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Talk overview:

• Why ice sheet drilling?
• History of ice core drilling projects 

in Antarctica and Greenland.
• Japanese ice core drilling project -

Dome Fuji project – and German 
project – EDML project.

• Scientific results and future 
work......
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Why ice sheet drillingWhy ice sheet drilling？？

New snow accumulates on the old snow. 
Snow is compressed by the overburden pressure and turns into ice. 

⇒Ice sheet is a fossil of ancient snow and air.
↓

Ice core analysis gives us valuable information about the past 
climate and environment.
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Antarctica deep drilling
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Drilling technology developments:
• Bern, 1974-2004, Henry Rufli, shallow drill 

systems
• CRREL, 1974, John Rand, shallow drill
• Copenhagen, 1974-, Sigfús Johnsen, shallow 

drill, deep drills: Istuk, Hans Tausen and 
NGRIP/EPICA drills

• St. Petersburg, 1987-2002, Vostok drills
• Japan, Suzuki et al. 1969-1987, thermal drill and 

various shallow drills
• Japan, 1987-2006, JARE deep drill partly based 

on concepts from Suzuki drills
• USA, PICO, 1990-2000 shallow drill and deep 

drill
• USA, ICDS, 2003-, new deep “monster” drill 

under development
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History of Dome Fuji project
1985 Exploration of Dome Fuji,  Shallow drilling.
1988 Start of drill development.
1989 First testing of deep ice core drill.
1991 Fuel transportation to Dome Fuji.
1991-92 Testing of deep ice core drill at GRIP.
1992  Survey around Dome Fuji.
1993  Pilot hole drilling. Construction of Dome Fuji 

Station.
1994  Transportation and  construction of Dome Fuji 

Station.
1995  First wintering at Dome Fuji and start of deep 

drilling.
1997  Drill stuck at 2503 m depth.
2002  New drill site construction.
2004  Start of the second deep drilling at Dome Fuji.
2006  Drilling reached 3028 m depth.
2007  Reached the bottom at 3035 m depth.









Dome C

Vostok Dome Fuji (3810m)

Kohnen

Novo

Syowa
S17/S16

Mizuho
Asuka

Antarctica

Neumeyer

In 1995, we started the Dome Fuji deep drilling by the first wintering at Dome Fuji.







29 Jan. 1995
Started the first wintering at Dome Fuji
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1997  Drill got stuck at 2503 m depth.



EPICA Dome C (France, Italy)
Dec.2004: 800-900 kyr (3270m) 

Vostok St. (Russia)
Jan.2007: 420 kyr (3658.26m)

Dome Fuji Station
Jan. 2007: 720,000 yr (3035.22m)

Kohnen St. (Germany)
Jan. 2006: 350 kyr? (2774.15m)

Neumayer St. (Germany)

Novolazarevskaya (Russia)

Syowa St.

S17/S16

Mizuho St.
Asuka St.

ARP2
ARP1

Cape Town (SA)

Ilyushin 76

SM100

Fremantle (AUS)

Sydney (AUS)

enter JPN
middle of Feb.

Basler Turbo BT67

DROMLAN
（11 countries）

Dome A：Jan. 2005: 102m ( Alt. 4093m a.s.l)

Dornier (Polar 2, 4)

MD364

Icebreaker ‘SHIRASE’

Dome Fuji flight operation from 2003 to 2007

depart from JPN
beginning of Nov.

middle of Dec.
middle of Feb.

arrival Mar. 21

departure: Dec.3enter JPN
Mar. 28

depart from JPN
Nov. 28



Flight support by AWI from Novo st. to Dome Fuji.  



German support for Dome Fuji drilling project  
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Results from Dome Fuji and other 
deep cores…
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▪ Millennial-scale climate variability preserved over the 7 glacial periods (& MIS15).

▪ Quite similar climate variability at DF and EDC over 720,000 years even on millennial-
scales.

AIM

“Dating of ice cores”



Summer insolation

Magnitude of snow metamorphism (layering)

Magnitude of O2/N2 fractionation

Firn      Densification

Snow surface

O2/N2 is a proxy of local summer insolation.
Physical link without climatic influence ---> Ideal tool of orbital tuning

Bubble close-off
Ice



O2/N2-orbital tuning of Dome Fuji (red) and Vostok (blue)

Kawamura et al., 2007, Nature

fittingO2/N2

Insolation 77˚S Dec.21

δ18O



65oN summer solstice 
insolation

65oS summer solstice 
insolation

Kawamura et al. (Nature, 2007)

65oN summer solstice 
insolation

65oS summer solstice 
insolation

➢The Antarctic temperature agrees with the northern 
hemisphere high latitude summer insolation, not with the 
southern summer insolation.



• Antarctic temperature lagged behind NH 
summer solstice insolation by a few thousand 
years.

• Antarctic terminations (and atmospheric CO2
rise) started when northern summer insolation
was rising.

• Antarctic glacial inceptions started when 
northern summer insolation was falling, before 
CO2 and sea level dropped.

• Supports the Milankovitch theory (NH summer 
insolation trigger)
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Snow surface

Snow fall

Snow grain

Pore close-off depth
⋍100ｍ

Bubble

Ice

N2O2

Dome Fuji 120m depth

Diffusion of air molecule

1mm

➢Unsolved problems:
Why does summer insolation relate 
to diffusion of air molecule? 



• Mechanisms of ice deformation. ►
• Ice flow law in ice sheets. ►
• Alteration, migration and reaction of 
constituents in ice sheets.  

Understanding of past climatic/environmental 
records.

Prediction of the future behavior of ice sheets.

☆We don’t know yet:
How do ice sheets really flow? 

➢Moreover:
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There is still a lot to do!

Thanks for your attention.
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