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. domlnant geologlcal feature in the Solar
System

;

* high impact flux on early Earth

* ubiquitous geological process

* exogenous heat/energy source

* unique impact products/substrates

* create mineralogical, chemical, physical
interfaces

delivery of organic molecules (e.g. amino acids,
aromatics, organic acids, hydrocarbons...)

dellvery/release of volatlles (HzO Hz, COZ)




Impact-generated
Hydrothermal Systems




Impact-generated
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e water-rock interactions

® concentration mechanism
* thermal & chemical disequilibrium

* numerous & heterogeneous
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Three stages:

e Contact &
compression

e Excavation

e NModification

Projectile

l

Q/ __—Shock wave
/)
ST

'

¥

Contact/compression stage

Ejecta \% \

Vapor A
: Rarefaction or
fransient crater 7 “release” wave

Uplift of
crater floor

End excavation stage/ ) T )
start modification stage

i —

- —
-

Gravitational collapse
of crater walls

7

S T —

-

Modification stage _ N Osinski, 2004



Crater formation

A 1 km diameter projectile can result in a 24 km
diameter crater

Impact site

Excavated
zone

Uplifted transient
cavity rim

Osinski, 2006: modified after Grieve, 1987 and Melosh, 1989

orojectile destroyed In craters > 1 km In diameter



Crater formation

Extreme physical parameters:
single point in time and space
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HYDROTHERMAL DEPOSITS
IN 6 DISTINCT SETTINGS

Alteration of impact melt-rich

o Alteration of basal lake upper ejecta .
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with depth and inwards Vein systems around Listric extensional
outer edge of central uplift faults

1 |
Central Uplift

~5 to 150 km depending on size of projectile (Earth)
~10 to 250 km depending on size of projectile (Mars)

Ejecta (impact melt rocks and/or impact breccias)

B Craterfil deposits (impact melt rocks and/or impact breccias) Osinski et al 2013
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porosity and
permeabillity =
habitats




\ porosity and
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geochemical
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metabolic
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porosity and
permeability =
habitats

Impactite

geochemical
heterogenelty =
metabolic
energy

habitat +
energy =
colonization



Habitat Creation & Colonization for
rock-hosted life

® cnergy disequilibria
® protective habitats
® niche division

® adaptive advantage
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Impact Event

A

Phase of Thermal Biology

Phase of Impact Succession
and Climax

Phase of Ecological
Assimilation
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Major events associated with each phase » ,

Quasi-complete sterilization of impact site
occurs during event.

General features

Sites of hydrothermal activity at crater with associated
microbial ecology.

General features

Formation and colonization of impact crater lake.
Possible departure of lake waters after breach of crater rim lake(s)
and/or evaporation and recolonization of paleolacustrine sediments.
Where lake does not form, colonization can occur.
on impact-generated substrata, e.g. impact breccia. In many biomes
colononization of crater by vegetation can result in intracrater
‘oasis’, because of hydrologic depression.
At each of these stages the crater may reach a
stage of climax ecology, which may be transitory.

General features

Crater is eroded or infilled. On land this results
in loss of hydrologic depression. Impact crater ecosystems
become indistinguishable from outlying regions.

In extreme assimilation, crater becomes heavily
eroded or completely buried.
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Major events associated with each phase

Quasi-complete sterilization of impact site
occurs during event.

f‘ Phase of Thermal Biology

ﬁ

General features

Sites of hydrothermal activity at crater with associated
microbial ecology.
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General features
Formation and colonization of impact crater lake.

Possible departure of lake waters after breach of crater rim lake(s)
and/or evaporation and recolonization of paleolacustrine sediments.

Where lake does not form, colonization can occur.
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General features

Formation and colonization of impact crater lake.
Possible departure of lake waters after breach of crater rim lake(s)
and/or evaporation and recolonization of paleolacustrine sediments.
Where lake does not form, colonization can occur.
on impact-generated substrata, e.g. impact breccia. In many biomes
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‘oasis’, because of hydrologic depression.
At each of these stages the crater may reach a
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General features

Crater is eroded or infilled. On land this results
in loss of hydrologic depression. Impact crater ecosystems
become indistinguishable from outlying regions.
In extreme assimilation, crater becomes heavily




Impact Event

Phase of Ecological
Assimilation

Major events associated with each phase

Quasi-complete sterilization of impact site
occurs during event.

lake(s)
adiments.

y biomes
iter

agTnioial icalurco

Crater is eroded or infilled. On land this results
in loss of hydrologic depression. Impact crater ecosystems
become indistinguishable from outlying regions.

In extreme assimilation, crater becomes heavily



HYDROTHERMAL MINERALS AT HAUGHTON




Endolithophiles: metabolism

Quartz
(SiO2)

organic C — CO; | Biotite
n R . om (K(Mg,Fe)3AlSizO10o(OH,F)2)

Extract: K*, Fe3*, Fe(OH)3

Sodic

Plagioclase

(Na[AlSizOg])
extract: Na*

Hornblende

(NaCaz(Mg,Fe)+AlSicAl,022(OH,F)2)
extract: Ca?*, Na*, Fe’*, Fe(OH);

Apat|te jE s N AI kal' F6|C|Spar'
(CaS(PO4)3(OH,F,C|) [éite t.hi'.n-iu\ros darized | ((K,Na) [A|Si303])
extract: Ca2+ PO43+ Iight. MacKenzie and Guilford, 1980. extract: K+’ Na+

Anaerobic, chemiautolithotrophs use H; as an
e- donor in energy Yielding redox reactions



MICROENVIRONMENT FEEDBACK

fixation, volatilization

Meth)’latlo'\Orgamcc - v

As, Se, Te, Sn, Pb, H

Chemolithotrophic

leaching
“H+, pH changes, Fe(lll), SO4 *

Chemo-organotrophic

Redox -—o leaching
(im)mobilization . s H+, siderophores, .organic acids,
(Fe(III) _ Fe(II) metabolites
Mn(IV) - Mn(ll)
mineral

bioweathering
biomineralization

Biocorrosion
Biosoption
veras ~Chemistry determines colonization
colonization affects chemistry
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When the going gets tough
the tough go deep

Noachian |
3.8

ater availiability
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Hesperian |
P 3

Edaphic habitats

BSC, Permafrost, Glaciers, Snow

Continuous colonization

Amazonian Presen

| &<

Dryland Habitats
. Lithic habitats : Hygroscopic habitats
Endolithic, hypolithic, Hygroscopic salts
: epilithic :

Heterogenous colonization

=—- Slow growth

Rapid growth :
High species richness Low species richness
.
: *’:’u" v p|

Davila & Schulze-Makuch
2016

Dew Water vapor




Endolithic Environments

Alteration of target rocks can have both beneficial and detrimental
effects to endolithic habitats

Sedimentary litholoay
with high porosity/permeability IMPOVERISHED HABITAT

GQO Shock
mﬁ Pore collapse

Chasmoendolith Epilith

Melt phases
Cryptoendolith
N —

Crystalline lithology
with low porosity/permeability

Euendolith
IMPROVED HABITAT

Shock
Impact bulking

Differential effects of shock-metamorphism on target
lithologies (Cockell, 2007)

Schematic representation of endolithic
habitats (Cockell, 2007)




crypto- and chasmo-
endoliths

® increase in porosity
® increase in pore space
* increase in translucence

Pontefract et al., 2014




crypto- and chasmo-
endoliths
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crypto- and chasmo-
endoliths
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crypto- and chasmo-
endoliths

Cockell, 2005; 2006 Pontefract, 2013



crypto- and chasmo-
endoliths

Cockell,2005; 2006 Pontefract, 2013



Micro-organisms isolated
from shocked gneiss (left)
and in situ
colonization(right)

Pontefract et al., 2016
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Trace fossils In |mpact structures
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PRESERVED BIOSIGNATURES
N IMPACT GENERATED
HYDROTHERMAL SYSTEMS
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PRESERVED BIOSIGNATURES
N IMPACT GENERATED
HYDROTHERMAL SYSTEMS

= Ries Glamoclija et al; Cheasapeake Bay
Glamocilija et al.

o features of potential morphological
INnterest

= SiljJan Hode et al
e evidence for EPS in hydrothermal
veins

= Dellen Lindgren et al
o features of potential morphological
Interest

= Ries Sapers et al
e evidence for flamentous
ichnofossils In impact glass
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HYDRATED SILICATES ASSOCIATED

WITH MEGABRECCIAS
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IMPACT HYDROTHERMAL SYSTEMS ON MARS

ohyllosilicate deposits: post-, syn-, or pre-impact?

excavation and hydrothermal

3 ion (bluz, magenta)

Osinski et al 2013



Phyllosilicate exposures




Phyllosilicate exposures

Fe/Mg smectite correlate.with Hargraves
breccia units: excavation +- hydrothermal
overprinting: sharp redox interfaces NS

" (unaltered (green) juxtaposed against
altered (magenta) lithologies




Phyllosilicate exposures

Fe/Mg smectite correlate.with Hargraves 5
breccia units: excavation +- hydrothermal
overprinting: sharp redox interfaces iy

" (unaltered (green) juxtaposed against
altered (magenta) lithologies
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to the subsurface
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+  recent excavation and subsurface

" access to rock-hosted life habitats
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impact breccia as a microbial habitat
fracture systems and subsurface fluid conduits !

potential for volatile release due to impact induced
hydrothermal activity

rich geologic diversity; potential for (ancient: Noachian- e
Hesperian?) atmospheric component
biosighature preservation in impact materials A

fundamental geologic process investigation: phyllosilicate
associated with ejecta: excavation +/- hydrothermal alteration

fresh impacts allow recent access to the ancient subsurface
abundant geochemical, mineralogical, energetic interfaces
ideal habitat for rock hosted life

fundamental discoveries about deep biosphere - lessons for
Earth



