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Imaging life in rocks
through time

Field work

Continental & oceanic Hydrothermal sites
drillings CCS pilote sites Microbialites
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Microimaging & microanalyses
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Our innovative dedicated approaches to image life in rocks
— Mineralogical, chemical, genetic and metabolic diversity @ the micrometric level: —

Ménez et al
Gérard, et al.

The joint characterization at the appropriate scale is mandatory to unravel microbes/minerals
interactions , track down traces of microbial life in rocks, characterize their microhabitats and establish
new types of biomarkers

_ Technical and methodological developments
in correlative microscopy: . in situ characterization at high spatial

resolution of living and fossil organic
« molecular ecology (Raman/FISH, laser

Glecl : : : matter and biominerals

microdissection and single cell genomics)
*  electron microscopy (SEM/TEM) \ search for traces of life in active or
« vibrational spectroscopies (Raman/FTIR) ancient systems
* synchrotron yimaging (UXRF, XAS, STXM,

MFTIR, SDUV, uCT)
« tof-SIMS Understanding of their functioning
* in situ stable isotope analysis and their overall impact on

elemental cycles




Astroparticlephysics andseoscience
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The global carbon cycle as considered up to now

Hreservoirs focused primarily dime atmosphere, oceans, sedimeatsd continental environment
ha biological activity limited to continental surface and oceans

C fluxes in Pt/My @ Volcanism + metamorphism: 0.083

Photosynthesis + respiration: 60

Air-ocean exchange: 70 l
Silicate weathering: 0.14 >
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The global carbon cycle as considered up to now

Hreservoirs focused primarily dime atmosphere, oceans, sedimeatsd continental environment
ba biological activity limited to continental surface and oceans
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Hydrothermal vents: operwindows to the deepbiosphere
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MoMAREMSQAzores Observatory
situated at the midAtlantic (hydrothermal vent field Lucky Strke

Données cartographiques 2019 Conditions

A Multidisciplinary reatime communication through \%i
acoustic link, buoy and satellite. ==
fauna fluid chemistry, seismicity and grouddformation

A In operation since2010

comprisesan oceanographic mooring and @ﬁ
nested arrays of seismometers, pressure D
probes, temperature probes and chemic@l
sensors in vent fluidg camera and
colonization devices for faunal and
microfaunalstudies

A Satellitetransmission of a data
subset, accessible on an EMSO

related server.
M. CannalPGP an®M Sarradinfremer



Exploringdeep habitats through coringand mining

INTERNATIONAL OCEAN

DISCOVERY PROGRAM
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Drilling vessel Chikyu Mo Riserless Drilling Riser Drilling Mission-Specific

designed to ultimately drill 7 km beneath the seabed in
some of the p | a nreost §essmically-active regions

— - >
-y il | o
Riser (circulation back 10 ship) ]

Bumoum

©JAMSTEC

remotely operated sea

bed rockdrills (British Beatrix Gold Mine, South
2 Africa for deep fluid

collection

RockDrill2

Courtesy of Gaetan Borgonie.


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

nature REVIEW ARTICLE
geosc1ence https://doi.org/10.1038/s41561-018-0221-6

The biomass and biodiversity of the continental
subsurface

T.L.Kieft8, E.vanHeerden®" and T.C.Onstott"
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Ouest-France
Jeudi 20 décembre 2018

Tuesday 12 December 20i8 The Guardian he = 0 u e St
[ News ardian france

Connaissez-vous la vie « intraterrestre » ?
Biologie. 70 % des microbes de la Terre vivent dans ses
profondeurs, dans des roches autrefois estimées stériles.

]
gB;EC}”FlDE LA(;V"I SSION Le creux du Nankai
tudier les limites de la vie se situe dans une zone

jusqu'a 1,2 km sous le fond marin, fortement sismique,

|2 ol la plaque océanique
[P Phlllpplines s'enfonce sous
la plaque continentale
euraslenne.
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*® Amount of deep life on Earth quantified Top Stories

By Jonathan Amos Deal reached to avert new US
BBC Science Correspondent

shutdown
® 10 December 2018 f © v [E <« shae @ 32 minutes ago

Insect decline may see 'plague of
pests’

Scientists reveal huge world

of life far beneath our feet e
k SC|ent|sts dlscover b||||ons of tons of
The Telegraph = l70mpje' bacteria inhabits the ground

*Zombie bacteria hint life began deep undereround
i g | 2 beneath our feet . .
' = bty e SESStmstenes STSSDUNIENE | by Euan Mokiny, CNN Q;l]l‘ New ﬂﬂl’l\ cunes
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Deep Beneath Your Feet,
They Live in the Octillions

The real journey to the center of the Earth has begun, and scientists

M etrl CS (tO 1 1 am U S ET \] aﬂ 2 O 1 9) are disco‘\'eﬁngvsubsm'face microbial beings that ::s'liai(e up what we

think we know about life.

Languages30

Countries84

Online news sites that published one or more stories: 885
Totalhits at online news sited:,100

Aggregate circulation / potential reach (online onli/)472 million p \
Advertising value equivalencgr{line only: $10.8 million {




70% of Earth's bacteria and archaea live underground

A Life in deep Earth totals 15 to 23 Trillion kg of carbon

A Up to 2.5 kilometers in the seafloor, and 5 km in continental mines
and boreholes

A E ar trho8toristine ecosystem






70% of Earth's bacteria and archaea live underground

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

A Up to 2.5 kilometers in the seafloor, and 5 km in continental
mines and boreholes

A E a r tmosi gristine ecosystem

A E a r t dedpdife suggests microbes might inhabit other
planetsb s ubsur f ace



FirstDIRECE&vidences
of the FORMATION
andPRESERVATION
ABIOTIC AMINO ACIDS
at depth inthe oceanic

lithosphere

A First building
blocks of life?

A Also a source of
carbon for deep
microbes?

Ménez et al. Nature 2018
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EXOMARS (20&2020)
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EUROPA: I

This moon of Jupiter coultarbourlife in an
underground ocean

Ground wateremitted at the suffacehrough
hydrothermalismcould contain microorganisms
from this ocean
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/I Enceladusonef the
Saturnemoon




nature

astronomy

comment

The next frontier for planetary and human
exploration

The surface of Mars has been well mapped and characterized, yet the subsurface — the most likely place to find
signs of extant or extinct life and a repository of useful resources for human exploration — remains unexplored.
In the near future this is set to change.

V.Stamenkovi¢, L. W.Beegle, K.Zacny, D.D. Arumugam, P.Baglioni, N.Barba, J.Baross, M. S. Bell,

R.Bhartia, J. G.Blank, P.J.Boston, D. Breuer, W.Brinckerhoff, M. S. Burgin, |. Cooper, V. Cormarkovic,
A.Davila, R.M.Davis, C.Edwards, G.Etiope, W. W.Fischer, D.P.Glavin, R.E.Grimm, F. Inagaki,
J.L.Kirschvink, A.Kobayashi, T.Komarek, M.Malaska, J. Michalski, B. Ménez, M. Mischna, D. Moser,
J.Mustard, T.C.Onstott, V.J.Orphan, M.R.Osburn, J. Plaut, A.-C.Plesa, N. Putzig, K.L.Rogers,
L.Rothschild, M.Russell, H.Sapers, B.Sherwood Lollar, T.Spohn, J.D. Tarnas, M. Tuite, D.Viola, L. M. Ward,
B. Wilcox and R. Woolley

January29,1¢



Sounding and drilling capabilities on Mars
------ > _—
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70% of Earth's bacteria and archaea live underground

AFar away from photosynthetically derived organic matter and
oxygen, and under severe energy limitation

AReliant on the geosphere for energy supply



CandidatudDesulforudisaudaxviator

A surviveson H, from radiolysisof water and sulfatelerivedfrom oxidationof pyrite by
radiolyticallyproducedO, and HO,, and fixes CCand N..

A Liveswithin afluid and gasfilled fracture 2.8 kmbeneath9 I NJuKs@eat MponengGold
Mine, SouthAfrica

Imagecourtesyof
GregWanger
(Californialnstitute
*d of TechnologyUSA)
and Gordon
Southam(The
Universityof
Queensland,
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Hydrogenis naturally producedon Earth

A from the oxidation of ferrous minerals dominating
in mantlederived rocks (from HT to LT)
3 Severall0'! moles peryear

Afrom water radiolysis in rocks with radioactive compounds
3 Several 18 moles peryear

A from mechanochemicaiplitting ofwater dueto free radical reactions on fractured
rock surface®r rocks under tension

3 widespread in the subsurface andt limited to a few specific rodypes
3 concentratedaround earthquake zones

3 rockcomminutionalsoduringerosionand seismicevents

3 3.4x 10°moles per year (Hirose et al., 2011, 2p12



Hydrogenis naturally producedthrough geologicalprocesses
on Earthand elsewhere

A from the oxidation of ferrous minerals dominating in maaderived rocks (from HT to
LT)
3 Severall0'! moles peryear

Afrom water radiolysis in rocks with radioactive compounds
3 Several 16! moles peryear

A from mechanochemicaiplitting ofwater dueto free radical reactions on fractured
rock surface®r rocks under tension
3 widespread in the subsurface andt limited to a few specific rodypes
3 concentratedaround earthquake zones
3 rockcomminutionalsoduringerosionand seismicevents
3 3.4x 10®moles per year (Hirose et al., 2011, 2012)

Proxies related to particles to track Hbroduction at depth and refine our






