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Atom Trap Trace Analysis (ATTA) – sample size Dating with 81Kr

81Kr is nearly ideal for dating because

 gas: uniform, stable distribution in the atmosphere

 noble: not altered by chemical processes, simple transport mechanisms

 Cosmogenic origin: 81Kr age correction < 4% over past 1.4 Ma

 Absolute: 81Kr provides absolute, radiometric age 

 contamination monitor: modern air entering during sampling or sample processing can 

be identified with the anthropogenic 85Kr

isotope halflife abundance # of atoms in 
kg water/ice

81Kr 230 ka 9e-13 1 000

14C 5730 a 1.5e-12 10 000 000

39Ar 269 a 8e-16 8 000

85Kr 11 a 2e-11 30 000

81Kr could not be measured in the past due to its extremely small abundance

Dating ranges



field studies with 81KrAtom Trap Trace Analysis (ATTA)

 the novel laser based detection method Atom Trap Trace Analysis (ATTA) has enabled 81Kr dating

 ATTA has nearly perfect isotope selectivity


81Kr is measured relative to 83Kr:     c

81 
=


81Kr dating of glacier ice has been demonstrated [Buizert et al, 2014] but large samples (>100kg ice) were 

necessary at that time      

 with our current ATTA system we lowered the sample size down to 0.5-1 μL of krypton, which can be extracted 

from 5-10 kg of Antarctic ice
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Atom Trap Trace Analysis (ATTA) – sample size 81Kr dating of ice – sample preparation

ATTA

Dong et al,  Anal. Chem. 2019, 91, 21

to 39Ar analysis

to 81Kr analysis



field studies with 81Kr

Grove Mountains

Guliya Ice cap, Tibetan Plateau

Talos Dome Ice Core

VOSTOK station

Ice studies with 81Kr
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Tibetan Plateau, Guliya Ice cap81Kr dating of Vostok ice core 

Sample depth
m

Ice
kg

Air
mL

Kr
µL

85Kr activity
dpm/cc

81Kr abundance
pmKr

81Kr  age
ka

3510.5 – 3511.5
3520.0 – 3521.5

6.9 590 0.6 < 0.5 7.8 850

3529.0 – 3532.5 7 600 0.6 < 1.1 < 2.5 > 1200

3533.5 – 3537.0 6.9 590 0.6 < 1.7 3.3 1120

+1.8
-1.8

+100
-80

+1.6
-1.8

+250
-140

• chronology for the disturbed meteoric bottom of the Vostok ice core is difficult

• timescale developed based on linear relation between age and hydrate size

• Use 81Kr as independent check for the hydrate-based timescale

• 1.2 million year old ice revealed at very bottom

This shows, no significant contamination with 

modern air, which has 85Kr=75 dpm/cc
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Tibetan Plateau, Guliya Ice cap81Kr dating of Talos Dome Ice core 

TALDICE

EDC
Greenland

Burion et al. 2011

TALDICE d18Oice

EDC d18Oice

• Initial chronology until 314 ka (1583 m depth) based on stratigraphic matching with Greenland/EDC ice cores 

(Burion et al. 2011, Schuepbach et al.2011)

• The official chronology AICC2012 was later defined only until 153 ka (1438 m depth) due to disturbed stratigraphy at the bottom

(Bazin et al., 2013)

• Check with 81Kr, 3 samples of 5-10 kg            81Kr results do not support initial chronology for the bottom

• Use 81Kr and further δ18Oice and δ18Oatm  measurements as constraints to develop a new timescale for the deep part of the core 

(see presentation Ilaria Crotti et al.)



field studies with 81KrDating of ice with 39Ar

isotope halflife abundance # atoms in kg 
water/ice

81Kr 230 ka 9e-13 1 000

14C 5730 a 1.5e-12 10 000 000

39Ar 269 a 8e-16 8 000

85Kr 11 a 2e-11 30 000

• dating range of 39Ar (50-1500 a) well suited for alpine ice cores

• In the past, 39Ar could only be measured by Low-Level Counting on large samples (>250kg)

39Ar dating was only feasible for groundwater

• ATTA for 39Ar harder than for 81Kr because relative abundance 1000 times lower

low atom count rate for 39Ar is the main challenge. 

Dating ranges



Tibetan Plateau, Guliya Ice capATTA for 39Ar

39Ar count rate 
~ 0.2 atoms/ hour

39Ar count rate 
~ 4 atoms/ hour

39Ar count rate
~ 10 atoms/ hour

39Ar count rate 
5-7 atoms/ hour

USTC 

ATTA Setup 
completed recently

500um

500um

39Ar atom



Tibetan Plateau, Guliya Ice cap39Ar dating of ice core from central Tibet

• Chronology based on absolute dating 

• (3H, β-activity, 137Cs) and annual layer 

counting (δ18O, visual, dust)

• Independently check chronology with 39Ar 

samples of 3-5 kg (air content only ~10 mL/kg)

• measurements in progress to further constrain 

the bottom part



Summary 
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
81Kr dating of 5-10 kg samples from Antarctic ice cores with ATTA


81Kr data can be used to constrain continuous timescales, especially where the stratigraphy is disturbed

 an ATTA system for 39Ar analysis on 1-5 kg ice samples has recently been completed at USTC

 an 39Ar profile for an ice core from central Tibet has been obtained to constrain a timescale constructed by 

layer counting
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