
NEEM Steering Committee meeting March 29-30th 2007 
 
The meeting will be held in 235 
Niels Bohr Institute  
Rockefeller Building 
Juliane Maries Vej 30 
DK-2100 Copenhagen OE 
Denmark 
 
Agenda: 
 
Thursday, March 29th  
 
12:00 – 13:00    Lunch (for those who have arrived) 
13:00 – 15:00    Welcome and short summary of the vision of NEEM (Dorthe Dahl-Jensen) 
        Outline of the logistic task and full budget for NEEM (J.P. Steffensen) 
        Status and expectations from all nations (presentations from national  

  representatives) 
15:00 – 15:30    Coffee/tea break 
15:30 – 16:30    Continue with Status and expectations from all nations 
16:30 – 17:00    Celebration of start of NEEM project 
18:00 - ?            NEEM dinner 
 
Friday, March 30th 
 
09:00 – 09:45   Organization of the NEEM project (Chair: Dorthe Dahl-Jensen) 
   Steering Committee, Field leaders, Science Consortia’s 
09:45 – 10:00   Coffee/tea break 
10:00 – 11:00   Logistic plans for the NEEM project 2007-2011 (Chair: J.P. Steffensen) 
   Lay out of field seasons 
   Camp structures and buildings 
   Communication 
   Skiway and heavy equipment 
11:00 – 12:00   Drilling plans for the NEEM project 2007-2011 (Chair: Sigfus Johnsen) 
   Drill liquid 
   Deep drill 
   Electronics 
12:00 – 13:00   Detailed science plans for the 2007 season (Chair: Dorthe Dahl-Jensen) 
                          Logging of the NGRIP borehole 

     Radar program (presentations from CReSIS, AWI) 
       Ice cores, pits and gps-markers on traverse NGRIP to NEEM 
13:00 – 14:00   Lunch 
14:00 – 15:00    Science plan for NEEM (Chair: Jim White) 

How do we proceed (involve consortia’s in this) 
   Funding of science (EEC FP7, ……) 
15:00 – 15:30   Associated programs for NEEM (Chair: Valerie Masson) 
   (Seismic station, Weather Station, Gas pumping, …) 
15:30 – 16:00   Coffee/tea break 
16:00 – 16:30   IPY data policy for NEEM 
16:30 – 17:00   IPY education and outreach for NEEM 
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The last interglacial and beyond: A northwest Greenland deep ice core 
drilling project 

 
Introduction 
Starting with the initial projects in the 1960s (Camp Century and Byrd), deep ice cores have 
come to be regarded as a crucial pillar of knowledge about late Quaternary palaeoclimate.  
The current state of the art is represented in Greenland by the three detailed records of GRIP 
and GISP2 (at Summit) and of NGRIP (NorthGRIP).  These are supplemented by the earlier 
records from Dye 3 and Camp Century, and by the more compressed but valuable Greenland 
coastal cores (such as Renland).  The most compelling message from the Greenland cores has 
been that of the very abrupt, millennial-scale, climatic flips of the last glacial period, known 
as Dansgaard-Oeschger events.  Understanding the cause of these events, and their 
implications for future change, has become one of the hottest topics in climate studies, with 
significant policy implications.   
 
Despite their great significance, the existing Greenland cores are deficient in one very 
important respect.  The last interglacial 115.000 to 130.000 years before present (also known 
as the Eemian) has proved to be a tantalising target: Eemian ice is present but highly garbled 
in the Summit cores, incomplete due to basal melting in the NGRIP core, and too compressed 
to use in the Camp Century and Dye 3 cores. 
 
The scientific issues 
The last interglacial period, the Eemian, is critical for understanding climate change, because 
it offers a period of warmth like our present one, in which there was unequivocally only 
natural forcing.  It also appears to have been warmer than the present by 5 deg C in 
Greenland, and therefore allows us to see what happens in a climate like the one we are 
approaching.  In particular, models suggest that the Greenland ice sheet will waste away 
under warmer conditions; the last interglacial may provide a test of whether this actually 
happened. The period preceding it will likely yield further examples of rapid climate change, 
allowing us better to understand the rules by which they work.  While climate records 
covering this period exist in Antarctica and in marine and terrestrial sediments, only from a 
Greenland ice core can we add crucial high-resolution information about rapid climate 
change, and about what was occurring in the North Atlantic. A new ice core will also contain 
high resolution climatic information on our present interglacial period. If the site is selected 
in North Greenland we believe the ice core will provide isotopic information on the climate 
variations during the last 10.000 years that are easier to interpretate than those already 
obtained. This wil enhance our knowledge on present climate variations and allow us to 
relate the global warming scenario to these interglacial climate varations. 
 We will be able to: 

• Chart the full course of an interglacial from termination to inception at very high 
resolution in numerous parameters, including greenhouse gases from a Northern 
record 

• Confirm whether Greenland was indeed significantly warmer than at present 
• Determine whether any rapid climate changes occurred in such a warmer climate 



• Make an improved assessment of the state of the Greenland ice sheet under such a 
warmer climate 

• Show whether Dansgaard-Oeschger events occurred in a previous glacial period 
• Determine a detailed climate record of the climate variations of our present 

interglacial period 
• Relate climate variations from the present and the last interglacial period to the 

predicted global warming scenarios 
 

 
Figure 1. The Radio Echo profile along the flow line leading to the NEEM drill site. The location of the line is 
shown on the Greenland map of surface slopes as the part of the ice ridge flow line colored black. 
 
The challenge 
Answering these questions requires that we meet a single challenge: 
• To obtain a reliable high-resolution northern hemisphere ice core record of the onset of 

the Eemian period and if possible even the previous glacial period which implies 
• Obtaining an undisturbed Greenland ice core record of climate covering at least 140,000 

years 
• Find a location where the precipitation from the atmospheric driven circulation is 

unchanged during climate variations. 
 



 
Meeting the challenge 
We will need 

• To identify a suitable site, at which we can be confident that the full Eemian period is 
present and has not been subject to flow disturbance 

• To assemble an international team capable of supplying the logistics, and the drilling 
and scientific capacity to drill, analyse and interpret the core 

• To drill and analyse the core 
 
 
Choosing the site:  
The team at University of Copenhagen that led previous Greenland drillings has deduced that 
the most likely candidate area for achieving old ice is in northwest Greenland at (77.5N, 
50.9W) where the ice thickness is 2542m and the annual precipitation is 0.23 m of ice 
equivalent. The RSL-group at University of Kansas has produced a remarkable amount of 
Radio Echo Sounding (RES) profiles over the Greenland Ice Sheet and these are very helpful 
in selecting a good site. (Figure1). We know the age of internal layers seen in the radio echo 
profiles at GRIP and NorthGRIP.  We can follow these across the Greenland ice sheet to the 
candidate sites. The deepest traceable internal layer is dated to 80.000 years before present. 
At NEEM we have used inverse models to date the deeper ice and we estimate that ice from 
the Eemian period is found at the depth 2265m to 2345m. With a 80m thickness of the 
Eemian period the annual layers are expected to be of the order of 7mm. 
 
The international team 
The International Partnership in Ice Core Science (IPICS) has selected the deep Greenland 
drilling as a target for the Polar Year (http://nicl-smo.unh.edu/IPICS/IPICS.html). The core 
plays a central role in the IPY cluster project ”The Greenland Ice Sheet – Stability, History 
and Evolution” which was invited to be one of the lead proposals for IPY and is chaired by 
Dorthe Dahl-Jensen. At present 14 nations are interested in participating in the Greenland 
deep drilling project NEEM (Belgium, Canada, China, Denmark, France, Germany, Iceland, 
Japan, Netherlands, S. Korea, Sweden, Switzerland, U.K. and U.S.). Of these 6 have obtained 
national IPY funds for the logistics of the project (Denmark, U.S., Netherlands, Canada, 
Belgium and France). Detailed information on the national funding and the budget for the 
NEEM project is attached as Appendix 1. At the moment the logistics of the project is funded 
with 81% of the needed 44.4 mill dk kr. The first Steering Committee meeting for NEEM 
will be held in Copenhagen March 2007, 29-30th  with representatives from all 14 nations. At 
this meeting the funding expectations from the remaining nations will be discussed followed 
by a discussion of the science plan and the planning of the field seasons. 
 
Drilling and analysing the core 
The ice core to be drilled is 2542m deep and we expect the ice to be close to it’s pressure 
melting point at the base. The deep drill used for the NGRIP ice core drilling will be further 
developed for the new project. As a new and environmentally friendly drilling fluid will be 
used for the first time for a deep ice core drilling the drill needs to be changed so it can 
function in the rather viscous drill fluid. New drilling challenges also include improved 
techniques to drill in the warm basal ice and to explore the possibility of providing additional 



ice core material at climatic interesting locations by side wards drilling. Analyses of the core 
will be partly performed in the field and partly in the national laboratories of the participating 
nations. A broad scope of measurements will be performed on the ice core including newly 
developed techniques for high resolution in situ measurements of the impurities in the ice, 
stable isotopes, electrical properties, cosmogenic isotopes, concentrations of greenhouse 
gasses and the isotopes of the gasses, ice properties, biological material in the ice and dust 
concentrations. High emphasis will be on the use of methods that use as small ice samples as 
possible in order to measure in high resolution and to preserve 40% of the ice core for future 
new analysis. At the Steering Committee meeting we expect to form Science Consortiums for 
the various studies on the ice and a program will be formed in which the distribution of 
science will match the logistical input to the project for the nations.  
 
 
NEEM project outline 
A very short outline of the logistical components of the 5 years are listed below. 
 
2007: 
Borehole logging at NGRIP. 
Traverse from NGRIP to NEEM with AWI traverse train along ice divide.  
Radar sounding, shallow ice coring and GPS strain net survey during the traverse.  
At NEEM, setting up garage, skiway and radar grid mapping.  
Transporting heavy equipment from NGRIP to NEEM. 
A team of 10 will participate (5DK, 2 US, 1FR, 1G, 1IS) 
Flight missions SAAM’ed : xx June, xx June to NGRIP and xx July to NEEM 
Containers by ship to Kangerlussuaq with camp construction material for 2008 season 
 
2008: 
Construction of ice drilling camp which includes main building, weatherports, workshops, 
drilling trench and science trench.  
Drilling pilot hole to 100 m, hole casing, setting up deep drill infrastructure and drilling to 
400m depth.  
Ice core logging and limited processing. 
Containers by ship to Kangerlussuaq with camp construction material and equipment for late 
2008 season 
 
2009: 
Full time deep drilling and full processing to 1600 m depth. 
 
2010:  
Full time deep drilling and full processing to warm ice (2450m) or bedrock (2560m). 
 
2011:  
Finish deep drilling. Borehole logging. Sampling of basal material.  
Additional shallow ice coring and limited processing.  
Last associated programs.  
Dismantling of camp and pull out.  



 
NEEM Budget 
The full logistical budget for the NEEM project is minimum 44.4 mill dk kr. At the moment 
we expect the following funding: 
 
Denmark: 22 mill dk kr (2007: 5 mill kr; 2008: 5 mill kr; 2009: 5 mill kr; 2010: 5 mill kr; 

2011: 2 mill kr)  (50%) 
USA:   All missions with ski equipped C130 in Greenland and fuel for camp (24%) 
Netherlands: 200.000 EURO (3%) 
Belgium:  65.000 EURO (1%) 
Canada:   200.000 CAD (2%) 
France:  60.000 EURO (1%) 
Germany:  Tracked vehicles and heavy sledges at NGRIP  
 
At the NEEM Steering Committee meeting March 2007, 29-30th the funding expectation 
from the remaining nations will be mapped. 



Appendix 1 
Budget of NEEM deep drilling project 2007-2011. 
 
This budget is made from the actual expenses during the NGRIP deep drilling project years 
1995,1996,1997,2000 and 2003. The costs have been adjusted by 2.5 % p.a. (inflation) = 30 
% in 10 years. Special adjustments have been made due to new location (longer flights), to 
fuel prices and to new drilling fluid.  
 
The NEEM drilling project is a logistical undertaking. The objective is to drill an ice core and 
provide facillities to process the ice core and transport it to Europe/U.S. The NEEM drilling 
camp may serve as a platform for associated projects. 
 
The budget covers: 
 
Expenses to construct and operate a drilling camp on the ice sheet. 
Drilling and transport the ice core to Copenhagen and samples to participating countries.  
Ice core processing facillities for scientists in the field.  
All transport of personnel and cargo between Kangerlussuaq and NEEM camp.  
Housing of al personnel in Kangerlussuaq. 
Operational costs of logistical planning and field operations office in Kangerlussuaq. 
Salary for a logistical coordinator in Copenhagen 
Costs for running curator activities and ice core repository in Copenhagen. 
Salaries of necessary field logistics personnel (FOM, mechanic, carpenter, cook) 
Contribution to enlarge the ice core storage facillity in Copenhagen 
 
The Ice and Climate group is responsible logistical operations and provides personnel for the 
logistical planning and field operations.  
 
The Ice and Climate group will provide all its logistical assets in Kangerlussuaq for the 
NEEM project (Warehouse, forklifts, trucks, cars, weatherports, radios, drilling equipment, 
sledges etc.) 
 
Each participating institution cover travel costs to and from Kangerlussuaq as well as salaries 
and per diem for field personnel, except otherwise agreed with the organizers. 
 
Each participating institution will cover freight costs to and from Kangerlussuaq of own 
scientific and field equipment. 
 
All associated programs using the NEEM camp and facillities will pay the extra costs as 
billed by NEEM logistics. 
 
The project does not pay for any scientific work on the ice core out side Greenland. 
 
 
 
 



 
 
 
 
 
Planned man days in Greenland (associated programs not included): 
 
Year  In camp  In SFJ  FOM  DV’s Average camp load 
2007  350  40  0  0 10 
2008  1650  200  200  ? 20 
2009  2000  250  230  40 25 
2010  2150  280  220  21 28 
2011  1200  150  230  32 15  
 
total  7350  920  880  93 
 
Days of field work: 
 
2007:  Jun-19  Jul-25  47 days 
2008:  May-15 Aug-15 93 days 
2009:  May-15 Aug-15 93 days 
2010:  May-15 Aug-15 93 days 
2011:  May-20 Aug-1  74 days 
 
 
 
The budget has been divided into the following types of expenses: 
 
Transport to/from Greenland. 
Transport of logistics cargo by air and ship between Denmark and Greenland and between 
New York and Greenland. Transport of ice core and samples by air from Greenland to 
Denmark and New York. 
 
Transport in Greenland. 
Cost of LC-130 flights in Greenland. Operating optional Twin Otter or other aircraft if 
dictated by science plan or in case of medevac. Airport opening fees. 
 
Transport of personnel. 
Hotel in Kangerlussuaq. Tickets to/from SFJ ??, Hotels in CPH ?? Per Diem for personnel. 
 
Transport in Europe or in US: 
Transportation costs of logistics cargo to/from Copenhagen and to/from Schenectady. 
 
 
 
 



Operation SFJ: 
Running costs of FOM office. Maintenance, insurance, taxes and fuel for vehicles in 
Kangerlussuaq . telephone, fax and internet. Local services as per work requests (SFJ and 
Thule AB) 
 
Constructions NEEM: 
Main building, plywood, timber, cables, furniture, lights, weatherports, workshop and other 
major camp infrastructure. Heavy vehicles. Snowmobiles. 
 
Field equipment NEEM: 
Field clothes, tools, smaller machines and hardware, straps and boxes. 
 
Salaries to NEEM personnel: 
Personnel hired for logistic purposes: FOM, planning, IT tasks, mechanics, carpenters, cooks, 
general field assistants. 
 
Operation NEEM: 
Expendable camp supplies, such as: Spare parts, fuel, drill fluid, oils, electronics, plastic, 
food, flag and bamboo. Communication. 
 
Drill: 
Costs for drill renovation and maintenance. Drill infrastructure: Tower, winch, cable, 
Winch and fluid handling equipment. 
 
Meetings and adninistration: 
Cost of attending logistics relevant meetings, such as Arctic planning conference in 
Schenectady and operational meetings. Cost of preparing reports for the NEEM steering 
committee. 
 
Curator and Ice core storage: 
Salaries for assistant to curator during busy periods. Financial constibution to extension of 
Copenhagen ice repository.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
List of major purchases that have been factored in in NEEM budget: 
 
Item    NGRIP price  new price comment 
 
Main dome   250 kkr  600 kkr new dome may be reused 
Casing    100 kkr  100 kkr 
Timber and plywood  300 kkr  300 kkr 
Cables    100 kkr  100 kkr 
Main generator  172 kkr  200 kkr 
Backup generator  45kkr   -  old reused 
Drilling fluid   600 kkr  1200 kkr new fluid 
Fuel    650 kkr  -  incl. in US contribution 
Drill cable   600 kkr  200 kkr one new cable  
Belts for flexmobile     500 kkr need new 
Pistenbully 300     2500 kkr 
Weatherport   220 kkr  150 kkr  in case of 2x garage 
Toyota       500 kkr 
Ford    353 kkr  -  replaced by Toyoto 
Groomer   100 kkr  -  incl in pistenbully 
Thule logistics   300 kkr  -  not expected 
Winch    270 kkr  -  old one ok 
Drill    250 kkr  1500 kkr 
Snow mobiles      200 kkr 
Warm workshop     150 kkr 
Dye-2 skiway   382kkr   -  covered by NSF 
Elevator      100kkr 
Ice core freeze      3000kkr 
Change of drill fluid  500kkr   -  not expected 
Fuel tanks (5, 100kkr each)    500 kkr 
 
Total    5192 kkr  11800 kkr 
 
 
 
 
 
 



Appendix 2

Year NEEM BUDGET OVERVEIW budget kkr

NGRIP/NEEM traverse
2007 Transport to/from Greenland 180

Transport in Greenland 630
Personnel transport 90
Operations SFJ
Constructions NEEM 4354
Field equipment
Salaries 460
Operation NEEM 170
Drill 500
Meetings + admin 100
Curator

2007 SUM 6484

Main camp construction
2008 Transport to/from Greenland 617

Transport in Greenland 3404
Personnel transport 845
Operations SFJ 130
Constructions NEEM 1600
Field equipment 338
Salaries 1450
Operation NEEM 689
Drill 700
Meetings + admin 80
Curator 50

2008 SUM 9903

2009 1st major drilling and processing
Transport to/from Greenland 494
Transport in Greenland 2474
Personnel transport 1200
Operations SFJ 325
Constructions NEEM
Field equipment 220
Salaries 1430
Operation NEEM 650
Drill 680
Meetings + admin 78
Curator 90

2009 SUM 7641



2010 2nd major drilling and processing
Transport to/from Greenland 715
Transport in Greenland 2090
Personnel transport 1450
Operations SFJ 312
Constructions NEEM
Field equipment 247
Salaries 1924
Operation NEEM 960
Drill 1670
Meetings + admin 260
Curator 143

2010 SUM 9771

2011 Close down season
Transport to/from Greenland 430
Transport in Greenland 2090
Personnel transport 1560
Operations SFJ 208
Constructions NEEM
Field equipment 140
Salaries 1521
Operation NEEM 820
Drill 430
Meetings + admin 312
Curator 3055

2011 SUM 10566

TOTAL SUM 44365



Appendix 3

NEEM, summary of income and expenses. Conversion: 1 EUR = 7.454, 1 USD = 5.674, 1 CND = 4.864
version 070216

budget: 44365000
DKK 2007 2008 2009 2010 2011 total % of budget 
Belgium 484.510,00 0,00 0,00 0,00 0,00 484.510,00 1,09209963
Canada 972.800,00 0,00 0,00 0,00 0,00 972.800,00 2,19271949
China 0,00 0
Denmark 5.000.000,00 5.000.000,00 5.000.000,00 5.000.000,00 2.000.000,00 22.000.000,00 49,5886397
France 447.240,00 0,00 0,00 0,00 0,00 447.240,00 1,00809196
Germany 0,00 0,00 0,00 0,00 0,00 0,00 0
Iceland 0,00
Japan 0,00 0
Netherlands 1.490.800,00 0,00 0,00 0,00 0,00 1.490.800,00 3,36030655
S.Korea 0,00 0
Sweden 0,00 0
Switzerland 0,00 0
U.K. 0,00 0
U.S. 572.506,60 3.404.400,00 2.471.027,00 2.090.869,00 2.090.869,00 10.629.671,60 23,9595889

Income total 8.967.856,60 8.404.400,00 7.471.027,00 7.090.869,00 4.090.869,00 36.025.021,60 81,2014462

Budget 6.484.000,00 9.903.000,00 7.641.000,00 9.771.000,00 10.566.000,00 44.365.000,00

Expenses (estimated) 6.484.000,00 9.903.000,00 7.641.000,00 9.771.000,00 10.566.000,00 44.365.000,00

Liquidity 2.483.856,60 985.256,60 815.283,60 -1.864.847,40 -8.339.978,40

Except for the US contribution, the status only shows direct income and expenses, e.g. inkind services are not included
Except for the US contribution, the status only shows expenses from the UCPH NEEM account.



EUR 2007 2008 2009 2010 2011 total
Belgium 65000
Canada
China
Denmark
France 60000
Germany
Iceland
Japan
Netherlands 200000
S.Korea
Sweden
Switzerland
U.K.
U.S.

Income total

Expenses

Liquidity

Liquidity acumulated

USD/CAD 2007 2008 2009 2010 2011 total
Belgium
Canada 200000
China
Denmark
France 
Germany
Iceland
Japan
Netherlands
S.Korea
Sweden
Switzerland
U.K.
U.S. 100900 600000 435500 368500 368500

Income total

Expenses

Liquidity

Liquidity acumulated

LC-130 pricing is 4,750 USD/hr and fuel 5 USD/gallon = 1.3 USD/liter



Appendix 5

Nation PI's Status Short description of science interests
Australia Vin Morgan North-south comparison, drilling/science collaboration

Mark Curran
Tas Ommany

Belgien Regi Lorrain 65 kEURO numerical modelling, basal ice
Jean Louis Tison
Frank Pattyn

Canada David Fisher 200 kCAD ultra low elements, pollen, chemistry
James Zheng
Jocelyn Bouchua

China Yaunsheng Li continuously fresh snow sampling, chemical process between air and snow
Jen Jiawen ice biology, gene detecting, ice dust geochemistry

Denmark Dorthe Dahl-Jensen 22 mill kr water isotopes, chemistry (cfa), ice properties, ECM, tephra, ice sheet modeling
Sigfus Johnsen borehole data, DNA, dust, dating, mass balance, RES, CO2, d13C, CH4, carbon modeling
J.P. Steffensen atmoshere modeling, statistical analysis
Katrine Krogh Andersen
Anders Svensson
Matthias Bigler
Thomas Blunier
Christine Hvidberg

France Valerie Masson 60 kEURO water isotopes (d, modelling), air elementary + isotopes, organic chemistry, dust
Jean Jouzel accumulation rates +ice sheet modelling, firn air sampling, physical propertis
Dominique Raynaud

Germany Heinz Miller DEP, physical properties, aerosol and dust chemistry, isotopes on Greenhouse gasses
Hubertus Fischer high pressision d studies, traverse to NEEM, rare earth elements
Daniel Steinhage
Sepp Kipfstuhl

Korea Soon Do Hur Ion chemistry  (I.C), trace metals (Pb, Cu, Zn, In, Ba...), Pb isotope, climate medelling
Sungmin Hong

Iceland Thorstein Thorsteinsson water isotopes, tephra and volcanic signals
Arny Sveindottir
Karl Grönwald

Japan Yoshiyuki Fujii Applying mechanical properties, crystal properties, ion chemistry, metallic elements
Nobby Azuma detection and analysis of volcanic signal, intercomparison of soluable micro-
Kumiko Goto-Azuma particles, acid salts between Fujii and Greenland cores, trace element

analysis, stable isotopes, microbed (bacteria arhaea) RES

Netherlands Roderik v. D. Wal 200 kEURO water isotopes (D,d) 17O, 14C in CO2, hydrogen isotopes in CH4,
Thomas Roeckmann trace metals, boundary layer experiments, isotope diffusion modeliing

firn gasses, ice sheet modelling

Sweden Margareta Hansson Applying Ion and stable isotope studies of the sulphur cycle 
Raimund Muscheler radiocosmogenic isotopes, tephra
Stefan Wastegård  

Switzerland Thomas Stocker greenhouse gas measurements, NS synchronisation, Continuous Flow Analysis, 
Jakob Schwander new compounds (e.g. Dissolved inorganic carbon), d15N and Ar40/Ar36 to 

United Kingdom Eric Wolff Applying GCM models, chemistry (IC MSA to be added to CFA)
Rob Mulvaney sea ice proxies in the chemical records
Regine Röthlisberger
Chris Rapley

United States Jim White C130 missions water isotopes, isotopes of methane and other greenhouse gases
Prasad Gogineni (=11 mill kr) high resolution methane concentrations and comparison with antarctic records
Jeff Severinghaus nitrogen and argon isotopes for abrupt temperature measurement
Joe McConnell continuous HR-ICP-MS/ICP-OES/CFA/DEP; focus on last 2000 yrs, mass balance, 
Ed Brook and human impacts
Mary Albert
Becky Alexander
Eric Steig
Todd Sowers
Vanya Miteva



 
c/o British Antarctic Survey, High Cross, Madingley Road, Cambridge 

CB3 0ET, United Kingdom 
 

Tel: +44 (0)1223 221468   Fax: +44 (0)1223 221270   Email:ipyipo@bas.ac.uk 
 

Appendix 4 

 
 
30 November 2005  
 
Dear Prof Dorthe Dahl-Jensen 
 
On behalf of the ICSU/WMO Joint Committee for the International Polar Year 2007-2008 we 
wish to thank you for submitting a proposal entitled ‘The Greenland Ice Sheet; Stability, 
History and Evolution’ for consideration as an IPY activity. Success of the IPY depends 
fundamentally on excellent research and support and on a high level of international 
coordination, derived from the talents and energy of groups such as yours. 
 
At its November meeting in Geneva the Joint Committee completed evaluations of all 
proposals received up to 30 September 2005 for scientific or educational significance, for 
consistency with the IPY themes, regions and time frames, for evidence of international 
collaboration, and for development of effective management plans covering communications, 
operations, data, and education and outreach.  In addition, the Joint Committee examined 
each proposal for evidence of involvement by scientists from non-polar nations, for indications 
of interdisciplinarity within the proposal and of linkages to other IPY activities, and for 
evidence that activities proposed would contribute to an IPY legacy.  The Joint Committee 
evaluated more than 200 coordination proposals and expects to evaluate one additional set of 
coordination proposals submitted by 31 January 2006. 
 
The Joint Committee considers that your proposal as submitted includes very strong 
scientific, education and outreach components and demonstrates a high level of adherence to 
IPY themes and goals.  The Joint Committee therefore endorses your proposal as a 
prominent and valued part of the IPY program.  The Joint Committee intends that these 
endorsements will provide assistance as IPY participants seek funding for the work proposed.   
 
The IPY International Programme Office will shortly provide additional guidance for project 
coordinators and steering groups, including description of initial IPY information management 
processes.  As part of that information exchange, we will expect project coordinators to keep 
the IPO informed about funding status of their projects and about substantial changes from 
the projects as proposed.  In all cases, we wish you enormous success with your component 
of the IPY. 
 
 
Yours sincerely  
 
Co-chairs of Joint Committee  
 

           
Ian Allison         Michel Béland 
 
cc: Prof Prasad Gogineni 

                  

                 

 

                 





 

 

 
 
 
 
 
 

                                      
         Director Prof C.G. Rapley 
         High Cross, Madingley Road 
         Cambridge CB3 OET 
         United Kingdom 
 
         Eric Wolff: 

Telephone +44 (1223) 221491 
         Facsimile +44 (1223) 221279 
         E-mail: ewwo@bas.ac.uk 
         07 October 2005 
 
Re: NEEM project 
 
Dear Dorthe, 
 
My colleagues and I at the British Antarctic Survey (BAS) are very interested in the proposal to 
obtain a new ice core from northwest Greenland, with the intention of sampling at least the full 
Eemian period.  This would be a very important contribution from the ice core community to climate 
science; it has the potential to give us clues about how climate and the Greenland ice sheet in 
particular will behave in a warmer climate than we have at present. 
 
As you know, BAS is focussed mainly on the Antarctic, so our involvement will inevitably be 
somewhat limited.  Once the project plan is mature, we will apply to our funding agency (NERC) for 
funds to work on the project as well as for a logistic contribution.  I cannot guarantee that this will be 
successful, and no doubt it will depend on what science we can say we are doing within NEEM, but 
we will try. 
 
We have an obvious scientific interest in various aspects:  

• In the phasing around D-O events, as done already to some extent by Liz Thomas and Regine 
Rothlisberger in collaboration with people in Copenhagen; it would especially be interesting 
to take that onto the next cycle if it becomes available, and we would have a special interest in 
linking it to what is going on in the south. 

• Probably like everyone else, we think the question of what happened to the Greenland ice 
sheet and to global climate in the Eem is very important in relation to current debates and 
we'd certainly like to take part in those discussions.   

 
As far as our actual analytical involvement, we recognise that in many of the areas where we have 
some capacity (18O, D, DEP, 10Be) you are already well-covered, and we have no wish to muscle in 
on these.  We are getting capacity in GCM work (using Hadley Centre models) in collaboration with 
Paul Valdes, and we could bring some aspect of that to the table.  However, I guess that it's obvious 
that our main interest has been in the chemistry, where you probably also have interest from many 
laboratories.  We would be able to take a share of IC measurements if these are needed.  Depending 
on how you choose to implement continuous (CFA) measurements we would also be interested to add 
some kind of FIC system, of the type done successfully by Roberto Udisti for EPICA; one option 
might be MSA. 
 
Anyway, we can discuss the details of who does what later.  But meanwhile let me assure you of our 
support for this project, and of our aspiration to take part in it. 
 
Yours sincerely 
 
 
Eric Wolff 
Principal Investigator at the British Antarctic Survey 



Dear Dorthe Dahl-Jensen 
 
We note with pleasure the intention expressed in the IPICS White Paper The last 
interglacial and beyond: A northwest Greenland deep ice core drilling project. 
Icelandic scientists have formally taken part in Greenland ice core drilling during the 
last 15 years, as members of the drilling and science teams. In addition, we have 
contributed to stable isotope measurements on the cores, to studies of ice crystal 
textures and fabrics, and to studies of tephra layers and volcanic signals. We have full 
intention of continuing this research in the new project and we will apply for local 
funds to cover our participation. In addition our analytical equipment (mass-
spectrometer, scanning electron microscopes and other equipment as applicable) will 
be made available for the project. We also hope that Icelandic participation in the 
field campaigns can be realized. 
 
Yours sincerely 
 
Árný E. Sveinbjörnsdóttir,  Institute  of Earth Sciences, University  of Iceland 
Karl Grönvold, Institute  of Earth Sciences, University  of Iceland 
Thorsteinn Thorsteinsson,  The National Energy Authority. Hydrological Service 
 



Letter of Interest 
 
To: Professor Dorthe Dahl-Jensen 
From: Yoshiyuki Fujii  
Re: Japanese research proposal for the NEEM project 
 
The Japanese glaciology group would like to participate in the NEEM project. Our major 
objective is bipolar comparison of climatic changes on different time scales, using the 
NEEM and Dome Fuji ice cores. We wish to participate in the following studies and 
analyses of the NEEM ice core. 
 
1. Studies on mechanical properties and crystal physics for understanding of ice 

flow dynamics. 
2. Ion chemistry analyses (ion chromatographic analysis and CFA) for understanding 

of sources and transport of chemical species under different climatic regimes, and 
their relationship and interactions with climatic changes. We would like to participate 
in the chemistry group as we have done for the NGRIP core. 

3. Analyses of particulate metallic elements, such as aluminum, iron, calcium etc. 
The objective is to clarify the changes of source strength and transport efficiency of 
Asian dust, which has been known as major source of the mineral dust in Greenland, 
due to climatic changes. 

4. Detection and analyses of bipolar volcanic signals, which serve as stratigraphic 
coeval markers. This study includes comparison of conductivity and nssSO4

2- 
profiles between the NEEM and Dome Fuji cores. As we further expect to obtain 
volcanic glass shards around the bipolar volcanic signals, we would like to 
determine chemical compositions of the glass shards to constrain stratigraphic 
correlation and identify their source volcanic eruptions.  

5. Studies on distribution of water soluble microparticles as a new climate proxy. 
Purpose of the study is to better understand the climate proxies given by 
distributions of various ions, we intend to make intercomparison of water-soluble 
microparticles between Dome Fuji and Greenland ice cores. We found that 
significant amount of major ions exist as microparticles of acid salts in ice cores, and 
compositions of the salts are significantly different depending on climate regimes. 
For the most important applications of these findings, we propose the 
intercomparison to develop a new tool for chemical analyses of ice cores. 



6. Studies on redistribution of chemical species in ice to understand transfer 
functions. The methodology includes mechanical tests, crystallographic 
observations, and laser ablation mass spectrometry, which is a new technique 
currently being developed in Japan.  

7. Trace gas analyses. We are particularly interested in the analyses of CH4 and N2O 
over the time period between the onset of Eemian and DO event 22. The 
north-south concentration difference of CH4 will provide us with valuable information 
about relative importance of the mid/high latitudes and the tropics as the CH4 source 
responsible for the concentration drop. We could also analyze δ15N of N2, δ18O of O2, 
O2/N2 and total air content using the same samples. We are also interested in the 
analyses of δ13C and δD of CH4. The methodology for δ13C and δD analyses is 
currently being developed in Japan for the Dome Fuji core analyses. 

8. Stable isotope analyses. We are interested in deuterium excess analysis, which 
will provide information about climatic changes over the vapor source region.  
Since there have been no other northern hemisphere counterparts, which can be 
compared to the deeper part of the Dome Fuji core, comparison with the NEEM core 
would give us a unique opportunity to study bipolar teleconnections in climatic 
changes. We would therefore like to participate in multi-institute analysis of δD (and 
or δ18O), through which we can share the substantial effort needed for this study and 
can improve the analytical technique by exchanging technology and information. We 
would also like to participate in high resolution analysis of stable water analyses to 
investigate abrupt climate changes on decadal to millennial time scales. A currently 
available technique, which we have developed in Japan, requires only 0.1mL of 
liquid water to measure both δ18O and δD. With this technique, we will be able to 
analyze the Eemian samples with annual resolution. 

9. Analyses of microbes, such as algae, fungi, bacteria and archaea. The objectives 
are to understand (1) changes of microbes due to climatic changes; (2) the 
environmental changes responsible for the biological changes; and (3) impacts of 
microbial activity changes on climate. This study includes DNA analyses, which 
have been already applied to ice core samples.  

10. Detection and analyses of radio echo sounding signals, which serve internal 
physical and chemical structure of the ice sheet at and in the vicinity of the coring 
site. Our interests include comparison of the radio signals from two huge ice bodies, 
NEEM Greenland and Antarctica, those have different conditions such as 
temperature, impurity and accumulation rate. We have tested multi-frequency and 
multi-polarization radar methods in Antarctica using ground-based platform. We 



hope to apply these resources in Greenland.   
 
As well as scientific investigations, we would also like to participate in the drilling 
operation, through which we could contribute to the retrieval of the NEEM core and 
could exchange expertise accumulated during the ice coring operations at NGRIP, 
NEEM, EPICA sites and Dome Fuji.  
 
Sincerely yours, 
 

 

Dr. Yoshiyuki Fujii 
Director General 
National Institute of Polar Research 
1-9-10 Kaga, Itabashi-ku, Tokyo 173-8515 Japan  
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To whom it may concern 
 
 
Utrecht, 30 September 
 
 
We are delighted to participate in the proposed work of Prof. D. Dahl-Jensen, 
provisionally entitled: 
 
The last glacial and beyond: a North-west Greenland deep ice core drilling project. 
 
We have been working on the Greenland ice sheet since the early nineties and we 
consider it of utmost importance to continue with this work. 
 
A description of our participation and possibilities is enclosed in a separate note.  
 
 
 
 
Sincerely, 
 
 
 
 
 
Dr. Roderik S. W. van de Wal  (assistant professor of Glaciology) 
 
 
 



Science interest in the North Greenland ice core project from the 

Netherlands 
 

Prepared by Roderik van de Wal Oktober 2005 

 

Note that the present summary might be incomplete and that realization depends on 

funding possibilities. It might also be clear that given the size of the group involved it is 

unlikely that we will cary out all suggestions below. 

 
The CIO (Centre for Isotope Research) Groningen University is interested in deuterium 

measurements as well as deuterium excess (as GFI will likely perform the d18O 

measurements). In addition it is foreseen that δ17O can be measured on a routinebasis by 

that time. These measurements will be used in collaboration with GFI and IMAU to study 

the possibilities of differential diffusion of 2H and δ17O and δ180. A stable isotope 

diffusion experiment with isotopically enriched snow might also be conducted within the 

framework of NEEM. (PI: H.A.J. Meijer) 

 

In collaboration between the CIO and IMAU analysis will be performed of the 14C 

concentration of the CO2 enclosed in air bubbles in the ice to date the air independently 

of other dating techniques. (PI: R. S. W. van de Wal) 

  

Sources and sinks of methane in the atmosphere are heavily debated nowadays. At IMAU 

there is a system in development to measure not only δ13CH4, but also the hydrogen 

isotopes of methane. The system will be applied to gas extracted from the NEEM ice 

core. Of particular interest are the Dansgaard-Oeschger cycles and the transition during 

the Eemian period. (PI: T. Roeckmann, IMAU) 

 

Advance will be taken by the Veining Meinesz research school in collaboration with 

IMAU of new technologies in the field of solution nebulisation ICP-MS measurements to 

measure with high precision trace metals including rare earth elements of ice in order to 

establish a high accuracy temporal picture of these elements and in order to improve 



dating of older volcanic horizons. (PI: P. Mason, Utrecht University Veining Meinesz 

research school). 

 

IMAU has a long tradition in meteorological experiment in polar regions. Within the 

framework of NEEM it is foreseen that IMAU will perform a boundary layer experiment 

and can provide automatic weather stations if requested. The meteorological experiment 

will support the ongoing activities of the regional atmospheric modeling, which has 

already started (PI: Van den Broeke/Reijmer, IMAU).  

 

In addition to the ice core analysis IMAU will carry out trajectory studies and stable 

isotope diffusion modeling in co-operation with CIO (PI: Van de Wal/Van den Broeke, 

IMAU). 

 

In connection to the NEEM work a firn-gas diffusion experiment might be carried out by 

several institutes, if so IMAU and CIO are interested to participate in this. (PI: Van de 

Wal). 

 

 



AWI contribution to NEEM 
 
Dependent on additional financial support available in Germany, AWI plans to contribute 
significantly to the logistic support (e.g. vehicles) of the NEEM ice core. Scientifically, AWI 
intends to participate in a wide spectrum or lead specific science activities, i.e. 

 
• DEP 
• Physical properties incl. firn studies 
• Continuous and discrete aerosol chemistry  
• In the RTN “NAME CATHY” we proposed to develop a semicontinuous CH4 

analysis attached to the CFA. Given financial support, this would be ideal for 
NEEM and would represent a CH4 master record for any biogeochemical and ice 
core synchronization purposes 

• Particulate dust studies (concentration, size distribution, elemental composition) 
• Isotopic studies on greenhouse gases 
• Stable water isotopes (AWI can especially contribute to high precision deuterium 

excess studies) 
 
In addition AWI intends to extent its surface traverse work by pit studies and firn core drilling 
on the route from NGRIP to NEEM and in the surrounding of the new NEEM drill site. 



     

 

 

  

 
Letter of Interest 

 

9 November 2005 
Dear Dorthe Dahl-Jensen 

 
We are very interested in the proposal of the NEEM deep ice core drilling project aiming to recover the old ice 

from Greenland ice sheet that is expected to contain valuable proxy data related with the climatic history over the last 
interglacial and beyond. It is well-known that previous Greenland ice core records provided the most convincing 

evidence of surprising climate shifts in the Northern Hemisphere and drove a new paradigm of abrupt change in the 
Earth’s climate. Although abrupt climate changes became credible, scientists need further information about plausible 
mechanisms affecting warmer Eemian interglacial in the NH. This will allow us to better understand the Earth’s climate 
system and thus to have a view of how global climate can change in the future. In this sense, it has no doubt that the 

NEEM project is of great importance and will provide a wealth of information. 
 
As discussed at the second meeting of IPICS in Brussels in October, we would like to take part in the NEEM deep 

ice core drilling project. The glaciological researchers at the Korea Polar Research Institute (KOPRI) can contribute to 

some rate of funds to be fixed later and analysis of the NEEM ice core. As to the analysis of the core, we expect to 
include ion chromatographic measurement and trace metals and Sr and Pb isotope analysis from the core sections that 
will deal with the source discrimination of aerosols during the periods such as for instance late Holocene influenced by 
human activities, the glacial-interglacial transition and volcanic events. Apart these contributions, it will be very pleased 

for us to join the drilling operation of the NEEM ice core. In fact, KOPRI has a plan to develop and expand our capacity 
of glaciological research and then contribute to the international ice core community. Therefore, participating in drilling 
operation would evidently give us a precious opportunity to get the personnel from KOPRI to train the experience and 
techniques of drilling ice core. 

 
We wish to participate in and contribute to the NEEM deep ice core project under fruitful collaboration. 

 
Sincerely yours, 

 
Dr. Sungmin Hong  
Principal Researcher at Korea Polar Research Institute  
Dr. Soon Do Hur 

Senior Research at Korea Polar Research Institute 
Dr. Byong-Kwon Park 
Chairman 
Korea Polar Research Committee 

c/o Korea Polar Research Institute, KORDI 



NEEM statement of interest: US researchers 
 
Current list of interested US researchers: 
 
James White   University of Colorado 
Mary Albert   CRREL/Dartmouth University 
Jeff Severinghaus  University of California, San Diego 
Joe McConnell  Desert Research Institute 
Becky Alexander  University of Washington 
Eric Steig   University of Washington 
Edward Brook   Oregon State University 
Todd Sowers   Penn State University 
Vanya Miteva   Penn State University 
 
We anticipate a single proposal from these researchers will be submitted to the US National 
Science Foundation upcoming announcement on funding for the International Polar Year. James 
White at Colorado will be the lead on that proposal. 
 
Project descriptions: 
 
James White   University of Colorado 
We are interested in two projects, both utilizing stable isotope ratios. The first project is the 
oxygen (δ18O) and hydrogen (δD) isotope ratios in ice, and their combination, deuterium excess 
(d). The isotope ratios are used as paleo-thermometers, indicators of shifts in precipitation 
seasonality, and changes in ice sheet elevation. Deuterium excess is used to determine ocean 
surface conditions at the moisture source areas. We anticipate making these analyses 
collaboratively with other groups, sharing the considerable sample load. Our interest is focused 
on high temporal resolution sampling and abrupt climate change. The second area of interest is 
stable isotope ratios in greenhouse gases, specifically δ13CH4, δCH3D, and δ13CO2. The methane 
isotopes help to constrain changes in the sources and sinks of methane, as well as their latitudinal 
distribution. The CO2 isotope may be helpful in correcting pCO2 analyses in Greenland ice cores, 
which can be unrealistically high. We will make this last analysis as a limited experiment. We 
anticipate again making these analyses collaboratively with other groups, sharing the sample 
load. 
 
Jeff Severinghaus  University of California, San Diego 
Measurements of nitrogen and argon isotopes in gases trapped in ice cores allow a quantification 
of abrupt surface temperature change magnitude at the ice core site.  These gases will be 
measured at high resolution in the proposed NEEM ice core, between 0-16 kyr BP (by the 
Severinghaus lab). During the deglaciation, and during the 8.2 k event, sample resolution will be 
every 5 years, and 20 years in the balance of the record.  Collaborators in Europe will measure 
the older sections of the core (16-60 kyr BP by Bern, and 60-90 kyr by LSCE Paris).  Laboratory 
intercalibrations will be performed, and resolution and precision standards will be adopted, in 
order to produce a uniform record.   The main scientific goals are to test the hypothesis that 
abrupt temperature change magnitude in North Greenland was larger than in Central Greenland, 
as suggested by the much larger Wisconsin-Holocene ice isotope shift in North Greenland (11 



per mil for δ18O versus 7 per mil in Central Greenland; Reeh et al. (2002)).  A second scientific 
goal is to search for the solar-related 87- and 208-yr periodicities in the Holocene that appear in 
the Camp Century core ice isotope record.  If these are found in gas isotopes, they would confirm 
the reality of a sun-climate link, which at present is uncertain due to the fact that ice isotopes are 
affected by factors other than temperature. 
 
Joe McConnell  Desert Research Institute 
My interest is in developing and interpreting very high resolution, continuous records of a broad 
range of chemical and elemental tracers at the NEEM site, with primary focus on the last ~2000 
years. The tracers that we can measure include sea water (Na, Mg, Ca, Cl), continental dust 
(Al, Mg, Ca, V, Mn, Fe, Rb, Sr), volcanism (liquid conductivity, S, various trace metals), 
biogenic (S, MSA, NH4+, NO3-), industrial pollution (S, V, Pb, NO3-), biomass burning (NO3-, 
NH4+, H2O2, Mn, Rb and possibly others currently in development) and photochemistry (NO3-, 
H2O2).  Nearly all of these tracers display annual concentration cycles and so together provide 
for ice core dating with near-zero uncertainty. Together with measurements by other NEEM 
investigators, this record would comprise possibly the first complete record to be developed for 
the IPICS 2K array of ice cores in Greenland and uniquely document natural variations and 
anthropogenic perturbations in climate and atmospheric and precipitation chemistry over the past 
2000 years. Because of the very high depth (and so time) resolution and exact dating, this record 
would allow for optimal calibration with the instrumental record of the past ~50 years and thus 
extrapolation of the instrumental record back in time. We have developed similar (though 
shorter) records for a number of lower latitudes sites in Greenland including a ~500-year record 
at Summit and ~300 records at the D4 and D5 sites. Together, the NEEM 2000-year record and 
the existing records would comprise an array of broad spectrum glaciochemical records over 
most of Greenland. To make these measurements, we propose to use our NSF-funded CFA-TE 
Dual ice core analytical system. The system includes a traditional CFA system (dual 
measurements of H2O2, NO3-, NH4+, Cl-, liquid conductivity, laser-based particle counting) as 
well as two High Resolution ICP-MS instruments and an ICP-OES for elemental and selected 
isotopic measurements in the ppq to ppt to ppb concentration ranges. All analytical instruments 
operate in parallel and make continuous, exactly co-registered measurements with an effective 
depth resolution of 0.5 to 2.0 cm. For the present, MSA determinations are made using ion 
chromatography on discrete samples collected during continuous melting and are approximately 
at annual resolution. For our analyses, we would require two continuous, longitudinal samples. 
Rather than analyzing the main NEEM core, we would prefer (as we have discussed) to focus 
instead on an intermediate (~400 m core) drilled near the main core. For a 10-cm diameter core, 
our analyses would consume ~40% of the 400-m core, leaving the remaining 60% for other 
investigators. Drilling the second core would provide additional sample volume for the large 
number of likely NEEM investigators but also a replicate record of chemistry and accumulation 
over the past 2000 years (through comparison to CFA and other like measurements from NEEM 
investigators working on the main core). As demonstrated by the GRIP-GISPII, DOMEC, and 
other parallel core comparisons, such a replicate record is critical for quantitative interpretation 
of many of the main core measurements. 
 
 
Becky Alexander  University of Washington 
Eric Steig   University of Washington 



Determining the magnitude of past changes in atmospheric oxidant concentrations remains an 
important unknown in climate studies.  Model studies disagree on the magnitude and even the 
sign of trends in OH concentrations since the Last Glacial Maximum (LGM); this has 
implications, for example, for the methane budget, since reaction with OH is the primary 
methane sink.  A few studies have attempted to use ice-core measurements of H2O2 and HCHO 
as proxies for paleo oxidant levels, but the concentrations of these species are not conserved in 
ice, complicating their interpretation.  By contrast, the oxygen isotopic composition, specifically 
∆17O, of nitrate and sulfate in ice cores remains stable with respect to both concentration and 
isotopic composition. Coupled with δ34S and δ15N, these measurements provide quantitative 
information regarding OH and O3 concentrations through time.  Because sulfate and nitrate 
deposition depends in part on atmospheric transport – and therefore may vary regionally – it will 
ultimately be important to have records of their isotope composition from multiple ice cores. The 
primary scientific questions we are interested in answering are 1) whether there are significant 
changes during rapid climate change events, when methane concentrations also changed rapidly 
and 2) the magnitude of more recent changes in oxidant chemistry, covering the last 2000 years, 
to put recent anthropogenic changes in context.  The proposed NEEM core represents an 
important opportunity for both these problems.  We propose to measure the complete isotopic 
composition of sulfate and nitrate in the NEEM ice core, at high temporal resolution over the 
most important of rapid climate transitions, and since pre-industrial times.  We will collaborate 
with European colleagues interested in the same analyses, to maximize scientific benefit from the 
limited ice sample volume.  
 
 
Edward Brook   Oregon State University 
My laboratory is interested in measuring methane concentrations in the NEEM core.  One 
interest is to use those measurements to establish the integrity and chronology for the Eemian 
section of the core by comparison with other Antarctic ice cores, and in combination with other 
gas records.  A major goal will be to compare the timing and magnitude of Antarctic and 
Greenland temperature before, at the onset of, and during the Eemian.  Along these lines we are 
also interested in using methane to establish the chronology for existing Greenland ice cores that 
may penetrate part of the Eemian, but currently do not have gas records that could be used to 
correlate to Antarctica.  These include older cores like Camp Century, Dye-3, and Renland, and 
possibly North GRIP.  (Some investigation of the availability of samples is necessary and I will 
conduct this now) A second interest is to measure methane at very high resolution during the 
deglaciation and Holocene, in parallel with the Severinghaus group measurements of nitrogen 
and argon isotopes (5 yr resolution of transitions and 20 yrs in other sections).  The very high 
resolution measurements of both variables will allow us to refine our understanding of the 
phasing of methane and temperature change during the deglaciation, which is currently limited 
by sampling resolution and analytical uncertainty to several decades.    
While it makes the most sense for us to work on methane in this interval that Jeff's lab is working 
in, we are interested in the methane record from other parts of the core too, if other investigators 
do not want to work there. 
 
 
 
Todd Sowers   Penn State University 



Northern hemispheric records of the δ13C and δD of atmospheric CH4 as recorded in the NEEM 
ice core 
Over the past two centuries, the atmospheric CH4 concentration has doubled in response to 
increasing anthropogenic related emissions.  The total CH4 source strength at any point in time 
can be estimated knowing the rate at which CH4 accumulates in the atmosphere and the loss of 
CH4 via OH oxidation in the troposphere (assumed constant).  This exercise does not, however, 
provide any information about the relative contributions of the various sources.  In order to refine 
estimates of the magnitude of each individual source, measurements of the δ13C and δD of 
atmospheric CH4  have been made on various timescales.  One aspect of the isotope work that 
has not been accomplished to date is the establishment of the interhemispheric δ13C and δD 
gradients.  This information, combined with the contemporaneous  [CH4] gradient will provide 
important constraints for CH4  biogeochemistry. 
The proposed work on the NEEM core will be coordinated with ongoing Antarctic analyses to 
produce snapshots of the δ13C, δD, and CH4  gradients throughout the last 130kyr.  Specific 
emphasis will be placed on the last 2kyr, the 8.2ka event, the last termination, various D/O 
oscillations and, most importantly, the last interglacial period. 
In order to produce high-resolution records that are accurate and intercomparable with 
contemporaneous Antarctic data, this will need to be an international collaborative research 
initiative.   
 
 
Vanya Miteva and Todd Sowers Penn State University 
Studying microbial diversity all along the NEEM core. 
 
Microbial diversity has been designated as a new frontier for exploration and glacial ice offers a 
unique opportunity to combine microbial population studies with investigations of microbial 
survival and biogeochemical activity at subzero temperatures. The NEEM core will provide a 
unique opportunity to access well preserved and geochemically  characterized samples for 
correlating paleoclimatic records with the abundance and diversity of organisms from different 
deposition  times (over 120,000 years) and depths (from the surface to 3,052 mbs). This 
interdisciplinary study will provide data on the vertical geochemical changes and distribution of 
microbial diversity for intra- and inter-core comparisons.  Investigating this ice core will lead to 
the discovery of novel microorganisms existing within extreme ecological niches frozen for over 
120,000 years and address longstanding questions about the limits of life, the low culturability of 
organisms, and possible metabolic activity within glacial ice. The objective is to develop a 
comprehensive picture of the prokaryotic populations in ice core samples selected to represent 
different depths/time periods, deposition temperatures, and gas and salt compositions, and to test 
whether microbial metabolism may have influenced the trace gas composition within the ice. 
Both culture dependent and culture independent methods will be used to assess the dynamic 
distribution of microbial populations and determine whether shifts in diversity could serve as 
biomarkers for certain climatic changes or deposition times. Given the relative dearth of 
microbiological data from Greenland (compared to Antarctica), information from this core will 
fill the gap in the understanding of Arctic microbiology that can be evaluated in light of the 
growing data from Antarctica.   
 
 




