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How to detect deep life on Earth and elsewhere ? 







Astroparticle physics and Geoscience 
 

? 



December 2017 

workshop on subsurface science and exploration (hosted 
by CIFAR), followed by a visit to SNOLAB, a science 
laboratory 2 km underground 

Bio-related research @SNOLAB: 
Life on Earth has always evolved in the presence 
background radiation  
Ʒ exploring how the reduced background 

radiation underground impacts cell 
development and repair 



Can we go 
further on  

life  
& 

astroparticles?  

December 2017 

workshop on subsurface science and exploration (hosted 
by CIFAR), followed by a visit to SNOLAB, a science 
laboratory 2 km underground 

Bio-related research @SNOLAB: 
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Ҧ reservoirs focused primarily on the atmosphere, oceans, sediments and continental environments 
Ҧ a biological activity limited to continental surface and oceans 

The global carbon cycle as considered up to now  
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TOTAL 
Oceanic ecosystems 

Continental ecosystems plants 

intraterrestrial 
prokaryotes 

aquatic + soil 
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Global distribution of confirmed or inferred hydrothermal vent fields 

Photos courtesy of NOAA & MBARI 

Hydrothermal vents: open windows to the deep biosphere 



ÅMultidisciplinary real time communication through 
acoustic link, buoy and satellite.  

 fauna, fluid chemistry, seismicity and ground deformation 

 

MoMAR EMSO Azores Observatory 
situated at the mid-Atlantic (hydrothermal vent field Lucky Strike) 

M. Cannat IPGP and PM Sarradin Ifremer 

Å In operation since 2010 
 comprises an oceanographic mooring and 

nested arrays of seismometers, pressure 
probes, temperature probes and chemical 
sensors in vent fluids, a camera and 
colonization devices for faunal and 
microfaunal studies 

 
ÅSatellite transmission of a data 

subset, accessible on an EMSO-
related server.  



Beatrix Gold Mine, South 

Africa for deep fluid 

collection 
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Exploring deep habitats through coring and mining 

Drilling vessel Chikyu 

 

remotely operated sea 

bed rockdrills (British 

Geological Survey)  

designed to ultimately drill 7 km beneath the seabed in 

some of the planetôs most seismically-active regions 

https://core.ac.uk/download/pdf/33454007.pdf


December 2018 

Location of microbial studies  Geological context 



Metrics (to 11 am US ET Jan. 1, 2019): 
Languages: 30 
Countries: 84 
Online news sites that published one or more stories: 885 
Total hits at online news sites: 1,100 
Aggregate circulation / potential reach (online only): 1,472 million 
Advertising value equivalency (online only): $10.8 million 



 

 

ÅLife in deep Earth totals 15 to 23 Trillion kg of carbon  

 

ÅUp to 2.5 kilometers in the seafloor, and 5 km in continental mines 

and boreholes 

 

Å Earthôs most pristine ecosystem 

 

70% of Earth's bacteria and archaea live underground 



The Archean Earth : an hostile surface 



 

 

Å Life in Deep Earth totals 15 to 23 Trillion kg of carbon  

 

Å Up to 2.5 kilometers in the seafloor, and 5 km in continental 

mines and boreholes 

 

ÅEarthôs most pristine ecosystem 

 

ÅEarthôs deep life suggests microbes might inhabit other 

planetsô subsurface  

70% of Earth's bacteria and archaea live underground 



Ménez et al. Nature 2018 
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S-DUV  

First DIRECT evidences 
of the FORMATION 

and PRESERVATION of 
ABIOTIC AMINO ACIDS 
at depth in the oceanic 

lithosphere  
 

Ą First building 

blocks of life? 

 

Ą Also a source of 

carbon for deep 

microbes? 

Tof-SIMS 



©NASA 

The current dry surface of Mars probably conceals the 
presence of water in the subsurface 

©ESA 

EXOMARS (2018 Ą2020) 



EUROPA:  
This moon of Jupiter could harbour life in an 
underground ocean 
 
Ground water emitted at the surface through 
hydrothermalism could contain microorganisms 
from this ocean 

©NASA 

// Enceladusone of the 
Saturne moon 



January 29,19 



Stamenkovic et al., 2019, Nature Astronomy 

TF, magnetic transfer function; TEM, transient 
electromagnetics using own active EM source; GPR, ground-
penetrating radar; SAR, synthetic aperture radar; M2020, 
Mars 2020; GRS, Gamma Ray Spectrometer on Mars 
Odyssey; MERs, Mars Exploration Rovers Spirit and 
Opportunity; MSL, Mars Science Laboratory/Curiosity rover 

ÅPure liquid water only 
thermodynamically stable 
at depths of ~2ς20 km 

ÅΨGoing deepΩ  
             = 
 a critical step when 

searching for life  
 (US National Academy Sciences 

Committee on the Strategy for the 
Search for Life in the Universe) 

Sounding and drilling capabilities on Mars 

missions already been 
delivered to Mars or 

scheduled  

selected potential 
instruments 



 

ÅFar away from photosynthetically derived organic matter and 

oxygen, and under severe energy limitation  

 

ÅReliant on the geosphere for energy supply 

 

70% of Earth's bacteria and archaea live underground 



Candidatus Desulforudis audaxviator  
 
Åsurvives on H2 from radiolysis of water and sulfate derived from oxidation of pyrite by 

radiolytically produced O2 and H2O2, and fixes CO2 and N2.  
 
ÅLives within a fluid and gas-filled fracture 2.8 km beneath 9ŀǊǘƘΩǎ surface at Mponeng Gold 

Mine, South Africa.  

Carbon sphere 

Cells 

Image courtesy of 
Greg Wanger 
(California Institute 
of Technology, USA) 
and Gordon 
Southam (The 
University of 
Queensland, 
Australia). 



 
Å from the oxidation of ferrous minerals dominating  
 in mantle-derived rocks (from HT to LT) 
   Ʒ Several 1011 moles per year 
 
Å from pyrite formation from FeS and H2S 

 
Å from high temperature conversion of water in minerals into H2 and peroxy linkages 
 
Åfrom water radiolysis in rocks with radioactive compounds  
  Ʒ Several 1011 moles per year 

 
Å from mechanochemical splitting of water due to free radical reactions on fractured 

rock surfaces or rocks under tension  
Ʒ widespread in the subsurface and not limited to a few specific rock types 
Ʒ concentrated around earthquake zones  
Ʒ rock comminution also during erosion and seismic events  
Ʒ 3.4 x 1016 moles per year (Hirose et al., 2011, 2012) 

Hydrogen is naturally produced on Earth  
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Proxies related to particles to track H2 production at depth and refine our 
understanding of habitability, life quantites and fluxes ?????????????????? 
 

Hydrogen is naturally produced through geological processes  
on Earth and elsewhere  




