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1. The oxygen and hydrogen stable isotopes;
measurements techniques; the hydrologic

cycle; the d/T relationship.




Oxygen and Hydrogen isotopes

160 = 99,759% 1H = 99,9844%
170 = 0,0374% ’H (D) = 0,0156%
180 = 0,2039% [3H (T) radioactive isotope]

0 = [(Rsample o Rstandard)/Rstandard] x 1000

R = (180/160 o D/H)

(%)
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Hydrological cycle and isotopic fractionations

The relationship between the oxygen and hydrogen isotope composition of precipitation and
the condensation temperature derives from the isotopic fractionations occurring at each

phase change due to the vapour pressure difference of the water isotopic molecules HHQ,
HDeQ, HH180 (vap. p. HH®O > HH18Q).

Evaporation e
. . Evapotranspiration
(lighter isotopes evaporate)

M

Geoscience education, Montana State University



d80/T relationship — Dansgaard 1964
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Seasonal variations
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Figure 5 : Seasonal cycles of temperature T,,, precipitation amount P, isotopic composition
of precipitation 6180p, and Deuterium Excess values dex, at the locations of (a) Vienna,
(b) Reykjavik, (c) Ankara, (d) Belem, and (e) Apia. The bold red lines represent the
observational GNIP values, while the thin colored lines indicate modelresults of four

different ECHAMS-wiso simulations (from Werner et al., 2011)




Paleotemperature reconstruction from ice core are based on the empirical
relationships between D/H and 180/160 isotope ratios and condensation

temperature.
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Global meteoric water line
OD = 86180 + 10
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Figure 2 : Annual 8D versus annual 180 in precipitation (after Jouzel et al., 1987 a).



2. The present day distribution of 6120
values of precipitations
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Isotopic Atmospheric General Circulation Models
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Flgure 6: (a, b) Annual mean 6180 and (c, d) d excess in precipitation, in the data (Figures 2a

and 2c)and the LMDZ-iso nudged simulation (Figures 2b and 2d). The data are the
GNIP data (Rozanski et al.,1993), the Antarctica data from Masson-Delmotte et al.
(2008), and Greenland surface data (Masson-Delmotte et al., 2005b). The data are
gridded over a coarse 7.5° - 6.5° grid for visualization purpose (after Risi et al., 2010).

Figure from Jouzel 2011



Three different ECHAMS5 — wiso simulations
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3. General remarks on paleoclimatology

and ice cores




Paleoclimatology: Natural Archives




Climate Proxies

“Indicators of past climate contained in natural archives”

The climate signal must be extracted determining the
mechanisms by which the signal is recorded by the
proxy.

The proxy must be calibrated vs. present-day conditions
(direct measurements).

The established relationships should hold in time...




Some examples of climate proxies ......

Relative abundance of planktic foraminifera, coccolithophore, diatoms and
radiolaria (marine sediments) =» Sea-surface temperature (SST), Summer
SST, sea-ice presence, etc.

d13C and 6180 of planktic and benthic foraminifera =» Ice volume, SST, salinity,
etc.

Mg/Ca ratios of foraminifera and alkenone palaeothermometry of coccolithophore
= SST

Diato
Fragilariopsi
kerguelensis

Planktonic foram Benthic foram Coccolithophore  Diatom Fragilariopsis
Globigerinoides ruber Cibicidoides vulgaris Emiliania huxleyi curta




Some examples of climate proxies ......

Water stable isotopes of ice cores = Local surface air temperature,
moisture source conditions (SST, h).

Oxygen and carbon and isotope ratios of speleothems = Cave
temperature and isotopic composition of meteoric water, amount of

rainfall, monsoon strenght, vegetation changes.
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Greenland

: ice core 6180 record

DYE-3, GRIP and NorthGRIP isotopic profiles
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The Greenhouse Gas record from EPICA Dome C ice core
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No analog of present-day values during the last 800 kyr
CO, (and CH,, except MIS 19) show lower interglacial concentrations before 400 kyr BP

Jouzel et al., 2007; Siegenthaler et al, 2005 ; Spahni et al., 2005 ; Liithi et al., 2008 ;
Loulergue et al., 2008.




4. Ice core in the European Alps
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Strong horizontal gradients at Alpine sites

elevation Greenland
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After Wagenbach, 2003, ALP-IMP Project.




Mean seasonal cycles of 8D and major ions extracted from the upper 25 m
w.e. of the Col du Déme C10 core.
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Colle Gnifetti vs. Col du Dome isotopic records
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5. Isotopic records from Colle del Lys ice

cores
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Seasonal cycles of NH,*, NO;
and SO,* extracted from the

upper 37m w.eq. of the Colle

del Lys 1996 ice core.

neq/l
Casati et al., 2000
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Colle del Lys 1996 680 record against age
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6. Conclusions




Conclusions

Polar ice sheets are among the most powerful natural archives preserving

climate information from our “recent” past to the last glacial/interglacial

cycles.

Deep ice cores, drilled both in Greenland and Antarctica are documenting
the natural climate variability experienced by the high latitude regions

over the late Pleistocene.

Ice cores from high-elevation sites in the Alpine region preserve shorter
climate information than polar ice cores.

Alpine records may be biased by snow accumulation seasonality effects.
High accumulation rate sites are best suited for preserving climate

information at annual scale, while low accumulation sites show a good
correlation between isotopic and temperature records at the decadal

scale.

The isotope sensitivity to temperature changes seems to be higher than

expected.







