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> 8Kry SArFEIMEKRIRENFEELR
—Loosli & Oeschger, Earth Planet Sci. Lett. (1969)

> MERAEXE: FEMLEFERIEK!

£

Hans Oeschger Hugo Loosli

1927 — 1998 1936 - 2021
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Magneto-Optical Trap
Sodium, NIST, ~ 1990
Nobel Physics Prize, 1997 Photo credit: Mark Helfer, NIST
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Atom Trap Trace Analysis (ATTA)

awa \ —_S | e %ﬁfﬂ(l’}??
EymRTTit R

. 1 - R -
. - . .
- . -
p - k L 5
« p ~
= - -
-

i
-l
\
-
= "’ P y
b . _ +
o= 3 > o8 ¥

Ultrasensitive isotope trace analyses with a magneto-optical trap
CY. Chen, Y.M. Li, K. Bailey, T.P. O’Connor, L. Young, Z.-T. Lu*
Science 286, 1139 (1999)
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Discharge Source of Metastable Kr*

811 nm
5s[3/2]°,
Metastable Kr*
10 eV e-Kr collision
4pb

Ground

Electron impact excitation

« Efficiency limited 103
«  Memory effect 9K2FI7T Z.-Y. Zhang et al., PRA (2020)
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5p[3/2],
[
I
819 nm [
¥ 5s[3/21°,
0
OS[3/2]" | m— Metastable
124 nm VUV
4p® Ground
: Tnitial
m—().1Pa
wek J | Pg

All-Optical Production of Kr*

-6 -4 -2 0 2 4 6
Detuning Frequency [GHz]

VUV + IR optical excitation
« Develop VUV lamp, laser, FEL
* Brightness: 1 mWin 1 GHz

Kr iin v 7. u

|

Optical EXC|tat|on and Trapping of 8Kr
F751.-S. Wang et al., PRL (2021)

MgF2 window

124nm-T

source tube I B

g819nm Kr

log pressure [Pa]



Sample size (kg)

Water/Ice sample size needed
over the years

l L] T L] L] [ T T T T l T T T T l

1000000 m Proof of principle
100000
10000 1Ma old goundwater in Egypt
demonstration
1000 o
100 Taylor glacier blue ice ®
10 Vostok bottom ice  m ~ g% efficiency
T
2000 2005 2010 2015 2020

Year



Ar-39 Detection at 1016 Level

9.5E5

9.0E5

8.5E5

8.0E5

Counts

7.5E5

7.0E5

65E5—| | | “ | || | ||| | | | u " | ||“|| E

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Time (hour)

SNR ~14; Counting rate ~ 10 atoms/hr

USTC: PAJES A.L. Tong et al., RSI (2021)
Heidelberg: F. Ritterbusch et al., GRL (2014)
Chicago: J5Ef W. Jiang et al., PRL (2011)
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81Kr/Kr = 6 x 1013 85Kr/Kr =2 x 10"
FHEIEGIASERTE AT 3L

BET W. Jiang et al., GCA (2012)
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Sample Size and Measurement Precision

Kr-81 | Ar-39
81Kr age uncertainty | = ¥ Ar age uncertainty
N = |
A 2 i
3 50, é 10%
F glmmm e
2 9]
Emmm e e e e =
(oF
Z 10% = 15%
| z 20%
20% 30%
% 200 200 600 800 1000 1200 1400 % 400 200 1200
T Sample Age (kyr) T Sample Age (yr)
Half-life 230 kyr Half-life 269 yr
1 uL STP Kr 1 mL STP Ar

20 kg water 2 kg water
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1600
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Ground water §

20-40kg

Atom countin
Atom Trap Trace Analysis
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Dual Kr and Ar Separation and Purification

900-1100°C
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Titanium Gettering  Gas Chromatography .- WT”WWWWW\"WH/\“W
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Sdtt: Ar1%, Kr1 ppm

« Sample size: 0.5-10 L air

« Time: Less than 2 hours
 Ar: Eff.~99%, purity >99%
« Kr: Eff. >90%, purity >90%

——

=% % X.-Z. Dong et al., Analytical Chemistry (2019)



Water
Resources

Progfamme

Groundwater Resources of the World
- Large Aquifer Systems -

Large Groundwater resources groundwater recharge (mmia)
1. N Basin 21. Guarani Aquifer System 31. Tarim Basin vary high 00 high ; e - low g ™ ow .
2. N¢ 1 Basin 22. Arabian Aquifer System 32. Parisian Basin
M 23. Indus Basin 33. East European Aquifer System In rajor groundwater basins
4.7a ains / Interior Plains Aquifer  24. Ganges-Brahmaputra Basin 34. North Caucasus Basin in areas with ,

complex hydrogeological structure
5. S¢ n Aquifer System 25. West Siberian Artesian Basin 35. Pechora Basin .
6. lu Valley Aquifer System 26. Tunguss Basin 36. Great Artesian Basin in areas with local and shallow aquifers
7.Cl ila Aquifer 27. Angara-Lena Artesian Basin 37. Canning Basin
8.8t s Aquifer System 28. Yakut Basin
9. Ogacen-yupa Basin 19. Amazonas sasin 29. North China Plain Aquifer System
10. Cengo Intracratonic Basin 20. Maranhao Basin 30. Songliao Basin

© WHYMARP & Margat 2008
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Continental degassing of “He by surficial discharge of deep groundwater

Groundwater age (Myr)

P.K. Aggarwal et al., Nature Geoscience 8, 35 (2015)

* “%He in the Guarani aquifer accumulates over half- to one-million year timescale.
* “%He degassing from continents is regulated by groundwater discharge, rather than

episodic tectonic events.

100 ~
14C age
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@ “He (in situ production) ® @ ®
@ “He (crustal flux) @
1 iy} [ ] & .
@ m B t
) @ [ | I mu il
0.1 . ' f mE R HN
14C age limit_|
5
| 5]
0.01 ® ] )
® @
@ @
0.0014 @
@
@
0.0001 L+ L

Q\me—ﬂ%vb%%b«%%«bb
D D AV A& A AP b Al op B O 5 \
%%%#Q“#Qq%@‘#@‘e%#####@‘

swW )
P . P 3 ,_“: &7 .—v! &

Basalts

=)

1111

Crustal flux of 4He

Aquifer

A% & E [E PR
[ FRELAZR & Sk

Pradeep Aggarwal
Water Resources, IAEA



Zhonghe Pang
CAS Geology & Geophysics
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Million-year-old groundwater
revealed by krypton-81 dating
in Guanzhong Basin, China

J. Li, Z. Pang et al.,

Sci. Bulletin 62, 1181 (2017)

30 kyr

300 kyr
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Zhang et al., Geophys. Res. Lett. (2021)
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» Groundwater age and geochemical profiles were obtained to investigate
groundwater flow systems.

» Inflection points on profiles are used to infer interfaces or stagnation points
among different groundwater flow systems.

» Groundwater flow models constrained by inflection points greatly reduce the
uncertainty of flow system characterization.
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Seawater intrusion into deep aquifer
Yoseph Yechieli et al., Earth Planetary Sci. Lett. 507, 21-29 (2019)

* Distance from well to connection with the sea: 20 — 30 km
e Ages of saline water: 10 — 26 ka
* Rate of average seawater intrusion: 1 — 3 m/yr

- WEST - -EAST~-

Samaria Mts.

Recharge

Fresh-saline water interface

Yossi Yechieli

Israel Geological Survey
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Characterize and Date Baltic Artesian Basin

Three components:

* Interglacial meteoric water (680 = -10.4%o) : 300 ka — 1.3 Ma
* Glacial meltwater (620 < -18%o0): 300 ka — 1.3 Ma
* High-salinity brine (620 > -4.5%o0): > 1.3 Ma

. ’ | Gerber et al., Geochim. Cosmochim. Acta 205, 187-210 (2017)

Rein Vaikmae
Tallinn, Estonia

OMeteoric Water
Glacial Meltwater 5
= Brine

Stage 1 (interglacial)

S

Stage 3 (glacial)

Stage 2 (glacial) Water

Krypton
Proportion j

]
—

Presumed flow patterns in interglacial and glacial periods — )




Radiokrypton unveils dual moisture
sources of a deep desert aquifer

Yokochi et al., PNAS 116, 16222 (2019)
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Reika Yokochi

£ U Chicago » Investigated the paleo-

hydroclimate properties of

10010 | . . 22
(b) V£ o the Nubian Sandstone Aquifer
= | t7r in the Negev Desert, Israel.
v = ] ¢ m.
= w00 o ot = » Resolved subsurface mixing
A ’ and identified two distinct
moisture sources of recharge.
¢ 12 16 20
d-excess [%o] » Reveals that tectonically
Atlantic ocean Mediterranean active terrain can store
361130 ka <38 ka groundwater. <




August 13,2019 | vol. 116 | no. 33 | pp. 16153-16656
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Social genetic effects on adolescent

Yeast antivit;al pathway and apdptoms




China National
Nuclear Corp

e

81Kr characterize old (isolated) groundwater environment
for sites of nuclear waste repository
 Waste Isolation Pilot Plant (WIPP), New Mexico, USA
" « China National Nuclear Corp., Beishan, China
Central Res. Inst. of Electric Power Industry (CRIEPI), Japan

Beishan China '
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Radiometric 8'Kr dating identifies 120,000-year-old ice at Taylor Glacier,
Antarctica C. Buizert et al., Proc. Nat. Acad. Sci. 111, 6876(2014)

Vas Petrenko, R@@Rester
Taylor Glacier, Antarctica




An extension of the TALDICE ice
core age scale reaching back to
P MIS 10.1

llaria Crotti

Venice & LSCE Crotti et al., QSR 266, 107078 (2021)

 Anew 6D, 680atm, 61°N and 81Kr data set for TALDICE

* Definition of the TALDICE-deepl chronology at 1438 - 1548 m depth and ~ 343
ka BP

« 8lKr-dated layers indicate the presence of ice up to 470 ka BP and
mixing/folding processes below 1550 m depth down to the bottom (1620 m)

‘ Burion et al. 2011 550

A 55 | ——— TALDICE-deep gas age scale (b)

2Ry / g4 4'°0,,_tie points iy
Py ‘/J \.& 450 { 8. F
WA HH 8y radio-daling
[ =
Lo 400 [| —— TALDICE 2012 age scale |

2021

350 -

300 | ,n._'u"'!ﬂl “ ' P 20 1 2

250

gas age (ka BP) (ka)

200

I :I"H‘I ELEA RS T | —— T =T L 150 bt 1
0 20000 40000 60000  $0000 100000 120000 140000 1440 1480 1480
324 gas age (yr BP)

1 1 1 1 1 1
1500 1520 1540 1560 1580 1600 1620
Depth (m)



Depth : Below 3500m
3 Consecutive samples

Weight : ~ 6 kg

Vostok Ice Core

Collaborators:

VlIadimir Lipenkov, AARI
Amaelle Landais, LSCE
Barbara Stenni, Venice

With Laboratory for Sciences of Climate and Environment (LSCE)

Arctic and Antarctic Research Institute (AARI)
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Uniersity ofVem ont Dorthe Darl-Jesen##%
October22-25,2019
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81Kr dating at the Guliya ice cap, Tibetan Plateau
L. Tian et al., Geo Res Lett (2)*"
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Great ocean conveyor belt

renda EP
Source: Bropgioer, 1991, in Climate charge 1998, Imanets, adaptobions and mitigalion of chmate dhange: sclondfotechnical aralyses, cortribution of working mp!bhmmnpoﬂofﬂ?)

Irbargovermmentsl pared on climate change, UNEF and WD, Cambeidge press univeralty, 1856
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First 3%Ar-dating of small ocean samples

Heidelberg University (Markus Oberthaler and Werner Aeschbach)

GEOMAR Kiel (Toste Tanhua)

I argon [pmAr]
10 20 30 40 50 60
T T T T

2015

® Profile 44/55

® Profile B2

* Single measurement |
#  Single measurement # F—

1981
& Profile 505
W Profile 509

Pressure [dbar]

i =24 samples

T

Ebser, S. et al., Nat. Commun. 9, 5046 (2018)

PPT by Sven Ebser

Sampling:

Three depth profiles from the

North Atlantic
(Eastern tropical North Atlantic
Oxygen Minimum Zone)

5 liters of water per data point
Sampling with standard Niskin
bottles

Main results:

39Ar & CFC constrain transit time
distributions

Mean ages of up to 800 years
Reveal ocean ventilation patterns
Advection in intermediate depths
much more important than

previously assumed



80W 60W 40W 20W 0 20E

Lamont-Doherty Earth Observatory
Columbia University
William Smethie Jr., Martin Stute et al.

. IR WY * 900 Atlantic samples collected in the 80’s
40N i _: 40N e 39Ar dating by USTC and Heidelberg

2on g R . 10821083 20Nﬁa more dense survey of 3°Ar Wil‘h\
| LTSN | higher accuracy measurements would

' prove of great value in constraining

ocean general circulation models.”

(—- Broecker and Peng (2000) /

20'S ‘

208

Dr. Wally Broecker

Dyslexic Geochemist and
Father of Global Warming

1931 - 2019

80 W 60 W 40 W 20W 0 20E

Z.-T. Lu et al., Earth-Sci. Rev. (2014)
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