ice-cover and exposure, that can be interpreted with data from nuclides with different halflives. Such records from the Ross Sea show that the long-term average configuration of
the WAIS during interglacials is similar to the present, with the grounding-line lying between
Reedy and Scott Glaciers. In contrast, bedrock records from Marie Byrd Land show a thicker
long-term average WAIS, extending beyond the modern-day coast. Present-day nunataks in the
Ford Ranges have been ice-covered through most of the Pleistocene, with only intermittent
exposure. In Antarctica alpine, glacially-carved landscapes have long been understood to predate the present ice-sheet glaciation; in Marie Byrd Land they have been preserved by protective,
cold-based ice cover.
Survival of bedrock underneath the ice sheet also opens up the possibility of subglacial
drilling to look for evidence of times in the past when the ice sheet was thinner. Cosmogenic
nuclide data from such material could be used to determine ice sheet extent during interglacial
periods warmer than the present, and the vulnerability of the ice sheet to future climate change.
Supported by National Science Foundation awards PLR-1341728, PLR-1246110, ANT1142162, and OPP-0838818.
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Combining geochronologic and low-temperature thermochronologic methods
on detrital and bedrock samples: A key to reconstructing Antarctica’s
geologic and landscape evolution
Stuart N. Thomson
Department of Geoscience, University of Arizona, Tucson, AZ
Dating detrital mineral grains (typically zircon and apatite) using U-Pb geochronology and lowtemperature fission track (FT) and (U-Th)/He (He) thermochronology is now an established tool
in the investigation of geologic processes and problems. Each of these methods in isolation are
very valuable tools, albeit with some limitations. For example, detrital zircon U-Pb
geochronology cannot differentiate different sources with the same crystallization age, the
youngest age population may be older than depositional age, large orogenic or metamorphic
episodes may not produce primary zircon, and recycling of zircon grains can lead to incorrect
interpretation of primary sediment source. Detrital thermochronology has some of the same
issues, as well as the problem of syn-depositional age volcanic grains leading to erroneous lagtime interpretation. Many of these issues can be overcome by combining multiple dating
techniques on single grains or clasts. FT and He dating provide information on cooling and
erosion history of detrital grains while still resident within their source bedrock, whereas higher
closure temperature U-Pb dating provides information on source region formation and
metamorphic age as well as changes in sediment provenance over time.
Application of such methods is particularly valuable in Antarctica. Here, the
geochronologic, thermal, and geochemical record of detrital grains and clasts in offshore
sedimentary deposits, ice rafted detritus, and onshore moraines provide an invaluable archive of
the past geologic, tectonic, and erosion history of the largely inaccessible bedrock of the icecovered continent interior. Additionally, where bedrock source geologic information is available
(such as in the Transantarctic Mountains – TAM), offshore detritus can be used to trace past ice
flow patterns and ice sheet extent. We have recently applied single grain multi-dating techniques
to offshore sedimentary deposits of varying age (Cretaceous to Holocene) in Prydz Bay derived
from the Lambert Glacier catchment. Here, apatite U-Pb dating was used to verify a common
largely Pan-African age source region through time. Detrital FT and He ages, in contrast, show
distinct changes through time. Double-dated (FT+He) grains from pre-glacial sediments show
old ages supporting very low erosion rates before expansion of the ice sheet. A shift towards
younger and broader age distributions since ~34 Ma reveals over 2 km of spatially localized
erosion by the Lambert Glacier. The change to younger detrital apatite FT ages occurs
predominantly in lower Oligocene sediments, with only minimal change thereafter. We interpret
this to represent localized glacial incision during the early history of a temperate orbitallycontrolled fluctuating East Antarctic Ice Sheet. Later incision is inhibited by both overdeepening
of the Lambert trough, and more polar cold-based, and hence less erosive, basal ice sheet
conditions over the last ~14 Myr.
We have since undertaken pilot studies applying similar techniques to sediments and
clasts from offshore Wilkes Land and the Ross Sea, with goals to investigate other parts of
subglacial East Antarctica. This includes investigating the impact of glacial erosion on the TAM
landscape, such as the formation age of the major overdeepened troughs transecting the TAM,
and how variation in incision rates may relate to changes in ice sheet dynamics.
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