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SCIENTIFIC DESCRIPTION OF THE PhD PROJECT 

Socio-economic and scientific context: (10 lines)  

The chemical signature of the foraminiferal shell reflects the composition of the seawater, which 
in turn is often linked to a relevant paleo-oceanographic parameter. The cosmopolitan 
distribution, great preservation potential and abundance in the oceanic record make 
foraminifera the ideal candidate for reconstructing past climate in deep times. Currently, the 
development and application of biogeochemical proxies aims to determine the evolution of the 
past carbon cycle, which is essential to understand the responsiveness of the climate in the past 
and in the future in view of atmospheric pCO2 emissions. Reconstruction of the marine inorganic 
carbon system currently relies on proxies that target only part of the system. However, it is 
necessary to reconstruct a second parameter of the carbonate system to reconstruct the 
complete system and therefore the atmospheric pCO2. 

Assumptions and questions (8 lines) 

To complement the existing pH proxies, another reliable and pH-independent proxy is needed 
to reconstruct the complete carbonate system. We propose to develop (calibrate, validate and 
apply) a proxy based on the incorporation of sulfur in foraminiferal shells, as a new indicator of 
the concentration of carbonate ions [CO3

2-]. It is hypothesized that SO4
2- in seawater is the only 

source of sulfur (S) in the biogenic carbonate and that the S/Ca values of foraminifera change 
with [CO3

2-] due to the substitution of SO4
2- by CO3

2- in the crystal lattice. The SO4/ CO3 ratio in 
seawater can be reconstructed by the S/Ca ratio of foraminifera by ICP-MS measurements. 
Calibrations under controlled conditions are necessary on various species of foraminifera. 

 The main steps of the thesis and scientific procedure (10-12 lines) 

To meet the challenges linked to the application of the S/Ca proxy as a [CO3
2-] tracer, three main 

approaches will be explored during the thesis: 

A) Experiments under controlled laboratory conditions to study the incorporation of sulfur into 
the shell of foraminifera: «S/Ca proxy development» 

     A1: What is the effect of different environmental parameters (e.g. pH, [CO3
2-], [SO4

2-] in 
seawater) on the S/Ca ratio of the calcite of the foraminifera studied? 

     A2: How is sulfur incorporated into the foraminifera shell? 

B) Validation of laboratory data on current field samples, «Field validation» 

C) «Application» on long sediment cores to reconstruct the past carbonate system 

Methodological and technical approaches considered (4-6 lines) 

Part A1: Foraminiferal growth experiments under controlled conditions (e.g. pH or [CO3
2-]) and 

analysis of the chemical composition of the shells with ICP-MS 
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In A2: Use of high-resolution techniques (e.g. microXRF, NanoSims, synchrotron) on foraminifera 
from these controlled growth experiments to study the sulfur incorporation pathway. 

In B: Measurements of the S/Ca of recent shells (in situ) allowing us to validate our experimental 
results 

In C: Application of this proxy on geological cores. 

Scientific and technical skills required by the candidate 

The candidate must have training in marine geosciences and/or biogeochemistry. The thesis 
includes physicochemical and geochemical analyzes of the culture medium and shells with 
various analytical techniques in which the candidate will have to train. Knowledge of the 
carbonate system will be a plus. The candidate will have to quickly adapt to laboratory 
techniques to develop systems under controlled conditions. Binocular sorting skills are 
necessary to select and identify foraminifera. 

THESIS SUPERVISION 
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Please provide the following information for each PhD students supervised 
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Contract profile (post-doc, fixed-term, permanent): Pos-doc Univ. Lund (2021-2023) 
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CHOQUEL C., E. GESLIN, E. METZGER, H. L. FILIPSSON, N. RISGAARD-PETERSEN, P. LAUNEAU, M. 
GIRAUD, T. JAUFFRAIS, B. JESUS, A. MOURET, 2021, Denitrification by benthic foraminifera and 
their contribution to N-loss from a fjord environment, Biogeosciences, 18, 327–341, 
doi.org/10.5194/bg-18-327-2021. 
 
 



 
 

LPG-Angers_ED VAAME_Thesis Project File-2024_EN 
 
 

Surname, first name: de Chavalon Aubin, Thibault  
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2017 Two dimensional mapping of Fe release in marine sediments at submillimetre scale. 
Marine Chemistry 191,34-49. 
 
THIBAULT DE CHAVALON A., MOURET A., KNOERY J., GESLIN E., PERON O., METZGER E., 2016, 
Manganese, iron and phosphorus cycling in an estuarine mudflat, Loire, France, Journal of Sea 
Research 118: 92-102. doi:10.1016/j.seares.2016.10.004 
 
THIBAULT DE CHAVALON A., METZGER E., MOURET A., CESBRON F., KNOERY J., ROZUEL E., 
LAUNEAU P., NARDELLI MP., JORISSEN F., GESLIN E., 2015, Two-dimensional distribution of 
living benthic foraminifera in anoxic sediment layers of an estuarine mudflat (Loire estuary, 
France) Biogeosciences, 12, 6219–6234. doi:10.5194/bg-12-6219-2015. 
 

 

Surname, first name: Brinkmann, Inda 

Date of PhD beginning and PhD defence: 2018-2022, PHD defense Octobre 2022 
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BRINKMANN, I., BARRAS, C., JILBERT, T., NAERAA, T., PAUL, K.M., SCHWEIZER, M., FILIPSSON, 
H.L., 2022. Drought recorded by Ba/Ca in coastal benthic foraminifera. Biogeosciences, 19, 
2523-2535. https://doi.org/10.5194/bg-19-2523-2022 
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