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Processes acting on Antarctic mantle: Implications for flexure and volcanism
James M.D. Day
Scripps Institution of Oceanography, La Jolla, CA 92093-0244, USA
Mantle lithosphere influences rift system tectonic evolution. In the West Antarctic Rift System
(WARS), Cenozoic to recent alkaline volcanic rocks yield a variety of peridotite and pyroxenite
xenoliths that allow sampling of lithosphere. Petrological and geochemical data for xenoliths and
lavas from the Hut Point Peninsula of Ross Island reveal significant melt-rock reaction,
demonstrated by replacement by amphibole or clinopyroxene to form pyroxenite and lherzolite
lithologies, or as amphibole-impregnated dunites. Despite the pervasive evidence for melt-rock
interaction, petrological and geochemical evidence indicates that dunite and harzburgite
xenoliths represent young mantle lithosphere [1]. The timing of formation and composition of
the Hut Point Peninsula xenoliths are consistent with both destruction and creation of mantle
lithosphere during or after subduction along the Gondwana margin, prior to WARS formation.
Modification of mantle lithosphere by subduction is also consistent with generation of HIMUlike metasomatized mantle reservoirs that fed Cenozoic to recent alkali volcanism of Mount
Erebus and the WARS. The presence of young lithosphere within the WARS has collateral
implications for rift dynamics and melting processes. Work done to elucidate the formation of
the WARS and the Transantarctic Mountains has led to a variety of models for uplift. These
include thermal uplift, the presence of a low-density root or thermal expansion in response to a
change in olivine molar volume, or flexural uplift. An important factor in the location and
magnitude of the WARS rift shoulder is likely to be the presence of significant lithospheric
mantle heterogeneity that appears to have been induced by subduction. Future flexure of the
mantle lithosphere in response to unloading (deglaciation) may lead to enhanced melting,
volcanism, and seismicity in and around the WARS. In turn, this may have a negative – or
positive (localized cooling) – feedback on ice sheet stability. Sampling and careful petrological
and geochemical analyses of mantle nodules and lavas from within the WARS (Ross Island,
Northern Victoria Land), and in the Marie Byrd Land region will provide insights into the state
of mantle lithosphere in the region. In turn, these data will inform refined models of flexure
response to ice sheet thickness variations. Ref: [1] Day et al. (2019) Chem. Geol. 518, 45-54.

Figure 1 – Vertically exaggerated schematic cross-section of the WARS from east Antarctica to
Marie Byrd Land (A-A’ on Figure 1 of [1]) using available geophysical information and xenolith
rhenium depletion ages. Shown is the approximate geometry of the WARS and Transantarctic
Mountains (TAM) and maximum rhenium depletion ages (TRD).

Sub-Ice Thermal Anomaly Mapping Using Magnetotellurics
Considering the U.S. Great Basin as an Analog
Phil Wannamaker1*, Graham Hill2,3, Virginie Maris1, John Stodt4, and Yasuo Ogawa5
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Bedrock heat flux of Marie Byrd Land and much of the West Antarctic Ice Sheet has been
conjectured to significantly exceed the global average of ~85 mWm-2, e.g. 100-200 mWm-2 or
more, with implications for ice sheet stability. Advective affects may complicate shallow heat
flow measurements and so deeper-seeking geophysical techniques may have a greater role in
estimating crustal thermal state. The actively extensional U.S. Great Basin province has been
considered a partial tectonic analog to West Antarctica although extension rates in the latter are
generally much less. The magnetotelluric (MT) geophysical method has been widely applied in
the Great Basin to understand province-scale down to geothermal prospect-scale thermal
structure using electrical resistivity as a proxy. There, widespread zones of crustal magmatic
underplating and fluid release over broad areas correlate with surface heat flow and volcanic
occurrences, with depth to top of low resistivity approximating an isotherm. Spatially
concentrated low-resistivity upwellings imply local upward convection and commonly connect
into known high-temperature geothermal resource areas exhibiting magmatic-origin fluid fluxes.
This has been the basis of significant recent research into greenfield reconnaissance for blind,
high-enthalpy geothermal systems. Similar low-resistivity structure correlating with analogous
magmatic and convective processes in West Antarctica has been revealed in recently published
MT field campaigning there. Appropriately designed surveys have potential to constrain the
magnitude and spatial variation of crustal geotherms including local hotter zones that could
provide particularly high thermal input to the overlying ice sheets.

Pre-glacial and glacial uplift and incision history of the central Transantarctic
Mountains reevaluated using multiple low-temperature thermochronometers
Stuart N. Thomson1, Peter W. Reiners1, John He1, Sidney R. Hemming2, Kathy J. Licht3
1 Department of Geosciences, University of Arizona, Tucson, AZ 85721, USA
2 Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY 10964, USA
3 Department of Earth Sciences, IUPUI, Indianapolis, IN 46202, USA
The Transantarctic Mountains (TAM) form one the longest and highest relief mountain belts on
Earth. They are characterized by extensional tectonics related to development of the West
Antarctic Rift System (WARS) since ~100 Ma, and later were deeply incised by major glacial
troughs since formation of the East Antarctic ice sheet at ~34 Ma. However, the tectonic and
geomorphic processes that led to their uplift, and the timing and magnitude of this uplift, remain
poorly known owing to their remoteness, ice cover, and the lack of any post-Jurassic onshore
stratigraphic record. Much of what we currently understand about post-Jurassic TAM uplift
history has been informed by thermal histories documented by just a few apatite fission track
(FT) thermochronology studies. Traditionally these results have been used to propose that the
TAM formed through episodic rift flank uplift in the Early and Late Cretaceous, and Paleogene.
However, more recent alternative explanations for TAM evolution and uplift include: (1) burial
by a extensive Mesozoic sedimentary basin until Paleogene rift-related inversion; (2) Cretaceous
extensional collapse of a high elevation “Altiplano-like” plateau; (3) Uplift associated with
Cenozoic lithospheric foundering beneath the central and southern TAM, and (4) that up to half
of the elevation of the high peaks of the central TAM can be explained by isostatic rebound
(“peak uplift”) in response to localized glacial incision. A crucial aspect for testing these various
models is a more complete understanding of the thermal and erosion history of the TAM.
We present new results from multiple thermochronometers (apatite and zircon FT and
(U-Th)/He (He) dating) from ~100 samples from the central TAM. The analyzed samples come
from an ~200 by 300 km region between the Beardmore and Shackleton Glaciers and include
several vertical transects. Initial zircon FT results show two main cooling events, one at ~300 Ma
likely related to creation of the Kukri Peneplain before deposition of overlying lower Permian
glaciogenic Pagoda Formation rocks, and variable thermal resetting at ~180 Ma in both basement
and overlying Beacon Supergroup sedimentary rocks related to Ferrar magmatism. All Zircon He
results yield ages < 180 Ma, indicating Ferrar magmatism-related reheating to > ~200°C at this
time was pervasive throughout the central TAM. Initial interpretation of our results from the
zircon He and lower temperature apatite FT and He thermochronometers favors slow cooling
since Ferrar magmatism at ~180 Ma, an apparent short-lived reheating event at ~100-80 Ma
associated with elevated heat flow and/or erosion during inception of the WARS, a further period
of slow cooling, with major acceleration of cooling at ~34 Ma coeval with onset of glacial
incision. No earlier Paleogene cooling event (as interpreted from published apatite FT data) is
recorded in our new data set. Total cooling and hence exhumation increase markedly towards the
Ross Sea, and are greater along the deeper Beardmore Glacier trough compared to the
Shackleton Glacier. Our results are consistent with previously proposed models for glacialincision-induced flexural peak uplift of the central TAM, but with greater recorded incision and
uplift, as these previous models did not fully account for significant post-34 Ma erosion of peaks,
and the true depths of the major glacial troughs.

New single-crystal age determinations for basement rocks in the Miller Range
of the Ross Orogen, Central Transantarctic Mountains
Kyle W. Parsons1, Willis Hames1, and Stuart Thomson1
1 Department of Geosciences, Auburn University, Auburn, AL. 36849
2 Department of Geosciences, University of Arizona, Tucson, AZ
The Miller Range of the Central Transantarctic Mountains contains shelf sequences of the
East Antarctic Craton metamorphosed during Neoproterozoic to Cambrian stages of the Ross
Orogeny. Previously published U/Pb ages for zircon formed in metamorphic and igneous rocks
of the Miller Range have been interpreted to record final crystallization at ca. 540-520 Ma, and
40
Ar/39Ar ages for bulk samples of hornblende and muscovite are indicative of rapid CambroOrdovician post-orogenic cooling (Goodge and Dallmeyer, 1996). Apatite fission track ages
reported for the Miller Range (Fitzgerald, 1994) record exhumation of the present erosion
surface by ca. 275 Ma, and available evidence can be interpreted to indicate the present erosion
surface of the Miller Range has undergone little exhumation since the Permian. However, the
cooling history of rocks within the Miller Range from 40Ar retention in muscovite to annealing of
fission tracks in apatite (~350-70°C) has been largely unconstrained by earlier studies.
For the present study, single-crystal 40Ar/39Ar ages were obtained by laser extraction
techniques in the Auburn Noble Isotope Mass Analysis Lab (ANIMAL) for hornblende,
muscovite and biotite, from eleven samples of metamorphic and igneous rocks within a small
region of the Miller Range. The new data permit a more complete assessment of the variation in
mineral ages at the single crystal scale and better resolution of the effects from unsupported
‘excess’ argon among individual crystals. These data were combined with LA-ICPMS ages for
zircon, and (U-Th)/He ages of zircon and apatite, obtained in the 2019 Antarctichron workshop
at the University of Arizona. The youngest LA-ICPMS ages for zircon from the Nimrod gneiss
are consistent with crystallization at ca. 530 Ma, and varying degrees of inheritance suggesting
earlier components as old as ca. 1.6 Ga. The 40Ar/39Ar results confirm rapid postorogenic cooling
through argon retention temperatures of hornblende and muscovite from ca. 520-490 Ma,
followed by slower cooling through biotite retention temperatures from ca. 480-370 Ma. The
youngest single-crystal biotite ages (ca. 250-350 Ma) are similar to (U-Th)/He zircon ages
obtained in this study and appear to reflect long residence for rocks of the Miller Range at midcrustal levels in a stable cratonic setting. Preliminary apatite (U-Th)/He ages determined have
some overlap with (U-Th)-He zircon ages, but a few are as young as ca. 22 Ma, considerably
younger than any ages determined previously for the Miller Range.
The new data show single-crystal ages can constrain an overall thermal history for
basement samples with greater confidence than bulk-sample ages. The new data are consistent
with hornblende closure at ca. 524-518 Ma in the Miller Range, implying much of the previously
reported spread in older hornblende 40Ar/39Ar ages to result from unresolved components of
extraneous 40Ar. Single-crystal ages of biotite show particular promise in this study, as they seem
to bridge a gap in the cooling history from retention of 40Ar in hornblende and muscovite to
initial retention of He in zircon. The apatite (U-Th)/He ages determined in this work may
represent a previously unrecognized phase of Oligocene to Miocene exhumation in the Miller
Range. In addition to implications for the history of the Ross orogen and evolution of Gondwana,
the single crystal 40Ar/39Ar age data of the present study provide a more suitable and accurate
characterization of the Miller Range as a potential source for glacial sediment.

Antarctic Subglacial Limnology: Background, Challenges, and Opportunities
for Transformative Interdisciplinary Earth Science
John E. Dore, John C. Priscu, and the SALSA Science Team
Montana State University, Bozeman, MT USA
Subglacial Antarctica is among the least explored regions of our planet, and with each new
discovery our view of the continent’s role in the Earth-ocean-atmosphere system is being
transformed. It is now known that the much of the Antarctic subglacial environment is
characterized by liquid water-saturated sediments and a vast network of interconnected and
nonventilated lakes and streams that eventually discharge into the ocean. The subglacial water
and wet sediments play important roles in ice stream dynamics and mass balance and provide
viable habitats for microbial ecosystems that subsist on energy from rock and relict organic
matter. Subglacial lake sediments also potentially contain preserved records of past climate and
ice movement. Yet, this environment is hidden below 100s to 1000s of meters of ice that until
recently have prevented direct access and sample collection. Moreover, the potential for
contamination of this pristine subglacial habitat has challenged the scientific community to
develop techniques and protocols for clean-access sampling that prevent introduction of
chemicals and microbes from the surface world. The need for such environmental stewardship
has made the burgeoning field of Antarctic subglacial limnology necessarily interdisciplinary in
scope and often international in practice.
We will begin with a brief historical review of the study of Antarctic limnology, from the
initial observations of the perennially ice-covered lakes of the Dry Valley regions to the
serendipitous discovery of Vostok Subglacial Lake and the controversies surrounding its
penetration. We will then discuss more recent attempts to reach subglacial lakes in West
Antarctica using clean-access hot water drilling, including the successful sampling of Whillans
Subglacial Lake through 800 m of ice by the WISSARD project in 2013. Finally, we will
present some initial observations from the successful sampling of the water column and
sediments of Mercer Subglacial Lake (SLM) by the Subglacial Antarctic Lakes Scientific Access
(SALSA) program in 2018-19. SLM, a 15 m-deep lake beneath 1092 m of ice, is fed by
meltwater derived from both West and East Antarctica, and drains ultimately into the marine
cavity beneath the Ross Ice Shelf. Data from SLM yield unique information on the history of the
Whillans and Mercer ice streams and the first observations of subglacial chemical and biological
conditions from East Antarctica. SALSA research provides transformative data on subglacial
lakes on Earth and addresses key questions directly relevant to the stability of the West Antarctic
Ice Sheet, the subglacial hydrological system, and carbon cycling within the deep-cold subglacial
biosphere. Results from Antarctic limnological research at these deep-field sites can be used to
formulate testable hypotheses for the eventual exploration of Ocean Worlds in the outer Solar
System.

The history of subglacial waters from the Wilkes Basin, East Antarctica from
subglacial precipitates
Blackburn, T1., Edwards, G.H. 1, Scudder, M. 1, Tulaczyk, S. 1, Babbe, J.T. 1, Zachos, J. 1, Hallet,
B. 2
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Subglacial waters play a key role in the dynamics of the Antarctic ice sheet, host diverse
microbial ecosystems, and carry significant solute fluxes to the Southern Ocean. While modern
subglacial waters from several localities have been investigated, their evolution over geologic
timescales remains virtually unconstrained. Here we introduce a new means of resolving deep
time records of past EAIS water compositions using U-series dating of subglacial precipitates.
These water-lain chemical precipitates form as a byproduct of subglacial freezing, a process that
consumes subglacial waters, concentrating solutes within the remaining waters to the point of,
most often, calcite or amorphous silica/opal precipitation. Because they can be dated by
radioisotopic methods, these precipitates record the chemical and isotopic history of subglacial
waters on geologic timescales. Here we show how subglacial precipitates collected from the
Wilkes and Pensacola Basins of East Antarctica as well as along the EAIS perimeter within the
Transantarctic mountains provide a 400 thousand year record of subglacial fluids that are
characterized by the depletion of 18O and enrichment in 234U. These layered precipitates are
centimeters in scale and record mineralogical, chemical and isotopic changes that are not
consistent with steady state processes. The oxygen data and δ18O depletion reflect subglacial
freezing, a process that would deplete 18O in the remaining waters, saturate solutes toward
precipitation and could ultimately, over the recorded time scales, produce the km-scale freeze-on
structures revealed by airborne radar data. The enrichment in 234U in waters occurs as result of
the α-decay of parent 238U housed within silicates. This high-energy decay leads to the ejection
of 234U from fine-grained sediments into subglacial fluids or ice and, depending on the surface
area of sediment as well as the uranium content of the sediment and water, necessitates waterrock exposure times on tens of thousands of years. The enrichment in 234U within the Wilkes
Basin waters suggests that the subglacial brines within the McMurdo Dry Valleys, also enriched
in 234U and considered anomalous, may be representative of the fluids throughout the Wilkes
Basin. Here in we interpret these geochronologic and geochemical results in light of end-member
models for Pleistocene ice stability.

Evidence for Pathways of Concentrated Submarine Groundwater Discharge
in East Antarctica from Helicopter-Borne Electrical Resistivity Measurements
Slawek M. Tulaczyk1, Neil Foley1, Denys Grombacher2, Peter T. Doran3, Jill Mikucki4, Krista F.
Myers3, Nikolaj Foged2, Hilary Dugan5, Esben Auken2 and Ross Virginia6
1
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2
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4
Department of Microbiology, University of Tennessee, Knoxville, TN 37996
5
Center for Limnology, University of Wisconsin - Madison, Madison, WI 53706
6
Environmental Studies Program, Dartmouth College, Hanover, NH 03755

The Southern Ocean receives limited liquid surface water input from the Antarctic continent. It
has been speculated, however, that significant liquid water may flow from beneath the Antarctic
Ice Sheet, and that this subglacial flow carries that water along with dissolved nutrients to the
coast. The delivery of solutes, particularly limiting nutrients like bioavailable iron, to the
Southern Ocean may contribute to ecosystem processes including primary productivity. Using a
helicopter-borne time domain electromagnetic survey along the coastal margins of the McMurdo
Dry Valleys region of Southern Victoria Land, Antarctica, we detected subsurface connections
between inland lakes, aquifers, and subglacial waters. These waters, which appear as electrically
conductive anomalies, are saline and may contain high concentrations of biologically important
ions, including iron and silica. Local hydraulic gradients may drive these waters to the coast,
where we postulate they emerge as submarine groundwater discharge. This high latitude
groundwater system, imaged regionally in the McMurdo Dry Valleys, may be representative of a
broader system of Antarctic submarine groundwater discharge that fertilizes the Southern Ocean.
In total, it has the potential to deliver tens of Gigagrams of bioavailable Fe and Si to the coastal
zone.

East Antarctic Ice Sheet evolution and paleoclimate of the Aurora Subglacial
Basin since the Late Cretaceous: Proposed geologic drilling on the Sabrina
Coast continental shelf
Amelia Shevenell1, Sean Gulick2, Tim Naish3, Amy Leventer4, Trevor Williams5, Tina van De
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The East Antarctic Ice Sheet (EAIS) contains ~19m of sea-level-equivalent ice and one of the
largest marine-based catchments is the Aurora Subglacial Basin (ASB), which extends from the
Gamburtsev Mountains to the coast and contains 3-5 meters of sea-level equivalent ice. Models
indicate that Antarctica's ice sheets nucleated in the Gamburtsev Mountains, reached the Sabrina
Coast before continental-scale ice sheets formed, and remained relatively sensitive to climate
perturbations through the Cenozoic. However, these models are not currently constrained by iceproximal geologic data and uncertainties remain regarding the timing, rates, spatial heterogeneity,
and mechanisms of EAIS evolution.
High-resolution Sabrina Coast continental shelf seismic reflection data reveal a ~1200 m thick
record of ASB catchment evolution and associated climate/oceanographic change during times
when CO2 concentrations and temperatures were equal to and/or exceeded those expected with
continued anthropogenic warming. Short piston cores reveal warm Cretaceous to Paleocene
climates deteriorated by the early-to-middle Eocene and regional glaciers advanced to the coast.
Between the middle Eocene and late Miocene, the region experienced ~12 cross-shelf glacial
advance/retreat cycles. Several unconformities are marked by tunnel valleys of a size and scale
that suggest substantial melt-water input, akin to features observed in the Dry Valleys and those
associated with temperate ice sheets. Above a regional unconformity of late Miocene age, a ≤110
m veneer of glacial to glaciomarine sediments suggests some Plio-Pleistocene glacial variability
and a shift in ice sheet thermal regime from temperate to polar.
We envision a geologic drilling program on the Sabrina Coast continental shelf that consists of
two transects of primary and alternate sites (200-400 m deep holes; 400-600m water depth). A

broad range of dateable open marine, glaciomarine, and subglacial sediments are accessible by
shallow (150-300m) drilling of dipping stratigraphy, which allows us to drill 700-800 m of the
~1300m thick sequence. The exceptional Sabrina Coast record, though inherently discontinuous,
offers: direct evidence of ice margin fluctuations and continental conditions, shallow access to
older strata due to tilting and glacial erosion of overlying strata, as well as high sedimentation rates
and shallow water depths, which favor carbonate macro- and microfossil preservation. The
proposed drilling program will provide key constraints on the: 1) existence of warm high southern
latitude climates during the late Mesozoic and early Cenozoic, 2) evolution of the EAIS in the
ASB from the Paleogene to the last deglaciation, and 3) the evolution of regional subglacial
hydrology and its role in past glacial dynamics.

Model-data integration to explore the influence of Transantarctic Mountain
development on mid-Miocene climate and ice-sheet variability
Anna Ruth Halberstadt1, Hannah Chorley2, Rob DeConto1, Richard Levy3, Tim Naish2, Ed
Gasson4, Doug Kowalewski5
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The mid-Miocene Climatic Optimum (~17–15 Ma) was characterized by atmospheric CO2
concentrations similar to those projected to be reached within the next few decades, and thus
serves as a possible analog for future Antarctic conditions. We explore Antarctic Ice Sheet
evolution during this dynamic time period using a suite of ice-sheet and climate model
simulations, performed under atmospheric CO2 levels ranging from 280 ppm to 1500 ppm. In
addition to varying CO2, we represent different stages of Transantarctic Mountain (TAM) uplift
by adjusting TAM elevation from sea-level to above their modern height.
This work aims to address broad questions surrounding Antarctic Ice Sheet evolution and the
role of CO2 and topography on ice-sheet and ice-cap stability. We investigate the boundary
conditions influencing the TAM ice cap and the establishment of the ice-free McMurdo Dry
Valleys (MDVs) conditions that still exist today. Model results are evaluated within the context
of available geologic records from the MDVs, including a new paleoenvironmental dataset from
the Friis Hills Drilling Project. Model-data comparison is used to constrain TAM uplift history
and extrapolate wider climate and ice-sheet conditions from geographically-limited datasets. We
investigate the onset of ice-free conditions in the MDVs by simulating both the regional climate
and vegetation cover under a range of plausible CO2 and uplift histories, to provide context for
the sparse geologic record.
A dynamic mid-Miocene Antarctic Ice Sheet is inferred from both near-shore marine records
from the Ross Sea and marine geophysical evidence. These marine records are seemingly at odds
with sedimentary and geomorphic studies in the MDVs that suggest the East Antarctic Ice Sheet
was relatively stable since the mid-Miocene. We use our model results to test the hypothesis that
climate in the MDVs remained relatively cold and stable relative to highly variable marine
conditions in the proximal Ross Sea.
This project links numerical models with geological data, combining previously disparate fields
of study and methodologies. Our integrative approach is the outcome of field work in the Friis
Hills, MDVs, bringing together an interdisciplinary and international team of researchers to
address overarching questions about the evolution of the Antarctic Ice Sheet during the midMiocene.

What really happened in East Antarctica during the mid-Pliocene warm
period?
Greg Balco
Berkeley Geochronology Center, Berkeley CA USA
This question is important because the MPWP was the last time the atmospheric CO2
concentration was as high as it is now. However, we basically don't know the answer. Global sea
level data indicate that the West Antarctic Ice Sheet probably mostly disappeared, and the East
Antarctic Ice Sheet might have been a lot smaller. Model simulations with Pliocene boundary
conditions show that significant EAIS volume loss from deglaciation of East Antarctic subglacial
basins is physically possible, but on the other hand show that EAIS volume gain from increased
accumulation rates during warm periods is possible too. Some offshore marine sedimentary
records show that something seems to have been different in sediment source areas in East
Antarctica during the MPWP, but connecting these observations to ice thicknesses or ice margin
positions is speculative, and the actual observations can most likely be explained by either
larger-EAIS or smaller-EAIS scenarios.
The point of this talk is to give an idea of the scope of geologic information from the Antarctic
continent that already exists, or that is proposed to be collected in the near to intermediate future,
that could provide more direct and less ambiguous evidence for Pliocene EAIS configuration and
volume. This includes the following.
First, a large amount of exposure-age data have been collected, and more could be collected,
from ice-free areas in the Transantarctic Mountains that preserve glacial deposits as old as the
middle Miocene. Of course, it is not possible to prove the hypothesis that the EAIS was smaller
than present during the MPWP using only deposits that are above the present ice sheet, but the
discovery of MPWP-aged glacial deposits above the present ice sheet could disprove it. As yet,
none have been discovered.
Second, cosmogenic-nuclide measurements on bedrock surfaces throughout Antarctica show that
many surfaces have exposure histories substantially longer than 3 Ma. Again, these don't provide
direct evidence for whether or not the EAIS was ever smaller than present, but can provide a
means of testing and validating ice sheet models that do or do not predict significant MPWP ice
volume losses.
Third, rock or sediment samples from below the present ice sheet surface CAN potentially
provide unambiguous evidence that the ice sheet was smaller in the past, and recent progress in
subglacial bedrock recovery drilling means that it is now possible to collect some such samples.
In particular, subglacial bedrock recovery in areas in northern Victoria Land adjacent to the
Wilkes subglacial basin has the potential to provide direct evidence for or against the hypothesis
that substantial deglaciation of EAIS marine basins took place during the MPWP or other warm
periods.

Extent and Age of Ross Sea drifts from the Last Two Glaciations, McMurdo
Sound, Antarctica
Brenda Hall1, George Denton1, Stephanie Heath2, Gideon Henderson3, Margaret Jackson4, Toby
Koffman5, Laura Mattas1, Maraina Miles1, Tess Walther1
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During at least the last two global glaciations, ice grounded in the Ross Sea, forming an ice sheet
that extended close to the continental shelf edge. In the western McMurdo Sound region, a
portion of this ice sheet deposited two distinct, basalt-rich drifts along the headlands and in the
valleys of the Royal Society Range. Calibrated radiocarbon ages of in situ subfossil algae
enclosed within moraines marking the drift edge suggest that the younger of these drifts dates to
the last global glaciation. These dates show that the ice sheet was grounded in McMurdo Sound
as early as ~28,000 yr BP and attained and maintained its maximum position from ~18,70013,000 yr BP throughout Termination I. This late glacial maximum likely reflects the role of
rising accumulation triggered by increasing temperatures in delaying deglaciation. Cross-cutting
relationships between drift units indicate that local alpine glaciers fluctuated out of phase with
the grounded ice in McMurdo Sound and have expanded throughout the Holocene, probably also
as a result of increased accumulation.
During the penultimate glaciation, the grounded ice sheet extended to slightly higher elevations
and slightly farther inland in the Royal Society Range than during the last glacial maximum.
Uranium-thorium disequilibrium ages of lacustrine carbonates from lakes dammed by Ross Sea
ice suggest that the ice sheet had grounded in McMurdo Sound by ~145,000-150,000 yr BP and
persisted until at least 139,000 yr BP.
Our chronology places the last two grounding events in McMurdo Sound within Marine Isotope
Stages (MIS) 2 and 6, during times of the greatest global ice extent and sea-level lowering. We
note that there is no evidence of grounded ice during MIS 4, despite the presence of extensive
glaciation at that time at other Southern Hemisphere locations, such as New Zealand, and the
existence of Southern Ocean and Antarctic air temperatures as cold as during MIS Stage 2. These
observations lead us to the view that sea-level change, modulated in some locations by the
opposing effect of accumulation changes, is the fundamental control on grounding in McMurdo
Sound and hence in the Ross Embayment.

Surface Changes at the Head of Law Glacier and the Interior EAIS
During the Last ~100, ~10,000, ~100,000 and ~0.5 million years
Michael Kaplan1, Kathy Licht2, Gisela Winckler1,3, Christine Kassab2, Jennifer Lamp1, Joerg
Schaefer1,3, Joseph Graly2
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At Mt. Achernar, in the central Transantarctic Mountains, analyses of 10Be-26Al-3He cosmogenic
nuclides in sediments in a blue-ice moraine reveal their exposure and pre-exposure histories. A
multi-isotopic approach also allows comprehensive dating of different lithologies, to ascertain how
the interior EAIS has changed over the last few glacial cycles. Furthermore, we tie our
chronological efforts to study of the geomorphology, other geochemical proxies including source
provenance, and the glaciologic setting to obtain additional information on past ice sheet behavior.
In the southern or main part of the Achernar moraine complex, the evidence indicates a net or longterm overall decrease in ice surface elevation of 50-100 meters (or less) over the last ~0.5-0.3 Ma,
across about 5 km. In the northern part of the moraine complex, the highest most extensive
recorded ice surface occurred during Marine Isotope Stage 5. Subsequently, ice surface changes
are on the order of 10s of meters (or less), as revealed by the Achernar moraine complex. Since
~12,000 to 10,000 years ago, the surface has lowered by about 50-25 m, including from a
prominent right lateral moraine to the present ice level. On the youngest timescale studied (~100
years), recently-emerged cobbles on the Law Glacier surface typically have an exposure of only
decades or <100 years, indicating either recent surface lowering, or relatively rapid rise within the
ice, or both. A key observation is that the head of Law Glacier and the up-flow drainage area have
been relatively stable for several glacial cycles. This includes relative stability during Stage 5,
when the Law Glacier was even slightly thicker than during the Last Glaciation or Holocene.

Early Holocene Retreat and Late Holocene Re-advance of the Grounding Line
in the Ross Sea Sector
Sarah Neuhaus1, Slawek Tulaczyk1, Nathan Stansell2, Reed Scherer2, Ross Powell2, Jason
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Knowledge of past ice sheet configurations is important because it can inform predictions of
future ice sheet behavior and be utilized in calibrating ice sheet models. Much of the past
research on geometric evolution of the West Antarctic Ice Sheet (WAIS) has focused on
reconstructing its decay from its Last Glacial Maximum (LGM) to the modern configuration.
Until recently it was assumed that the current outline of the WAIS is the smallest since the LGM.
However, new evidence suggests that the grounding line along the West Antarctic Ice Sheet
retreated further back than its current position within the past 10,000 years and is now advancing
(Kingslake et al., 2018). We further re-examine the timing of this retreat and re-advance in the
Ross Sea Sector of Antarctica through modeling constrained by radiocarbon concentrations in
sediments collected below the ice sheet, as well as through modeling basal ice temperatures
measured by Engelhardt (2004). The observational evidence is best fit by scenarios which
assume a quick retreat early on in the post-LGM deglaciation combined with a very recent readvance of the grounding line.

The Polar Rock Repository: An Earth Science Resource
Anne Grunow
Byrd Polar & Climate Research Center, The Ohio State University
The National Science Foundation and the United States polar earth science community
recognized the need for, and value of, preserving rock samples from Antarctica and hence
created the Polar Rock Repository (PRR) at the Byrd Polar and Climate Research Center
(BPCRC). The PRR preserves and provides scientific access to rock, terrestrial drill core,
unconsolidated till/soil and marine dredge sample collections from Antarctica and the southern
oceans. Currently more than 52,000 samples are available as no-cost loans for research.
Typical sample information includes not only geographical location informaton but also,
formation, age, weight, surface features, minerals observed, magnetic susceptibility, specific
gravity (on request), logistics, publications, field notes, photographs etc. Scientists may request
samples from the PRR website and conduct research using destructive techniques. In addition to
the physical samples, the PRR archives supporting materials from the collector, such as images
of the samples, field maps, air photos, thin sections and any associated bibliography/DOI’s.
Researchers may search for samples using the PRR website which uses an advanced search
engine to allow scientists to “drill down” into search results using categories and look-up object
fields similar to websites like Amazon. Results can be viewed in a table, downloaded as a
spreadsheet, or plotted on an interactive map that supports display of satellite imagery and
bathymetry layers. Samples can be requested by placing them in the ‘shopping cart’. The easy
discoverability of the PRR samples using the online search and shopping tools helps scientists
with research planning, particularly given how logistically difficult, financially expensive and
the high environmental impact of conducting Antarctic field research.
The PRR online database includes information useful to glacial geologists, environmental
geologists and biologists by noting locations with biological activity in small lakes, ancient
lakes, soil horizons, dry valleys and glacial surface features. The recent acquisition of the Eltanin
cruise dredge samples provides new information that may assist studies looking at climate and
biogeography from deep-sea corals in the Drake Passage. The PRR database also includes rock
property information, such as magnetic susceptibility and specific gravity that is useful to
geophysicists.

Identification of uninhabited surface soils in the Shackleton Glacier Valley
Nicholas Dragone1,2, Noah Fierer1,2
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Microorganisms are the most ubiquitous forms of life on Earth and active microbes can be found
in even the most challenging environments. As a result, it is often assumed that microbes should,
over time, come to inhabit every terrestrial surface on Earth. Is this paradigm wrong? Are there
terrestrial surfaces that have remained completely devoid of microbial life? Previous work has
hinted that uninhabited soil environments might exist in Antarctica. To explore this potential
limit of habitability, we used a range of approaches, including cultivation dependent methods,
cultivation independent genetic sequencing, and metabolic assays to identify signs of life in
Antarctic surface soils. By testing >200 soils collected along transects defined by environmental
and geochemical gradients across the Shackleton Glacier Valley, we sought to confirm whether
uninhabited soils do exist in Antarctica, and to determine what might be responsible for this
observed “limit to life.” We could not detect any living microbes (neither fungi nor prokaryotes)
in approximately 20% of the collected soils, even though these soils have likely been exposed for
thousands of years. Together our results suggest that uninhabited surface soils are likely to be
common in inland, higher elevation sites throughout the Transantarctic Mountain sites owing to
the unique conditions found in these environments that prevent the recruitment and survival of
any microorganisms.

Evolution of High-Latitude Early Mesozoic Vertebrates and their
Paleoenvironments
Nathan D. Smith1, Peter J. Makovicky2, Julia A. McIntosh3, Christian A. Sidor4, Roger M. H.
Smith5, Neil J. Tabor3, Megan R. Whitney4, and Charles H Woolley1,6
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Terrestrial vertebrate fossils were only first discovered in the Transantarctic Mountains in 1967,
but have had a profound impact on our understanding of early Mesozoic vertebrate evolution and
paleobiogeography, including providing decisive support for the theory of plate tectonics.
Subsequently, work in the central Transantarctics has yielded three distinct early Mesozoic
assemblages (Early Triassic, Middle Triassic, Early Jurassic), which span two major mass
extinctions in earth history, allowing these fossils and their paleoenvironmental contexts to
provide a glimpse of biotic crisis and recovery at high-latitudes. The majority of data on early
Mesozoic Antarctic vertebrates derives from collections from the Beardmore and Shackleton
Glacier regions, including recent research conducted as part of the 2017/18 Shackleton Glacier
deep field camp. This expedition resulted in new measured stratigraphic sections across the
Permo-Triassic boundary, and nearly 200 additional specimens of a diverse array of vertebrates
from the Fremouw Formation, including the first diagnostic tetrapod material from the middle
member of the Fremouw Formation. These fossils suggest that the lower and middle members of
the Fremouw are likely Early Triassic, and indicate a broad-scale correlation to the Katberg
Formation of South Africa. A particular highlight of the 2017/18 field season was the recovery of
more complete specimens of small temnospondyl amphibians, including articulated skeletons
and cranial material representing multiple clades, which will help test hypotheses of local
endemism and paleobiogeography that were previously uncertain due to incomplete and nondiagnostic material. Taken together, our previous work and new collections have called into
question a strict correlation between early Mesozoic faunas of Antarctica and the Karoo Basin of
South Africa, though a pattern of increasing dissimilarity in faunas (and increasing endemism)
through time is still apparent. However, most of our knowledge of these Antarctic tetrapods is
based on a limited geographic and stratigraphic set of localities in the Beardmore and Shackleton
Glacier regions. The discovery of new terrestrial vertebrate sites from throughout the
Transantarctic Mountains, coupled with increased geochronological control and phylogenetic
revision, will be critical to testing paleobiogeographic questions at continental and regional
scales, as well as to assessing how major biotic crises and recovery played out at high-latitudes.

Cause and Effect: High-latitude floral transitions due to rapid global warming
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Deposits from the central Transantarctic Mountains, particularly within the Shackleton
Glacier region, have provided floral data on both the Late Permian (260–252 Ma) as well as the
Middle Triassic (247–237 Ma) in the form of compression/impression and permineralized
fossils. This material has provided additional insight into the biodiversity and ecology of highlatitude Permian/Triassic ecosystems. The Late Permian of Antarctica is a pivotal time in Earth’s
history when global climate changes were similar to what’s being observed today. Understanding
the rapid change from an overall cooler climate to a much warmer world in a high latitude
landscape may provide support to the predicted outcomes of today’s changing climate. Permian
deposits from Collinson Ridge in the Shackleton Glacier area represent some of the latest
occurring fossil plants and may help in determining the landscape changes prior to/during the
Permian/Triassic Mass Extinction. The fossils thus far indicate a low diversity Glossopteris
landscape with morphologically variable ovulate and pollen producing structures which are
distinctive from other Antarctic and Gondwana localities and may be indicative of the end
Permian landscape before the development of the Triassic Dicroidium flora.
The Transantarctic Mountains also contain some of the most extensive and continuous
terrestrial Triassic sequences in the Southern Hemisphere. This provides an excellent opportunity
to examine Mesozoic Gondwanan plant diversity, especially at high/polar latitudes. The 20172018 season resulted in the recovery of abundant Late Triassic plants from the “Alfie’s Elbow”
locality (upper Fremouw to lower Falla Formations). This locality contains a diverse assemblage
of compression fossils representing several groups of plants known from other Dicoridium
floras. The crystosperms were the dominant element of this flora with the rest of the ecosystem
being made up of Sphenophytes, conifers, cycadeoids, peltasperms and ferns. In addition,
silicified peat with charcoalified material was also recovered. Overall, the diversity of taxa at this
site in conjunction with the Collinson Ridge material can be used to document changes that have
occurred during one of earth’s most disastrous times. Additional data from the Permian/Triassic
section at Graphite Peak adds additional to help support these conclusions.

Evaluating the significance of Permian-Triassic paleosols and floras from the
Central Transantarctic Mountains, Antarctica
Neil J. Tabor1, Julia A McIntosh1, Erik L. Gulbranson2
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The terrestrial Permian-Triassic boundary (PTB) and its transitional strata in the central
Transantarctic Mountains, Antarctica includes fossil soils, or paleosols, and petrified woods which
offer insights into the environmental context of the mass extinction event on land at approximately
252 Ma. The fidelity and extent to which these materials offer paleoenvironmentals insights is
unclear however due to variable and extreme regional diagenesis. Stratigraphic observations and
sedimentary rock samples were collected from three different localities: Graphite Peak, McIntyre
Promontory, and the McIntosh Ridge (Cumulus Hills) in order to correlate the stratigraphy
between the Beardmore and Shackleton Glacier regions (~80 km transect), to identify the
mineralogy of the <2µm clay-sized fraction in paleosols, and to measure the oxygen, hydrogen,
and carbon isotopic composition of clay minerals and petrified woods to better understand (1) the
nature of preservation of these materials and (2) to evaluate the high paleolatitude environments
of formation. The lower parts of the stratigraphic sections, in the Buckley Fm., all preserve coal
beds, or Histosol-type paleosols, and silicified floral elements. The uppermost Permian through
lower Triassic stratigraphic sections, in the Fremouw Fm., preserve gray-green wackestones with
thin, bifurcating root compressions, or Protosol-type paleosols. X-ray diffraction analyses of claysized materials from these paleosols indicate that illite and chlorite are the most common mineral,
with no obvious changes, across the perceived PTB. Significantly, mineralogical results from this
study are unlike previous Antarctic paleosol studies that had identified berthierine as a dominant
pedogenic phyllosilicate mineral in earliest Triassic strata. This particular mineral suite in soils is
typical of detrital inheritance, suggesting only incipient soil chemical weathering effects, whereas
in a paleosol profile it may also represent diagenetic alteration. The suite of clay minerals,
combined with X-ray evidence for the presence of albite, in these paleosols is comparable to postdiagenetic, early regional metamorphosed greenschist facies. Nevertheless, there appears to be an
important ecological transition from landscapes characterized by peat-forming wetlands and
localized patches of large-statured trees in the latest Permian to more “open” parklands with smallstatured herbaceous plants and better drainage in the earliest Triassic. Furthermore, petrified
woods from the upper Buckley Fm. retain cellular preservation sufficient to (1) indicate a clear
seasonal growth pattern of Permian floras (2) retain occluded patches of original lignins for stable
isotope analysis. While stable oxygen, hydrogen and carbon isotope data of phyllosilicate and
organic matter occluded within petrified woods from Antarctica are few, those provided here are
the first of their kind from the PTB strata and will be presented for discussion as to their
significance for paleoenvironmental reconstructions in subsequent Antarctic research projects.

Unanswered questions surrounding the End Cretaceous Mass Extinction in
Antarctica
Thomas S. Tobin1, Rachel C. Mohr1
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The Cretaceous-Paleogene (K-Pg) or End Cretaceous (66 Ma) Mass Extinction is the
most recent of the “Big Five” mass extinctions in earth’s history. It is one of the better studied
extinctions in part due to the better preservation of younger outcrops, but also because of the
charismatic nature of the victims. These include non-avian dinosaurs, flying reptiles, major
groups of marine reptiles, and a host of important invertebrate groups such as ammonites,
inoceramid and rudist bivalves, and major losses in the microfossil communities. While a variety
of hypotheses have been proposed over the past century to explain this event, most modern
paleontologists generally recognize two viable candidates as the ultimate driver of extinction: a
large bolide impact at Chicxulub, Mexico, and Deccan Traps flood basalt eruptions in India.
While the effects of the bolide impact would be geologically instantaneous across the globe, the
flood basalt eruptions began in the latest Cretaceous and lasted into the earliest Paleocene,
roughly 700 ky. Views on the relative importance of these two events vary between those
studying different paleontological disciplines and working in different field areas, but broadly
the subject of debate is whether the Deccan Traps eruptions contributed to the K-Pg extinction,
and if so, how?
The James Ross Island Group off the northeastern end of the Antarctic Peninsula
preserves many kilometers of Late Cretaceous and earliest Paleocene strata, including a well
exposed K-Pg boundary. This area represents the highest latitude outcrop exposure of this time
period, and thus provides a unique location to understanding the global causes and effects of the
extinction. Additionally, its location distant from the two potential driving forces means that the
global effects of both can be compared. Most of the detailed study of the extinction has occurred
on Seymour Island, where approximately one kilometer of continuously deposited strata in the
López de Bertodano Formation are exposed. This formation spans the K-Pg boundary, the
placement of which is well described within the formation. While this area is relatively wellstudied considering its location, there is considerable further work to accomplish. Even recent
work has disagreed about how the environment of this location changed, and what effect this had
on the biota, with differing implications for the extinction driver at high southern latitudes.
Here we will present a summary of our recent published and unpublished results
concerning the faunal records from Seymour Island, and compare them with conflicting
published results to explore what drives these different interpretations. These biotic records will
be compared with known proxy records for the same interval. Most interestingly, new
environmental records derived from subannual isotopic sampling of bivalves suggest two periods
of significant environmental change that are associated with two periods of apparent elevated
extinction rates. If this interpretation is correct, it argues that the overall extinction on Seymour
Island is more complex than could be explained simply by the Chicxulub bolide impact. The
initiation of the main eruptive phase of the Deccan Traps may have played a role in the K-Pg
extinction on Seymour Island, though the importance of these eruptions may vary in ecosystems
around the globe.

Mapping Geothermal Heat Flux Using Permafrost Thickness Constrained by
Airborne Electromagnetic Surveys on the Western Coast of Ross Island,
Antarctica
Neil Foley, Slawek Tulaczyk, Esben Auken, Denys Gromabacher, Nikolaj Foged
UC Santa Cruz (NF & ST)
Aarhus University (EA, DG, NiF)
Permafrost is ubiquitous at high latitudes, and its thickness is controlled by important local
factors like geothermal flux, ground surface temperature, and thermal properties of the
subsurface. We use airborne transient electromagnetic resistivity measurements to determine
permafrost thickness on the coast of Ross Island, Antarctica, which contains the active volcano
Mt Erebus. Here, resistivity data clearly distinguishes resistive permafrost from the electrically
conductive fluid-saturated materials underlying it. For our study, we define permafrost as frozen
material with a resistivity >100 Ω-m; more conductive material contains a significant fraction of
water or (more likely) brine. We observe that permafrost is very thin near the coast and thickens
within several hundred meters inland to reach depths that are typically within the range of 300400 m. We attribute the sharp near-shore increase of permafrost thickness to lateral heat
conduction from the relatively warm ocean, possibly combined with seawater infiltration into the
near-shore permafrost. We validate this result with a two-dimensional heat flow model and
conclude that away from the thermal influence of the ocean, the local geothermal gradient and
heat flux are about 45 5 °C /km and 90 mW/m2 13 mW/m2, respectively. These values are in
line with published estimates in the vicinity of Mount Erebus and within the actively extending
Terror Rift, but do not reflect a strong heat flow anomaly from volcanic activity of Mt Erebus.
Measurements made previously in the McMurdo Dry Valleys, on the other side of McMurdo
Sound, tend to be a few dozens of mW/m2 lower, likely reflecting its different tectonic setting on
the uplifted rift shoulder of Transantarctic Mountains. Our study demonstrates a new approach
towards constraining geothermal flux in polar regions using AEM data that can be relatively
efficiently collected on regional scales where ice coverage does not exceed the penetration limits
of the AEM device, which for the device used is about 500m under the favorable conditions in
the study area.

Continental Land Cover Mapping with High-Resolution Multispectral Data:
Methods, Applications, and Community Benefits
Mark Salvatore 1, Helen Eifert1, Brian Szutu 1, Brad Spitzbart2, Heather Lynch 2,3, and Shantenu
Jha 4
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High-resolution satellite data are changing Antarctic science by providing remote spatial and
temporal information on surface properties and atmospheric conditions. Traditionally, these data
have been corrected and calibrated by hand, which limits the number of images that can be
calibrated and investigated. The NSF-funded Imagery Cyberinfrastructure and Extensible
Building Blocks to Enhance Research in the Geosciences (ICEBERG) project is investigating the
ways in which thousands of satellite images can be systematically calibrated, processed, and
used to address continent-scale problems in the geosciences. The goal of this project is to
provide the scientific community with means to access and utilize these orbital data without the
need to delve into the calibration and processing efforts that are required to produce scientifically
useful information.
Over the past two years, ICEBERG has focused partly on land cover characterization using the
multispectral capabilities of high-resolution WorldView-2 (WV2) and WorldView-3 (WV3)
orbital data. These data consist of eight spectral bands located between 400 and 1000
nanometers, covering the visible and near-infrared regions of the spectrum. In this wavelength
range are key geological (e.g., electronic absorptions) and biological (e.g., the photosynthetic
“red edge”) features that enable the identification and characterization of these different classes.
In addition, differentiating between snow, ice, geological surfaces, and shadows are critically
important for monitoring surface properties and their temporal variability.
In this presentation, we will provide an update on the methods associated with image processing,
calibration, and investigation. We will highlight new developments in atmospherically
correcting these data to provide accurate and reproducible surface spectra for land cover
classification. We will also show preliminary results of these classification efforts and discuss
where and why issues persist. Lastly, we will discuss our plans to provide access to these data to
the scientific community in a way that will allow for investigators to experiment with their own
surface classifications. In the future, we hope that investigators will use our data to prepare for
field work, investigate the spatial distribution or temporal variability of surface features and
processes, and contribute to the evolution of this tool through user feedback and through the
sharing of data to improve our techniques.

The Oregon State University Marine and Geology Repository:
A New Resource for the Antarctic Research Community
Val Stanley, Maziet Cheseby, Cara Fritz, Anthony Koppers, Joe Stoner
Marine and Geology Repository, College of Earth, Ocean, and Atmospheric Sciences, Oregon
State University, 4700 SW Research Way, Corvallis OR 97333
http://osu-mgr.org/
The Antarctic Core Collection (ACC) is
the world’s largest collection of seafloor
sediment samples from the Southern
Ocean. With over one-hundred and
twenty research cruises and expeditions
around Antarctica, the collection has
grown over the last fifty years to
represent the most comprehensive
archive of the Southern Ocean. The
geological
and
climatological
information contained within the present
(red circles on map) and future ACC are a critical scientific community asset, and with a changing
world have never been more important. In 2018, Oregon State University’s Marine and Geology
Repository (OSU-MGR) relocated this historic collection of over eighteen kilometers of core
samples from the Antarctic Research Facility at Florida State University to the OSU-MGR in
Corvallis, Oregon. The relocation project began by planning and constructing a state-of-the-art
facility at OSU large enough to house both the current marine geology research collections (green
circles on map), and the ACC, including temperature-controlled space large enough to house the
next fifty years of coring expeditions. In addition to long-term storage and archiving services, the
new facility includes a core lab large enough to run major sampling parties, research programs,
and educational endeavors; laboratory space with instrumentation including five track systems for
physical properties and elemental analyses; a wet lab with a fume hood and grain-size analyzers;
and a thirty-person classroom. The global distribution and diversity of the combined collections in
combination with a complete suite of modern analytical facilities offers a unique opportunity to
collaborate with a wider community in research,
curation, and education. OSU-MGR staff are
working to improve ACC metadata records in
order to build an effective modern inventory of
the collection using new digital collection
management techniques, including QR coded
labels, scanners, and a new tablet-based
application. Current and future curation projects
will comply with FAIR data principles, with the
goal of making all OSU-MGR collections and
associated datasets more easily discoverable
online. OSU-MGR plans to host a grand
opening in early 2020.

Early Miocene Volcanism, Upper Scott Glacier: Insights on Magma Origin
and East Antarctic Ice Sheet Dynamics
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Mt. Early and Sheridan Bluff (87°S) are the above ice expression of Earth’s southernmost
volcanic field. Their existence provides a unique opportunity to evaluate environmental conditions
in the Early Miocene as well as mantle sources and causes of magmatism in East Antarctica for
which little is known. The two volcanoes are approximately 20 km apart and have
indistinguishable ages (c. 20 Ma) based on new dating results. They lie over 1000 km from any
other exposed volcano, are 200 km inland from the shoulder of the West Antarctic rift system, and
stand at high elevation (> 2200 m asl) within the Transantarctic Mountains. Access to this remote
field site was facilitated by the U.S. NSF/USAP Shackleton Glacier deep field camp in December
2015.
Mt. Early is a small monogenetic glaciovolcanic center erupted under ice that was
substantially thicker than the present day East Antarctic Ice Sheet. Sheridan Bluff is also a
monogenetic center; however by contrast it is an eroded remnant of a small shield volcano erupted
subaerially without ice influence. Evidence gleaned from the two volcanic outcrops suggests that
the Early Miocene, East Antarctic palaeoenvironment was extremely dynamic. In particular, it
fluctuated from comprising a significantly thicker-than-modern glacial cover that would have
largely drowned the local summits (> 2900 m asl) of the Transantarctic Mountains, to ice
potentially being completely absent, despite the similarity in ages of the two volcanoes.
Basaltic pillows, lava flows and dikes are olivine-phyric and comprise alkaline (hawaiite
and mugearite) and subalkaline (tholeiite) types. The geochemistry of alkaline compositions
resemble those from the West Antarctic rift and oceanic islands, while the trace element signatures
of tholeiites are relatively depleted and approach the concentrations levels of enriched mid-ocean
ridge basalt. Their isotopic compositions (i.e. Sr, Nd, Pb, O) can be explained by different degrees
of partial melting of a combination of mantle sources with crustal materials. The nearly
simultaneous generation of lower degrees of melting to produce alkaline types and higher degrees
of melting to form tholeiite was most likely facilitated by the detachment and dehydration of
metasomatised mantle lithosphere beneath this region of the Transantarctic Mountains.

The eruptive timescales of Mt. Waesche: Toward assessing West Antarctica
Ice Sheet elevation during the last interglacial period
Matthew J. Zimmerer1, Christine Burrill2, Nels Iverson1, Robert P. Ackert Jr3., Nelia W. Dunbar1,
William C. McIntosh1, Seth Campbell4
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During the last interglacial global sea levels were ~3-6 m higher than today, requiring a
lower-than-present ice sheet thickness of the West Antarctica Ice Sheet (WAIS). To assess the
geometry of WAIS during the last interglacial, this project will drill and recover subglacial
bedrock samples on the flanks of Mt. Waesche, the southernmost volcano in the Executive
Committee Range in Marie Byrd Land. 40Ar/39Ar dating of subglacial samples will establish the
timing of eruptions and provide a maximum exposure age. Cosmogenic dating of the same
subglacial samples will determine prior exposure, thus providing information about ice sheet
elevation changes. Mt. Waesche was selected as the target for this study for two main reasons.
First, previous dating indicates that lava flows from eruptive centers on the flanks of Mt.
Waesche are as young as 300 ka, and the presence of englacial tephra layers in local ice suggests
that the volcano was probably active during the last interglacial period. Second, many of the
flows have the mineralogy and composition necessary for 40Ar/39Ar and cosmogenic dating.
Geologic mapping of the exposed southern flank of Mount Waesche during the 2018-19
field season, coupled with recently determined 40Ar/39Ar ages provides insight into the timing of
volcanism of the region, with implications for assessing the ice sheet elevation changes during
the last interglacial and establishing links between glacial cycles and pulses of volcanism. Highprecision 40Ar/39Ar ages of lavas near the base of the exposed flank range from 78.9±7.6 ka to
413.2±4.9 ka. Three samples located from near the lower, westernmost exposures, yield ages of
100.7±11.4, 116.0±5.8, and 123.2±3.1 confirming that Mt. Waesche erupted during and shortly
after the last interglacial period at ~125 ka. A ground penetrating radar survey of the subglacial
topography suggests that these interglacial flows likely extend below the current ice sheet
surface to lower elevations on the flank of the volcano. Thus, rock cores can be obtained from
depths up to ~100 m using a portable Winkie drill in the 2020-21 field season. In addition to the
flows that erupted during the last interglacial, the new ages indicate activity at ~200-245 ka, 295318 ka, and ~413 ka. These pulses of activity cluster near older interglacial periods (MIS 7, 9,
and 11) suggesting volcanic activity might correspond to, or is possibly triggered by, changes in
ice sheet thickness. Work is now in progress to compare the pulses of activity at Mt. Waesche to
other active volcanoes in West Antarctica, such as Mts. Berlin and Takahe, to assess how
regional volcanism is linked to changes in ice sheet geometry. Lastly, the new ages, together
with the limited number of pre-existing ages, suggest that vent location has migrated to the
south-southwest during the history of the volcano, from 1.98 Ma lavas on the northernmost flank
of Mt. Waesche to ~100 ka vents on the southern flank. The average rate of migration is 0.7
cm/yr, which is nearly identical to the 0.6 cm/yr southern migration rate of the neighboring Mt.
Sidley volcano and the 0.6 cm/yr southern migration rate of the entire Executive Committee
Range. Future 40Ar/39Ar dating will focus on identifying additional drilling sites, testing whether
pulses of activity match interglacial cycles, and refining the migration trend.

Volcanism in Marie Byrd Land, West Antarctica and the Volcanic Record of
the West Antarctic Ice Sheet
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This overview and status report of the physical volcanology and geochronology of the
Marie Byrd Land (MBL) Volcanic Province and volcanoes of western Ellsworth is based on a
compilation of published and unpublished data and observations from multiple deep field
expeditions to West Antarctica. The Province is defined by 19 large (2300-4200 masl) central
polygenetic alkaline shield-like composite volcanoes and numerous satellite volcanoes that rise
above the WAIS. Volcanic activity in West Antarctica dates back to the latest Eocene (~37 Ma)
and continues to today. In many places, basement rocks, typically Mesozoic granitoids, are
exposed beneath the volcanic rocks. Early volcanism (37-19 Ma) is marked by infrequent
relatively low-volume monogenetic mafic eruptions, mostly in central MBL. Polygenetic
volcanism began by the middle Miocene (13.4 Ma) and has continued into the Holocene without
major interruptions producing the large-volume central volcanoes with 24 preserved large (2 to
8.5 km diameter) summit calderas. There is abundant evidence for explosive volcanism in
caldera rim deposits.
Volcanic eruptions in glacial environments offer snapshot records of the extent and state
of the ice sheet at the time of the eruption, based on volcanic lithofacies analysis and
geochronology. The chronology of MBL volcanism is well constrained based on 346 age
analyses, including 291 previously published K/Ar and 40Ar/39Ar ages and 55 new 40Ar/39Ar
ages. Key constraints on the history of the WAIS based on the volcanic record include:


The earliest terrestrial indications for glacial ice in West Antarctica are middle Oligocene
(29-27 Ma) tuff cone deposits at Mt. Petras that suggest the presence of a thin, local ice
cap, or ice and snow on bedrock slopes.
 The first volcanic evidence for a widespread WAIS is late Miocene (10-8 Ma)
glaciovolcanic sequences from across Marie Byrd Land. Two patterns emerge since 10
Ma: former WAIS expansions were more extensive at coastal sites than at inland sites,
and, currently, the WAIS is in a near maximum configuration that existed at many times
since 10 Ma but was rarely exceeded.
 A middle Pleistocene (609±27 ka) ice-sheet high stand of +550 m is inferred at the
coastal volcano, Mt. Murphy. This appears to be coincident with a eustatic low stand
MIS 16.
 Constraints on minimum inland Late Pleistocene ice-sheet levels at Mount Takahe
include +400 m above today’s ice at 64.7±6.8 ka, and +400 and +575 m above today’s
ice at 21.3±2.0 and 18.6±4.4 ka, respectively. These ice-sheet expansions appear to be
coincident with eustatic low stands at MIS 4 and 2.

Cosmogenic Nuclide Analysis of a Million-Year-Old Buried Ice Mass in Ong
Valley, Antarctica
Marie Bergelin1, Jaakko Putkonen1, Greg Balco2, and Dan Morgan3
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We have collected two ice cores from a massive buried ice body in Ong Valley, Transantarctic
Mountains, Antarctica. Each ice core measure approximately 10 meters long. The ice mass is
buried under a thin layer (< 1 m) of glacial till, deposited by sublimation of the ice. Cosmogenicnuclide measurements from the overlying till show that it is > 1.1 Ma old, therefore making this
one of the oldest ice bodies found on Earth.
To obtain additional constraints on the age, origin, and sublimation rate of the ice, we measured
concentrations of the cosmic-ray produced nuclides 10Be, 26Al, and 21Ne in englacial sediment in
the core. These nuclides are produced by cosmic-ray interactions with minerals near the Earth’s
surface. As the production rate decreases rapidly with depth below the Earth’s surface, nuclide
concentrations can yield information about the sediment source, the age of the ice, the rate at which
the till is forming due to ice sublimation, and the rate of surface erosion.
Variation of cosmogenic nuclide concentration and ratios downcore suggest that the englacial
sediment includes both subglacial derived sediment and surficial till from previously exposed ice
mass, incorporated into the ice during glacial advance into Ong Valley. An older sublimation till
surface has been previously found and dates further up valley to be > 2.63 Ma. Nuclide ratios in
this sediment is well below production ratios and vary among different ice core sections, indicating
that englacial sediment has a complex origin involving both burial and mixing.

The DMC:ANTARCTICA project
Perry Spector and Greg Balco
Berkeley Geochronology Center
The overall objective of this data-model comparison project is to provide synoptic evaluation of
Antarctic ice sheet models that simulate the evolution of the ice sheet over long time periods
using the entire dataset of cosmogenic-nuclide measurements from Antarctica. This project is
still under development, but there now exists a publicly available web interface, located at
http://dmc.ice-d.org/, that serves data-model comparisons for every site in Antarctica where data
exist and for 15 different ice-sheet model simulations.
We rely on such models for establishing the climate sensitivity of the Antarctic ice sheet and for
forecasting its future behavior. Although they provide glaciologically-feasible reconstructions
ice-sheet evolution, they are of limited use unless they can be shown to agree with observations
of past ice-sheet change. Although a variety of geologic observations (e.g. relative sea-level
curves) can be used to evaluate ice-sheet models that run over the period between the LGM and
the present, on Pleistocene-Pliocene timescales, cosmogenic-nuclide measurements are some of
the only data available to test hypotheses of past ice-sheet behavior.
All known published (and many unpublished) cosmogenic nuclide data from Antarctica have
been compiled in the ICE-D:ANTARCTICA database, which currently comprises 4361
measurements on 2551 samples. All regions with outcropping mountains are represented in the
database, and the data provide constraints on past ice-sheet configurations on a range of
timescales extending as far back as the Miocene. The dataset, therefore, is reasonably well
distributed in space and time, which suggests that it should be of some use for evaluating
numerical ice-sheet models that run over a range of time periods.
For most samples, there are an infinite number of different histories of exposure, ice-cover, and
erosion that could produce the observed nuclide concentrations. Therefore, these data cannot be
simply inverted to generate unique ice-thickness chronologies. However, they can be used to
distinguish incorrect chronologies predicted from ice-sheet models from plausible ones. The
basic idea is that, for a given rock in Antarctica, the history of exposure and ice-cover simulated
by a model predicts certain concentrations of cosmogenic nuclides at the present-day that can be
directly compared to concentrations that have actually been measured in the rock. This isn’t a
new idea. For example, Mukhopadhyay et al. (E.P.S.L. 337-338 (2012) 243-245) reported that
Be-10 and Ne-21 concentrations measured in bedrock samples from the Ohio Range were
consistent with concentrations predicted by a 5 million year ice-sheet model run. However,
rather than doing one-off data-model comparisons for one or two sites, the objective of the
DMC:ANTARCTICA project is to perform synoptic evaluation of model performance using all
available cosmogenic-nuclide measurements from Antarctica. At the moment, that capability is
not yet available, but it is coming. What is available is the DMC:ANTARCTICA web
interface which serves comparisons between every site in Antarctica where data exist and a
number of published ice-sheet model simulations. An explanation of how data-model
comparisons are performed, along with a couple interesting results, will be presented.

Geology beneath the Ross Ice Shelf, revealed with aerogeophysics
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Gravity anomalies have been widely used to model bathymetry in regions where floating ice
prevents access for direct measurements of the seafloor. The ROSETTA-Ice project conducted a
major aerogeophysical survey, including aerogravity measurements, to constrain the internal
structure of the Ross Ice Shelf and its underlying water cavity, including the geological makeup
of the crust Ross Embayment in which it lies.
The majority of the gravity anomaly is expected to be driven by unknown seafloor topography,
but variation in rock types and fault displacements beneath the ice shelf lead to a non-uniform
distribution of density at all depths within the crust. By comparing the ROSETTA-Ice gravity
and magnetic anomaly measurements to those mapped for areas of known geology and
topography around the ice shelf, we developed diagnostic features to identify non-bathymetric
components of the gravity signal. These components represent geological variations within the
crust, and can be used as an indication that geological formations and structures observed or
inferred around the margins of the ice shelf are present beneath the shelf itself. The results of
work to date reinforce the ROSETTA-Ice discovery of a major geological discontinuity bisecting
the ice shelf, which was based on broad scale differences in magnetics and gravity data. The
distribution of formations from either side of the boundary is critical to the task of determining
the origins and relative timing of the crustal structures beneath the ice shelf, and to locating
pinning points, zones of anomalous heat flow, sites of anaerobic biological communities and so
forth. Understanding the geological variation beneath the ice shelf improves the accuracy of the
bathymetry modelled by inversion of gravity anomalies.

Lithospheric structure and a new geothermal heat flux map of Antarctica
determined by seismology
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Seismic velocity of the lithosphere are directly related to the thermal structure of the interior of
the Earth. Thus, providing information about geothermal heat flux (GHF), which is an important
boundary condition for modeling the dynamic Antarctic ice-sheet. The recent development of
two high-resolution seismic model of Antarctica based on broadband seismic data collected
between 2001-2016 [Shen et al., 2018a; ANT-20 – Lloyd et al., submitted], present an
opportunity to reassess seismic estimates of the continents GHF. These two seismic models are
combined and compared to the seismic structure of the continental US, whose GHF is well
sampled and accurately measured. Through a seismic structure similarity function, a local GHF
distribution is produced from regions in the continental US that are of greatest similarity to each
radial seismic profile in Antarctica. From the local GHF distribution, we use the mean values to
determine a new GHF map and take the standard deviations as the model uncertainties. Notably,
this approach does not require ad-hoc assumption about tectonic settings unlike geomagnetic
models of GHF. We show that the new GHF map has improved resolution and lower
uncertainties compared to earlier seismologically derived maps, owing to the greatly improved
tomographic images. Furthermore, our new GHF map is consistent with most of the independent
local measurements.
The new GHF map confirms the ever-present dichotomy of East and West Antarctica shown by
earlier maps. This includes higher GHF (> 60 mW/m2) associated with areas of Mesozoic and
Cenozoic activity in West Antarctica and lower GHF (< 60 mW/m2) in the tectonically stable,
craton-like East Antarctica. One striking result is that we do not observe pervasive high GHF in
the central region of West Antarctica. Instead, the new map reveals relatively low GHF in the
central West Antarctic Rift system near the Siple Coast, coherent with a local measurement made
at Siple Dome. Other features found in the new GHF map include 1) high GHF estimates (> 80
mW/m2) in the Thwaites Glacier region that are consistent with earlier radar-derived result and
2) high GHF (>75 mW/m2) throughout the southern Transantarctic Mountains (sTAM) in the
vicinity of the Titan Dome and Hercules Dome, co-located with the sub-ice lakes. However,
unlike some earlier estimates, our results do not suggest any large-scale regions with heat flux
greater than 90 mW/m2,although localized high GHF regions may still exist. We attribute the
high GHF of Thwaites Glacier to thinner lithosphere and attribute high GHF in the sTAM to
warmer uppermost mantle introduced by lithospheric delamination reported earlier [Shen et al.,
2018b]. We also note that the GHF estimate provide sufficient heat flux for the existence of most
sub-ice lakes in Antarctica.

Lithospheric thickness and upper mantle viscosity of Antarctica estimated
from recent seismic models
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Upper mantle viscosity structure and lithospheric thickness control the solid Earth response to
variations in ice sheet loading. These parameters vary significantly across Antarctica, leading to
strong differences in the timescale of glacial isostatic adjustment, with important implications for
ice sheet models. In addition, lithospheric thickness and velocity structure can provide important
constraints on geologic history. We estimate lithospheric thickness and upper mantle viscosity
structure using two new seismic models for Antarctica, which take advantage of numerous
temporary broadband seismic stations deployed across Antarctica over the past 18 years. Shen et
al. [2018] use Rayleigh wave velocities from earthquakes and ambient noise, as well as receiver
functions to develop a higher resolution model for the upper 200 km beneath Central and West
Antarctica, where most of the seismic stations have been deployed. Lloyd et al [in revision] use
adjoint tomography to invert complete three-component earthquake seismograms for a radially
anisotropic model covering Antarctica as well as the adjacent oceanic regions to 800 km depth.
We estimate the mantle viscosity structure from the seismic structure assuming laboratoryderived relationships between seismic velocity, temperature, and rheology. We also describe and
compare several different methods of estimating lithospheric thickness.
The results show that lithospheric thickness is highly variable across Antarctica, ranging from
around 60 km thick in parts of West Antarctica to greater than 200 km beneath central East
Antarctica. Within East Antarctica, several prominent regions such as Dronning Maude Land and
the Lambert Graben show much thinner lithosphere, consistent with Phanerozoic tectonic
activity and lithospheric disruption. Mantle viscosity estimates indicate several orders of
magnitude variation across Antarctica, with extremely low viscosity (< 1019 Pa s) beneath the
Amundsen Sea Embayment (ASE) and the Antarctic Peninsula, consistent with estimates from
glacial isostatic adjustment models constrained by GPS data. Thin lithosphere and low viscosity
between ASE and the Antarctic Peninsula likely result from the effects of the slab window as the
Phoenix-Antarctic plate boundary migrated northward during the Cenozoic. Low viscosity
regions beneath the ASE and Marie Byrd Land coast connect to an offshore anomaly at depths of
~ 250 km, suggesting the involvement of larger-scale thermal and geodynamic processes that are
perhaps linked to the initial rifting of New Zealand and Antarctica in the Cretaceous. Low mantle
viscosity results in a characteristic time scale for glacial isostatic adjustment on the order of a
couple hundred years, rather than thousands of years for typical mantle viscosity. Thus, isostatic
adjustment occurs on the same time scale as grounding line retreat, and the associated rebound
may lessen the effect of the marine ice sheet instability proposed for the ASE region.

Meteoric 10Be: A Tracer for Physical and Chemical Subglacial Processes in
East Antarctica
Eiríka Ö. Arnardóttir1; Joseph A. Graly1; Kathy Licht1 and Marc Caffee2
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Mall Drive, West Lafayette, IN 47907
Chemical weathering plays a significant role in the geochemical cycles that regulate Earth’s
climate. The rate of subglacial chemical weathering in Antarctica is potentially high, but is
currently poorly constrained. We investigate spatial variations in meltwater flux and authigenic
mineral formation in East Antarctica’s subglacial environment in order to study the role of
Antarctica in global geochemical cycles. The investigation was conducted by measuring
meteoric 10Be concentrations and identifying the different 10Be-bearing mineralogical phases in
sediments collected from moraines in the Transantarctic Mountains.
Meteoric 10Be is a meltwater tracer in the subglacial environment. It is delivered to the
glacial bed by ice flux and dissolves from the ice in glacial meltwater, where it adheres to finegrained sediment particles. High concentrations of 10Be develop in subglacial sediments where
meltwater flux is higher than sediment flux. If subject to chemical weathering, 10Be will complex
with oxides and oxyhydroxides and be incorporated into authigenic clays. The complexation of
10Be is therefore a tracer of physical and chemical mechanisms in the subglacial environment.
Meteoric 10Be is a cosmogenic nuclide with a half-life of 1.39×106 years, making it a useful tracer
for processes on <10 Ma time scales, thereby distinguishing chemical weathering products from
the subglacial environment from those that pre-date Antarctica’s >30 Ma glaciation.
A total of 110 samples were collected from 11 sites spanning the length of the
Transantarctic Mountains. The samples include freshly emerging sediments with evidence of
subglacial processes, till which has been exposed at the surface for up to 2×106 years, and rock
samples that are representative of the local bedrock at each site. Clay abundance and speciation in
the sediment and rock samples were examined using X-ray diffraction. Clay and oxyhydroxide
content was significantly lower in rock than in freshly emerging sediment, which suggests
authigenic mineral formation in the subglacial environment and thus chemical weathering.
Sequential extractions were performed in order to isolate the different pools of 10Be in the
sediments: adsorbed 10Be, amorphous oxides and oxyhydroxides, and 10Be in clay structures.
Results suggest that while high 10Be concentrations are measured across the sites, the
values are not consistent between sampling locations within a given field site. This suggests there
is significant amount of meltwater and chemical weathering processes, but spatial variation in the
meltwater to sediment flux ratio. It appears that the oxyhydroxide phase makes up the majority of
total 10Be content, followed by the adsorbed phase and last the clay phase. This implies that
chemical weathering in Antarctica’s subglacial environment is potentially high and may play a
major role in global geochemical cycles.

Insights into earthquake initiation from ice stream stick-slip dynamics
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Tulaczyk2
1

Cornell University, 2 University of California, Santa Cruz, 3 University of Tasmania,
4
Colorado School of Mines

Field studies of the stick-slip cycle of the Whillans Ice Plain (WIP), West Antarctica, provide a
unique window into the physics of earthquakes, particularly how they start. The WIP is the wide,
flat, lower confluence of Whillans and Mercer ice streams that flows into Ross Ice Shelf and is
well-known for its stick-slip sliding behavior. The WIP exhibits large magnitude Mw ~ 7 ice
stream earthquakes once or twice a day, in which an area ~100 x 150 km2 suddenly accelerates
and slides forward ~0.5 m over ~30 minutes. Because of the short recurrence times of these ice
stream earthquakes (~8 - 26 hours) and small distance to the basal “fault” (~700 - 900m), the
WIP is a useful natural laboratory to study earthquake processes. The large area experiencing
repeated stick-slip allows for strategic placement of instrumentation to observe many largemagnitude ice stream earthquakes in great spatiotemporal detail. Previous work has, for example,
identified two primary “epicenters” at which ice stream earthquakes initiate. The ease with which
many cycles of ice stream earthquakes can be observed in detail is in contrast to tectonic
earthquake cycles, for which targeted studies are much more challenging because of long
earthquake recurrence times, large distances to the fault, and unpredictable epicentral locations.
Here, we analyze GPS and broadband seismic data from 2010 and 2014 experiments targeted at
observing ice stream earthquake initiation. We consistently see a precursory signal in the minutes
to 10s of minutes before nearly all ice stream earthquakes, which we interpret as quasi-static
(slow) sliding prior to the main phase of dynamic (fast) rupture. Several examples from
broadband seismic data show the precursory signal spreading across a locked patch of the WIP
and eventually triggering the ice stream earthquake at the downstream end of the locked patch,
which has previously been identified as one of the major epicenters. GPS data typically show
precursory motion at one epicenter or the other, with corresponding fast slip onset at the opposite
epicenter. Together, these observations suggest that a precursory sliding front propagates across
the ice stream for minutes and eventually triggers the ice stream earthquake in a different area of
the WIP than where the precursory slip began. These Antarctic field observations provide new
insight into how earthquakes start, in general, and can help guide investigations of precursory
activity before tectonic earthquakes.

Investigating Ultra-Low Velocity Zones in the Southern Hemisphere using an
Antarctic Dataset
Samantha Hansen, Sarah Carson, Edward Garnero, Shule Yu, Sebastian Rost
The University of Alabama, Arizona State University, The University of Leeds
Given limited seismic coverage of the lowermost mantle, less than one-fourth of the core-mantle
boundary (CMB) has been surveyed for the presence of ultra-low velocity zones (ULVZs).
Investigations that sample the CMB with new geometries are therefore important to further our
understanding of ULVZ origins and their potential connection to other deep Earth processes.
Using core-reflected ScP waves recorded by the recently deployed Transantarctic Mountains
Northern Network in Antarctica, our study aims to expand ULVZ investigations in the southern
hemisphere. Our dataset samples the CMB in the vicinity of New Zealand, providing coverage
between an area to the northeast, where ULVZ structure has been previously identified, and
another region to the south, where prior evidence for an ULVZ was inconclusive. This area is of
particular interest because the data sample across the boundary of the Pacific Large Low Shear
Velocity Province (LLSVP). The Weddell Sea region near Antarctica is also well sampled,
providing new information on a region that has not been previously studied. A correlative
scheme between 1-D synthetic seismograms and the observed ScP data demonstrates that
ULVZs are required in both study regions. Modeling uncertainties limit our ability to
definitively define ULVZ characteristics but also likely indicate more complex 3-D structure.
Given that ULVZs are detected within, along the edge of, and far from the Pacific LLSVP, our
results support the hypothesis that ULVZs are compositionally distinct from the surrounding
mantle. ULVZs may be ubiquitous along the CMB; however, they may be thinner in many
regions than can be resolved by current methods. Mantle convection currents may sweep the
ULVZs into thicker piles in some areas, pushing these anomalies toward the boundaries of
LLSVPs.

South Polar Glaciation during the Late Paleozoic: Observations from the
Shackleton Glacier Region, Transantarctic Mountains
Libby R.W. Ives and John L. Isbell
University of Wisconsin – Milwaukee, Department of Geosciences
300 million years ago the Earth was in the throws of the Late Paleozoic Ice Age (~374-256 Ma;
LPIA). The LPIA was a ~100 Myr-long “ice house” climatic interval, and the first in our planet’s
history to occur concurrent with abundant terrestrial vegetation. At 300 Ma, the East Antarctic
Craton was in more-or-less the same geographic location as it is today, but, as part of the supercontinent Gondwana, was surrounded by South America, Africa, India, and Australia. Evidence
for LPIA glaciers exist in the sedimentary rocks preserved across Gondwana. The research
challenge for geologists is to use those rocks to constrain the type, timing, and extent of LPIA
glaciations, and to use that knowledge to understand global and regional climate during that time.
The Transantarctic Basin, whose exposed rocks are now perched atop the modern Transantarctic
Mountains, contains glaciogenic sedimentary rocks from the LPIA. Those outcrops are the most
extensive on the continent and offer a rare glimpse into Antarctica’s ancient past.
During the 2017-2018 Shackleton Glacier Deep Field Camp, five field sites were visited to
specially describe and collect samples from the glacial successions: Mt. Butters (Shackleton Gl.,
two sites), Reid Spur (Ramsey Gl.), Mt. Munson (Barrett Gl.), and Mt. Weaver (head of Scott
Gl.). Four sites were accessed via helicopter and one by Twin Otter.
The glaciogenic strata in the Shackleton Glacier region (SGR) contain a unique view of LPIA
glaciation in Antarctica. Massive, coarse, sandy diamictites make up the bulk of these
glaciogenic units, both in the SGR and elsewhere in the Transantarctic Basin. These diamictites
have been interpreted as both ice-proximal and ice-distal glaciomarine elsewhere in the basin,
but the precise depositional environment hasn’t yet been determined for those in the SGR.
Glaciogenic deposits in the SGR are 70 – 100 m thick and pinch out abruptly to the south. Our
field observations show that the glacial succession on Mt. Munson is significantly thinner than
previously reported and that there is no evidence for glacial deposits at Mt. Weaver.
Stratigraphically, the transition from glacial to post-glacial deposits is gradual/protracted in the
SGR, which strongly contrasts to elsewhere in the basin. At SGR sites, this transition is
characterized by both mass-transported and current-transported deposits. There is evidence,
especially at Mt. Butters, for topographic relief being a strong control on deposition throughout
the glaciogenic and early post-glacial succession. Many of these observations may by
attributable to SGR’s position near the Transantarctic Basin’s margin.
Geochemical analyses are being pursued to help constrain the environmental conditions and
provenance during deposition of LPIA strata from the SGR. U-Pb ages of N = 291 detrital
zircons from a Mt. Butters, current-transported sandstone were measured at Arizona LaserChron
Center. The resulting age spectra does not vary significantly from measurements made on a
glaciogenic sandstone from the Beardmore Glacier region. Differences include a slightly
different Ross Orogeny ages (PDP peaks at 588 Ma and 568 Ma) and the presence of a small
population (~20 grains) between 2.4 Ga and 2.7 Ga. Bulk XRF, XRD, and LA-ICPMS analyses
will be run on relevant samples so that geochemical and mineralogical compositions can be used
together to help interpret provenance and paleoenvironmental proxies. Additionally, organic
geochemistry analyses are being performed on the fine-grained post-glacial succession in a
feasibility study to determine to what extent geochemical paleoenvironmental proxies can be
applied to the over-mature, black shales successions both in the SGR and throughout the
Transantarctic Basin.

Using remote sensing to map Mt Achernar moraine structure, central
Transantarctic Mountains, Antarctica
Christine Kassab1, Mark Salvatore2, Kathy Licht1
1Dept

Earth Science, Indiana University Purdue University Indianapolis, Indianapolis, IN
2Dept of Physics & Astronomy, Northern Arizona University, Flagstaff, AZ

The presence of distinct lithologic changes across a moraine surface allows for the
characterization and mapping of these changes via remote sensing. Here we share the results of
our work mapping lithologic variations across the Mt Achernar moraine in the central
Transantarctic Mountains.
Field observations by Bader et al. (2017) noted spatially distinct changes in the rock. We build
upon these initial observations by testing the hypothesis that distinct laboratory derived spectral
signatures of various rock types can be used to map systematic changes across the moraine.
Initial results indicate that this is a viable method for understanding changes in rock types and
weathering patterns across the moraine allowing for the mapping of the moraine surface. Output
from an unmixing model that used laboratory derived spectra indicates that the majority of the
moraine is relatively unoxidized and lacking mafic minerals, but there are distinct zones where
more oxidized and mafic dolerites dominate. Work continues to find the best spectral
endmembers for this unmixing effort to best match the observed mineralogy derived from pebble
counts and reported in Bader et al. (2017). The difference between the datasets may be a
resolution issue; pixels in the satellite image are ~2.5 m by 2.5 m whereas the pebble counts
were completed in a 1 m by 1 m square. In addition, spectral parameters defined by Salvatore
(2015) are used to compare oxidation values across the moraine. Results indicate there is a
distinct change in the oxidation of the rocks towards the middle of the moraine, around 50-80 ka.
It appears that this distinct boundary is not related to rock type, but instead to changes in surface
oxidation state likely related to the duration of exposure and climatic influences.
Mapping these lithologic variations and weathering patterns across this long-lived moraine (>
300 ka), can potentially provide information about changes in ice dynamics and climate over
multiple glacial-interglacial cycles.

Extending the Thinning Chronology of Marie Byrd Land using in situ Cosmogenic Carbon-14
Colby Lejeune1, Brent Goehring1, Greg Balco2, John Stone3
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We report measurements of the in-situ cosmogenic nuclide carbon-14 to extend the deglaciation chronology
of Marie Byrd Land in the Eastern and Western Sarnoff Mountains. Previous exposure-dating studies
aiming to establish the chronology of deglaciation in Marie Byrd Land showed that thinning proceeded
quasi-continuously through the early- to middle-Holocene. Additional measurements at higher elevations to
determine the timing of earlier thinning and the maximum ice surface elevation, relied on measurements of
long-lived cosmogenic nuclides (e.g., beryllium-10 and aluminum-26) in bedrock samples, but was limited
in its utility because of nuclides accumulated during the period(s) of subaerial exposure before the most
recent ice cover. The 5730 yr half-life of carbon-14 is shorter than the timescales of a glacial cycle and will
thus largely have a memory of only its most recent exposure history. In view of this greater appropriateness
to the chronology of deglaciation in Marie Byrd Land, carbon-14 dating was applied to samples from Mt
McClung and Mt Rea to extend the known deglaciation chronology to higher elevations and determine the
maximum ice surface elevation during the Last Glacial Maximum. Our new carbon-14 results expanded
upon previous beryllium-10 exposure ages spanning the past 14,000 years and are in concordance with
them where there is overlap. The highest elevation (1137 m) carbon-14 exposure age at Mt McClung yields
an age of 8.4 ka, indicating that at this site the ice surface elevation was at least ~600 m higher than present.
Exposure ages systematically decrease with decreasing altitude, indicating a gradual decline in ice thickness
from 1137m to near the modern ice surface at approximately 4.4 ka at Fleming Peak. At Mt Rea, the two
highest elevation samples (~790 m) yield apparent carbon-14 ages of 24.1 ka and saturated, meaning this
and higher elevations may have remained ice free during the Last Glacial Maximum. Beryllium-10 and
aluminum-26 erratic exposure ages from the same elevation yield older apparent exposure ages and bedrock
26
Al/10Be ratios suggest that similar elevations are covered for some duration. We are awaiting further
carbon-14 analyses from lower elevations to corroborate beryllium-10 and aluminum-26 exposure ages as
well as investigate magnitudes of glacial erosion at the lowest presently ice-free elevations where bedrock
and erratic exposure ages are concordant.

Surprises in the sediments collected from Mercer Subglacial Lake
SALSA Science Team represented by Amy Leventer and Brad Rosenheim
Colgate University Hamilton NY and University of South Florida St. Petersburg FL
Sediments collected at Mercer Subglacial Lake (SLM) during the 2018-2019 field season exhibit
a suite of sedimentary facies that suggest dynamic and changing controls on sedimentation
beneath Mercer Ice Stream. This observation is surprising given that all previously recovered
subglacial sediments have been described as diamicton or till, with no apparent grading or
bedding, and no stratigraphic variability. During the Subglacial Antarctic Lakes Scientific
Access (SALSA) project, SLM, a 15 m deep lake under 1092 m of glacial ice, was accessed via
clean hot-water drilling. The team collected 10 short sediment cores 0.45 m maximum length,
with a modified Uwitek multicorer, and two free-fall gravity cores, 0.97 and 1.78 m length. Two
multicores from the first cast and both free-fall cores were returned to the Marine and Geology
Repository at Oregon State University, where whole-core CT-scans revealed stratigraphic
variability that guided subsequent sampling of the split cores. The upper 10-15 cm of the
multicores are characterized as greenish gray muds with high water content and few clasts,
which are primarily associated with thin clast-rich layers. These alternating layers may represent
fill drain cycles within the lake. Underlying a sharp contact is a more cohesive dark greenish
gray massive unit with higher but variable clast content, interpreted as a diamicton likely
deposited under grounded ice. The longer free-fall cores, which over-penetrated the lake
sediment surface and missed collection of the uppermost unit, are mostly diamict, but contain a
third unit, a 5 cm thick greenish gray, clast-free mud, bounded by sharp upper and lower
contacts. Several thinner lenses, < 1 cm thick, of this lower-density, clast free unit are observed
above the 5 cm thick unit; these layers can be correlated in detail between the two free-fall cores.
Sedimentologic, geochemical and micropaleontologic analyses will be used to define these facies
and their depositional settings, and to address larger scale questions of how these changing facies
relate to changes in movement and extent of the overlying ice.

New Chronologies on the Sirius Group Deposits – Surface Exposure Ages
from Bennett Platform, Transantarctic Mountains
Lindow1, Julia, Kurz1, Mark D. and Ackert2, Robert P.
1 Woods Hole Oceanographic Institution, USA
2 Harvard University, USA
The East Antarctic Ice Sheet is the largest ice mass on Earth. Understanding the timing of past
ice-sheet instabilities is crucial to constraining glacial history and predicting the impact of future
warming. Indication for a relatively stable East Antarctic Ice Sheet since at least early Miocene
(~8 million years ago) is provided by landscape chronologies and geomorphology data along the
Transantarctic Mountains. In contrast, marine sediment core data from the Ross Sea suggest that
the East Antarctic Ice Sheet was much smaller than present, as recently as Pliocene (~ 3 million
years ago). Marine diatoms deposited in Sirius Group tillites, (high-elevation glacial sediments in
the Transantarctic Mountains) are considered an additional indication for warmer temperatures
and smaller East Antarctic Ice Sheet in the Pliocene. They also provide a stratigraphic
(minimum) age for the Sirius Group, but depositional age and context of these diatoms remain
unknown.
Measurements of in situ cosmic-ray-produced nuclides in surface samples of the Sirius Group
provide important independent age information. Only a few of the known exposures have been
studied so far, and it is unclear how many depositional stages took place, and when.
Here we present new cosmogenic 3He and 21Ne minimum ages from Bennett Platform, a key
Sirius Group outcrop in the central Transantarctic Mountains near Shackleton Glacier. The
preliminary results indicate minimum exposure ages ranging between 2.7 to 8.8 Ma, with
averages of 5.3 ±1 and 7.5 ±0.7 Ma, for 3He and 21Ne respectively. The samples are potentially
older, because they occur within loosely consolidated till (easily eroded) and show signs of wind
erosion. This makes the Bennett Platform one of Earth’s oldest surfaces, which also pre-dates the
youngest bio-stratigraphic age constraint derived from the marine diatoms. This suggests a
diatom deposition after the formation of the glacial tillite and no large-scale glacial activity in the
Bennett Platform area after late Miocene. A late Miocene ice-free margin in the central TAM
suggests deglaciation before the Pliocene warm period, and deposition of Sirius Group till in the
Bennett Platform region appears to have taken place during a warm based glacial phase during
the Miocene, or earlier.
Surface exposure ages from previous studies range from <1 to 10 million years for the Sirius
Group. For the Dry Valley region Bruno et al. (1997) published cosmogenic helium and neon
ages of 2.92 to 0.66 Ma from Sirius Group outcrops at Table Mountain. This clear dominance of
Plio-/Pleistocene ages is in contrast to the Bennett Platform data and could indicate different
deposition episodes or erosion histories.
Sirius Group surface exposure ages are sparse with respect to geographic coverage and number
of measurements from each outcrop. Following this preliminary study, we aim to provide
additional cosmogenic 3He, 21Ne and 10Be data for key locations along the Transantarctic
Mountains. The combination of multiple nuclides will allow for a more robust reconstruction of
erosion/uplift pattern in the Transantarctic Mountains.

Relationships between the land-terminating Walcott and Howchin Glaciers and adjacent
marine-grounded Ross Sea ice in the Royal Society Range, Antarctica

Maraina Miles, Brenda Hall, George Denton
University of Maine School of Earth and Climate Sciences and Climate Change Institute

Insight into the future contribution of the Antarctic Ice Sheet (AIS) to global sea-level
rise can be sought from past glacier behavior. Here, we examine the history of the AIS and local
glaciers at and since the Last Glacial Maximum (LGM), as well as during earlier glacialinterglacial cycles, in the Royal Society Range adjacent to western McMurdo Sound. Grounding
in the Ross Sea at the LGM caused widespread ice-sheet expansion toward the continental shelf
edge. The sector of this grounded ice that infilled McMurdo Sound deposited a well-defined drift
sheet along the Royal Society headlands. At issue is whether ice-sheet grounding in McMurdo
Sound was caused primarily by marine mechanisms, such as lowered sea level, or by expansion
of local alpine and East Antarctic glaciers.
We collected samples of sub-fossil algae within the headland drift deposited by grounded
McMurdo Sound ice. Our radiocarbon ages of algae samples show that grounded McMurdo ice
was nearing its maximum extent on the Royal Society headlands by 18,400 years before present,
and that it subsequently maintained this position for several thousand years. We also collected
samples for 10Be surface exposure dating from surface boulders on moraines deposited by the
terrestrial Walcott and Howchin alpine glaciers, both of which flow seaward from the Royal
Society Range toward McMurdo Sound. Together with cross-cutting relationships between
alpine moraines and the headland drift, the preliminary 10Be dates indicate that Walcott and
Howchin alpine glaciers did not expand and contribute to ice-sheet grounding in McMurdo
Sound during the LGM. The implication is that grounded ice in McMurdo Sound was controlled
by a different mechanism from adjacent alpine glaciers. This leads us to the view that the
Walcott and Howchin glaciers likely responded largely to changes in surface accumulation,
whereas the grounding in McMurdo Sound was driven primarily by marine mechanisms.

Shallow radially anisotropic shear wave velocity structure beneath Thwaites
Glacier and tectonic implications
Maeva Pourpoint1, Douglas A. Wiens1, Zhengyang Zhou1, Weisen Shen2, Richard C. Aster3,
Andrew A. Nyblade4, Terry J. Wilson5
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We present new seismic constraints on the sedimentary and crustal structure beneath Thwaites
Glacier from joint receiver function and surface wave analysis. Surface wave empirical Green’s
functions were retrieved from multicomponent cross-correlations of continuous ambient noise data
recorded by the POLENET and UKANET seismic networks between 2010 and 2018. Rayleigh
and Love wave dispersions were measured between 6 and 30 s. Localized dispersion curves
derived from surface wave tomography were then used to image shallow subglacial shear wave
velocity structure (Vsv and V sh) beneath each station with constraints on sediment and crustal
thickness from receiver functions and short-period Rayleigh wave horizontal-to-vertical amplitude
ratios. We attribute discrepancies between vertically and horizontally polarized shear waves in the
sediment and crust to radial anisotropy and report on its amplitude. Our results indicate significant
structural variations across Thwaites Glacier. Sediment thickness varies from a few hundreds of
meters to a few kilometers but appears to correlate with basal topography and with regions of faster
ice flow, with the thickest sedimentary layers being resolved across the Byrd subglacial basin
(BSB), the Bentley subglacial trench (BST) and at stations closest to the grounding line. Lateral
variations in crustal thickness of approximately 15 km are resolved along with localized crustal
thinning to roughly 20 km under the BSB. Strong positive radial anisotropy (V sh > V sv) is resolved
in the upper- to mid-crust beneath the BSB and BST and could reflect the presence of thick
sedimentary layers in the basins, but is also consistent with the extensional tectonic history of the
region. We interpret the resolved structural variations in light of previous work and known
geologic features in the region and further discuss potential implications for the tectonic evolution
of the Amundsen Sea Embayment and the eastern West Antarctic Rift System.

Ancient Ice Potential Source of Paleo-Proxies; Ong Valley, Antarctica
Jaakko Putkonen1, Marie Bergelin1, Greg Balco2, and Dan Morgan3
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Debris cover thicker than about 0.1 m on the surface of a glacier thermally shields the ice and
limits melting compared to a bare glacier surface. In the mid-latitudes such debris covered
glaciers have been found to survive at lower elevations or warmer temperatures than otherwise
would be possible (e.g. Potter, 1972). In the dry climate of Antarctica, the glaciers tend to
sublimate directly into the air without melting. It has been speculated that the debris cover would
decrease the rate of sublimation and potentially increase the longevity of the Antarctic ice
bodies. It is also well known that glacier ice harbors atmospheric gases, eolian particles, pollen,
DNA, and other sources of information of past climates and environmental conditions. The
potential longevity of Antarctic ice in debris covered glaciers and the possibility to access old ice
near the surface motivated this study of the debris covered glacier in Ong Valley, Antarctica.
Since the Austral field season of 2010/2011 we have studied the dynamics of the debris/ice
system and collected a ten-meter-long ice core of the ice laying underneath the debris cover. The
terrestrial cosmogenic nuclide (TCN) analyses of the meter-thick debris cover as well as the
mineral matter suspended in the ice have revealed that the minimum exposure age of the till is
>1.1 Ma.
In addition to the TCN record the Deuterium and Oxygen isotopes are suggesting that under
approximately of 9 meters of ice, lies another separate ice body of even older vintage. The
simplest assumption is that this older ice body is related to the lateral moraine and till located
further up in the valley that we dated to be >1.6 Ma.
This research is highlighting the potential of debris covered glaciers harboring substantially older
ice than generally exposed at the Earth’s surface, and thus serve as easily accessible repositories
of paleo proxies and aerosols.

Seismic Evidence for Pervasive Surface Fracturing Near the Grounding Line
of the Ross Ice Shelf
Em Schnorr1, Susan Schwartz1 , Slawek Tulaczyk1 , Grace Barcheck2 , Tyler Paladino3
1
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Data collected from a dense seismic array near the grounding line of the Whillans Ice
Plain (WIP) reveals an abundance of tidally-modulated seismicity that is temporally correlated
with falling tide. Our analysis indicates that the source of this seismicity is surface fracturing due
to ice shelf flexure under tidal forcing. We suggest that passive seismic monitoring and
characterization near ice shelf grounding lines may be a practical strategy for tracking ice shelf
strength and damage evolution.
We examined the grounding zone (GZ) events over five consecutive field seasons from
2012-2016 to investigate their source and tidal dependence. The seismograms are strongly
dominated by surface waves, and show very little body wave energy. Because picking P and S
waves was impractical given their low amplitudes, we located event sources using beamforming
techniques. The resulting event locations were then used to compute synthetic seismograms for
the specific geometry and velocity structure of the WIP. Event source depth was then constrained
by comparing the surface-to-body wave ratios of the computed seismograms with that of the
recorded seismograms.
The GZ events were located near the grounding line, and constrained to shallow depths of
no more than 30 meters. The observed seismicity’s temporal correlation with low tide and
location characterization strongly indicate that the source is likely tensile fracturing at the surface
in the form of strand cracks or buried crevasses. Our result implies that despite the odd ice flow
geometry at this location (i.e. ice flow being parallel to the grounding line), and the lack of
surface expression, the changing ocean height is sufficient to produce fracturing on diurnal
timescales.
Additionally, we note the distinct importance of not only low tidal height to induce
seismicity, but also the speed at which the tide is falling. The observed GZ seismicity begins at
peak falling tide velocity and ceases at maximum low tide. This observation is consistent with
the findings of similar studies conducted elsewhere on the Ross Ice Shelf, and laboratory
experiments indicating the rate-dependent fracture toughness of ice.

Geospatial comparison of meteorites recovered from the Miller Middle and
Mare Meteoriticus icefields, Transantarctic Mountains, Antarctica
P. W. Scholar1, R. P. Harvey1, J.M. Karner2, and J.S. Schutt1
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The Antarctic Search for Meteorites (ANSMET) program has recovered large numbers of
meteorites from the Miller Middle and Mare Meteoriticus icefields. This study compares the
geospatial distribution of meteorites from these icefields- as the two are comparable in size and
number of recovered specimens, and each consists of a continuous, snow-free surface that is
disconnected from a major glacial flow regime. Here we explore the physical processes acting at
these icefields that in turn influence the meteorite concentrations found within them.
1. Is the distance between meteorites affected by their masses? We performed Theissen
polygon analysis of the icefields and found that at Miller Middle, smaller meteorites occur in
both densely and sparsely populated parts of the icefield; but larger meteorites (> 64 g) occur
mostly in sparsely populated regions. This trend is less developed for the Mare icefield; there is
less range in polygon size, and only meteorites above ~512 g are predominantly isolated.
2. Is the distribution pattern of meteorites related to local wind regimes? Wind-row
analysis shows that Miller Middle meteorites are more densely populated in down-wind areas,
and thus meteorite concentrations are highly effected by the local winds. Results for Mare
suggest local winds have either no effect or a negative effect.
3. Are meteorite clusters directly related to wind-driven processes? Hotspot analysis
shows that Miller Middle has nine hotspots (meteorite clusters); eight of those occur near the
downwind ice edge, and one is in a moraine. The nine Miller hotspots contain meteorites that are
~8x smaller than non-hotspot finds, which suggests wind has been sorting and moving meteorites
at the icefield. In contrast, Mare only has three hotspots; two hotspots are very large in area and
are not associated with a down-wind barrier.
4. How do shower falls affect meteorite distributions? Miller Middle has yielded 172
CO3 carbonaceous chondrites [1] (all paired by petrographic similarities). Their distribution
across the icefield (by mass) suggests they are a showerfall. At Mare, approximately 825 of the
1101 recovered meteorites are L5/LL5 ordinary chondrites. Most of these L5/LL5s have been
paired by cosmogenic nuclide studies [2] and thus point to a huge showerfall event at Mare.
Conclusions: The distribution of meteorites at Miller Middle has been significantly
influenced by wind redistribution, while the distribution at Mare, far less so. Downwind traps
thus play a more significant role at Miller and lead to meteorite hotspots. The majority of
meteorites at Mare are not associated with downwind traps, but instead are found in areas of high
ablation. Finally, hypothesized showerfalls have greatly influenced the relative proportions of
meteorite types recovered from both icefields.
References: [1] Todd, N. (2019) Complete listing of Antarctic meteorites in the US
collection. https://www-curator.jsc.nasa.gov/antmet/us_clctn.cfm. [2] Welton, K.C. et al. (2011),
MAPS 46, 177-196.

Late Holocene Deglaciation of the Southernmost Ross Sea
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Deglaciation of the southern Ross Sea was among the final events in the global emergence from
the last ice age. The Ross Sea grounding line was close to the mouth of Shackleton Glacier at ~ 6
kyr B.P., but our previous work on Shackleton and Scott Glaciers provides limited constraints on
the 400 km of retreat to its present location east of Leverett Glacier. During the 2016-17 and
2017-18 field seasons we mapped and sampled glacial deposits at 5 sites in the coastal mountains
on and around lower Amundsen and Liv Glaciers, to reconstruct the thickness of southern Ross
Sea ice from the last glacial maximum (LGM) to present.
Glacial-geologic evidence from the summits of Robinson Bluff (1130 m) and Mt Henson (905
m) suggests, but does not prove, that LGM ice from Amundsen and Liv Glaciers, respectively,
overtopped these peaks. In the Duncan Mts, 15 km SE of the Liv Glacier outlet, LGM ice
flowed shoreward to a terminal moraine at 760-700 m. Exposure ages from the Duncan Mts
indicate that ice retreat from the LGM limit began gradually after 18 kyr B.P., followed by more
rapid deglaciation from 8-6 kyr B.P. The age-vs-elevation record from this site is remarkably
similar to those from lower Beardmore and Scott Glaciers, but thinning post-dates Beardmore
Glacier by ~ 2 kyr and pre-dates Scott Glacier by ~ 1 kyr. Unfortunately 10Be data from
Amundsen Glacier are compromised by prior exposure, obscuring its thinning history.
Radiocarbon dates from sub-fossil algae that grew in ice-marginal ponds provide constraints on
final deglaciation of both Liv and Amundsen Glaciers. In the Duncan Mts, algae within 30 m
elevation of lakes dammed by the present-day ice-shelf date to < 4.2 cal. kyr B.P. At Witalis
Peak, at the mouth of Amundsen Glacier, C-14 dates indicate the presence of an ice-marginal
melt lake < 20 m above modern glacier level since 2.9 cal. kyr B.P..
Based on these data and results from previous work we infer that the Ross Sea grounding line
reached Shackleton Glacier ~ 6 kyr B.P., then receded progressively past Liv Glacier by ~ 4 kyr
B.P. to a position east of Amundsen and Scott Glaciers by ~ 2.9 kyr B.P. This result is consistent
with sea-level records which indicate near-zero eustatic sea level change over the past 2 kyr. We
also note that it restricts the grounding-line incursion into West Antarctica hypothesized by
Kingslake et al. (Nature 558, 430–434, 2018; doi.org/10.1038/s41586-018-0208-x) to a narrow
time window between final deglaciation of Scott and Amundsen Glaciers 2.9 kyr B.P., and
growth of Crary Ice Rise commencing 1.1 kyr B.P. (Bindschadler et al., Ann. Glaciol. 14, 13-16,
1990).
Supported by National Science Foundation award PLR-1443346.
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1:30-1:45 – Welcome and goals/philosophy of workshop
1:45-1:55 – Very brief history of deep field camps
1:55-2:05 – NSF Comments
2:05-2:15 – Q&A for above
2:15-2:20 – Overview of plans for the afternoon

2:20-3:45

Site overviews
2:20-2:35 North Victoria Land, includes 5 minutes Q&A (Greg Balco)
2:35-2:50 Scott Glacier, includes 5 minutes Q&A (Brenda Hall)
2:50-3:05 Ellsworth Mountains, includes 5 minutes Q&A (John Isbell)
3:05-3:20 Marie Byrd Land, includes 5 minutes Q&A (Peter Neff)
3:20-3:35 James Ross/Seymour Islands, includes 5 minutes Q&A (Tom Tobin)
3:35-3:45 Discussion about other sites

3:45-4:45 pm

Poster Session 1: Disciplinary Groups + Coffee/Snacks
Disciplinary groups have walk around poster session where each participant gives a 2-3
minute ‘elevator summary’ of ideas on their poster + time for discussion
●
●
●

4:45-5:30 pm

Group A: Biology/Ecology (modern & paleo)
Group B: Landscape evolution & Cryo- and Atmospheric sciences
Group C: Tectonics/deep earth & geological evolution of Antarctica

Discussion Group 1: Discipline Summaries
Identify common themes/compelling questions and prepare to report tomorrow AM
• Group A
• Group B
• Group C
If separated into subdisciplinary group, recombine and synthesize into single presentation.
Load presentations by AM

6:00 pm

Dinner and continued discussion

7:00 pm

Mixer and Roundtable for Early career scientists, those new to Antarctic logistics, and
OAEs (‘Old Antarctic Explorers’) who would like to be mentors.

Wednesday, October 16

9:00-5:00

8:00-9:00 am

Breakfast
Load presentation files in the Chapel

9:00 - 10:00am

Disciplinary Presentations (Goal: Early Career presenter)
9:00-9:10 Group A Summary
9:10-9:20 Full Group Discussion + Q&A
9:20-9:30 Group B Summary
9:30-9:40 Full Group Discussion + Q&A
9:40-9:50 Group C Summary
9:50-10:00 Full Group Discussion + Q&A

10:00-11:30 pm

Poster Session 2: Multidisciplinary Discussions + coffee/snacks
10:00-10:30 Group A at posters
10:30-11:00 Group B at posters
11:00-11:30 Group C at posters

11:30 am-1:30 pm

Breakout group Discussions: Synthesize Research Priorities by potential Sites +
Working Lunch 12:00-1:00
(You may move between Site discussions if that suits your research interests)
Each discussion group select a facilitator and 2 scribes
● North Victoria Land
● Scott Glacier
● Marie Byrd Land
● Ellsworth Mountains
● James Ross/Seymour Island
SCRIBES + FACILITATOR DRAFT SUMMARY REPORT
Summary report will be made available for editing/comment by those not able to attend
and then compiled as part of Workshop report to NSF.

1:30pm- 3:00 pm

Summary presentation and discussion of Research Priorities at Potential Sites
**Presentation files to be made available to NSF and those who cannot attend
1:30 - 1:45 North Victoria Land presentation + discussion
1:45 - 2:00 Scott Glacier presentation + discussion
2:00 - 2:15 Marie Byrd Land presentation + discussion
2:15 - 2:30 Ellsworth Mountains presentation + discussion
2:30 - 2:45 James Ross/Seymour Island presentation + discussion
2:45 - 3:00 Other

3:00-3:20 pm

Break

3:20-5:00 pm

3:20-4:30 Develop consensus on two-tied ranking of sites (Primary & Secondary)
based on: multidisciplinary value, time sensitivity, NSF research priorities, etc.,
4:30-5:00 Discuss long-term vision for deep field camps with NSF

6:00 pm

Dinner at Julian Brewing Company with WAIS Workshop participants.

Posters submitted for 2019 Deep field camp Workshop
Title
End Cretaceous evolutionary histories of major taxonomic groups
Going to Extremes: High-lattitude landscape evolution from icehouse
to extreme greenhouse enviromnents

Authors*
Matthew Lamana
Patricia Ryberg, Rudolph Serbet

Characterize the evolution and paleobiogeography of high-latitude Late Nathan D. Smith
Paleozoic–Early Mesozoic vertebrates and their paleoenvironmental
context
Exploring the most southerly exposure of the End Cretaceous Mass
Extinction interval

Tom Tobin

How have terrestrial ecosystems responded to past climate changes?

Byron Adams

What did the East Antarctic ice sheet look like during past warm
periods?

Greg Balco, Claire Todd, Seth Campbell

Firn layer and its response to climate change and reconstructing ice
mass loss from satellite altimetry data

Christo Buizert, Edward Brook

Vapor diffusion and bubble trapping processes in firn
EAIS behavior during terminations and warm periods
Modeling of Water Isotope Records in Firn
Toward sustained science on the changing Pacific coast of WAIS
Numerous localized ice deposits in TAM may reveal unprecedented
data on ancient glaciations, atmosphere, environment, and life

John Fegyveresi
Brenda Hall
Tyler Jones
Peter Neff
Jakko Putkonen

Interdisciplinary Investigations of Subglacial Mt. Resnik, West
Antarctica

Perry Spector

Reconstructing Thickness Changes at Taylor and TalosDomes for Ice- Perry Spector
Core Paleoaltimetry
Constrain long-term thickness changes of southern TAM outlet
glaciers using cosmogenic surface exposure dating

Jamey Stutz

Next generation of firn models

Ed Waddington, Knut Christianson, Zoe Courville,
Erich Osterberg, Mary Albert, Kaitlin Keegan

Taylor Dome North ice core
What can blue ice tell us about Antarctica's history?
Understanding processes and impacts of the mantle and lithosphere
beneath Antarctica

Ed Waddington, Jeff Severinghaus
Kathy Licht, Mike Kaplan
James Day

Resolving Earth Structure Influence on Ice-Sheet
Stability in the Wilkes Subglacial Basin (WSB)

Samantha Hansen

Understand the geologic and climatic evolution of Antarctica (~300
–150 million years ago) through the sedimentary rock record

John Isbell, Libby Ives

What are the driving forces that produce the high elevation of the
TAM?

Weisen Shen

The Antarctic Search for Meteorites
Volcanism & Ice Dynamics in Marie Byrd Land
*Other collaborators are listed with many of these authors

John Schutt, Ralph Harvey, James Karner
Thom Wilch, Kurt Panter

First Name
Robert
Byron
Eirika
Greg
Grace
Marie
Terrence
Craig
Paul
James
John
Nicholas
Neil
Brent
Anne
Ruthie
Brenda
Bill
Samantha
David
John
Alex
Libby
Mike
Hannah
Michael
Christine
Alia
Mark
Colby
Amy
Kathy
Julia
Maraina
Daniel
Peter
Sarah
Kurt
Maeva

Last Name
Ackert
Adams
Arnardottir
Balco
Barcheck
Bergelin
Blackburn
Cary
Cutler
Day
Dore
Dragone
Foley
Goehring
Grunow
Halberstadt
Hall
Hames
Hansen
Harwood
Isbell
Isern
Ives
Jackson
Johnston
Kaplan
Kassab
Khan
Kurz
Lejeune
Leventer
Licht
Lindow
Miles
Morgan
Neff
Neuhaus
Panter
Pourpoint

email
rackert@fas.harvard.edu
bjadams@byu.edu
eoarnard@iu.edu
balcs@bgc.org
grace.barcheck@cornell.edu
marie.bergelin@und.edu
terryb@ucsc.edu
caryc@udel.edu
pcutler@nsf.gov
jmdday@ucsd.edu
jdore@montana.edu
nickdrag5521@gmail.com
neil.t.foley@gmail.com
bgoehrin@tulane.edu
grunow.1@osu.edu
ahalberstadt@umass.edu
brendah@maine.edu
hameswe@auburn.edu
shansen@geo.ua.edu
dharwood1@unl.edu
jisbell@uwm.edu
aisern@nsf.gov
woodfor5@uwm.edu
MEJACKSO@nsf.gov
johnstha@iu.edu
mkaplan@ldeo.columbia.edu
ckassab@iupui.edu
alia.khan@colorado.edu
mkurz@whoi.edu
clejeune@tulane.edu
aleventer@colgate.edu
klicht@iupui.edu
jlindow@whoi.edu
maraina.miles@gmail.com
dan.morgan@vanderbilt.edu
neffp@uw.edu
suneuhau@ucsc.edu
kpanter@bgsu.edu
mpourpoint@wustl.edu

Institution
Harvard University
Brigham Young University
IUPUI
Berkeley Geochronology Center
Cornell University
University of North Dakota
University of California, Santa Cruz
University of Delaware
NSF
Scripps Institution of Oceanography
Montana State University
University of Colorado Boulder
University of California, Santa Cruz
Tulane University
The Ohio State University
University of Massachusetts-Amherst
University of Maine
Auburn University
University of Alabama
University of Nebraska-Lincoln
Univ. of Wisconsin-Milwaukee
NSF
University of Wisconsin-Milwaukee
NSF
IUPUI
LDEO of Columbia University
IUPUI
Western Washington University
Woods Hole Oceanographic Institution
Tulane University
Colgate University
IUPUI
Woods Hole Oceanographic Institution
University of Maine
Vanderbilt University
University of Washington
University of California, Santa Cruz
Bowling Green State University
Washington University in St. Louis

First Name
Jaakko
Patty
Mark
Wilson
Em
John
Rudy
Weisen
Amelia
Gale
Mark
Nathan
Perry
Val
John
Neil
Stuart
Kirsty
Thomas
Cathleen
Slawek
Phil
Douglas
Thomas
Matthew

Last Name
Putkonen
Ryberg
Salvatore
Sauthoff
Schnorr
Schutt
Serbet
Shen
Shevenell
Sinatra
Skidmore
Smith
Spector
Stanley
Stone
Tabor
Thomson
Tinto
Tobin
Torres Parisian
Tulaczyk
Wannamaker
Wiens
Wilch
Zimmerer

email
jaakko.putkonen@und.edu
patricia.ryberg@park.edu
mark.salvatore@nau.edu
wsauthof@nsf.gov
eschnorr@ucsc.edu
john.schutt@gmail.com
serbet@ku.edu
weisen.shen@stonybrook.edu
ashevenell@usg.edu
gsinatra@rossier.usc.edu
skidmore@montana.edu
nsmith@fieldmuseum.org
pspector@bgc.org
val.stanley@oregonstate
stn@uw.edu
ntabor@smu.edu
thomson@email.arizona.edu
tinto@ldeo.columbio.edu
ttobin@ua.edu
ctorresp@umn.edu
stulaczy@ucsc.edu
pewanna@egi.utah.edu
doug@wustl.edu
twilch@albion.edu
matthew.zimmerer@nmt.edu

Institution
University of North Dakota
Park University
Northern Arizona University
NSF
University of California, Santa Cruz
Case Western Reserve University
University of Kansas
Stony Brook Univesity
University of South Florida
University of California, Santa Cruz
Montana State University
Natural History Museum of L.A. County
Berkeley Geochronology Center
Oregon State University
University of Washington
Southern Methodist University
University of Arizona
LDEO of Columbia University
University of Alabama
University of Minnesota
University of California, Santa Cruz
University of Utah
Washington University in St. Louis
Albion College
New Mexico Tech

