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The oxygen isotope composition 
of mammalian tooth enamel is an 
archive of the δ18O values of drink-
ing water and this, in turn, can be 
used as a proxy for δ18O

H2O
 values  

of meteoric water (Longinelli, 1984). 
δ18O

H2O
 values of meteoric water are 

mainly a function of the mean ambi-
ent air temperature changing accord-
ing to latitude and/or altitude and 
can be used as a proxy for climate 
reconstructions in terrestrial settings 
(Kohn & Cerling, 2002). As the pal-
aeolatitude of the Molasse Basin did 
not change significantly during the 
Miocene, δ18O values should reflect 
climatic conditions in this area.

A reconstruction of the Miocene 
palaeoclimate is attempted using 
the oxygen isotopic composition of 
mammal teeth from sediments of the 
Molasse Basin and nearby areas. In 
a multi-species approach fossil teeth 
from different large mammal taxa 
(Proboscidea, Equidae, Suidae, Rhi-
nocerotidae, Cervidae), sampled from 
various palaeontological museum 
collections and representing a range 
of Miocene Swiss and German locali-
ties, have been analysed for oxygen 
isotopic compositions.

Using existing species-specific 
calibrations for recent taxa the drink-
ing water δ18O

H2O
 values correspond-

ing to similar fossil taxa are calculat-
ed from tooth enamel δ18O

PO4
 values. 

This multiple-species-multiple-local-
ity approach allows for a differen-
tiation of climate-related variations 

in the oxygen isotopic composition of 
the local habitat as well as evaluations 
of species-specific effects. Thus tem-
poral and spatial climate changes can 
be resolved. In a further step, fresh-
water temperatures can be calculated 
using the δ18O

H2O
 values derived from 

mammal enamel phosphate and the 
δ18O values of skeletal remains from 
sympatric aquatic organisms. Assum-
ing that the mammals drank water of 
the same average O isotope composi-
tion as that in which ostracods, fresh 
water snails and fish mineralised their 
skeletal tissue, skeletal δ18O

 
values 

can be used to calculate ambient 
water temperatures during their re-
spective growing seasons (Grimes et 
al., 2003).

To test this multi-proxy approach 
fossil remains from the middle Mi-
ocene palaeolake setting of the Stein-
heim Basin, a long-term freshwater 
lake, in a 14.3±0.2 Ma old impact 
crater (Buchner et al., 2003) on the 
Jurassic limestone plateau of the 
Swabian Alp, SW Germany has been 
investigated in detail. Steinheim is 
an autochthonous, well-investigated 
fossil site with known paleoenviron-
mental conditions, abundant skel-
etal remains of aquatic organisms and 
large mammals in the calcareous lake 
sediments (Heizmann & Reiff, 2002).

The oxygen isotopic composi-
tions versus VPDB of large mammal 
tooth enamel phosphate (various taxa, 
except cervids: δ18O

CO3 
= –6.8±1.4‰, 

n = 20 ), calcitic ostracod carapaces 

(Ilyocypris binocularis: δ18O
CO3 

= 
1.5±0.8‰, n = 13), phosphatic fish 
teeth (Barbus steinheimensis: δ18O

CO3 

= –1.7±0.4‰, n = 5, Tinca micro-
pygoptera: δ18O

CO3 
= –1.7±0.2‰, n 

= 5) as well as aragonitic shells of 
the freshwater snail (Gyraulus spp.: 
δ18O

CO3 
= 1.6±1.2‰, n = 35) and the 

land snail (Megalotrochea sylvest-
rina: δ18O

CO3 
= –1.8±0.3‰, n = 4) 

have been analysed on samples from 
Steinheim. The skeletal tissue δ18O

 

values of all freshwater organisms 
are high, similar to marine and not 
freshwater biogenic carbonates. This 
indicates a strong 18O enrichment of 
the lake water probably due to intense 
evaporation of this long-term lake 
without any outflow. Evaporation has 
also been recognized as being impor-
tant for the palaeolake in the larger, 
contemporaneous impact crater of the 
Nördlinger Ries (Wolff & Füchtbauer, 
1976). 

Measured δ18O
CO3 

values of 
structural carbonate in the phosphate 
of mammalian tooth enamel were 
converted to δ18O

PO4 
values accord-

ing to Iacumin et al. (1996), assum-
ing no diagenetic alteration. δ18O

PO4 

measurements to verify this are in 
progress. From tooth enamel δ18O

PO4 

values an average δ18O
H2O 

value of 
–8.6±1.5‰ SMOW, similar to those 
of other investigated Miocene locali-
ties, is calculated for the mammalian 
drinking water. We used this δ18O

H2O 

value for the calculation of water 
temperatures, assuming that the large 
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mammals used the lake of the Stein-
heim Basin as drinking water source. 
Given the karstic limestone plateau, 
other surface water sources may have 
been scarce, making this a reasonable 
hypothesis. 

However, these δ18O
H2O

 values 
from mammals are not at all in accord 
with the δ18O values of skeletal car-
bonate and phosphate of the aquatic 
organisms as such values would 
imply negative temperatures for the 
water. Because the preservation of 
all skeletal remains from Steinheim 
is exceptionally good and skeletal 
tissues with different mineralogical 
compositions (aragonite, calcite, 
phosphate) are preserved, significant 
diagenetic alteration can be excluded. 
Furthermore, diagenesis under the in-
fluence of 18O-depleted meteoric wa-
ter would have lead to lower δ18O

CO3 

values. Therefore, it is concluded that 
the large mammals did not use the 
18O-enriched lake water of the Stein-
heim basin as drinking water, perhaps 
because of the poor water quality 
caused by evaporative processes. To 
check for possible migratory behav-
iour of the large mammals, Sr isotope 
compositions will be measured. 

For the setting of the Steinheim 
basin the multi-species multi-proxy 
approach to reconstruct the water 
body δ18O

H2O 
value and temperatures 

from mammalian tooth enamel δ18O 
values

 
failed although taphonomic 

and diagenetic conditions are suitable 
for such an approach. But Steinheim 
seems to be an exception and further 
Miocene localities from the Molasse 
Basin are being investigated using the 

same approach.
The C- and O-isotope data for 

large mammals tooth enamel obtained 
so far indicate some systematic taxon-
specific differences, probably due to 
dietary and/or metabolic effects. But 
the mean δ13C value of –10.9±1.2‰ 
(n = 114) indicates a pure C

3
 plant 

diet for all large herbivorous mam-
mals and confirms the absence of a 
significant abundance of C

4
 plants in 

Europe during the Miocene (Cerling 
et al., 1997).

 
Despite some species-

specific and habitat-specific effects 
the multi-species approach using dif-
ferent large mammal taxa allows to 
constrain systematic changes in δ13C 
and δ18O values during the Miocene 
which are probably related to chang-
ing climatic conditions and will be 
discussed in more detail.
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