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Mars

e Past life?
* |[ron and Sulfate Present

Sulfate at Meridiani Planum



Rio Tinto

“Red River”

e Active oxidation of pyrite sulfur to sulfate

* Extremophile microbiology- Acidithiobacillus
ferrooxidans (Af) & Leptospirillum ferrooxidans(Lf)

e Acidic waters
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Project Goals

* |dentify biomarkers in sulfates

 Determine oxidation pathway of pyrite sulfur
to sulfate

* Use triple oxygen isotopes as a tracer for
source oxygen



S
Oxidation Pathways

1. FeS,+7/20,+H,0 - Fe** +2S0,% + 2H*

2. FeS, + 14Fe¥ + 8 H,0 - 15Fe?* + 250,2 + 16H*

Microbes Oxidize Sulfur Microbes Oxidize Fe?*

* High Fe?*/Fe3*ratios  Low FeZ*/Fe3*ratios

* Equation 1 more active in e Equation 2 dominates
pyrite oxidation oxidation pathway

 More atmospheric oxygen * (Quantitative incorporation
incorporated into sulfate of water oxygen into sulfate
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Definitions

Isotopes are measured as ratios, least abundant divided by
most abundant (i.e.120/1¢0)

Ratio measured relative to internationally accepted
standard

Reported per mil with delta notation 6, A
6180 = (RSampIe/RStandard o 1)1000

Allows for both positive (heavier) and negative (lighter)
values



-]

Stable Isotope Fractionation

* Stable isotope fractionation is a change in the
ratio of the measured isotope

* Occurs during equilibrium and kinetic

Processes

Mass Dependent

The change in the ratio of
one isotope is proportional
to the change in the ratio of
another by the difference of
their masses.

Mass Independent

The change in the ratio of one
isotope to another is not
proportional to the difference
in masses



& A0 as an Oxygen Source Tracer

Cap Delta, 2\
« A0 =60 -(0.528)61%0

Terrestrial Fractionation Line (TFL)

— @

6180
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TFL and O,

atmos. 0, A70=-0.35

30

40




& TFLand O,

—A170=-0.35
-

atmos. O,




& Methods

How to prepare samples and measure oxygen isotopes

* Precipitate sulfate in the form of BaSO, by the
dropwise addition of BaCl,

 DTPA dissolution and reprecipitation
procedure (DDARP — Bao, 2006

e Wash 3 times in 18-MQ water
* Dry for 24 hours at 100°C
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A0 Analysis

Laser Fluorination Line & Mass Spectrometer <

o

+ 30W CO, Laser T R U,
* LN, cold traps 5 SSGNREES, =

e Molecular sieve

* Mass Spec
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A0 values range
from +0.070 to +0.183

TFL=.528

6170 | = . "

AYO —
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Rio Tinto SO, Results

0’0

y =0.5177x + 0.0639
R2=0.9998 |

Precision 0.007 %o (1 o)
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6170 %o

Rio Tinto SO,

y =0.5178x + 0.062

R? =0.9996
Precision 0.007 %o (1 o)

y =0.5168x + 0.0653

R?=0.9994
Precision 0.007 %o (1 o)

-9-High Fe2

® Low Fe2
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= Discussion
A0
 May have new slope specific to sulfate

production via oxidation of pyrite

e Strong correlation of data points suggest a
dominant process for slope deviation

e Future work could determine microbe specific
contribution to slope deviation
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Conclusion

* Pyrite oxidation process specific slope does not
allow for us to use A0 as oxygen source tracer

* Process-specific contributions to slope deviation
my lead to a new and novel biomarker

* 5180 data show different oxidation pathways
occurring but further work is needed to
determine primary oxidant and fractionation
factors
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