





Deep Ice Cores In Greenland

Project Year Depth

Camp Century 64-66 1390 m

Dye-3 79-81 2037 m
GRIP 89-92 3029 m
GISP2 89-93 3053 m
NorthGRIP 97-04 3090 m

GRIP = Greenland Ice Core Project (EV)
GISP = Greenland Ice Sheet Project (US)




Ice Core data
A shopping list

Theice: 180, 170, %0, 'H og %D

&+ Continental dust, volcanic ash,

4 micro metheorites and biological
material

* lons: CI, NOg, SO,%, F, H*, Na*, K*,

-y NH,*, Mg?*, Ca?*

¥ . Gas in air bubbles: CO,, CH,, O,, N,

SF,.

 Radioactive isotopes: °Be, 3¢Cl,
210Pb’ BZSi’ 14C, 137C5, 9OSr_

 DNA

 Ice Properties

p# © Bore hole logging: temperature,

geometry

Natural ice through polarized light
(sample size : 4 x 10 cm)










Facts:

Length of drill 11 m
Diameter of ice core 98 mm
Length of ice core 3.5 m

Diameter of borehole 130

mm

Drills:
NorthGRIP
EPICA DomeC

Dome Fujii




Facts:

Length of drill 11 m
Diameter of ice core 98
Length of ice core 3.5

Diameter of borehole 1

mm

Drills:
NorthGRIP
EPICA DomeC

Dome Fujii




NorthGRIP Drill Head

Design: S.B. Hansen, Niels Bohr Institute




Cutting the Ice core

Physical Properties
Gas analyses
Chemical impurities and dust

Isotopes samples

a k~ WD PE

Main core — to be stored

And:
6. Visual stratigraphy
7. DEP and ECM
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The NGRIP ice core has an
undisturbed record reaching
123.000 years back in time

NorthGRIP Climate Record
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The ice from the Holocene iIs
located between the surface
and the depth 1493m.

NorthGRIP Climate Record
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The ice from the Eemian is
located between the depths
3000m and 3090m

NorthGRIP Climate Record

:32 r
The age of the :Hm
ice Is 123.000- = ﬂ
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The difference in isotopic
values between the Eemian
and the Holocene is 3 0/00

NorthGRIP Climate Record
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= Central Greenland Ice Cores 89-93
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The Eem - GISP2 GRIP

Dybde
problel 4 ) <
2600 /
2700
Article
Nature 364, 203 - 207 (1993) <—>
Climate instability during the last 2800 L 7\
interglacial period recorded in the GRIP ice Eem
core ¢
Greenland Ice-core Project (GRIP) Members
Isotope and chemical analyses of the GRIP ice core from 2900 [
Summit, central Greenland, reveal that climate in Greenland
during the last interglacial period was characterized by a series
of severe cold periods, which began extremely rapidly and
lasted from decades to centuries. As the last interglacial seems
to have been slightly warmer than the present one, its unstable 3000 L

climate raises questions about the effects of future global

warming.
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The Eemian ice is disturbed
in the GRIP record but has
Isotopic values of -32 0/00
just like those at NGRIP
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Nature, NGRIP Members, 2004



GRIP climate record on a
depth scale.

GRIP Climate Record
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Camp Century 64-66
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Camp Century 64-66
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Camp Century 64-66
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Depth: 1390m

Camp Century climate record
on a depth scale. The first
ice core drilled in Greenland
in 1964-66.

Camp Century Climate Record
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Renland 1988



Renland climate record on a
depth scale. The intermediate
- iIce core reaches to bedrock
Feniand at the depth 325m.

Renland Climate Record
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Dye 3 climate record on a
depth scale. Depth to bed-
rock is 2037m.
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- Eemian ice is found in all the
entur .
=Y deep Greenland ice cores
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Difference between
Eemian and Holocene
Isotope values.

DYE3 Climate Record
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Eemian ice is found in all the
deep Greenland ice cores

Camp Century Climate Record NorthGRIP Climate Record
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The Ice Sheet covered
Greenland during the warm
Eemian period.

Difference between
Eemian and Holocene
Isotope values.

A Warmer Period?

<018 — temperature relation:
Q@[P><1018]/Q@T: 0.2 - 0.67 [o/o0]/K

A change of 3 0/oo corresponds to a temperature change of 5-10 K

A smaller Ice Sheet?

Lapse rate in the atmosphere is 0.6 K/100m
A change of 3 o/oo corresponds to an elevation change of 800 to 1700 m.



The Ice Sheet covered
Greenland during the warm
Eemian period.

Modern Value
. Greenland alfa relatinr0.67 [O/OO]/K

06
0,58

(L8]

0,45

Difference between
Eemian and Holocene
Isotope values.

alfa
=]
£

0.38

Glacial Value
0.23 [o/o0]/K

A Warmer Period?

<018 — temperature relation: W
Q@[P><1018]/Q@T: 0.2 - 0.67 [o/o0]/K
A change of 3 0/oo corresponds to a temperature change of 5-10 K

A smaller Ice Sheet?

Lapse rate in the atmosphere is 0.6 K/100m
A change of 3 o/oo corresponds to an elevation change of 800 to 1700 m.



SR The Ice Sheet covered

%.30/061 Greenland during the warm
¢ 30/08 Eemian period.

2<=0.2 2<=0.33 X=0.67

Difference between
Eemian and Holocene
Isotope values.

A Warmer Period?

<018 — temperature relation:
K< = Q[X018]/@T: 0.2 - 0.67 [o/o0]/K
A change of 3 0/oo corresponds to a temperature change of 5-10 K

Cuffey and Mashall, Nature 2000

A smaller Ice Sheet?

Lapse rate in the atmosphere is 0.6 K/100m
A change of 3 o/oo corresponds to an elevation change of 800 to 1700 m.



We find Eemian ice in all the deep ice cores
and in the intermediate Renland ice core
Greenland has been ice covered during the
Eemian period

The observed pattern of differences
between present day and Eemian isotopic
values can be used to suggest that:

-It was 5 dec warmer in Greenland during
the Eemian period. The ice thickness In
central and north Greenland where not
reduced much while the ice in south
Greenland was significantly reduced.




We find Eemian ice in all the deep ice cores
and in the intermediate Renland ice core
Greenland has been ice covered during the
Eemian period

The observed pattern of differences
between present day and Eemian isotopic
values can be used to suggest that:

-It was 5 dec warmer in Greenland during
the Eemian period. The ice thickness In
central and north Greenland where not
reduced much while the ice in south
Greenland was significantly reduced.

If the whole Greenland ice melted away sea level would rise
/7 m. Itis not likely that the Greenland Ice Sheet has contri-
buted more than 1-2 m to sea level rise during the Eemian
period.
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Western Australia
(Rottnest to Carnarvon)
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1. Local sea level first reached present elevation at ~ 129 ka BP.
2. Local sea level rose rapidly tyo > 3m at 128 ka and > 4m at 126 ka.
3. Sea level at 135 ka BP at ~ -8 m.

4. Sea level back to present by ~ 117 ka BP.




Elevation (m)

Finding Reference Horizons
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What are the internal layers?
ECM RES 018

plot2003-nr 82 jul08,3.085-jul08,3.089. mat
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Internal RES layers — what do they tell?

Simulation of RES layers

Follow a layer for 50.000 years
3500 as it sinks deeper and deeper
3000 In the ice.

2500

Ice thickness 3000m
000 Accumulation 0.25 m/yr

1500

Elevation (m)

1000

500

0

1000_ Tells about the deformation

500
10 20 30 40 50 60 70 80 90 100

Distance (km) h|St0ry Of the |Ce




Internal RES layers — what do they tell?
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Simulation of RES layers

Start a layer for every 5000 years

Ice thickness 3000m
Accumulation 0.25 m/yr

Tells about the deformation
history of the ice



Internal RES layers — what do they tell?

3500

3000

2500

2000

1500

1000

500

-500

-1000
0

Simulation of RES layers

Follow a layer for 50.000 years
as it sinks deeper and deeper
in the ice.

Let the bedrock have
topography

Ice thickness 3000m
Accumulation 0.25 m/yr

Tells about the deformation
history of the ice



Internal RES layers — what do they tell?

Simulation of RES layers

Start a layer for every 5000 years

3500

3000

2500

Let the bedrock have
topography

2000
1500

1000

Ice thickness 3000m
Accumulation 0.25 m/yr

500

-500

Tells about the deformation
history of the ice

-1000
0 10 20 30 40 50 60 70 80 90 100



Internal RES layers — what do they tell?

plot 57, may21-99.011-may21-99.017
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Internal RES layers — what do they tell?
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Simulation of RES layers

Start a layer for every 5000 years

Let the accumulation vary

Ice thickness 3000m
Accumulation changes along line

Map past and present accumulation



Internal RES layers — what do they tell?
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Internal RES layers — what do they tell?

Simulation of RES layers

Follow a layer for 50.000 years
3500 as it sinks deeper and deeper
3000 in the ice.

2500

2000

Add a spot with basal melt

1500

Elevation (m)

1000

500 Ice thickness 3000m
Accumulation 0.25 m/yr

-1000] Can be used to detect basal

10 20 30 40 50 60 70 80 90 100

Distance (km) melt under the ice




Internal RES layers — what do they tell?

Simulation of RES layers

Start a layer for every 5000 years

3500

3000

2500

2000

Add a spot with basal melt

1500

1000

500 Ice thickness 3000m
Accumulation 0.25 m/yr

-1000] Can be used to detect basal

10 20 30 40 50 60 70 80 90 100

Distance (km) melt under the ice

Elevation (m)




Internal RES layers — what do they tell?

Can be used to detect basal melt under the ice

, may23-99.036-may23-99.038

plot 62
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Internal RES layers — what do they tell?

plot 48, may18-99.072-may18-99.075
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Internal RES layers — what do they tell?

Simulation of RES layers
U=3mlyr

Start a layer for every 5000 years

3500

3000

2500

Add a spot with basal melt
Add horizontal velocity

1000

Elevation (m)

Ice thickness 3000m
500 Accumulation 0.25 m/yr
) Melt rate 0.007 m/yr
-1000] Can be used to detect basal

10 20 30 40 50 60 70 80 90 100

Distance (km) melt under the ice




Internal RES layers — what do they tell?
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Internal RES layers — what do they tell?

plot 40, may17-99.026-may17-99.030
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Elevation (m)
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Elevation (m)
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Melt under the Greenland Ice

— Gogineni, ITTC
=S - Map: S. Ekholm, KMS

- Area with basal melt: 40 104 km?

Average melt rate: 1.5 cm/yr

Melt every year: 4 km?3 water

" ““The basal melt is 10% of the
7 mass balance in the melt area

Where does the water drain?
Where are the subglacial lakes?
Impact on sea level changes




Elevation (m)

International IPY project: NEEM
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CIC — Center for Interglacial Climate

Our vision is to contribute to the global climate
research and ongoing debate by producing new
and innovative ice core records, and to use them
for climate studies.
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