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lce Cores are an archive of the past atmosphere
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Major sources of information on past

ocean and atmosphere
MARINE SEDIMENT CORES

¢* Deep Sea Drilling Project = Ocean Drilling Program Integrated Ocean Drilling Program



Temperature archive: The isotope thermometer

© 20°C 0°C S0ca @ 20C -10°C -40°C

‘ Ea

bbbodsbd b -40 %0

bbdabaab b

* %

bodbbodboe
bobbodad b

bodbabdabd :'14%0: ¢ 3 EaRN :-20%0:
:O %0: bodbobb b b :O %0: bodobbbO MY
NS Eisschild babinidnte | Eisschild

summer winter after Stauffer, 2001

Fractionation of water isotopes during
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lce sheets’ sibling: The ocean The
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high sea level
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EPICA-MIS: synchronization of ice
and marine sediment records

Ice Core

Ocean Drilling Program
Site 1093 (50°S, Polar Front)
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Fig. 2 (left). A depth-age nomograph for
the 1390 m long Camp Century ice core.
Fig. 3 (right). Variations in §(0O") in the
upper 470 m of the Camp Century ice
core plotted against the calculated age of
the ice. The lengths of the small vertical
lines eorrespond to the number of years
of accumulation represented and calcu-
lated as —L/V,, L being the length of
the core section. A 120-year climatic cycle
is observed.

Dating of ice cores

AT

Fig. 1. Vertical cross section of an ice sheet resting upon a horizontal subsurface. Ice
particles deposited upon the snow surface will follow lines that travel closer to the
base the farther inland the site of deposition. An ice mass formed around the divide
(I-I') will be plastically deformed (thinned) with depth as suggested by the lined
areas [compare (35)]. The horizontal arrows along the vertical ice core (C-C’)
show the assumed profile of horizontal velocity component, V..

Dansgaard-Johnsen model: vertical speed w:

— =-rZ :0=sy=<h

Dansgaard, Johnsen, Mgller, Langway, Science, 1969



solving the Dansgaard-Johnsen model
* integrationof v __, ., _py

with constant dy
rate thinning dw
rate r ayF O=ys=h
* vields for w: )
w(y) ==y’ ; O<ys<h

h
W) =="-Qy-h) : hsysH
* and constant accumulation at 2A

surface w(H)=-A yields r h(2H — h)

* time is the integral of

y
inverse speed by height t(y) = fidy
I w

above bedrock



Dansgaard-Johnson: depth-time relation

just solving the integral yields

2H — 2H - h

((y) = 1
==

2H-h. 2H-h 2H-h(h
t(y) = 5 In ( —1) )
y

+
A h A
logarithmic age-depth relation within h above bed

;0=sy=<h

<y<sH

and an
inverse age-depth relation above h
influenced by: accumulation, ice thickness, flow



The depth scale in the data sets
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age-depth relation
® model age tie points
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What to expect even earlier?

EPI(IJA Dome C proxy temperature / °C relative to present

Jouzel et al. (2007)
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The scientific goals - IPICS
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1. The oldest ice core: A 1.5 million year record of climate and greenhouse

gases from Antarctica (a time period where Earth’s climate shifted from

40,000 year to 100,000 year cycles).
2. The lastinterglacial and beyond: A northwest Greenland deep ice core drilling
project (a deep ice core in Greenland recovering an intact record of the last
interglacial period).
The IPICS 40,000 year network: A bipolar record of climate forcing and response.
The IPICS 2k Array: A network of ice core climate and climate forcing records for
the last two millennia

o W

A fifth, and critical, element of IPICS is the development of advanced ice core
drilling technology. A technical white paper, entitled "lce Core Drilling Technical

Challenges" addresses this.
aieng www.pages.unibe.ch/science/initiatives/ipics

Non exclusive list, more will follow if promoted by science, e.g. biodiversity in ice
cores, sub-glacial lakes, ice dynamics, etc.
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The Greenland story
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GRIP
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Fig. 13.1. 6-profile along the GRIP ice core core. The wildly
oscillating record from 1500 to ¢.2750m depth reflects the
turbulent glacial climate.
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Fig. 13.2. Calculated Greenland temperature deviations
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Fig. 13.4 3 profiles along the deepest parts of the GRIP ice
core (to the right) and the American GISP2 core (to the left).
Down to a depth of 2750m the two profiles are essentially
identical, but they are different in ice from the Eem period.
The layer sequence is disturbed in the GISP2 core. Is this also
the case for the GRIP core?

Grootes et al., Nature 366, 1993

GRIP — GISP2



httpi//nsidciorg/data/atlas/atlas_info html
Bamber et al., JGR, 2001

& .

dngana i
4
o
L

]

-

4806 720 kn

B 1and

ice

thickness

® Greenland ice core locations
7~/ Greenland elevation contours
3800-3367 n, Greenland ice
2500-3008 n, Greenland ice
2000-25008 n, Greenland ice
" 1588-2080 n, Greenland ice
B 1000-1500 n, Greenland ice
Bl 500-1000 n, Greenland ice sheet thickness
B 0-500 n, Greenland ice sheet thickness

sheet thickness
sheet thickness
sheet thickness
sheet thickness
sheet thickness
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Balesiet al., JGR, 2009 25

Bl 600-789
I 500-600
1000y I 4p0-500
300-400
200-300

166-260

4806 720 kn

B 1and

Accumu-
lation

SHE
SHE
SHE
SHE
SHE
SHE

per
per
per
per
per
per

year
year
year
year
year
year

® Greenland ice core locations
v Greenland elevation contours

{1971-1996)
{1971-1998)
{1971-1996)
{1971-1996)
{1971-1996)
{1971-1996)

9-1680 nn SHE per year (1971-19986)



http://nsidc.org/data/atlas/atlas_ﬁinfo.html

Bamber et al., JGR, 2001 t - * i, bEd rOCk
<k topography

® Greenland ice core locations
7~/ Greenland elevation contours
20008 to 3239 n, Greenland bedrock elevation {vs, HGS84
1800 to 208080 n, Greenland bedrock elevation {vs, HGS84
580 to 1688 n, Greenland bedrock elevation {vs, HGS84 i
I 160 to 500 n, Greenland bedrock elevation {vs, HGS84 e.
Bl 6 to 188 n, Greenland bedrock elevation {vs, HGS84 ell.
8 to =168 n, Greenland bedrock elevation {vs, HGS84 el.
W -188 to =508 n, Greenland bedrock elevation {vs, HGS84
B -500 to -963.1 n, Greenland bedrock elevation {vs, HGS:
BN 1and

480



bedrock
undulations
at 20 x ice
thickness

Layberry & Bamber, JGR, 2001
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Results of local studies
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volcanic horizons

810 m depth (EDML)
(approx. 20 kyr BP)

15 cm




mapping the ice thickness and internal reflections
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Antarctic Digital Database, Ekholm, 1998, maps by Steinhage w
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Deep ice cores in Antarctica and Greenland
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Internal horizons at ice core drill sites
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Internal horizons at ice core drill sites
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FDTD synthetic radar traces to link ice-core
and radar surveys
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Linking Ice Cores
and surveys in East
Antarctica

Survey Targets: Oldest Ice

S

Siegert et. ai.,
Antarctic Science 17
(3), 453—460, 2005

map: Daniel Steinhage
Data: Antarctic Digital Database

Figure 6. Possible flight lines for the AGAP survey, superimposed on the Huybrechts map of
where oldest ice might be found.

We have the tools, but to bring the fuel is the challenge



NorthGRIP — a warning

o
~ GRIP NGRIP Planktonic 820 (%) lce core 6'%0 (%)
‘ = ' B o e \ I = = = : I
1aes } 1500 — | L o o o o o £ 5 g 8
; e | o &m=FT 1 - R B
- v s § | s w3
— / = | e S .
" 5kaBPF — ‘ o __Lﬁf: “2 15
k _%L ’ =i — =
- T o = N = 4
2000 ﬁ%__; | 20000 = | —— D =l
o J § A m m | = (] -u r—
%ﬁ == | a8 © ﬂi 2 o o
- | = i - : = B g
: [ = ®mae | "X 2 = L @
3 — g FERRLC. TN an 3 . 3 o 188
| s = |, 25 -1 [i1}
3 §‘ 4kaBp | @ S gl & £3
. T - = oo 2 — LR =y E
=== 50kaBP S—— ® R i i no @
é J S — z e 2
. 250 = = e — ) - B
= | —— = B . = T i 2 e
—— §‘1\ reflectors E ol .:}— o
= i 2
Eemian —=—— 3 g =
—m— E i % g ggﬂ:‘“-} (=]
2 2 om
o w Jo
| _ L ]
5 - -
e | Bedrock = T W S| L a1t g Jo
—35 _ -30 « - =
delta O18 [0/00] : d%?ta 0183[(5)/001
Dahl-Jensen et al., JGlaciol, 1997 NGRIP community members, Nature, 2004

Only really continuous radar layers may be used for
tracing from one location to another!
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Heat Flow

0 40 60 85 120 180 240 350
-2
http://geophysics.ou.edu/geomechanic'yW m

Pollack et al., RG, 1993
notes/heatflow/global_heat_flow.htm



Geothermal heat flux from model interpolation
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crustal thickness from seismology an




NGRIP — anyhow good science
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ce Coring goes arts

Siegert et.al.,
Antarctic Science 17
(3), 453—460, 2005
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Is there an Eemian?

50" w 40 W 30 W

Susanne Liljia Buchardt, PhD thesis, Ice and Climate Centre, Univ. Kgbenhavn, 2009



Elevation (m)

Radar reflectors from NGRIP to

NEEM R

Susanne Liljia Buchardt, PhD thesis, Ice and Climate Centre, Univ.
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Elevation (m)
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The European Project for Ice Coring in
Antarctica

Antarctic Digital Database, Ekholm, 1998, map by Steinhage with modifications



Explore the area
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* GPS measurements for ground truthing, ice flow
and digital elevation model

* shallow ice cores, snow pits and automatic
weather stations for proxy establishment

* radar survey for ice thickness determination

e geophysical survey to study underlying crust




isotope thermometer for EDML

Dronning-Maud-Land
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seasonal variations

snow pit 0203 in the EDML vicinity
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explore the area f

or logistic access
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Accumulation rate folio for modelling of the
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ice sheet models s

temperature forcing

sea level forcing ™

bed topography -
basal melting rate  m-

flow parameters =

bed topography =
geothermal heat flux e
thermal parameters -

flow parameters i

-

@A

3-D ice sheet
geometry:

*ice thickness
*surface elevation

rheology =
9 Physical

characteristics:
*velocity
*temperature

bed topography =
geothermal heat flux ==

Sea level

Huybrechts, Glacier Science and Environmental change, ed. P. Knight, Blackwell, 2006



ice sheet models to improve the
interpretation of the ice cores
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ice sheet models to search oldest ice
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BEDMAP

——— Grounding line

Note: heights relative to OSU-914
Geopotential Model

http://www.antarctica.ac.uk/Resources/AEDC/bedmap/examples/bed10.gif



Mapping of the ice sheet — BEDMAP dataset
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Linking Ice Cores
and surveys in East
Antarctica

Survey Targets: Oldest Ice

S

Siegert et. ai.,
Antarctic Science 17
(3), 453—460, 2005

map: Daniel Steinhage
Data: Antarctic Digital Database

Figure 6. Possible flight lines for the AGAP survey, superimposed on the Huybrechts map of
where oldest ice might be found.

We have the tools, but to bring the fuel is the challenge



Logistics for 40k projects

00

Twin Otter DHC-6, Basler BT-67 based logistics, with ship supply to the coast, personnel
moved through major air links. Approved by Berkner Island, Talos Dome, James Ross
Island



Operation in Antarctica — heavy equipment

European logistic means US logistic means
Air drop capability by additionally LC-130
ALCI surface traverses heavy aircraft

operation on the ice

Lightweight
field camps



Personnel to and from Antarctica
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TO IMPLEMENT AN AIR SERVICE BETWEEN
AUSTRALIAAND ANTARCTICA.

The Australian Antarctic Division will introduce
regular flights commencing in 200708 that will integrate with
‘the Division’s existing shipping operations.
-

Vi

Delivering access, flexibility and new opportunities



DROMLAN AIR NETWORK

Dronning Maud Land Air Network
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Infrastructure for Ice Coring




Infrastructure for splitting cores and standard analysis




socio-economic impact & outreach




If you look for a drill site from scratch

define the scientific question: age, resolution,
represented area, etc.

define feasible target area: logistics, safety, time,
etc.

geophysical mapping of the area: ice thickness,
surface elevation, surface velocity, optional:
gravity, magnetics, seismics, etc.

shallow core suvey: proxies, accumulation rate,
etc.

if you look for a climatic record: look for an area
with comprehension of ice movement (dome, ice
divide etc.), appropriate accumulation, low
surface velocity, high ice thickness and flat bed



