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Foreword

The plan "The US Global Ice Core Research Program: West Antarctica and
Beyond" was developed over the past year by the Ice Core Working Group (ICWG) on
behalf of the US ice core research community.

The ICWG was established following the recommendations of the "ad hoc Panel
on Polar Ice Coring" established by the Committee on Glaciology of the Polar Research
Board (National Academy Press, Washington, 1986). The ICWG was to "provide the
scientific direction and the driving force" to a new Ice Coring and Analysis Program
(ICAP) to be funded and managed by the Division of Polar Programs of the National
Science Foundation (Recommendations for Implementation”, p. 7-8 and p. 31).

The "Global Ice Core Research Program™ provides an outline for US ice core
research during the next decade based on the inventory of the research priorities and
capabilities of the US ice core research community (Report "US Ice Core Research
Capabilities”, ICWG., University of New Hampshire, 1987) and on the conclusions of a
Workshop on US Ice Core Research (13-17 June, 1988, "Compiled Reports of the US Ice
Core Research Workshop™, ICWG., University of New Hampshire). Specific scientific
goals for the ice core projects outlined in the plan have to be defined by the group of PI's
that will do the research.

For the ice core research community the long range research goals provide a
scientific focus that will facilitate scientific exchange and collaboration both within the
community and with other disciplines.

The development of a long-range ice core research plan by the community will
enable NSF, the lead agency in the funding of ice core research, to institute a long-range
funding and management plan for ice core research. This is essential for the efficient use
of logistics and ice core drilling capability in support of the research as well as for an
efficient use of the ice core analysis capacity of US laboratories.

A coordinated research effort over the next decade will greatly improve our
understanding of the dynamics of climate and global change as well as of the dynamics
and stability of the Polar ice masses.

Pieter M. Grootes
Chairman, ICWG
21 December, 1989
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US d obal Ice Core Research Program
West Antarctica and Beyond

1. Executive Sunmary

Developing to its full potential the
pal eoenvironnmental information contained in the ice nasses
of the world requires a |ong-range programin which
expertise fromnmany different fields is focused on a conmon
goal .

The US ice core research comunity proposes that the
US drill several deep and internediate cores in Antarctica
and Greenl and during the 1990s with the first deep core in
West Antarctica. The relative timng of the changes in
vari ous core paranmeters in cores fromthe Arctic and the
Antarctic will help us understand the dynam cs of clinmate
and gl obal change. The West Antarctic core should revea
the response of the West Antarctic ice sheet to the warm
interglacial climte about 125.,000 years ago.

Expanded drilling and anal yses of shallow cores in
pol ar regions and at |ower |atitudes nmust conplenent the
bi polar drilling programin order to docunent spati al

variability in environnmental change and to generate
transfer functions to translate the |ong pal eoenvironnent al
records fromthe Arctic and Antarctic into changes at | ower
| atitudes.

To attain these scientific goals in a tinmely
manner the Ice Core Working

Group recommends that:

NSF/ DPP adopts a | ong-range ice core research plan and
takes an active role in the realization of this plan by
creating the infrastructure needed for vigorous and
flexible ice core research.



NSF/ DPP manages and actively seeks funds to support the
| ong-range ice core research programto ensure fair and
open access for all nmenbers of the scientific community.

NSF/ DPP supports key non-core studies that are directly
related to ice cores and are necessary to ensure proper
site selection and interpretation of core data.

NSF/ DPP, together wi th other prograns and agencies,
encour ages the devel opnment of innovative techniques for
ice sanpling and anal ysis that nay inprove the quality
and/ or reduce the cost of pal eoenvironnental information
fromice cores.

NSF/ DPP encourages scientists to optim ze the data
retrieval fromall ice cores by anal ysis and
interpretation of many different core paraneters in
mul ti di sciplinary coll aborati ons.

A database for rapid drill site selection as well as a
dat abase of the results of core analysis be collected and
made available via the Wrld Data Center

Unused core sections be curated in a US ice core storage
facility and be nade readily avail able for additional
studies to US investigators and investigators of
countries with which the US has scientific collaboration
and exchange of sanple materials and research data.

2. d obal Environnental Change

Qur natural environnment has changed on a gl obal scale
in the past and will change in the future. Such
envi ronnent al changes may negatively affect many areas of
the world. Changes in the near future may result both from
natural climate variability (which over the |last few
mllion years has been responsible for a sequence of cold
and warm periods of variable intensity
(glacials/interglacials; stadials/interstadials)) and from
man- caused changes in atnospheric conposition (especially
of greenhouse gases |i ke carbon di oxide (C0,), methane (CH,)



and nitrous oxide (N,0)) and vegetation which may trigger
climte changes of simlar magnitude. If the adverse
effects of such changes are to be reduced by | ong-range

pl anning and policy, then the |arge-scal e environnenta
changes that nay be expected over the next several decades
to centuries need to be predicted with considerably nore
accuracy and detail than is possible today. W therefore
need to understand the conplex interactions between

i nsol ati on, atnosphere, ocean, biosphere, and cryosphere
that determne climte.

| mportant new i nformation on the dynanmi cs of ngjor
climati c change has been obtai ned over the past years from
ice cores and deep sea sedinent cores. It is now well
establ i shed that nmjor changes in global clinmate occurred
al rost sinul taneously in both hem spheres. Such changes
wer e acconpani ed by | arge changes in the concentration of
the radiatively active gases 0, and CH, in the atnosphere.
The concentration Of CO, in air trapped in ice fromthe |ast
gl aci al maxi mum was 30% | ower than in Hol ocene ice, while
CH, was 50% | ower. During periods of maxi num gl aci ati on,
nore vi gorous atnospheric circulation is indicated by
deut eri um excess and by increased concentrations of dust
and ions in the ice.

Deep sea sedinents record the major changes in gl obal
ice volunme in the oxygen isotopic conposition of benthic
foram ni fera. These sedi nents al so show evi dence of changes
in ocean circulation and nutrient distribution. Sonewhat
nore detailed information on global ice vol une changes
during the last 160,000 years is available fromcores
drilled into Hol ocene and Pl ei stocene coral reefs.

The new data, however, also bring out the limtations
of our current understandi ng of global climate change.

Deep sea sedinent records as well as the Vostok ice
core record show clear periodicities at 20 ka, 40 ka, and
100 ka which correspond to those of variations in the
earth's orbital paraneters and provide support for the
M | ankovitch theory that variations in insolation caused by
orbital changes are responsible for the glacial -



interglacial/stadial-interstadial climte changes.
Enigmatically, insolation forcing is out of phase between
the two hem spheres while climte change is not. Moreover,
nost of the climatic variability over the last mllion
years occurs with a 100,000 year period, but npost of the
insolation variability occurs with 20,000 and 40, 000 year
peri ods.

The role of greenhouse gases like CO, and CH, in
providing a positive feedback in climte change and
synchroni zing the response of both hem spheres has been
wi dely di scussed. Yet CO, and CH, increase in phase with
i ncreasing tenperature but show a different phase response
to cooling; CH, follows tenperature directly (at the
resolution of available data), but CO, | ags. The exact phase
rel ati onshi p between tenperature change and C0,/ CH, change
as well as the degree of anplification of tenperature
changes by positive feedbacks, e.g. from greenhouse gases
and al bedo, is still unknown. Mre precise data on past
changes in tenperature and atnospheric conposition are
needed.

Several ocean nodel s show how i ncreased productivity
in high latitude southern oceans coul d have produced the
observed C02 |owering during glacial tinmes. Yet the
Greenl and Dye-3 core shows several episodes where climte
and C02 concentration seemto have changed by nore than
hal f of the full glacial-interglacial difference over a
very short tine interval (Dansgaard/ Ceschger events). If
real (and not artifacts of ice deformation near the bed)
such rapi d changes cannot be produced by current ocean
upt ake nodel s. Further questions arise fromthe fact that
the rapid changes found in Geenland cores seemto be
absent in the Antarctic ice, and fromthe fact that the
increase in 813C in deep sea sedinent predicted by the C02
upt ake nodel s has not been observed.

Carefully collected data fromice cores fromboth the
Arctic and Antarctic and fromlower |atitudes as well as
fromstrategically | ocated ocean sedi nent cores and
terrestrial records are needed to hel p answer these
guestions and to el ucidate the ocean-atnosphere-cryosphere-



bi osphere interactions and to reconstruct gl obal

envi ronnental change due to natural causes on tinme scales
of decades to 105 years. This know edge will inprove the
estimate of current man-nmade clinmate change and al |l ow nore
accurate prediction of changes to be expected over the next
decades to centuries.

3. Archi ves of |ce

The polar ice sheets and high altitude ice nmasses preserve
in their coldest areas a highly detailed record of climatic
condi ti ons and atnospheric conposition at and around the
time of snow deposition (Appendix A). In sone areas of
Greenl and and Antarctica it may be possible to retrieve ice

up to one million years old. This will give access to a
gl obal change record spanni ng several conplete gl acial -
interglacial cycles. This record will provide a crucia

test for the various atnospheric and oceani c genera
circul ati on nodels that should be able to describe the
different glacial and interglacial climates in the past as
well as the transitions between them The outcome of this
test of the past determ nes how wen we can expect the
nodel s to predict future climte change. For these reasons
ice core research has received highest priority both in US
Antarctic research plans (US Research in Antarctica in 2000
A.D. and Beyond, Pol ar Research Board, 1986) and in gl obal
change research plans (G obal Change in the Geosphere-

Bi osphere, Initial Priorities for an 1@P, US Conmittee for
an I nternational Geosphere-Bi osphere Program 1986).

The pal eoenvironnental information stored in ice may
be influenced by |ocal conditions during snow deposition
and firnification and/or by the flow history of the ice.
Thus reconstruction of global climate in the past requires
an array of well distributed ice cores, including deep,

i nternedi ate, and shallow cores fromthe Antarctic, the
Arctic, and lowlatitude sites. Because of the |arge

vari ety of pal eoenvironnental indicators present in the ice
and the inportance of obtaining precise information on the
relative timng of changes in those indicators, ice cores
shoul d be anal yzed for multiple paraneters, usually by

mul tiple investigators.



The low 1l atitude records, though unable to match the great
| ength and high resolution in the last glacial period of
pol ar cores, are val uabl e because they conplete the gl obal
coverage of past atnospheric and clinmatic changes. They
will facilitate integration of data on the

pal eoenvironmentfromice cores with those froma host of
other lowlatitude studies on peat bogs, |ake sedinents,

| oess, and other terrestrial deposits. Mdst |owlatitude
ice masses are warm ng and retreating today which | ends
special urgency to |lowlatitude studies.

4. US I ce Core Research Pl an

US ice core research, enconpassing a w de spectrum of
capabilities (I CWs report, 1987), can fill inportant gaps
in our know edge of past and present environnental
condi tions. Bel ow we present specific research objectives
that address the inportant problens di scussed above. An
outline of a long-range plan to realize these objectives
follows. This plan may require nodification during
execution based on results obtained by early studies and by
our sister disciplines (e.g. ice dynam cs, oceanography,
at nospheric sciences, climte nodeling), but should prove
useful for guiding and encouraging ice core research

4.1 Specific Objectives
a. Recover a long (up to 10° years), detailed record

of natural climte and pal eoenvi ronnental changes
in both hem spheres.

Such a record will identify the major components of
climte change (e.g. MIankovitch cycles) over several ful
glacial-interglacial cycles as wen as the fine structure of
climate variability on a tine scale of decades to mllennia
that is superinposed on the |ong-termvariations under
glacial and interglacial clinmate conditions. Conparison
with the | ong ocean-sedi nent records and coral records may
reveal ocean-atnosphere-cryosphere interaction



b. Recover hi gh-resol ution records of the Hol ocene
and the last interglacial transition fromas many
di sti nct geographical |ocations as possible.

Records with annual resolution will provide well dated
and highly detailed histories of environnental change over
decades to mllennia. Tine scales for the younger part of
| ong records that |ack annual resolution may be established
by correlation with these high-resolution records. Accurate
chronol ogi es are needed to conpare the timng of changes in
ice cores, ocean cores, and terrestrial deposits from both
hem spher es.

C. Determ ne cause and effect rel ati onshi ps bet ween
changes in climate and changes i n atnospheric
conposi ti on.

These may be determ ned from |l ag/l ead phase
rel ati onshi ps between changes in d*®0/dD and the
concentration in the ice & 0, CH, 0, dust, nmjor cations
and ani ons, trace el enents, cosnpbgenic isotopes, and other
constituents. O special interest are the rapid glacial to
i nterglacial warm ngs, but also the Younger Dryas climate
epi sode and the apparently rapid Dansgaard/ Ceschger clinmate
events docunented in Geenland. Study of the "Little Ice
Age" and ot her recent Hol ocene climate oscillations is
i mportant to understand perturbations of the interglacial
climate and offers the best calibration of ice core records
with instrunental and historical records.

d. Det erm ne changes in gl obal bi ogeocheni ca
cycles, (e.g. carbon, oxygen, sulfur, and water)
due to natural causes.

The carbon cycle can be nonitored in the ice nmainly by
measuring C0,, CH,, and CO concentrations and isotopes in
air trapped in the ice. The concentration of these gases
affects the radiative properties of the atnosphere. Their
8C/2C ratio also indicates redistribution of carbon between
at nosphere, ocean and bi osphere. Sulfur (as S0,2 or CHSGQ,))
and its isotopic conposition provide records of vol canic



activity, meridional transport (in conjunction with major
cations), and ocean productivity of dinethylsulfide (DVS).
DMS i s produced by phytoplankton in the surface ocean and
is released into the atnobsphere via gas exchange. In the
at nrosphere DMS is oxidized to sul fur dioxide,

nmet hanesul fonate, and ultimately, sulfate. The sulfate
aerosol is the principal source of cloud condensation
nucl ei over the oceans and nay play a major role in
controlling the planetary al bedo and, through it, globa
climate.

e. Determ ne natural changes in gl obal tropospheric
chem stry.

G obal tropospheric chem stry may be affected by
changes in the oxidative capacity of the atnosphere; nost
significantly by changes in OH 0, and NQ,. Measurenents of
CH,G (methylchloride), H, (hydrogen), and of |ight
hydr ocarbons (C,-C,) are needed as indicators of possible
changes in OH concentration

f. Exam ne natural changes in gl obal biogeocheni ca

cycl es of toxic species.

Toxi ¢ chem cal species of nany types are produced by
human activities and nay pose environnmental hazards.
Exanpl es include heavy netals, hydrocarbons, and inorganic
and organic acids. Many of these species also have natural
sources. It is inportant to understand natural variations
in environnmental |evels and in biogeochem cal cycling of
these species to provide a baseline to which current
pol I uti on can be conpared.

g. El ucidate the interaction between climate, ice
sheet size, and sea |evel

The focus is here on the West Antarctic ice sheet
because much of its bedrock is below sea level. This ice
sheet may be prone to sudden decay as has been docunented
for the Laurentide ice sheet. The approximately 6m of sea
l evel rise resulting froma collapse of the Wst Antarctic
ice sheet would flood coastal areas around the worl d.



h. | nprove our understandi ng of ant hropogenic
i nfl uence on gl obal bi ogeocheni cal cycl es and
climate.

As the dynam cs of natural biogeochem cal cycling and
natural variations in climte are unraveled fromthe ice
core records, anthropogenic effects can be better defined.
For exanpl e, conparing concentrations of certain chem ca
species in pre-industrial and nodemice will help determ ne
the extent to which anthropogeni c sources have perturbed
nat ural bi ogeochem cal cycling of these species and/or
climate. This information is vital as input to nodels that
predi ct ecosystemeffects and clinmate change, and for
hel pi ng deci si on- makers choose control strategies to limt
pol | utant em ssi ons.

Properties that need to be neasured to reach the
objectives outlined above are listed in Appendi x B.

4.2 dobal Array of Ice Cores

Long ice core records (>10° years) are linmted to the
pol ar regions. Cbtaining a long core requires nulti-season

drilling and major |ogistics operations. To optim ze the
scientific return on such a large investnent in tinme and
noney, the drill site has to be chosen carefully based on

surface accumul ation rates, firnification conditions,
surface and bedrock topography, and ice flow Systenmatic
ai rborne ice radar sounding nust first identify potentia
core sites. Such work nust be done with careful |ong-range
pl anni ng, because currently only one radar system exists
whi ch is capable of penetrating several thousand neters of
ice and available flight tine is very limted. Surface-
based ice radar soundi ng and atnospheric sanpling, snow
pits, and shallow cores at those sites nust then confirm
and add detail to the airborne radar survey data and
determine the quality of the pal eoenvironnental information
that can be expected fromeach site. Thus several years of
site selection research nust precede drilling of a deep
core.



Shal | ow and internedi ate (10-1000 m 10% - 10* yr) ice
cores should be obtained in polar regions but also at
various low | atitude/high altitude sites. Drilling of these
cores is logistically easier because it can generally be
acconplished in one season by a relatively small group.
However, site selection for shallow and internediate cores
requires, just like the long cores, several years of field
studi es preceding the drilling.

Radar surveying is not such a limting factor here
since nore than one radar systemis available that wll
penetrate to depths of several hundred to a thousand
neters, and in thicker ice the cores end sufficiently far
above bedrock that bedrock topography is only a mnor
factor in site selection. Major difficulties for the | ow
| atitude prograns are the devel opnment of support and
col | aboration for the research project in the countries
where the ice is |located, and the search for a suitable ice
mass in a climtically and topographically highly variable
terrain. Study of the gases trapped in the ice is
especially difficult because it requires transport of
frozen core sanples froma renote site.

As our understandi ng of the gl obal ocean-atnosphere-
cryospher e-bi osphere interactions that shape gl obal
envi ronnent al change i ncreases over the com ng years, new
questions that nmay be answered by ice core analysis wll
arise. To maintain a lively and fruitful interaction
bet ween i ce core research and other areas of gl obal change
research, we nust be able to obtain cores suitable to
answer specific questions without the | ong delays for site
sel ection di scussed above. Since the characteristics of the
core nost suited to settle a specific question depend on
that question, drill site selection w thout delay requires
that an existing database be avail abl e consisting of -
systematic airborne radar surveys and surface studies of
several areas. The database could be shared wi th other
fields, e.g. the radar bedrock data wi th geophysics and
tectonics, the ice surface data with meteorol ogy and
climate nodel ling.



The Arctic and the Antarctic, research prograns are

organi zationally and | ogistically independent. Parall el
prograns for ice core research in these areas can therefore
be devel oped. Simultaneous ice core research in both the
Arctic and the Antarctic will allow rapid identification of
gl obal environnental changes recorded by core features in
both polar regions. Qur plan for ice core drilling and
research i s based on the assunption that research in the
Arctic and the Antarctic will proceed in parallel. This
will require (internal) managenent of the analytica
capacity of the various research groups involved as well as
coordi nation of the Arctic and Antarctic prograns so that
major drilling and sanpling years in both areas do not
coincide. Polar internmedi ate and shall ow cores as well as

| ower latitude cores can be obtained in a single season and
can be fitted into the I ong-range deep drilling schedul e as
needed. The internediate and shall ow cores address the
spatial variability in the pal eocenvironnental record from
ice cores and are an integral part of the |ong-range U S.
ice core research plan.

4.2.1 Long Pal eoenvironnental Records: Antarctica.

The enphasis for the US Antarctic ice core program
shoul d be on West Antarctica. This was the consensus of the
1988 University of New Hanpshire Ice Core Research
Wor kshop. There are several reasons for this choice:

The stability of the West Antarctic ice sheet under a
proj ected gl obal greenhouse warm ng i s unknown. The sea

| evel rise that would result froma collapse is a ngjor
factor of uncertainty in the evaluation of the effects of
a greenhouse warmng. A core in Wst Antarctica that
contains ice fromthe previous interglacial and the
precedi ng glacial period will answer crucial questions on
a possible collapse of the West Antarctic ice sheet
during the warminterglacial period about 125,000 years
ago.

A long Antarctic core record with a resol ution conparabl e
to the G SP-2/GRIP records now being collected at the
summit of the Greenland ice sheet is needed.



This will allow detail ed interhem spheric conparison of the
critical timng and phase rel ationship of climtic and

at nospheri c changes. Al though East Antarctica has provi ded
excellent ice core records, e.g. Vostok and Donme C, the
accunul ation and, therefore, the resolution near the
centers of outflow on the East Antarctic plateau is an
order of nagnitude |ower than in Geenland. The northern
flow divide area of West Antarctica has a suitable

accumul ation rate and may preserve a seasonal record as
indicated by the results obtained at Siple Station

The West Antarctic ice core record(s) will conplenent the
data on configuration, nmass bal ance and ice flow obtai ned
under the US Siple Coast Project. The Siple Coast Project
will benefit fromthe identification of marker horizons
in the ice and fromthe physical properties neasured
along the core and in the bore hole as well as from data
on past ice sheet size and climatic forcing. The
understanding of ice flowin the area, obtained by the

Si pl e Coast Project, is of crucial inportance for the
interpretation of the core record.

The Solid Earth Geophysics Initiative planned to start in
1990 invol ves extensive radar. Surveying of the bedrock
under the West Antarctic ice sheet. The data gathered by
this project will provide an inval uabl e database for

drill site selection in Wst Antarctica. Conversely, core
data on the chem cal conposition and physical properties
of the ice as wen as access to bedrock provided by a deep
core, wll benefit the Geophysics program

The pl anned program Cenozoi c Pal eoclimtes will benefit
fromaccess to subglacial strata provided by deep and
i nternedi ate core hol es.

An ice core programin West Antarctica, where the US has
a |l ong ongoi ng research program conplenents prograns in
East Antarctica where research by the USSR, France,
Australia, and Japan has produced val uabl e records, and
in the Antarctic Peninsula where Great Britain focuses
its Antarctic research



A di sadvant age of West Antarctica is the uncertainty
whet her a long (>10° yr) record can be recovered. This
depends on the stability of the ice sheet during the
previ ous warm i nterglacial period and on the geot her nal
flux fromthe underlying bedrock. Mdel calculations
indicate that for a heat flux near the |low end of the
normal range nost of the West Antarctic ice sheet win be
frozen to its bed so we can retrieve a |long record, but
with a flux at the high end the ice will be nelting at the
bed. Radar is an inperfect but highly useful sensor for
basal nelting and data should be collected in potenti al
drill areas to | ook for nelting.

The deep core part of the West Antarctic ice core
research project should start with an airborne ice radar
survey to determ ne the general bedrock topography and
whether the ice is locally frozen to the bed or nelting.

Pal eoenvi ronnmental records wi th m ni mum di sturbance due to
ice flow can be expected along the ice divides and fromice
domes. For West Antarctica these are the Ross Sea-Pine

I sl and Bay and the Pine Island Bay-Wddell Sea divides, the
area between M. Wollard and the Whitnore Muntains, the
area between the \Witnore Muntains and Hercul es Done,

Her cul es Done, Siple Done and Donme BC (Appendi x C). For

Si pl e Dome and Done BC radar survey data are already
avai l abl e. The Ross Sea-Pine Island Bay and Pine Island
Bay- Weddel | Sea divides are interesting because they have a
hi gh accurnul ation rate (20-30 cmyr) and are partly over
bedr ock pl at eaus whi ch prom ses sinple ice flow near the
bottom These areas are the first choice for the first
Antarctic deep core project and should be the starting
point for the ice radar survey. Integration of this ice
radar survey with the planned Geophysics ice radar
activities is feasible and should be undertaken.

More detailed ice radar soundi ng and study of the
preservation of environnental information in snow pits and
shal | ow cores should start at sites found promsing in a
first analysis of the airborne ice radar data the field
season follow ng airborne surveying. Site selection for
deep and internediate drilling can then be based on the



field data and the scientific questions to be answered by
the core (possibly at a workshop organized by the ICW5. If
the airborne ice radar survey is field season 1, then
drilling could start in field season 4. This long lead tine
makes it obvious that airborne ice radar and surface-based
surveys of potential core areas should continue for other
sites after the first core site has been selected, to
provi de a database for future site selection for a second
Antarctic deep core. Potential goals for a second deep core
could be to obtain a very |ong pal eoenvironnmental record,
or to docunent the di sappearance and regrowt h of the West
Antarctic ice sheet in case the first core in Wst
Antarctica failed to obtain ice ol der than about 100, 000
years. A core through e.g. Hercul es Done, situated in East
Antarctica where the East Antarctic ice sheet adjoins the
West Antarctic ice sheet, nmay be expected to show
significant changes in ice flow and surface elevation in
case the adjacent West Antarctic ice disappeared. A

deci sion on the second core should be based on the
prelimnary results of the first West Antarctic core as
well as on the information provided and the questions

rai sed by gl obal change research in general and by other
deep and internediate ice cores in particular

Opti mum use of the existing US ice core research and
ice core drilling capabilities could be obtained if
Antarctic deep drilling could start one or two years after
conpl etion of the drilling of the Geenland Summ t deep
core of the G SP-2 program This would target the 1994-95
Antarctic field season to start deep drilling in West
Antarctica

Intermedi ate and shall ow Antarctic core projects may
be conpleted within a single field season. These can be
devel oped and proposed by a single PI. Drilling at McMurdo
Done has been proposed for 1991-92. Two other sites with
potential for an internediate (- 1000 n) core are Done BC
and Siple Done between ice streans B and C, and between C
and D respectively. These cores tie in directly with the
Siple Coast Project. A core through such a |local outflow
center will be a sensitive indicator of changes in ice
t hi ckness and flow in the West Antarctic ice sheet al ong



this part of the Siple Coast. The core records can be
conpared with those of nearby Byrd Station and J-9 to
eval uate spatial variability.

The full range of inportant pal eoenvironnent al
i ndi cators should be analyzed in the internedi ate and
shal |l ow cores. This optim zes use of the environnenta
informati on contained in the cores and pronotes conparison
bet ween di fferent cores. Analysis of a wi de range of core
properties can be acconplished by a collaboration initiated
by the PI or by DPP inviting suitable proposals to
conmpl ement anal yses al ready proposed. One or two
i nternmedi ate and/ or shallow core projects in Wst

Antarctica should precede the first deep drilling project.
This will augnment the database available to interpret a
deep long record and al so build experience in Antarctic
deep drilling thereby increasing its chances of success.

4.2.2 Long Pal eoenvironnmental Records: G eenland

Summt: The first field season of the G SP-2 deep core
project in the sunmt region of the Geenland ice sheet was
sumer 1989. Deep drilling is projected for the sumers
1990-1992. In collaboration with a multinational European
project called GRIP two cores to bedrock will be obtained
and anal yzed i ndependently. These records will constitute
the longest tine series available fromice sheets in the
Nort hern Hem sphere (expected |ength >200, 000 years).
Frequent intercalibration of the analysis techniques wll
result in two i ndependent records of pal eoenvironnenta
conditions that are directly conparable and that will be
interpreted jointly. The goal of the G SP-2 project is to
obtain a long and detailed multiparaneter record of
environnental conditions in central Geenland with m nimum

conplications fromice flow The record will show natural
variations with periods in the range of 1 to 10° years. The
detailed nmultiparaneter record will inprove the

interpretation of the rapid changes in climte and

at nospheri c conposition observed in the Dye-3 core. It may
al so provide better understanding of the role of the North
Atlantic, source area of the North Atlantic Deep Water, in
the global climte system



The G SP-2 project is funded by the NSF and a | arge
group of investigators is neasuring various core
properties. Due to budgetary restrictions the analysis of a
nunber of inportant core paraneters could not yet be
funded. It is inportant that the om ssions in the core
anal ysis be filled to gain the full scientific return from

the drilling of this core. Bore hole studies over severa
seasons after conpletion of the drilling project should be
encouraged. These will provide direct neasurenents of the

differential nmovenment of -the ice at different heights
above bedrock, data invaluable for ice flow nodelling.

North: After conpletion of the G SP-2 project and a
first West Antarctic deep core, a deep core programin the
northern part of Greenland is inportant to conpl enent the
data obtained fromthe Dye-3 core and expected fromthe
summit cores. Conparison of results fromthe three sites
will show the varying relative influence of the Arctic and
the North Atlantic oceans on the |ocal climate.

Wthin the framework of international collaboration
between the United States and European countries plans
shoul d be made for airborne ice radar surveying and surface
reconnai ssance of the northern part of the Geenland ice
sheet during the drilling of the Summt cores. This should
identify sites at or near the flowdivide with a relatively
si npl e bedrock topography, tenperatures |ow enough to
preclude sumrer nelting and an accumul ation rate and ice
t hi ckness that provide good resolution in the upper part of
the core as well as a long tine record. It is desirable to
conti nue US-European col |l aboration, established for
G SP2/CRIP, in a North Geenland project.

Prelimnary field operations for a drilling project in
North Greenland could begin after conpletion of the G SP-2
drilling with deep drilling starting after the West

Antarctic deep core. Participation in the North G eenl and
Project should be decided by review of individual P.I.
research proposals submitted to NSF/ DPP. The G SP-2 proj ect
coul d serve as an organi zational nodel, to be anended | ater
based on experience.



The A SP-2 and the North G eenland deep core projects
shoul d be conpl enented by internediate and shallow drilling
prograns to obtain two or nore cores down flow lines on
either side of the divide towards the margin. These cores

will provide information on glacial-interglacial changes in
ice sheet configuration and ice flow. A continued US-
Eur opean col | aboration will make it possible to study

simul t aneously the eastern and the western G eenl and

drai nage and thus to obtain rapidly a database useful for
the interpretation of the pal eoenvironnmental records from
the divide areas. Analysis of the internedi ate and shal | ow
cores should include nost of the properties analyzed in the
deep cores.

Long-range Antarctic and Arctic ice core research
needs active participation by DPP and ot her NSF prograns.
The long lead tines needed for proper site selection and
the large | ogistics denands necessitate collection of a
dat abase for site selection and | ogistics planning for
regul ar and systematic drilling beyond specific core
projects already identified. DPP can facilitate and
stinmulate both inits contacts with the research conmunity
and its contractor PICO The interdisciplinary focus of ice
core research asks for continuous interaction with the
various other fields of global change research to decide
whi ch questions are nost inportant and can best be answered
by ice core research. Drilling of cores so identified can
then be initiated without a | ong delay for reconnai ssance
and wi thout unforeseen | ogistics demands. Participation in
the deep cores and ot her comrunity-devel oped core projects
shoul d be deci ded by review of individual Pl proposals.
This shoul d guarantee fair access to the projects for the
whol e gl aci ol ogi cal research conmunity.

Because the quality of the pal eoenvironnenta
interpretation of ice core records depends on the
conparison with other core properties and other core

records, i.e. on the available ice core database,
prelimnary analysis of cores should be conpleted within
two years of conpletion of the drilling. After that tinme

the results should be nmade available to the community to



aid in the interpretation of other records. Property data
shoul d be exchanged freely between participants in a single
core anal ysis project.

4.2.3 Pal eoenvironmental Records at Lower Latitudes:
| nt ernedi at e and shal | ow depth cores.

I ce masses suitable for pal eoenvironnental studies are
found in a nunber of non-polar, high-altitude regions of
the earth. These are inportant to extend our know edge of
spatial changes in pal eoenvironnental information recorded
inice cores and to provide a link between ice core records
and pal eoenvironnmental indicators preserved nearby at | ower
el evations in tree rings, peat bogs, |ake sedinents, |oess,
etc. Potentially useable ice nmasses are found on the arctic
i sl ands of Canada (Ellesnere, Devon, Baffin Island), Norway
(Sval bard), and the USSR (Novaya Zeml ya, Severnaya Zem ya,
Franz Josef Land), in the high nountain ranges al ong the
Paci fic Coast of the Americas (especially in the Al aska
Range, Wangell Muntains-St. Elias Muntains, and the
Andes), and in the high areas of central Asia (Tibetan
Pl at eau, Hi mal aya, Karakoram Range). These areas provide
north-south transects in the region 70-1400W and 60- 1000E.
In addition glaciers on M. Kenya and M. Kilimanjaro, in
New Gui nea, and on the South |sland of New Zeal and deserve
attention.

In general a core through these |lower latitude ice nmasses
can be obtained in one season by a relatively small group
using a light, dry-hole drill. Exanples are the successful
prograns on Quel ccaya, Peru, and Dunde, China. This does
not create a heavy |ogistics demand. Devel opnent of a | ow
latitude ice core site should therefore preferably be done
by an individual PI or group of PI's. In their dealings
with authorities and col |l eagues of the country where the
site is located they shoul d, where needed, receive strong
support fromthe ice core research community, NSF, and the
US governnment. NSF should strive to facilitate free
exchange of science and sanples for such projects under the
I nt er nati onal Geosphere-Bi osphere Project. This

i ndependent, individual approach will stinulate parall el



efforts in different parts of the world and thereby speed
t he devel opment of a gl obal ice core database

Once it has been established that an ice mass contains
a useful pal eoenvironnental record and a drill site has
been identified, the PI who devel oped the site mnust
compl ement the anal ytical capabilities of his/her own group
by coll aboration with other PI's as needed to ensure that
the full set of valuable pal eoenvironnental indicators in
the core is neasured in a tinmely manner. After two years
the core data should be nmade generally. available to aid in
the interpretation of other core records, just as those of
pol ar cores. Special enphasis is to be placed on |ogistical
support to preserve core/sanple quality during transport to
the | aboratories.

4.3 Conplenmentary Studies

The plans for ice core research presented above focus on
ice core studies. Yet the discussion shows that selecting a
good site to obtain a | ong pal eoenvironnental record al one
requires the collaboration of at |east three different
glaciology fields. Ice radar sounding of surface and bed

t opography and of internal |ayering and surface studies of
accumul ation, strain, and tenperature should be distilled
by ice flow nodeling into a site choice. Involvenent of
several other disciplines and specialties is needed if the
ice core records are to be exploited to the full potential
of their pal eoenvironnmental information. Such invol venment
shoul d be stimulated by nultidisciplinary workshops and by
making ice core data available via the Wrld Data Center
for cross-correlation with other pal eoenvironnental records
and joint interpretation. Collaboration is needed wth,

e.g. atnospheric scientists, oceanographers, geol ogists,
and nodel ers.

4.3.1 Atnospheric Sciences:

Al'l constituents found in ice cores originally cane
fromthe atnosphere. The anounts of these constituents in
the core are dependent upon em ssions at the sources,
at nospheric transport from source regions to the glaciers,



and deposition onto the surface. Changes that occur after
deposition are al so i nportant.

Reconstruction of global climte and environnenta
conditions in the past fromthe ice core record requires
that we understand each of these steps. In order to gain
thi s understandi ng we nust determ ne the present conditions
and processes. Data on atnospheric em ssions world-w de are
avai | abl e from nunerous studi es and shoul d be col | ected.

At nospheric circulation patterns that affect the ice coring
site should be determined to identify the nost inportant
source regions and transport pathways. Measurenents of

ai rborne concentrations and deposition rates of chem ca
species on a year-round basis nust be nmade to define the

at nosphere-to-snow transfer processes specific to the site
of interest. These measurenents should include air sanpling
as well as collection of fresh snow, ol der surface snow,
and snowpit sanples for detail ed anal ysis. Year-round

net eorol ogi cal data at the site nmust be collected to define
these transfer processes. Finally, processes that may

redi stribute constituents in the snowpack, such as
nmel t wat er percol ati on and diffusion of gases, should be
studied at the ice coring site. Interpretation of changes
in aerosol content and changes in the concentration of

radi atively active gases in air trapped in the core in
terms of their influence on global climte needs further
study. Specifically, we need to determ ne the effect that
an increase in the atnospheric concentrations of cloud
condensation nuclei, indicated by increased sulfate
concentrations in ice fromglacial periods, has on cloud

al bedo and cloud distribution.

4. 3.2 Cceanography:

Detailed correlation and interpretation of ice core
and deep sea sedinent records will reveal the way in which
climatic and at nospheric changes express thenselves in the
two records.

Ocean sedi ment cores around Antarctica can provide a
record of past fluctuations in sea ice -extent and ice
di scharge. O special interest are indications of patterns



of periodically increased discharge as reported from I ndi an
Ccean cores, and the areal extent of such patterns. If

epi sodi ¢ di scharge were docunented, it would have ngj or
consequences for our understandi ng and nodel i ng of mass

bal ance, ice flow and ice sheet shape.

4.3.3 Terrestrial Records:

Especially at lower latitudes it- may be possible to study
pol l en and ot her pal eoi ndicators both in the ice and in
deposits such as | ake sedi nents, peat bogs, and |oess. This
can provide a very reliable way to correlate ice core
records with other terrestrial pal eoenvironmental records.
If time series fromice cores can be correlated with

radi ocarbon dated records from ot her nearby environnents
then ice core chronol ogi es can be inproved. I|nvol venent of
e.g. palynologists and Iimologists in certain parts of the
i ce core pal eoenvironnental project should be stinmulated.

4.3.4 Model i ng:

The interaction between atnospheric climte, ocean
circulation, ice sheet size and flow, and bi ospheric
activity, and the effect of the different response tines of
t hese systens on gl obal change need to be determ ned. Ice
core data can make a significant contribution to the
requi red database. Regular interaction with nodel ers of
climate and ocean circulation is needed for an efficient
use of ice core pal eoenvironnental data in testing
at nospheric and oceani c gl obal circul ation nodel s.
Interaction will also help identify for the ice core
research community questions and nodeling uncertainties
that need to be elimnated by new or better
pal eoenvi ronnment al dat a.

4.4 Sunmmary
US ice core research can nake inportant -contributions

to our understandi ng of global change. A |ong-range ice
core research plan for the next decade conprises:



a deep core in West Antarctica; drilling to start around
1994- 95,

at least two internmedi ate and several shallow cores in
West Antarcti ca,

a second deep core and additional internediate and
shal l ow cores in Antarctica after conpletion of the
drilling of the first deep core,

one deep and several internediate and shallow cores in
Greenl and after conpletion of GQSP-2 drilling, and
coordi nated retrieval and anal ysis of other polar and
| ower | atitude cores.

None of the actual cores are identified in this plan
because Wthe avail able data are insufficient for a proper
site selection, and (ii) due to rapid progress in gl oba
change research a site sel ected now, based on today's
scientific questions may no | onger be the nost desirable
site in tw or three years when final site selection is
made. For the first (West Antarctic) deep core site
selection is focused on the cross hatched divide area in
Appendi x D.

NSF/ DPP shoul d provide for two key ingredients for the
successful realization of the plan, nanmely accunul ati on of
a dat abase on potential drill site areas that will allow
selection of a drill site without additional delay for
field surveys, and a logistics and drilling operation that
can support ice core drilling in the Arctic, the Antarctic,
and at |lower |atitudes and produce good quality cores to
bedr ock i ndependent of the ice thickness. In addition DPP
will need the funds to support the nultiparaneter
| aboratory anal yses that retrieve the pal eoenvironnental
information fromthe ice cores.

5. Recommendat i ons

Devel oping to its full potential the
pal eoenvi ronnmental information contained in the ice masses
of the world requires a |ong-range programin which
expertise frommany different fields is focused on a conmon
goal .



To reach this goal, the Ice Core Wrking G oup
recommends that:

NSF/ DPP adopts a | ong-range ice core research plan and
takes an active role in the realization of this plan by
creating the infrastructure needed for vigorous and
flexible ice core research.

NSF/ DPP manages and actively seeks funds to support the
| ong-range ice core research programto ensure fair and
open access for all nmenbers of the scientific community.

NSF/ DPP supports key non-core studies that are directly
related to ice cores and are necessary to ensure proper
site selection and interpretation of core data.

NSF/ DPP, together wi th other prograns and agencies,
encour ages the devel opnent of innovative techniques for
ice sanpling and anal ysis that nmay inprove the quality
and/ or reduce the cost of pal eoenvironnental information
fromice cores.

NSF/ DPP encourages scientists to optim ze the data
retrieval fromall ice cores by anal ysis and
interpretation of many different core paraneters in
mul ti di sciplinary coll aborati ons.

A database for rapid drill site selection as well as a
dat abase of the results of core analysis be collected and
made available via the Wrld Data Center

Unused core sections be curated in a US ice core storage
facility and be nade readily avail able for additional
studies to US investigators and investigators of
countries with which the US has scientific collaboration
and exchange of sanple materials and research data.



Appendi x A

G obal Change Conponents That Can be Docunented Using |ce
Core Records

dobal dimte

e.g., gr eenhouse gases
aerosol s
at nospheric tenperature
strat osphere/ troposphere exchange
air mss sources
preci pitation patterns

d obal Ice

e.g., di stribution of glaciers, snow, and sea ice
ice volume and sea | eve
gl aci er dynami cs and ice properties

Bi ogeochem cal Cycles (C, N, S, etc.)

e.g., bi ogeni ¢ gases
mari ne aerosol s
conti nental aerosols
at nospheric interconversions

 Ant hropogenically Derived Mteri al
e.g., radi atively active gases and aerosol s
i norgani ¢ and organic pollutants

e Ceologic and Extraterrestrial Activity
e.g., vol canic activity
geomagnetic field
solar activity
extraterrestrial fluxes



Appendix B

Properties to be measured in ice core research and the environmental information they

provide.

I Gas Content
Total gas content

CO0; concentration

CH, and other trace gases
like N0, CH3Cl and light
hydrocarbons

02/Ar and N/Ar ratios

I Stable Isotopes
a) in gases

Bc/*Cin CO,

%0/**0 in O,

BN/MNin N,

3C/*C and D/H in CH,
N/¥N and *0/*°0 in N,0
b) inice

D/H and *20/*0 in ice

11 Cosmogenic Isotopes

¥cicin Co,

10Be, 26AJ, %8ClI concentrations

8IKr/Kr in trapped air

v Chemistry

paleo-elevation of the ice surface

greenhouse gas increases with temperature; positive
feedback

greenhouse gases like CO,
as well as indicators of the
oxidizing capacity of the atmosphere

fractionation of gases trapped in the ice; Dole effect

relative size carbon reservoirs

02 cycle and global stratigraphic marker
isotope fractionation of gases trapped in the ice
source distribution atmospheric CH,4

source distribution atmospheric N20

primary paleoclimate indicators, deuterium excess d

dating up to 30 to 40 ka

cosmic ray production rate; accumulation rate

dating old ice



Major anions and cations mass balance and seasonality; volcanic
events; atmospheric circulation; sea ice
extent; biogeochemical cycling

trace metals (Pb, Ir) natural sources of trace metals and their variability
organic compounds biogeochemical. Cycling

H20, atmospheric chemistry, seasonality

\ Particulate concentrations

atmospheric circulation, global dust sources, volcanic events

VI Electroconductivity:
chemical horizons, seasonality

VIl  Physical:
mechanical and stratigraphic continuity, layer thickness, borehole studies ice flow
modeling

VIII  Atmospheric studies:
transfer functions for isotopes, ions, and particulates from atmosphere to ice



