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History of Ocean Oxygenation Through Glacial Interglacial Cycles Revealed by
Laboratory Redox Titration: a novel experimental approach
Contact persons: Matthieu Galvez (UNIL/ETH), Thierry Adatte (UNIL) and Samuel Jaccard (UNIL)
Context
The biosphere and geosphere are coupled via the carbon and oxygen cycles (Galvez et al., 2020). Deep ocean
sediments provide valuable archives recording past changes in ocean and atmospheric oxygenation. Yet
understanding the record can be complex (Jaccard et al., 2005) as physical and chemical processes can affect
deep ocean oxygenation changes.
Various laboratory approaches have been developed to decipher changes in deep sea redox conditions based on
the mineralogical/chemical composition of marine sediments. These proxies broadly indicate that oscillations in
deep ocean oxygenation levels track fluctuations in atmospheric pCO2, yet the relation between both metrics
can be non-linear and sometimes out of phase (Jaccard and Galbraith, 2012). The reason for this is likely to be
complex (Jaccard et al., 2016).
Significant progress will arise from complementary tools to track changes in deep sea oxygenation based on
marine sediments. A novel laboratory-based method to quantify the redox capacity of rocks and sediments
(Galvez and Jaccard, 2020), independently of a knowledge of bulk sediment element or isotopic composition,
may provide an orthogonal approach to reconstruct past changes in deep ocean oxygenation. This is assuming
the method can be applied accurately and precisely to deep-sea sediments that are often characterized by
complex matrices, including salts and various hydrous phases.
The research project will contribute to adapt the existing method to become applicable to deep-sea sediments
retrieved from the North Pacific Ocean.

Objectives and Methods
The objective of the project will be to lay the ground for applying the redox titration method (Galvez and
Jaccard, 2020) to deep sea sediments containing various biogenic and lithogenic phases.
The project is methodological, and will involve extensive laboratory work, learning the basics of the method and
producing the data necessary for extending its applicability to hydrous and often sulfur-rich deep-sea sediments.
The work is interdisciplinary, situated at the frontier between applied chemistry, petrology and oceanography.
The work will involve conditioning samples for analysis (desalination, fine crushing), and conducting his/her own
laboratory analysis (redox titration at ETH Zurich, XRD, SEM and other geochemical analyses at UNIL). In
particular, the student will produce synthetic sediment samples that mimic the bulk composition of deep-sea
sediments. The measured redox capacity of those synthetic samples will then be compared to theoretical
predictions in order to adapt, refine and optimize the experimental protocol.
As an application of this fundamental groundwork, the student will start quantifying the redox capacity of a
series of deep-sea sediments drilled from the North Pacific and spanning a period of ca. 20000 years, thus
covering the last deglacial transition.

Requirements for the project are a taste for rigorous and quantitative work, but previous experimental work
experience is not required. A mobility is needed since part of the work will be conducted at ETH Zurich
(laboratory redox titration).
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