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1. Strontium isotope analysis 
 
1.1. Material and Methods 
For the strontium isotope analysis, unfortunately there were only few specimens available: 

three specimens of Galba dupuyiana were used, coming from the following lots: BSPG 1959 II 
17477 (layer B2, 65–70 cm), 17476 (layer C3, 95–105 cm), 17483 (layer D1, 140–145 cm). A single 
specimen of Pseudidyla moersingensis (BSPG 1959 II 17287; layer D1, 140–145 cm) was also 
available for analysis. 

About 1–2 mg of shell carbonate were dissolved in 3 ml suprapure HNO3. After evaporation 
the sample was dissolved in 0.3 ml 3N HNO3 and loaded on 0.5 ml mini-columns from Evergreen 
Scientific filled with 300 μl of Eichrom Sr-Spec (100–150 μm) resin. After eluation of the matrix 
with 3N HNO3, the Sr fraction was eluated with 1 ml 0.06 N HNO3. From each sample 5 ml solution 
with 100 ng/g Sr was prepared for Sr isotope measurement. NBS 987 standard solutions in the 
same Sr concentration as the samples (100 ng/g) were measured after each bloc of three 
samples. The 87Sr/86Sr were measured with the Thermo Scientific Neptune MC-ICP-MS (with a 
signal intensity of about ≥ 3V on mass 88Sr) at the Steinmann-Institute for Geology, Mineralogy 
and Paleontology of the University of Bonn. Samples were injected into a Scott-type borosilicate 
glass spray chamber using a 100 μl PFA nebulizer. Mass bias and interference (87Rb, 83Kr) 
corrected 87Sr/86Sr were normalized on a daily basis the NBS 987 standard using the accepted 
87Sr/86Sr value of 0.71025. The precision of 87Sr/86Sr measurements was better than 3*10-5 (2 
RSD). 

 
1.2. Results 
The 87Sr/86Sr ratios were measured on gastropod shells: P. moersingensis (layer D1) = 

0.710833; G. dupuyiana (layer B2) = 0.710471; G. dupuyiana (layer C3) = 0.710645; G. dupuyiana 
(layer D1) = 0.710790. Despite the few measurements (n = 3) of G. dupuyiana, the 87Sr/86Sr display 
a significant increase throughout the sediment layers up section (p = 0.03; Fig. S1). 

 
1.3. Discussion 
The strontium isotope ratio 87Sr/86Sr can be used for paleoenvironmental studies, since the 

87Sr/86Sr of the ambient water is recorded in the shell carbonate and thus information on 
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paleohydrology and water mass provenance of freshwater settings can be recovered (Rosenthal 
et al., 1989). The strontium content of the aragonitic shells of aquatic snails reflects that of the 
lake water composition and remains constant through geological time, provided little or no 
recrystallization into calcite has occurred (Krinsley 1960; Rosenthal and Katz 1989; Rosenthal et 
al. 1989; Kaandorp et al. 2006; Deocampo 2010). The Sr isotopic composition of the water is the 
same as that of the rocks being weathered in the catchment area of fluvial or limnic systems 
(Deocampo 2010). The 87Sr/86Sr is only altered if the geology and/or extension of the catchment 
area change significantly (Jones and Faure 1978; Neat et al. 1979; Hart et al. 2004). Hence 
87Sr/86Sr of carbonate shells from aquatic organisms are a useful indicator for fluctuations in lake 
level, i.e., inflow of isotopically distinct ground or surface waters (Hart et al. 2004; Tütken et al. 
2006). 

  
 

 
Figure S1. Strontium isotope ratios of gastropod shells from selected intervals of the 
Sandelzhausen sediment profile. Squares indicate samples of the freshwater snail G. 
dupuyiana; the triangle indicates the single specimen of terrestrial snail P. moersingensis. 
The error bar for each measurement falls within the size of the points in the figure. 

 
 

The freshwater snail G. dupuyiana displays an increase of 87Sr/86Sr from 0.710471 to 
0.710792 throughout the layers B2 to D1 (Fig. S1). Despite having only three data points, the 
trend of increasing 87Sr/86Sr is significant because the analytical error is only 0.00003. The higher 
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87Sr/86Sr up section could reflect an inflow of water with somewhat more radiogenic Sr into the 
lake of Sandelzhausen, possibly caused by changes in the catchment area (and thus water source) 
of the lake, which started to form in the uppermost layer C3 (110–120 cm). The 87Sr/86Sr of the 
snail shells of this study are a bit higher than those measured in large mammal teeth of equids 
and proboscids from Sandelzhausen (0.710382±0.000172, n = 4, likely from layer D1; data from 
Tütken and Vennemann 2009). The change to a perennial lake was formerly attributed to an 
increase in precipitation values (Böhme 2010). Our Sr isotope data indicate that rising 
ground/lake water levels may instead have resulted from a change in catchment area and/or new 
tributaries that started to discharge water with somewhat higher 87Sr/86Sr in the Sandelzhausen 
lake region. Alternatively an intensified weathering due to increased precipitation may have been 
responsible for higher lake water 87Sr/86Sr. Due to the only few data points available, any 
conclusion must remain tentative. 
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