Habitability, Life Detection, and
the Signatures of Life on the
Terrestrial Planets
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Three Themes Centered on
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® Developing Methods for Life
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® Biosighatures: Developing the
Tools for Detection of Ancient
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1. Developing Methods for Life Detection

1.1 Determining the stability of biomarkers in space
environments
Pascale Ehrenfreund
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1. Developing Methods for Life Detection

1.1 Determining the stability of biomarkers in space
environments
Pascale Ehrenfreund

1.2 Controls on the recovery of mineral-associated
biomolecules
Pascale Ehrenfreund & Huifang Xu



Controls on the recovery of mineral-
associated amino acids

Calcium Rich Montmorillonite Aluminum Pillared Montmorillonite
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Ca or Al in montmorillonite has a strong influence on the recovery rates and
seems to have a selective effect on the adsorption of specific amino acid
properties (neutral or positive or negatively charged side chains). In no cases are
the amino acids fully recovered, and recovery can be less than 10%.



1. Developing Methods for Life Detection

1.1 Determining the stability of biomarkers in space
environments
Pascale Ehrenfreund

1.2 Controls on the recovery of mineral-associated
biomolecules
Pascale Ehrenfreund & Huifang Xu

1.3 Linking genomic and geochemical sighatures of Fe-based
microbial life in extreme environments
Eric Roden and Eric Boyd



Metagenomic Analysis of a
Chemolithoautotrophic Iron-Oxidizing Culture

Metagenomic reconstruction was
performed on a previously-
studied chemolithotrophic iron-
oxidizing, nitrate-reducing culture
(Straub et al., 1996).

Four near-complete genomes
were recovered (using a
bioinformatics technique known

as Emergent Self Organizing Maps,

or ESOM), including those for two
known iron-oxidizing taxa
(Gallionellaceae and
Bradyrhizobiaceae). Target is
genes that code for proteins
involved in extracellular electron
transfer.

Culture results show Fe(ll)

oxidation of micas and clays on
early Mars or Earth could support
life.
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Microbial Iron Redox Cycling in Chocolate Pots
Hot Spring, Yellowstone National Park
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0-1 cm depth
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At the other end of the temperature spectrum
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2. Biosignatures: Tools for Detection of Ancient
Life and Determining Paleoenvironments

2.1 Experimental studies of Mg, Fe, & Si isotope fractionations
in clays in abiologic and biologic systems
Brian Beard and Eric Roden
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Magnesium isotope fractionation between brucite [Mg(OH);] and Mg @Cmmk
aqueous species: Implications for silicate weathering and
biogeochemical processes
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2. Biosignatures: Tools for Detection of Ancient
Life and Determining Paleoenvironments

2.1 Experimental studies of Mg, Fe, & Si isotope fractionations
in clays in abiologic and biologic systems
Brian Beard and Eric Roden

2.2 Experimental studies of Si, Fe, & Mo isotope fractionations
in Fe-Si precipitates in abiologic and biologic systems
Clark Johnson, Brian Beard, and Eric Roden



Primary Archean Ocean Precipitate: Fe''Si,(OH),y 5
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2. Biosignatures: Tools for Detection of Ancient
Life and Determining Paleoenvironments

2.1 Experimental studies of Mg, Fe, & Si isotope fractionations
in clays in abiologic and biologic systems
Brian Beard and Eric Roden

2.2 Experimental studies of Si, Fe, & Mo isotope fractionations
in Fe-Si precipitates in abiologic and biologic systems
Clark Johnson, Brian Beard, and Eric Roden

2.3 Experimental studies of carbonates
A: '3C-180 “clumped” isotopes and Mg & Mo isotopes
Clark Johnson, John Eiler, and Chris Romanek
B: Role of organic ligands in Mg-bearing carbonates
Huifang Xu
C: Carbonate-associated sulfate
Max Coleman



“Clumped” Isotope Thermometry:
Independent of Fluid Composition
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26Mg/?%*Mg Fractionations in Carbonates:
Paleotemperatures and Paleoweathering

300°C 200°C 100°C 50°C 30°C 10°C 0°C

A Synthesis exp.
O Best estimate of fractionation

—— A26Mg—T function

\’g“ error evelop (95% confidence)
< 0 » Higgins and Schrag (2010)
E i @ Fantle and Higgins (2014)
S -1
®]
O)
= 2
N
<]
-3
-4
2 4 6 8 10 12 14

10°T° (1/K%) _
Li et al., submitted to GCA



The “Dolomite Problem”: A Biosignature Issue?

% Aquatic Geochemistry 4: 361-368, 1998.

© 1998 Klinwver Academic Publishers. Printed in the Netherlands.
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Carbonate-Associated Sulfate (CAS)

Test application to the
Cenozoic Monterey
Formation. Quantification
of organic carbon cycling
and paleoclimate

»>

New methods work with
sulfide-rich samples, avoiding
sulfate artifacts caused by
oxidation of sulfide
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3. Life Detection in the Ancient Rock Record

3.1 Technologies for in situ isotopic analysis
A: SIMS and Atom Probe
John Valley
B: Femtosecond laser ablation
Brian Beard and Clark Johnson
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4.4 Ga zircon, Jack Hills
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3. Life Detection in the Ancient Rock Record

3.1 Technologies for in situ isotopic analysis
A: SIMS and Atom Probe
John Valley
B: Femtosecond laser ablation
Brian Beard and Clark Johnson

3.2 Geochronology: Proxy ‘“age”, fluid-rock interaction
histories
Clark Johnson and Brian Beard
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3. Life Detection in the Ancient Rock Record

3.1 Technologies for in situ isotopic analysis
A: SIMS and Atom Probe
John Valley
B: Femtosecond laser ablation
Brian Beard and Clark Johnson

3.2 Geochronology: Proxy “age”, fluid-rock interaction
histories
Clark Johnson and Brian Beard

3.3 The Neoarchean: Environmental changes before the
Great Oxidation Event (GOE)
A: Banded Iron Formations and carbonate platforms
Clark Johnson and Brian Beard
B: C-S-Fe isotopes and molecular biomarkers in organic-
rich shales
John Valley, Clark Johnson, and Roger Summons
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2.7 Ga Tumbiana SIMS analysis shows that
Formation, Australia bulk carbon is mixture of
photosynthetic and
methanogenic sources

Tumbiana Formation (SV1 core, 55.3 m) bulk 6*C = =—-49.7%
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3. Life Detection in the Ancient Rock Record

3.4 The Mesoarchean: The biosphere in the Witwatersrand/
Pongola basin, South Africa
Clark Johnson and Brian Beard






3. Life Detection in the Ancient Rock Record

3.4 The Mesoarchean: The biosphere in the Witwatersrand/
Pongola basin, South Africa
Clark Johnson and Brian Beard

3.5 The Paleoarchean: Chert-carbonate associations
A: Pilbara craton, Australia
John Valley
B: Barberton Greenstone Belt, South Africa
Clark Johnson and Brian Beard
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3.4 Ga Strelley
Pool Chert, Pilbara,
Australia

b y v ‘*,

~.A { U 4)
( i\' "y .,

w Mcga qlz .
— 3 e ¥
Overgrowth th .’ g L

Overgr omh qtz a,.\:‘. :

e

Martln Van Kranendonk W|th
NOVA film crew, 2014

Multiple quartz generations Wi, © <y o
in Strelley Pool Chert




Pilbara

3190 Ma ¢

3240 Ma @

3325-3315 Ma @

3350 Ma @

KELLY GROUP

3458-3426 Ma @

3515 Ma & <
=

aanana  Conical stro

~~aa Domical stromatolites

g Microfossils
fz Ichnofossils

—>»><4—SS—><«So >

NA GROUP —>|¢e—

Wyman Formation

Euro Basalt

Strelley Pool Chert &
CM  Arhhaaa

Panorama Formation

Apex Basalt
chert e?

Apex Basalt

—_Duffer Fm

Trendall locality
stromatolites
(best preserved)

Schopf locality
?microfossils

Marble Bar Chert

> | Awramik locality

matolites

?microfossils

North Pole
stromatolites
(and ?microfossils)

—v— Unconformity
< Precise age from U-Pb

isotope geochronology
(accurate to about
3 million years)

CM Carbonaceous material

Barberton

Moodies
Group

2 -3 km ———i

li¢

Fig Tree
Group

S3 + S4| 3 225 Ma

9 km

Fault —>
Mendon Fm

»
»

Fm

A

Kromberg

Onverwacht Group
Hooggenoeg Fm

Komati Fm

ﬂ.. K

Komatiite
Basalt

Mafic pyroclastics

<«—— Msauli Chert «—— S2
<— Footbridge Chert
3 334 Ma

3416 Ma
Felsic Volcanics 3 445 Ma

+«— S1| 3470 Ma

<+—Middle Marker chert

S1-S84= Impact

«— 3472 Ma (Tuff) Spherule
Beds

- Felsic volcanics Shale
Conglomerate
- Chert 0000 and quartzite

- Iron formation




3. Life Detection in the Ancient Rock Record

3.4 The Mesoarchean: The biosphere in the Witwatersrand/
Pongola basin, South Africa
Clark Johnson and Brian Beard

3.5 The Paleoarchean: Chert-carbonate associations
A: Pilbara craton, Australia
John Valley
B: Barberton Greenstone Belt, South Africa
Clark Johnson and Brian Beard

3.6 Hadean and Paleoarchean impact events as traced by
detrital zircons: Implications for early life
Aaron Cavosie



Discovery of reidite, an ultra-rare high pressure
ZrSi0, polymorph in impact-shocked zircons

BSE image of shocked
zircon with reidite |
lamellae, Rock EIm §
impact crater, W| 3

Cavos:e et eI (2014)



3. Life Detection in the Ancient Rock Record

3.4 The Mesoarchean: The biosphere in the Witwatersrand/
Pongola basin, South Africa
Clark Johnson and Brian Beard

3.5 The Paleoarchean: Chert-carbonate associations
A: Pilbara craton, Australia
John Valley
B: Barberton Greenstone Belt, South Africa
Clark Johnson and Brian Beard

3.6 Hadean and Paleoarchean impact events as traced by
detrital zircons: Implications for early life
Aaron Cavosie

3.7 Proterozoic and Archean microbial ecology
A: Microbial diversity in marine systems
Bill Schopf
B: Carbon isotope analysis of microfossils
John Valley
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Preservation and detection of microstructural and 750 Ma
taxonomic correlations in the carbon isotopic compositions
of individual Precambrian microfossils

Geochimica et Cosmochimica Acta 104 (2013) 165-182
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Education and Public Outreach and
other Astrobiology Community
activities

EPO Leads
Brooke Norsted, UW-Madison




University of Puerto Rico & UW-Madison
Summer Internship Program

Field trip, Rock EIm impact crater, Research in UW-Madison labs
Wisconsin



Montana State Programs

“Yellowstone through
Space and Time” field trip
for 57 adult students

1 “Microbial Ubiquity lab”
| @ MSU for elementary




We partnered with the GOALS:
Madison Public Libraries to * Deliver astrobiology programs at local
. . libraries.
bring science programs, books, . Equip and support librarians to deliver
and hands-on activities into and host more science programs.
their informal learning * Increase circulation of non-fiction books.

* Boost participation by minority and

environments.
underserved groups

The entire Summer Reading Club enrolled 9,909 K-12 children

In sum NAI-funds provided
26 astrobiology programs to 848 attendees
in summer 2014 at the Madison Public Library Branches.



Programs delivered by NAl-funded outreach personnel

Nhmg

Gardening on Mars Space Radiation Rover Design Challenge
Learn about growing food in space, Learn about UV radiation, Learn about Curiosity then
surface conditions of Mars and build conditions on Mars and create an design and build their own
their own mini-greenhouse. alien with UV-sensitive beads. edible rover using a budget.

Weriter in residence Jacob Berkowitz
(and Ambrosia the alien puppet)

Scientists have ways of grouping types of stars.

Which of these is a way that they group them?
(Multiple choice)

30 minute puppet show
Pre-test: 29.8% Average survey respondent




-’pL Solar System Ambassador &
Solar System Ambassador Master Teachers

* WARC-sponsored professional development trainings for volunteers since 2007
— 7 archived telecons with team scientists/graduate students
— 1 educator workshop for Solar System Ambassador Master Teachers (SSAMTSs)
 NAI/WARC/SSAMT collaborative workshops held since 2007
— NAI/SSAMT AbsciCon educator workshops held in 7 states in April 2012
— WARC/SSAMT scientist/educator at AGU-NESTA Fall Meeting December 2012
* Solar System Ambassador Education/Public Engagement events since 2007
— People reached in 50 states, DC, Puerto Rico, Guam, Haiti, Netherlands, France
* Direct Events: 604,137
e Local TV: 3,273,005
* Local Radio: 1,356,652
 Publications: 3,891,626
* Web/Podcast: 52,966
 Social Media: 1,731,600







