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Stable isotopes in Lake Geneva carbonate sediments and molluscs:

Review and new data
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ABSTRACT

New isotopic results on bulk carbonate and mollusc (gastropods and bivalves)
samples from Lake Geneva (Switzerland). spanning the period from the Old-
est Dryas to the present day, are compared with pre-existing stable isotope
data. According to preliminary calibration of modern samples, Lake Geneva
endogenic calcite precipitates at or near oxygen isotopic equilibrium with am-
bient water. confirming the potential of this large lake to record paleoenviron-
mental and paleoclimatic changes. The onset of endogenic calcite precipitation
at the beginning of the Allerpd biozone is clearly indicated by the oxygen iso-
topic signature of bulk carbonate. A large change in §'°C values occurs during
the Preboreal. This carbon shift is likely to be due to a change in bioproductiv-
ity and/or to a “catchment effect”, the contribution of biogenic COx from the
catchment area to the dissolved inorganic carbon reservoir of the lake water
becoming significant only during the Preboreal.

Gastropods are confirmed as valuable for studies of changes in paleotem-
perature and in paleowater isotopic composition. despite the presence of a
vital effect.

Mineralogical evidence indicates an increased detrital influence upon sed-
imentation since the Subboreal time period. On the other hand. stable isotope
measurements of Subatlantic carbonate sediments show values comparable to
those of pure endogenic calcite and of gastropods (taking into account the vital
cffect). This apparent disagreement still remains difficult to explain.

RESUME

Des nouvelles données isotopiques sur la roche totale et les mollusques (gas-
teropodes et bivalves) du Léman (Suisse), concernant la période comprise
entre le Tardi-Glaciaire et aujourd’hui, ont ¢té comparées avec les données
contenues dans la littérature. Sur la base d’une calibration préliminaire sur des
échantillons actuels, la calcite endogene du Léman semble précipiter a, ou
proche de. I'équilibre isotopique (oxygene) avec I'eau du lac. Ceci met en
évidence les potentialités de ce grand lac d'enregistrer les changements
paléoenvironnementales et paléoclimatiques. Le début de la précipitation de
la calcite endogene a partir de I'Allergd est clairement indiqué par le signal
isotopique de I'oxygene de la roche totale. Un grand changement dans les va-
leurs du 8'C se vérifie pendant le Preboreal. Cette variation est probablement
due a un changement de bio-productivité et/ou a un «effet du bassin hydrogra-
phique». la contribution de la CO; biogenique de la part du bassin au réservoir
du carbonate dissous dans I'eau du lac devenant important seulement pendant
le Preboreal.

Les gasteropodes sont confirmés étre utiles pour les études de la
paléotemperature et de la composition isotopique de I'eau, bien que il y ait un
effet vital.

Les évidences minéralogiques indiquent une augmentation de l'influence
détritique sur la sédimentation a partir du Subboreal. D’autre coté, des me-
sures isotopiques préliminaires sur des sédiments carbonatés subatlantiques
ont des valeurs comparables a celles de la calcite endogene pure et des gaste-
ropodes (en considérant I'effet vital). Cet apparent contraste reste difficile a
expliquer.

Introduction

Small lakes are statistically more studied than large lakes by
stable isotope geochemists. The reason is probably that small
lakes are easier to access and easily monitored. Furthermore,
they are characterised by rapid responses to environmental
changes induced by a restricted number of variables. Large wa-
terbodies such as Lake Neuchatel, Lake Geneva, Lake Con-
stance (Bodensee), Lake Ziirich, Lake Lugano, Lake Mag-
giore, Lake of the Four Forest Cantons (Vierwaldstitter See)

have been difficult to study from the isotopic point of view due
to multiple carbonate sources, if compared with studies of
small basins (Gerzensee, Lobsigensee, Faulenseemoos, Ae-
gelsee, Amsoldingersee and many others) (Eicher 1979, for a
review), with abundant chalk (Seekreide). Recent studies are
changing this lack of data (Niessen 1987; Lister 1988a; Lister
1988b:; Niessen & Kelts 1989; Chondrogianni 1992; Schwalb
1992; Schwalb et al. 1994).
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Fig. 1. Geographical setting of the studied area and location of the studied
sues in lhe Geneva Bay F.t. 14. Corsier 2 cores (black circles) Open squares
indicate sites investigated in the literature: Leman 44. bv Serruya <_ Vergnaud-
Gral./ini (1966): "Marais de Geneve", bv Blanc et al. (1977): Sciez Bay. by
Chaix etal. (1982).

Among these large Swiss lakes. Lake Geneva has a curious
story. Following a pioneering isotopie study (Serruya &
Vergnaud-Grazzini 1966; Fontes & Gonfiantini 1970; Blanc et al.
1977). little has been done since. An international commission
was created for the protection Of lake water quality against
pollution (Commission International poyr la Protection des
Eaux du Lem,in. OPEL) in 1957. The CIPEL commission
publishes each year a report on Lake Geneva health state,
measuring physico-chemical parameters, floral and faunal
indicators, polluting substances, etc. Unfortunately, no stable
isoropie analyses are included in this otherwise fairly extensive
data base.

Within the Swiss National Science Foundation Project
PNR 31 we ran isotopie analyses on Lake Geneva calcareous
sediments to study its isotopie response to past €nvironmental
changes. This study is still in progress. In this paper we com-
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table - Stime I'In sic.il Parameters |(>r Luke Geneva

Lake Geneva ..Grand Lac ..Pent Lac"
Mean geographical sue 46 27" lat. N

6 32' long. E of

Greenwich
Elevation above 372 372 372
sealevel IllISI
Surlace area (SA) knv ss2 4 503 79
Volume V) km' 89 Ms 3
Discharge
outflow (li) m-vs 240
Rhone inflow m's 178
Dranse inflow m'/s 18.8
Residence time vis 11.9
Maximum depth m 310 310 76
Average depth m 153 172 41
Epilimnion summer
temperature C 20.2 20.2
Hypolimnion summer
temperature C 5.2 5.8

pare our preliminary results with older sitidies. emphasising
the potential of this large lake for paleoenvironmental

reconstruction.

Lake Geneva and stable isotopes: the state Of art

Lake Geneva (Léman for Francophones) (Fig. * is the largest
lake in Western Europe. It occupies a flat-bottom basin,
excavated in Molassic deposits between the Alpine arc and the Jura
chain. It is divided into two geographic units, the "Grand Lac"
(Big Lake) and the "Petit Lac" (Small Lake), either side of the
"pbarre de Promenthoux" (Nernier-Promenthoux). Principal
parameters ofthe lake are given in Table
The first and pioneering isotopie Work on Lake Geneva
was by Serruya & Vergnaud-Grazzini (1966). It represents one
of the first applications Of stable isotopes to lacustrine
sedmenss. Serruya & Vergnaud-Grazzini presented a sedimentological.
mineralogical. chronological and isotopie study Of a 4.5
m long core (Leman 44). taken to the West of Thonon-le-
Bains. spanning the Dryas (Oldest?) to Boreal pollen zones.
They recorded high carbon and oxygen isotope values in the
lower part of the core, interpreted as influenced by detrital
input. To verify this hypothesis, they measured the isotopie
value of marine limestone outcropping in the catchment area
near Thonon. These correspond fairly well to the mean isotopie
values of the bottom core. The negative trend in the ypper
core was explained, With respect t0 oxygen isotopes, by the
onset Of endogenic calcite precipitation and increased temper-

































