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• analyses of stable oxygen isotopes (d18O) from fossil foraminiferal shells is

arguably the most powerful proxy to assess the climate history of Earth

• Emiliani (1955) was the first to measure the d18O in foraminiferal shells (as 

proposed by Epstein and Mayeda, 1953)

Foraminifera – recorder of past climate conditions 



Emiliani, 1955

Foraminifera – recorder of past climate conditions 
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Conventional analytical approach



Foraminiferal shells are isotopically and chemically zoned

• conventional acid digestion measurements homogenize shell composition!

Eggins et al. 2003



• diagenetic alteration

• foraminiferal lifecycle and biomineralization

Intrashell compositional heterogeneity is caused by

picture credit: Evans and Müller 2013 



M. velascoensis from ODP Site 865 (PETM, 56 Ma)

diagenetic, blade-shaped muricae



Sample preparation for in situ d18O analyses by SIMS



10 mm

BSE image of polished shells for in situ SIMS analyses



Kozdon et al. 2013

Assessing the d18O and Mg/Ca of biogenic and diagenetic calcite



Kozdon et al. 2013

10 µmd18O Mg/Ca

multi-instrument in situ approach

• SIMS (d18O)

• EPMA (Mg/Ca)



10 µm

SIMS analysis pit of a d18O measurement (precision ±0.3‰, 2 SD)



w
h

o
le

-s
h

e
ll
 a

n
a

ly
s

e
s

In
 s

it
u

m
u

ri
c

a
e

 a
n

a
ly

s
e

s

d18O-inferred temperatures, whole-shell measurements, ODP Site 865 

Kozdon et al. 2011

Tropical

Pacific

R. Blake

Whole shell measurements of 

d18O represent a mixture of 

biogenic and diagenetic calcite.
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Temperatures calculated from in situ d18O, ODP Site 865 

Kozdon et al. 2011

Tropical

Pacific

R. Blake

In situ d18O measurements in 

largely unaltered domains are in 

agreement with climate model 

simulations for the PETM.



High Latitudes

(Weddell Sea)

Kozdon et al. in prep.

R. Blake

The whole-shell d18O 

record from Site 690, 

Weddell Sea, is also 

significantly biased by 

diagenesis.



• diagenetic alteration

• foraminiferal lifecycle and biomineralization

Intrashell compositional heterogeneity is caused by:

picture credit: Evans and Müller 2013 



Schiebel and Hemleben, 2005

average habitat depth

depth of reproduction

Depth migration of planktonic foraminifera



200 µm

Neogloboquadrina pachyderma sinistral



modified after Reiss, 1957

The layers record signals from different water depths









Simstich et al. 2003

Iceland

d18O calcite isolines

(equilibrium with seawater

d18O and T)

In the Nordic Seas, 

stratification of the water 

column can be 

reconstructed by comparing 

chemical data from 

planktonic foraminiferal 

species with different habitat 

preferences. However, Nps 

is the only abundant 

foraminifera in polar regions. 



Schiebel and Hemleben, 2005



Kozdon et al. 2009

Reconstruction of water mass stratification from single shells



Modern water mass stratification of the Arctic Ocean



Climate change is most dramatic in the Arctic



picture credit: Hathorne et al. 2003

SIMS can be used in concert with laser ablation measurements



Vetter et al. 2013
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Laser ablation reveals El/Ca banding in foraminiferal shells



Kozdon et al. 2009

El/Ca profiles by laser ablation will be combined

with d18O traverses from the same shell



Thank you!


