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The circum-Alpine Molasse sedi-
ments have been deposited during a 
period of significant global climatic 
and oceanographic change but at the 
same time experienced significant lo-
cal changes in sea level related to the 
evolution of the basin as a function 
of the Alpine orogeny. It is the aim 
of this study to determine the influ-
ence of the Alpine upliftment on the 
regional changes in climate and ocea-
nography, through the use of differ-
ent geochemical proxies that will be 
measured on well-preserved fossils 
as well as the embedding sediments 
(REE and trace element composition, 
87Sr/86Sr, 143Nd/144Nd, δ18O and δ13C 
values). These geochemical proxies 
will be measured for a number of 
different localities around the Alps 
to help constrain the differences in 
palaeoceonographic conditions and 
oceanic circulation during the depo-
sition of the Miocene circum-Alpine 
sediments. 

Preliminary data from two upper 
marine molasse localities of the Swiss 
Molasse Basin have been obtained. 
The area of La Molière (MN3) rep-
resents the lower part of the Upper 
Marine Molasse of Early Burdigalian 
age and samples from Benken (MN3-
4) where deposited during the Late 
Burdigalian (Weidmann & Ginsburg, 
1999; Becker, 2002). 

Average δ18O values from shark 
teeth of the two sites are 21.4 ‰ 
(1δ=0.6, n=5) and 20.9 ‰ (1δ=1, 
n=7). These values are similar to 
those measured for the same time 
period for shark teeth from molasse 
deposits in southern Germany and 
Austria (Vennemann & Hegner, 
1998; Vennemann et al., 2001) that, 

given similar isotopic compositions 
of seawater, would argue in favour of 
similar thermal conditions throughout 
the region. Calculated water tempera-
tures, using the calibration of Kolod-
ny et al. (1983) and assuming δ18O

W
 = 

-1 ‰ for open ocean conditions, are 
15.3 ºC and 17.2 ºC (±2.4 and 4.1°C, 
respectively). Two further samples 
analyzed from La Molière have much 
lower oxygen isotopic compositions 
of 11.1 and 11.7 ‰. These may indi-
cate migration of sharks into freshwa-
ter realms or reflect severe diagenetic 
alteration.

The rare earth element (REE) 
compositions of the teeth are very 
variable. The enameloid that is more 
resistant to diagenesis has lower con-
centrations of REE (Nd = 4-25 ppm) 
compared to the more porous dentine 
and root (Nd= 400-2400 ppm). For 
Sr concentration these differences 
are less between the two main parts 
of the teeth (Sr = 600-2500 ppm and 
Sr = 2000-3300 ppm). Relative to 
compositions of recent teeth, the Sr 
concentration is in similar range, but 
the REE’s are much higher in fossil-
ized material, indicating post-deposi-
tional incorporation of the REEs into 
the phosphate structure (e.g. Shaw & 
Wasserburg, 1985).

The REE patterns of the shark 
teeth also vary considerably. Some of 
the patterns are very similar to those 
expected for seawater compositions 
(enrichment in HREEs with negative 
Ce anomaly), but the negative Ce 
anomaly is not always observable. 
Other patterns however, have MREE 
enrichment (bell-shaped pattern) that 
is commonly interpreted as a dia-
genetic effect (e.g., Lécuyer, 2004). 

Some teeth show both kinds of pat-
terns (seawater and bell-shaped) from 
different parts of the teeth. This may 
be explained by different REE incor-
poration processes in structurally and 
texturally different parts of the teeth. 
Additional analyses are in progress to 
help constrain the effects of diagen-
esis for the samples studied.
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