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Application of stable 1sotopes:

Science: (but not only 1n science)

Paleoclimatology

* ice cores

e marine sediments

e corals

* speleothems (cave deposits)
 dendrochronology

Hydrology
Glaciology
ete.



Isotopes (1co¢ — “equal”, “same” and tomoc — “place”) — elements
that occupy the same cell in the Periodic table of elements

Frederick Soddy



Isotopes of hydrogen and oxygen
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In sea water (SMOW):

R [1H2180] = 2005 ppm
R [HD!°O] =312 ppm

oD: from +10 to -500 %o

51%0: from +5 to -60 %o



Isotopes of hydrogen and oxygen

Slightly different physical
properties:

- saturation vapor pressure
- diffusion coefficients




Behaviour of 1sotopes during evaporation of water




Behaviour of 1sotopes during evaporation of water

First portion of water
vapor is enriched in light
1sotopes




Behaviour of 1sotopes during evaporation of water

System comes to
equilibrium:
water vapor 1s saturated

Saturation vapor pressure
1s less for heavy molecules
than for light molecules

Concentration of heavy
1sotopes 1n vapor is less
than in water




Behaviour of 1sotopes during evaporation of water

Fractionation coefficient:

o=R
water vapor

a=1,1...1,3 for oD
a=1,01... 1,03 for %0




Isotopic fractionation
takes place in any phase
transition:
vapor — water
vapor — 1ce
water — 1ce
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Distillation of heavy 1sotopes from air mass

-50 %o K

P K
0 K

-20 %0
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Distillation of heavy 1sotopes from air mass

-20 %0

To squeeze water out from the
air mass, we need to cool it:

So 1sotopic content of -
precipitation 1s a function of K
temperature drop between -50 %0 X X
moisture source and =
condensation! p
JICTHUK

KOHTHUHCHT



Isotopic content of precipitation 1s a function of
temperature!

% Stable isotopes in precipitation

! . ) N By W. DANSGAARD, Plys. Lab. 11, H. C. Orsted Institute, University of Copenhagen
- [ .

(Manuseript received April 28, 1964)

ABSTRACT

In chapter 2 the isotopic fractionation of water in some sirnple condensation-evapora-
tion processes are considered quantitatively on the basis of the fractionation factors
aHeHTI/Iﬂ given in section 1.2. The condensation temperature is an important parameter, which

has got some glaciological applications. The temperature effect (the &'s decreasing
6HI’IH with temperature) together awith varying evaporation and exchange appear in the
o ° y “amount effect” as high 6's in sparse rain. The relative deuterium-oxygen-18 fractio-
nation is not quite simple. If the relative deviations from the standard water (S.M.0.W.)
S 1 0 = 6 1 C.II. I_‘peHHeﬂa‘]—I KOHeHraFeH are calied 5, and &, the best linear approximation is Op =80,

Chapter 3 gives some qualitutive considerations on non-cquilibrium (fast) processcs.
Kinetic ‘cffects have heavy bearings upon the effective fractionation factors. Such
effects have only been demonstrated clearly in evaporation processes, but may
also influence condensation processes. The quantity d =8, -8 4,, is used as an index
fo, cguilibrinm oo, :
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Isotopic content of precipitation 1s a function of
temperature!

Latitudinal eftect
Altitudinal effect
Seasonal effect



5D versus 6'°0: Global Meteoric Water Line
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5D versus 6'°0: Global Meteoric Water Line

Why the slope between deuterium
g and oxygen-18 is 8?
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Ratio between 1sotopic composition
of vapor and water:
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5D versus 6'°0: Global Meteoric Water Line
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The meteoric water line is actually

not perfectly linear



3D, %o
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euterium excess

Why free member of the GMWL is not
zero?!

Well, because of kinetic fractionation
during the evaporation from sea water

Let’s introduce “deuterium excess’:
dxs = 6D — 8 8§20

dxs 1s changing during kinetic fractionation
(evaporation)

and 1s “constant” during equilibrium
fractionation (condensation)



oD nnu In(6’0/1000+1)

KMHETUYeCKoe dpakLNOHUPOBaHWe

dxs

"0-excess

o180 nnu In(6180/1000+1)




Deuterium excess as a characteristic of moisture
source conditions

295 —

290 —

temperature (K)
N
o
o
|

280 —

275 —

Landais et al., 2009 relative humidity (%)



...well, 1t’s not that simple actually

Deuterium excess (%o)

-400

Salamatin et al., 2004

-300 -200
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In the region of low
{1 temperatures the

5D/3'%0 slope is < 8
= dxs 1s Increasing
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Oxygen-17 versus oxygen-18

In(570/1000+1) = 0,528*In(5"°0/1000+1)+0,042
R’ = 0,999999
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In logarithmic scale it
1s perfectly linear!
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Oxygen-17 versus oxygen-18

In(570/1000+1) = 0,528*In(5"°0/1000+1)+0,042
R’ = 0,999999
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Factors controlling dxs and ''O-excess

Sea surface temperature

Air humidity during
evaporation
Equilibrium fractionation
during liquid precipitation

Kinetic fractionation in ice
clouds

yes
yes

no = yes

yes

no

yes

no

yes



Use of stable water 1sotopes 1n Paleoclimatology
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Transforming vertical profile of 1ce core 1sotopic
composition into time-series of air temperature

Dating (depth = time)
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Isotope-temperature calibration
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Depth (m)

Isotope-temperature calibration
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Depth (m)

Isotope-temperature calibration
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2. Present-day geographical relationship
between stable 1sotopic composition of
snow and mean annual air temperature
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Isotope-temperature calibration
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3. Regression between temporal
variability of snow isotopic composition
and instrumentally obtained air
temperature

(only for the past few thousand years)
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Depth (m)

Isotope-temperature calibration

Atmospheric dust
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Sources of uncertainties in the 1sotope-temperature method:



Sources of uncertainties in the 1sotope-temperature method:
Temperature changes 1n the moisture source
N30TOMNHbINA COCTAB

WCTOYHMWK BNaru — XonoAHbIN KNnumar MCTDRVK BIlaty =
~ TennbIW KNUMar

- TennblU KNUMAT
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Sources of uncertainties 1n the 1sotope-temperature method:
Precipitation intermittency and seasonality

Snow and ice deposits only record the
1sotopic composition of the days when
precipitation occurred!

This may cause biases
(Days with precipitations are usually
warmer than days without)



Sources of uncertainties in the 1sotope-temperature method:
Precipitation intermittency and seasonality

Seasonality:
Mean annual 1sotopic composition is biased towards wetter season

Changing seasonality of precipitation may cause to wrong

interpretation of ice cores data
Isotopic composition

Now:
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precip amount

depth

Past;

precip amount



Sources of uncertainties in the 1sotope-temperature method:
Post-depositional processes

Mass
[sotopic composition of precipitation may exchange

change in the snow thickness after deposition
due to mass- and isotopic exchange with
atmosphere

As a result, the snow 1sotopic content shifts
towards heavier values

and the amplitude of the 1sotopic variability
decreases

200 —

=S

00

600




Sources of uncertainties 1n the 1sotope-temperature method:
Other factors

1. Relationship between near-surface air temperature and
condensation temperature

2. Non-climatic changes of temperature in the past (altitude of

glacier)

Snow removal by wind

4. “Stratigraphic noise”

\Y)



Dansgaard-Osschger Events
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Climate of late Pleistocene based on stable 1sotopic
composition of ice cores and marine sediments

Marine benthic stack (Lisieckiand Raymo, 2005)
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CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

peruoHaJIbHas JIMHUA

A BD METCOPHBIX BOJ,
arMoc(epHbIC
0CajIKu e
VICUIIOPYEHHBIN
oOpa3zen?
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CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

* U30TOIMHLIM COCTaB JibAa Takke MOXeT
3aBUCETb OT €ro Bo3pacTa

* CHEer 1 nég MoryT MMeTb pasHbl N30TOMHbIN
COCTaB

peruoHaJIbHas JINHUS
A BD MECTCOPHBIX BO

JlenHUK 1 peyka C
JIESAHUKOBBIM
[IUTaHUEM

-




CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

* N30TOMHbIN COCTaB BOAbI B peke 3aBUCUT OT
Ce30Ha roga " ot BpemMeHu o6op0Ta BOAbI

peruoHaJIbHas JINHUS
A BD MECTCOPHBIX BO

peuka ¢
aTMOC(EpHBIM
NUTAaHUEM

-




CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

* aHann3 N30TOMHOro CoCcTaBa Nerko Nno3BonsieT
OLIEHMUTb OTHOCUTENbBHbLIN BKNaA, pasnnyHbIX
NPUTOKOB

peruoHaJIbHas JINHUS
A BD MECTCOPHBIX BO

pedka co
CMEIIaHHBIM
MUTAaHUEM




CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

* U30TOMHOE CMeLlleHne ByaeT 3aBUCETb OT
MHTeHcnBHOCTU ucnapeHus (=f(t°, R)) n ot
BpeMeHn obopoTa Boabl B 03epe

* NogobHoe cMmelleHne Takke M.6. 0DycnoBneHo
BNUSHNEM TPYHTOBbLIX BOA (CM. JarnbLue)

peruoHaJIbHas JINHUS
A BD MECTCOPHBIX BO




CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

* U30TOMHbIN COCTaB NOA3EMHbIX BOA 3aBUCUT OT
XUMUNYECKOro cocTaBa nopoa, ot
TepMOANHAMUNYECKMNX YCNOBUN U OT BPEMEHU
obopoTa Boab!

peruoHaJIbHas JINHUS
A BD MECTCOPHBIX BO

pcUKa C NOA3CMHbIM
IIMTAaHUCM




CTtaOMIIbHBIE U30TOIILI BOALI B THAPOJIOT U

* U30TOMHbIN MEeTOoL, NPeKpPacHO AOMOSTHAET
(MHOrga — 3aMeHseT) gpyrue MeToabl
rMOPOSIOrMYecKnxX nccrenoBaHnm

peruoHajbHas JIUHUSA
A BD METCOPHBIX BOJ,
UTOTOBBIN
W30TONHBIM COCTaB —
dyHKIMa OanaHca
MAacCChl Pa3HbIX
KOMITOHCHT




HN3yuyeHune n30TOHOro cocraBa IMpUPOIHBIX BOJ B
paiione I’ péndwopa;: IlepBrie pe3ynbTarThl
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M3ydeHne n30TOIMHOIO COCTaBa IIPUPOAHBIX BOJ B
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Methods of laboratory analysis of the stable water
1sotopes: Isotope-Ratio Mass-Spectrometry
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Methods of laboratory analysis of the stable water
1sotopes: Isotope-Ratio Mass- Spectrometry
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Methods of laboratory analysis of the stable water
1sotopes: Laser Spectroscopy
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1l Land—Ocean Temperature Index
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