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1. Introduction



The Story Begins at
CtaHuuA BoCcTOK

The Russian Federation Vostok Station:
Opened December 1957

The Vostok Ice
Core Record



The Discovery of Lake Vostok

International Collaboration

International Program of Airborne
Exploration in the 1970’s
Danish - British -American

Original
Unprocessed
Seismic
Recordings



International Cooperation

* Subglacial Antarctic Lake Environments
Group of Specialists (SALEGOS): 2000-2004

* Subglacial Antarctic Lake Environments.
(SALE) — SCAR/IPY Scientific Program:
2004-2010

* Advancing Technologies and Environmental
stewardship for subglacial exploration in
Antarctica (ATHENA) formed 2008 - present

http://seis.bris.ac.uk/~chgpl/Athena/home.htm




2. Why Study
Subglacial Aquatic Environments?

Zina Deretsk, U.S. National Science Foundation (2007)



An International Focus of Interest

2006

Grenoble, France

1998

Washington, D.C.
U.S.A.

1999

Cambridge, U.K.



Subglacial Lake Vostok

Subglacial
Lake Vostok

22 March 1998
Sunday Times




Scientific Themes

GEODYNAMICS OF LAKE
EVOLUTION

SUBGLACIAL
HYDROLOGY

ICE SHEET
DYNAMICS

MICROBIOLOGICAL
LIFE, EVOLUTION,
AND ADAPTATION




Water is Abundant Beneath the
Antarctic Ice Sheet

Half of the ice sheet bed is melting

Very slow basal melt drives water fluxes
towards the ice margin

Tulaczyk and Hossainzadeh (2011) Science



A Continent-Wide Feature

Wright and Siegert (2012) Antarctic Science



Diverse Subglacial Environments

Blankenship
and others



Subglacial Hydrology

Conceptual model of surface

level fluctuations

Ice sheet surface
elevation changes

Wingham et al (2006)
Nature



Life in Subglacial Aquatic Environments

e |solated
e Cold and Dark
e Limited Energy Sources

e Ultra-low nutrient and carbon
concentrations

e Dilute biological solutions (low

cell numbers)

photo from A. Purcell
and J. Mikucki, UTK

photo
from B. Christner, LSU Photo from RAE, V Lukin

(Priscu et al, 1999; Christner et al, 2006; Bulat et al 2009; D’Elia et al, 2009)



Subglacial Lake Vostok: Accretion Ice

Low cell numbers
Diverse microbial metabolic strategies
Concerns about artifacts

More Than 200 Meters of Lake
Ice Above Subglacial Lake
Vostok, Antarctica

J. Jouzel," J. R. Petit,? R, Souchez,® N, |, Barkov,*
V. Ya, Lipenkov,* D. Raynaud,? M, Stievenard,” N, |. Vassiliev,®
V. Verbeke,? F. Vimeux'

Isotope studies show that the Vostok ice core consists of ice refrozen from Lake
Vostok water, from 3539 meters below the surface of the Antarctic ice sheet

to its bottom at about 3750 meters. Additior
gas content, crystal size, and electrical condu
is a likely place for water freezing at the lake-i
occurs at a higher level here than anywhere
suggest that subglacial Lake Vostok is an o
culation of water that was formed during p
than those of the past 420,000 years. Lake i
interest for preliminary investigations of lake
and for the search for indigenous lake micro|
potential importance for the exploration of

10 December
1999 Vol. 286
Science

Microorganisms in the Accreted
Ice of Lake Vostok, Antarctica

D. M. Karl,” D. F. Bird,? K. Bjérkman," T. Houlihan,’

Analysis of a portion of Vostok ice core number 5G, which is thought to contain
frozen water derived from Lake Vostok, Antarctica (a body of liquid water
located beneath about 4 kilometers of glacial ice), revealed between 2 < 107
and 3 < 107 bacterial cells per milliliter and low concentrations of potential

Geomicrobiology of Subglacial
Ice Above Lake Vostok,

Antarctica

John C. Priscu,'* Edward E. Adams,? W, Berry Lyons,®
Mary A. Voytek,® David W. Mogk,? Robert L. Brown,?
Christopher P. McKay,” Cristina D. Takacs," Kathy A. Welch,®
Craig F. Wolf," Julie D. Kirshtein,® Recep Avci*

Data from ice 3590 meters below Vostok Station indicate that the ice was
accreted from liquid water associated with Lake Vostok. Microbes were ob-
served at concentrations ranging from 2.8 < 10° to 3.6 < 10" cells per miilliliter;
no biological incorporation of selected organic substrates or bicarbonate was
detected. Bacterial 165 ribosomal DNA genes revealed low diversity in the gene
population. The phylotypes were closely related to extant members of the
alpha- and beta-Proteobacteria and the Actinomycetes. Extrapolation of the
data from accretion ice to Lake Vostok implies that Lake Vostok may support
a microbial population, despite more than 10° years of isolation from the
atmosphere.

R. Shackelford,” L. Tupas’

r. Lipopolysaccharide (a Gram-negative bacterial cell biomar-
ected at concentrations consistent with the cell enumeration
iests a predominance of Gram-negative bacteria. At least a
iicrobial assemblage was viable, as determined by the respi-
14 -labeled acetate and glucose substrates during incubations
»sphere. These accreted ice data suggest that Lake Vostok may
icroorganisms

Images of bacteria
frozen in accretion ice

(Priscu et al, 1999; Christner et al, 2006;
Bulat et al 2009; D’Elia et al, 2009)



Latest Scientific Results

Do Subglacial Water outflows at Ice Margins
affect the Southern Ocean’s Productivity?

Circumpolar deep water
flows stimulate sub-ice
melting

Drainage at the ice
margin delivers
nutrients and iron to
the coastal ocean

Dea’th et al (in review) GRL,LeBrogq et al (in review) Nature Geoscience
Gerringa et al (2012) Deep Sea Research



Latest Scientific Results

Are Subglacial environments an unrecognized
reservoir of greenhouse gases?

* Subglacial sedimentary
basins are likely anoxic

* Methanogenesis is active
in subglacial systems

* Methane hydrate is
stable in subglacial
sedimentary basins

(Boyd et al (2010) Environmental Microbiology Reports;
Wadham et al (2012), Nature)



3. Environmental Stewardship

2002
2001
2003

2004
2006 2007

2008

2010 2011 2012



ATPs/ATCM/CEP

Source:
Russian Antarctic Expedition

Subglacial Aquatic
Environments have been on
the ATCM/CEP agenda for
more than a decade (2000-
present).

* Seven (7) Working Papers
 Twenty (19) Information
Papers

* Authored by the Russian
Federation (18), SCAR (4),
the U.S.A. (2), U.K. (1) and
the Netherlands (1)

Source: U.S National Science Foundation



SCAR’s Contributions to
the CEP Agenda

2003 ATCM XXVI IP 94 - Comment on the Draft
Comprehensive Environmental Evaluation:
Water Sampling of the Subglacial Lake Vostok

2004 ATCM XXVII IP 100 - SCAR Science Lecture -
Subglacial Lakes of Antarctica

2007 ATCM XXX IP 15 -
Subglacial Antarctic Lake
Environments (SALE) in the
International Polar Year
2007-2008

2010 ATCM XXXIII IP 33 SCAR -
SCAR’s code of conduct for the
exploration and research of

subglacial aquatic environments
Siegert and Kennicutt, 2010




Guiding Environmental Principles

2008 ATCM XXXI
IP 110 U.S. USA

2011 ATCM XXXIV
IP 33 SCAR



Program Design and Environmental
Protection

Do no harm!

Multi-faceted Approach

* Drilling fluid: filtered, UV
irradiated and pasteurized

* Hoses and cables: high
pressure water/air cleaning
and UV irradiated

* Science Instruments:
disinfection with hydrogen
peroxide



4 )
Lake Vostok:

large stable lake
in interior,
closed system?

J

/

-

small mountainous
g lake in headwaters

N
Lake Ellsworth:

4. Subglacial Exploration
Programs

Bell et al (2008), Nature
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A Continent-wide

Network of Study Sites

Variables

Setting

Lake
Vostok

Large stable
lake

WISSARD
Whillans Ice
Stream

Dynamic Ice
Stream

Subglacial Lake

Ellsworth

Small

Mountainous

Lake

Ice Thickness

4 km

0.8km

3.4 km

Lake Area
(dimensions)

15,690 km?
(250 x 50 km)

60 km?2

29 km?
(12 x3 km long)

Sediment
(water depth)

Yes
(Mean 344 km)

Yes
(2m)

Yes
(150 m)

Drilling
Approach

Mechanical

Hot water

Hot water

Entry

2012-13

2012-13

2015-167




The First Challenge:
Getting There

None of this can be accomplished without the
scientific and logistical support of National Antarctic

Programs.
Scientific Stations Traverses
Vostok Station
Air
Support Personnel Transport

Field Camps



The Next Challenge:

Access and Sampling

None of this can be accomplished without the
scientific and logistical support of National Antarctic

Programs.
Ice Drills

Sediment Corers

Clean
Field
Laboratories

Sensor Packages



Subglacial Lake Vostok

Source: U.S. National Science

Foundation
Source:
Russian
Antarctic
Expedition
Source:
Russian Antarctic

Expedition Source: M Studinger, NASA



Subglacial Lake Vostok

In Situ Samples

ATCM XXXVI
IP 42

Photos from:
V Lukin, RAE and
S Bulat, NPI




Subglacial Lake Vostok

2012-2013 Field Season at Lake Vostok:
Deep Drilling Operations
Objective: coring lake water frozen in hole 5G-1 and
continuation of drilling towards Lake Vostok

Hydrate core  ATcm XXxVi

from depth IP 49
3419 m
Glacial ice and
the refrozen
lake water from
3445 m
Bulat et al., 2013
Bulat & Lukin, 2013

Lipenkov et al., 2013






WISSARD: An Update

Ice Bore Hole

A\ A{: - P
My”‘;ffzw Microbes
Field Camp

http://www.wissard.org/




Subglacial Lake Whillans
In situ Samples

Subglacial Lake Whillans

Bacterial Colonies from
Subglacial Lake Whillans

water samples
(photo from B. Christner at
Louisiana State University)

Microscopy image of a cell from

Subglacial Lake Whillans
(photo from A. Purcell and J. Mikucki,
University of Tennessee Knoxuville )






Subglacial Lake Ellsworth: An Update

* Observe and sample life at the extremes

* Unlock palaeo-climate secrets in the subglacial
sediments

http://www.ellsworth.org.uk/




Drilling/
access

Samplers
(sediment,
water)

In situ
sensing

5. Technological Challenges

Technology is central to subglacial
exploration and technological advances are
essential for realizing the promise on
research beneath Antarctica’s ice sheet.

Technology development is driven by
scientific necessity and environmental
stewardship concerns.

Sergey Bulat, NPI



Drilling/
access

Samplers
(sediment,
water)

In situ
sensing

Unique Technological Requirements

Ultra- dilute solutions

Low and variable temperature
exposures

High pressures

Remote locations and hostile
weather

Miniaturization



Drilling/
access

Samplers
(sediment,
water)

In situ
sensing

Drilling and Access

« Thermo-mechanical and hot water drilling
have been successfully utilized at ice streams.

* Drilling through glacial ice, liquid water and into
deep lake sedimentary basins has NOT been
accomplished.

e Coupling of hot water drilling and sediment
coring capabilities.

Use of drill fluids, disturbances during
sediment coring and retrieval, and collection of
samples at in situ conditions are challenges.



Water and Sediment Sampling

 Sample collection and return is an essential
element — water, sediments, and microorganisms.

Drilling/

access * Collection at in situ conditions preserves samples’

original states.

* On-site processing of samples and/or preservation
require clean conditions.

Samplers
(sediment,

water) * Retrieval of sediment cores through the lake

water column can cause disturbances.

WISSARD
sediment corer

In situ
sensing

Subglacial Lake Ellsworth
probe



Drilling/
access

Samplers
(sediment,
water)

In situ
sensing

In situ Sensing

In situ sensors

Remotely operated
probes/vehicles

Autonomous
probes and
vehicle

New technologies will facilitate deployment of
sensors and observatories. Challenges include:

* Data transmission (including thro-ice)
* Autonomous/remote operation/ruggedization
* Environmental stewardship issues



Drilling/
access

Samplers
(sediment,
water)

In situ
sensing

Adapting Technologies from Others

Lab-on-a-Chip Nitrate Sensor
Analytes: nitrate, nitrite, dissolved iron and manganese,
phosphate, and ammonium



Probes and Observatories

Probes
 Micro submersible Lake -
Exploration Device (MSLED)

Autonomous Vehicles

* IceMole
Melting probes
* VALKYRI

* Environmentally Non-
Disturbing Under-ice Robotic
Antarctic Explorer
(ENDURANCE)

* Cryo-egg JSLED

Drilling/
access

Samplers
(sediment,
water)

In situ
sensing



Drilling/
access

Samplers
(sediment,
water)

In situ
sensing

Autonomous Vehicles

Cryo-Eqqg
— Miniaturised/autonomous

— Through-ice communications
— Passive transport

— Integrate with chemical
sensors

VALKYRIE

* Self-contained

melting probe

* Power via fiber

optic line laser
power

* Astrobiology
sensors



6. The Future

Subglacial exploration strategies will
increasingly depend on sensors,
probes, and observatories.

Sensors, probes and observatories
have distinct environmental issues.

Other fields of science and

technologies developed by subglacial
exploration programs will reap great
scientific benefits.

Future successes will build on the
lessons of past programs.



6. The Future

Interdisciplinary in scope and
international in participation.

A continent-wide network of study
sites.

Environmental stewardship is a
guiding principle.
The SCAR facilitates international

partnerships and provides scientific
advice.

ATPs and the CEP ensure the highest
environmental standards.



* SCAR - S Chown * The Lake Ellsworth

* COMNAP Exploration Program -
* SCAR-ATHENA M Siegert and Team
* SCAR-SALE * The Natural
* National Oceanography Environment

Centre, UK Research Council, UK
* NASA-JPL - A. Behar * The National Science
* The DELVE project (NERC) Foundation, USA -r
*The WISSARD Program - Penhale, A Dahood

Priscu, S Tulaczyk, R Powell and S Smith * Anne LeBrocq (UK)

*Lake Vostok Program - v Lukin, ¢ Bernd Dachwald
Bulat, | Alekhina, V Lipenkov (Germ 3 ny)



Thank you for your attention
and

are there any
questions?






