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The Earth's climate is modulated by the level of atmospheric CO2, itself a result of the balance between consumption by weathering of continental silicates and burial of oceanic carbonates, and supply by volcanic outgassing. Recently, increased attention has been given to the weathering of carbonate rocks, which are characterized by much faster dissolution kinetics and greater solubility than silicates. In this process, carbonate minerals are dissolved by carbonic acid, leading to the production of bicarbonate HCO3-, the main constituent of river alkalinity. The alkalinity can then be precipitated on land as secondary carbonate minerals (CaCO3) in the short term, or transported by rivers to the ocean and buried as marine carbonate in the longer term. In both cases, some CO2 is degassed.

In addition to carbonic acid, the role of sulfuric acid (H2SO4) in carbonate weathering has changed our view of how atmospheric CO2 is affected by weathering. Sulfuric acid can be produced by the oxidation of sulfides, particularly pyrite (FeS2). This reaction, combined with the precipitation of alkalinity as carbonate in the ocean, results in a net transfer of sedimentary carbon to the atmosphere-ocean system on geologic time scales. However, if sulfuric acid is in excess, the ambient pH is low, which can result in the release of CO2 directly at the site of alteration. Such a reaction thus constitutes an almost immediate transfer of sedimentary C to the atmosphere.

Because pyrite oxidation - and the resulting production of sulfuric acid - could affect the transfer of carbon between rocks and the atmosphere on very different time scales, its influence on global climate is still poorly understood. This question is actually related to the fate of alkalinity produced as a result of carbonate weathering (i.e., whether it remains in the river or outgasses as CO2) as a function of pH. In order to understand the overall importance of these processes, it is necessary to track the fate of alkalinity and associated cations in natural river systems from the site of weathering and small rivers to their arrival at the oceans at the mouths of large rivers.

Previous research has shown a strong relationship between pyrite oxidation rates and physical erosion rates, suggesting that tectonic movements may cause a positive feedback on CO2 by enhancing pyrite exposure. Areas characterized by high physical erosion rates should therefore be ideal terrains to study the above issues. Therefore, this project will focus on rivers draining two major orogenic zones, the European Alps and the Tibetan Plateau, to 1) investigate the influence of pyrite oxidation on alkalinity production by carbonate weathering, including various fluvial processes such as degassing and precipitation of secondary carbonate minerals; 2) better constrain the global implications of these processes by comparison with different climatic zones (Mediterranean and East Asian monsoonal cimate). 

Current studies have used the isotopic composition of fluvial sulfur (δ34S) to distinguish sources of dissolved sulfate (SO42-) and estimate the contribution of sulfuric acid weathering to atmospheric CO2. However, this estimation method is still very limited in terms of the carbon cycle, as it does not distinguish the fate of alkalinity produced by carbonate weathering. In particular, sulphur isotopes do not allow us to know whether alkalinity produced by carbonate weathering is degassed directly into CO2, precipitated as secondary carbonate minerals, or transferred to the oceans. Therefore, in addition to measuring dissolved δ34S, we need to address these questions through a combination of traditional and novel methods.

First, in order to track the fate of C, e.g., dissolution and degassing of carbonates, C isotopes (13C and 14C) will be used as tracers of the characteristic isotopic composition of different river carbon sources. Second, since the impact of sulfuric acid alteration on C depends on ambient acidity, metal isotopes, such as strontium (Sr) and calcium (Ca), will be used to help us better understand this process, as they have great potential for tracing carbonate alteration. The "radiogenic" Sr isotope ratio (87Sr/86Sr) is one of the most commonly used and powerful tools for tracing rock sources of cations, and it is not sensitive to pH changes. The stable Ca isotope ratio (44Ca/42Ca) can also be used to distinguish between different sources of dissolved charge and is sensitive to the formation of secondary carbonate minerals, which are strongly influenced by pH and can result in significant Ca isotope fractionation. 

By analyzing these isotopic systems in the dissolved load of rivers of different sizes from the European Alps and the Tibetan Plateau, the goal of the project will therefore be to trace all relevant processes (dissolution of primary carbonates, precipitation of secondary carbonates, degassing) and thus quantify the actual effect of sulfuric acid alteration on atmospheric CO2.
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