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0RWLYDWLRQ DQG�*RDOV
• 3RODU�UHJLRQV  �&OLPDWH�DUFKLYH
• ,FH�FRUH�VWXGLHV Æ 5HFRQVWUXFWLRQ�RI�(DUWK�FOLPDWH�KLVWRU\��a���������D�
• 'HSRVLWLRQ�RI�DWPRVSKHULF�DHURVROV Æ (OHPHQW�VLJDQWXUHV
• 8S�WR�QRZ� Element  analysis in ice cores only with molten ice samples

Æ +LJK�VDPSOH�FRQVXPSWLRQ� Æ /RZ�VSDWLDO�DQG�WLPH�UHVROXWLRQ
Æ /RVW�RI�YDOXDEOH�VDPSOH�PDWHULDO

• $LP�RI�LQWHQWLRQ� Mult ielement  determinat ion of element  signatures in ice        
cores with high spat ial resolut ion

1HZ�WHFKQLTXH��/DVHUDEODWLRQ�,&3�06
• $GYDQWDJHV�RI�PHDVXUHPHQW�V\VWHP�
� 6SDWLDO�UHVROXWLRQ���GHWHFWLRQ�OLPLWV � /RZ�VDPSOH�XSWDNH
� $QDO\VLV�GLUHFWO\�IURP�VROLG�VDPSOH
Æ 0LQLPXP�VDPSOH�SUHSDUDWLRQ Æ /RZ�ULVN�RI�FRQWDPLQDWLRQ

• $QDO\VHV�RI�UHDO�VDPSOH�PDWHULDO�IURP�*UHHQODQG
� VLJQDWXUHV�RI��6HD�VDOW��PLQHUDO�GXVW��DQWKURSRJHQLF�WUDFHUV



5HFHQW�GHHS�GULOOLQJ�HIIRUWV LQ�SRODU�UHJLRQV

(3,&$
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Antarkt ica:
EPICA 2001-2004

3300 m
~ 500,000 yr

Greenland
NGRIP 1998-2001

3080 m
~ 300,000 yr
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Lead 
concentration in 

ice cores last 
30,000 yr
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/HDG�FRQFHQWUDWLRQ�LQ�LFH�FRUHV�DW�VXPPLW�
�&HQWUDO�*UHHQODQG��IRU�WKH�ODVW��������\HDUV�

Source:  Delmas R. J., Legrand M. 
(1998): 7UHQGV�UHFRUGHG�LQ�*UHHQODQG�
LQ�UHODWLRQ�ZLWK�1RUWKHUQ�+HPLVSKHUH�
DQWKURSRJHQLF�SROOXWLRQ, In: 
Pszenny A. (ed) IGACtivities-Newsletter, 
No. 14, International Global 
Atmospheric Chemistry, 14-17.
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Deposition rate and annual layer thickness
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Source: The Greenland Summit ice cores CD-ROM (1997): Available from the National Snow And
Ice Data Center, University of Colorado at Boulder, and the world data center-A for paleoclimatology, 
National Geophysical Data Center, Boulder, Colorado. 

'HSRVLWLRQ�UDWH�DQG�DQQXDO�OD\HU�WKLFNQHVV
IRU�WKH *5,3� LFH�FRUH



Patented 
experimental 

setup

O  ������QP
1G�<$*�ODVHU GLRGH�ODVHU

LFH�VDPSOH

FDPHUD

IRFXV�OHQV

[�\�]

����&

UHPRYDEOH�DSHUWXUH�DQG�HQHUJ\�PHDVXUHPHQW

ODVHU�DEODWLRQ�FKDPEHU
+H$U

FRROHU�����&

PDVV IORZ�
FRQWUROHU��FDUULHU JDV

WR�,&3�06

PLUURU

FRPSXWHU

FRRODQW

3DWHQWHG H[SHULPHQWDO�VHWXS�IRU�WKH�ODVHU�
DEODWLRQ�RI�IUR]HQ�LFH�VDPSOHV

PRQLWRU



Preparation of ice standardsFRPPHUFLDOO\�DYDLODEOH
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RSDs of LA-ICP-MS 
for 10 ppb ice standard
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Calibration 
graphs
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Analysis of frozen 
SRM by LA-ICP-

MS

Element 
TMRAIN-95 

measured value 
[µg kg-1] 

TMRAIN-95 
certified value 

[µg kg-1] 

SLRS-4 
measured value 

[µg kg-1] 

SLRS-4 
certified value 

[µg kg-1] 

NIST 1643d 
measured value  

[µg kg-1] 

NIST 1643d 
certified value 

[µg kg-1] 
 Na - - 2,213 ± 108 2,400 ± 200 22,721± 1115 22,070 ± 640 

Mg - - 1,555 ± 86 1,600 ± 100 7,267 ± 327 7,989 ± 35 
Al 1.95 ± 0.064 1.70 ± 0.91 60 ± 3 54 ± 4 127 ± 8 127 ± 3.5 

Ca - - 6,740 ± 606 6,200 ± 200 32,000 ± 
3,200 31,040 ± 500 

Fe 17.45 ± 1.65 24.20 ± 3.64 106 ± 5 103 ± 5 83 ± 7 91.2 ± 3.9 
Zn 11.49 ± 0.57 11.10 ± 2.36 1.1 ± 0.06 0.93 ± 0.10 74  ± 5 72.48 ± 0.65 
Cd 0.476 ± 0.023 0.480 ± 0.120 0.012 ± 0.002 0.012 ± 0.002 5  ± 0.3 6.47 ± 0.37 
Pb 0.283 ± 0.010 0.290 ± 0.093 0.085 ± 0.007 0.086 ± 0.007 19 ± 0.9 18.15 ± 0.64 

 

$QDO\VLV�RI�IUR]HQ�VWDQGDUG�UHIHUHQFH�PDWHULDOV�E\�/$�,&3�06



Detection Limits

VROXWLRQ�,&3�06�LVRWRSH� /$�,&3�06� FURVV�IORZ�� 0&1������
23Na 0,46 1,63 0,02 
24Mg 0,05 0,04 0,01 
25Mg 0,43 0,05 0,02 
27Al 0,18 0,06 0,05 
43Ca 2,30 0,51 0,83 
44Ca 4,81 3,93 0,81 
56Fe 0,7 - 0,02 
57Fe 10,33 1,10 0,03 
64Zn 0,06 2,19 0,02 

114Cd 0,02 0,04 0,04 
139Laa 2 0,5 0,9 
140Cea 2 0,2 2 
141Pra 1 0,2 1,4 
142Nda 2 0,6 1,1 
208Pb 0,02 0,04 0,02 

232Tha 1 1,8 1,1 
238Ua 1 0,3 1,1 

aconcentrations in ng kg-1 

1Cross Flow Nebulizer: 1000 µl min-1 

2MCN6000: 65 µl min-1 

'HWHFWLRQ�OLPLWV��� ��IRU�LFH�VDPSOHV��/$�,&3�06��DQG�VROXWLRQV
�&URVV�)ORZ�DQG�0&1�������YDOXHV�DUH�JLYHQ�LQ�õJ�NJ��



Particle concentration in the NGRIP core
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Ice core sample preparation
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Ice core bag
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5. packed into tubular film
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Comparison of 2 
different measurment 

strategies
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Sampling pattern-Al 
signatur

point scan (Ø = 1 mm)
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High resolution 
element signatures in a 

Greenland ice core
+LJK�UHVROXWLRQ�HOHPHQW�VLJQDWXUHV LQ�D�*UHHQODQG LFH�FRUH

1*5,3��SHULRG��/DVW *ODFLDO 0D[LPXP
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Cryo-SEM pictures
Mineral dust

(Al, K, Si)

Coal
(C)

Glacier Ice
Spitsbergen

Greenland Ice, GRIP
~ 8000 Years

Micro meteorite ?
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Mineral dust
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Mineral dust
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Organic material
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Element 
concentrations in 

comparison to 
particle content

Pre Boreal Younger Dryas Alleröd Last Glac. Max. Post IS3
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(OHPHQW�FRQFHQWUDWLRQV�PHDVXUHG�E\�/$�,&3�06�LQ�FRPSDULVRQ�
WR�SDUWLFOH�FRQFHQWUDWLRQV�IRU�WKH�1*5,3�LFH�FRUH�VDPSOHV



Coclusions and Outlook&RQFOXVLRQV����DQG 2XWORRN
-GHYHORSPHQW RI�D�QHZ�PHWKRG
IRU�WUDFH�HOHPHQW�DQDO\VHV�GLUHFWO\�IURP
IUR]HQ�LFH�FRUH�VDPSOHV�E\�/$�,&3�06

-VXFFHVVIXOO�SUHSDUDWLRQ�RI�LFH�VWDQGDUGV
DQG�TXDQWLWDWLYH�GHWHUPLQDWLRQ RI
WUDFH�HOHPHQWV LQ�UHDO�LFH�VDPSOHV

-ORZ�VDPSOH�XSWDNH UDWH�DQG�JRRG
FRXQWLQJ�UDWHV�IRU�WKH�DEODWHG PDWHULDO
DV ZHOO DV JRRG�UHODWLYH VWDQGDUG�GHYLDWLRQV

-KLJK�VSDWLDO DQG�KHQFH�WLPH UHVROXWLRQ�
UHGXFHG�FRQWDPLQDWLRQ�ULVN��
ORZ GHWHFWLRQ�OLPLWV

-ODVHUDEODWLRQ RI IUR]HQ�WLVVXH
VDPSOHV��DSSOLFDWLRQV�ZLWK
SKDUPDFHXWLFDO DQG PHGLFDO�������������
LQWHUHVW

-FRPELQDWLRQ�ZLWK�D
PLFURVFRSH V\VWHP�IRU�WKH
GHWHUPLQDWLRQ RI�LPSXULWLHV�LQ
LFH�DW�WULSOH�MXQFWLRQV

-RSWLFDO�PRGLILFDWLRQ�WR
UHGXFH�WKH�VSRW�VL]H

-FRXSOLQJ�WKH�ODVHU�V\VWHP
WR�D�,&3�72)06�
UHGXFWLRQ RI�56'V
DQG�EHWWHU�VSDWLDO�UHVROXWLRQ



Ice crystals, Triple Junctions

Ice crystals from NGRIP
core (depth 3000 m)

WULSOH�MXQFWLRQV


