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Climate change and eutrophication may both contribute to
a dramatic decline in oxygen (O

2
) concentrations in lakes and

oceans. An analysis of Lake Zurich’s 70-year dataset of monthly
water column measurements revealed a clear impact of rising air
temperature on the lake’swater temperature andO

2
concentration.

A pronounced shift to higher air temperature in the late 1980s
corresponded with an increase in water temperature. Warming
was greater in the lake’s surface water than in the deep water,
leading to an increase in water column stratification, which
resulted in a general decline in bottom water O

2
concentrations.

In an attempt to extend Lake Zurich’s O
2
record further

back in time, a sediment core from the lake’s deepest region
(137 m) was analysed with non-destructive X-ray fluorescence
(XRF) core scanning to obtain high-resolution manganese (Mn)
and iron (Fe) element profiles. As the sediment core contains
semi-annual laminations (i.e. similar to tree rings) dating back
to 1895, the XRF data, which have a sampling resolution of
0.3 mm, provide high-resolution trace metal records. Because
Mn and Fe differ with respect to their redox behaviour, the
Mn/Fe ratio in sediment cores has been considered a proxy for
anoxic conditions for decades, but this has never before been
validated with monitoring data. Using the Lake Zurich core, we
could show that the Mn/Fe ratio is moderately correlated with
the measured maximum annual bottom-water O

2
concentration

(R2 = 0.6; n = 66; p < 0.01; 1936–2010). Sedimentary processes
like the deposition of turbidites (‘underwater mass movements’)
or diatom blooms reduce the consistency of this relationship.
Although the elemental profiles are relative, normalising the Mn
signal with Fe corrected for differences in porosity, water content,
terrestrial inputs and calcite dilution. Based on this correlation,

bottom-water O
2
concentrations from 1895 to the present were

reconstructed to gain insight into the impact of high external
phosphorus loading on bottom-water O

2
. Applying this method

to cores from shallower water depths revealed a breakdown of the
Mn/Fe ratio that most likely resulted from the lateral transport of
redox-sensitive elements and their subsequent enrichment in the
deepest part of the lake.

The Mn/Fe ratio was shown to be useful as a semi-
quantitative proxy for past bottom-water oxygen concentra-
tion inLakeZurich.Combinedwithmonthlymonitoringdata,
the method shows the long-term impact of eutrophication
and climate on bottom-water oxygen concentrations.
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Lake Zurich (copyright Zürichsee Tourismus).
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The effects on Lake Zurich of a sudden climate shift in the late 1980s in-
cluded increases in the mean annual surface temperature (upper curve) and
in the thermal stability of the water column (Schmidt stability, lower curve).
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XRF profiles of Ca (lower panel, light blue curve) and of the Mn/Fe ratio
(upper panel, red) for sediments deposited in Lake Zurich from 1982 to
1998. The light sediment layers consist of CaCO3 precipitated during
summer. This seasonal deposition allows the Mn/Fe ratio to be aligned
with the bottom-water O2 concentration (upper panel, dark blue), which
is highest during water-column turnover in spring. The Mn/Fe record
captures semi-quantitatively the oxygenation of the deeper lake basin.
Note that the Mn/Fe peak (in spring) precedes the Ca peak (in summer).


