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Presentation of the subject:
It was recently acknowledged that subsurface microbial ecosystems hosted in the crust and its sediments should represent ~70% of the total terrestrial microbial world [1], where they take advantage of reactive geochemical environments delivering carbon and energy sources such as carbon dioxide (CO2), hydrocarbons and hydrogen (H2) [2,3]. Mountain build-up is considered as one of the main geological processes controlling CO2 emissions on Earth through the metamorphism of crustal rocks at depth [4]. In active fault zones, while percolating through the fracture network of rocks, this CO2 generates CO2-rich hot springs at the surface where it can sustain dense and active microbial ecosystems when mixing with meteoric fluids [3]. This fluid circulation can also remobilize organic compounds abiotically formed and stored within rocks [3,5-6], hence furnishing additional carbon sources to these microorganisms. Moreover, due to the friction of silicate minerals during earthquakes, seismically active fault zones are considered as the major natural source of abiotic H2 fluxes [7], and hence the likely largest reservoir of electron donors for subsurface microorganisms. The associated mechanochemical dissociation of water molecules also allows the formation of Reactive Oxygen Species (ROS), which can act as electron acceptors for microorganisms in anoxic or suboxic environments [8]. Altogether, these observations suggest that hydrothermal systems hosted in active fault zones, notably in large orogens, can represent one of the largest microbial habitats on Earth. However, the microbial ecology of these environments remains unknown, as well as their impact on the global carbon and H2 fluxes and emissions to the atmosphere.

The main objective of the PhD project is to estimate the interplay between (i) the activity of deep microbial ecosystems and (ii) the formation and release of abiotic reactive gases and (in)organic compounds in an active orogenic environment, the Himalaya. It will be part of the funded MYSTHIC 2020–2022 UnivEarthS Labex project (MobilitY versus STorage of HImalayan Carbon) and will rely on a multidisciplinary geomicrobiological approach.

In the seismically active shear zone of the Main Central Thrust in the Nepal Himalaya, numerous hot springs (temperature from 25°C to 70°C) have recently been described and are characterized by significant CO2 emissions probably originating from metamorphic decarbonation reactions at depth [9]. In order to explore the diversity, metabolic potential and reactivity of microbial ecosystems in this active fault zone, the PhD project will first focus on active hydrothermal systems of Central and West-Central Nepal, presenting two distinct seismic regimes:

- in the upper Trisuli valley, Central Nepal, including sites such as the Syabru-Bensi hydrothermal system, which was severely affected by the Mw7.8 2015 Gorkha earthquake [10], hence still under post-seismic regime;
- in the Marsyandi valley, West-Central Nepal, mainly at the Bahundanda hydrothermal system, which was almost unaffected by the Gorkha earthquake, hence still under inter-seismic regime.
The microbial diversity and potential metabolic activity will be studied in the hot spring fluids of these two valleys during the dry and monsoon seasons to discriminate potential variations induced by seasonality versus seismic regime. Field trips are planned in January 2021 and in 2022. A minimum of five springs per valley will be sampled for microbial ecology (DNA extraction, metabarcoding of 16S rRNA encoding genes and quantitative PCR for bacteria and archaea and targeted metabolic genes as well as metagenomics) together with geochemical analyses (including major and traces elements, dissolved gases, DIC/DOC, and C, H, O, and S isotopic analyses). These analyses will be performed at the PARI platform of IPGP (http://www.ipgp.fr/en/pari-platform). Following these first analyses, other valleys in different seismic regime may be investigated.
Based on these results, the dominant microbial metabolic strategies will be inferred. Using cuttings sampled from boreholes that will be drilled in 2021 at selected hydrothermal systems of Central Nepal, the interactions between microorganisms, organic compounds and minerals at the microbial microhabitat scale will also be investigated. The innovative correlative microscopy approach developed in the IPGP Geomicrobiology team for tracking and imaging organic compounds and microbial cells in rocks at the micrometer scale [5, 11-113] will be applied to these rocks, using Confocal Laser Scanning Microscopy, vibrational spectroscopies (Raman and FTIR), Tof-SIMS imaging, synchrotron-based deep UV fluorescence and absorbance imaging at Synchrotron SOLEIL with the aim to thoroughly study the metabolic strategies developed by subsurface microorganisms. This approach will be an asset to identify the mineralogical transformations potentially sustaining ecosystems and the nature, diversity and biotic or abiotic origin of carbon sources present in these rocks. These results will then be interpreted jointly with the metabolisms inferred through molecular biology analyses.
Using this multidisciplinary approach, the PhD candidate will disentangle how abiotic gases (e.g. CO2, CH4, H2) and inorganic and organic compounds (e.g. ROS, organic carbon) formed, stored and released during earthquake, may shape deep life, and how this potentially abundant and active microbial ecosystems may impact the emission fluxes and carbon and hydrogen budgets in the Himalaya. In the course of the PhD project, comparison with microbiological and geochemical datasets from seismically active volcanic regions, such as the Furnas fumarolic field, Azores (Portugal) and the Cascades hydrothermal systems, CA (USA), will be considered. Finally, the used approaches, such as the combination of microbial ecology and geochemistry, and the obtained results, would be valuable assets to more applied topics in environmental agencies and in industry.

We expect application from candidates with various backgrounds interested in geomicrobiological studies of natural environments, with a preference for those trained in microbial ecology, bioinformatics and, if possible, metagenomics.
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