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Serpentinization: Implications for life

Fossil System: Iberian Margin  Saturnian moon, Enceladus

Active System: Lost City B '* *
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»Life thrives at the interface between serpentinization
fluids (H,, hydrocarbons, high pH) and seawater
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Serpentinization: Implications for
early Earth surface processes
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The Serpentinization Reaction

mantle peridotite Water Volume Serpentinite
> 1,302 milliliters Contains12.5% water by weight
Danby, Vermont
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olivine + water = * brucite
+ magnetite



Olivine Is extremely unstable
In the presence of water

3ol+2H,0 =serp + bruc




Fe partitioning and oxidation during
serpentinization
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The Lost City Hydrothermal System
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The Lost City Hydrothermal System:
Vent Chemistry
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Serpentinization and global H, fluxes

30°E 60°E 90°E 120°E 150°E 180" 150'W  120°W 90°W 60'W  30'W
InterRidge Vents Database Version 2.1 89_%* & @

www.interridge.org/irvents ~ Gakkel Ridge

Vit el gttty Table 2 | Estimates of H, production from water-rock reactions

red
symbols Confirmed

System H, production (10** molyr™*)  Reference

Infarred

Ocean crust 08to 1.3 Ref. 7

— Ocean crust 19 Ref. 6
P — Ocean crust 2.0 Ref. 9
ecriaan Slow-spreading ridges 1.067 Ref. 8
Backarc Basaltic ocean crust 45+30 Ref. 5

spreading centar

Intr-plte vocano Continental Precambrian radiolysis 0.16t0 0.47 This study
Continental Precambrian hydration 0.2t0 1.8 This study
reactions

f-’ MNew Discoveries
£ in 2010 and 2011

The table shows global estimates of H, production from water-rock alteration reactions (in units of

10 molyr=1) from marine lithosphere and H, production estimates from radiolysis and hydration of
Ridge &Transform mafic/ultramafic rocks from Precambrian continental lithosphere derived in this study. Estimates
Trench made using conservative assumptions. For details of all calculations see Methods. Volcanic, mantle-
Exclusive Economic Zones. derived or microbial sources of H» are not incorporated. Sherwood-Lollar et al. (2014) Nature

Marine Protected Areas (MPAs) Strait
for deep-sea hydrothermal vents
(approximate locations)

This picture would have looked very different in deep time.



Hydrothermal Processes In
the Early Oceans
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Fundamental research question:
Is our understanding of serpentinization-driven
H, fluxes biased by our modern experience?
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Low-temperature
hydrothermal systems

a "Feedbacks between off-axis chemical
fluxes and their controls may play an
. important role in modulating ocean

chemistry and planetary climate on
long timescales, but more work is
needed to quantify these feedbacks.”

Coogan and Gillis (2018) Ann. Rev. Earth and Planet. Sci



How Is H, generated during low-
temperature serpentinization?



Low-temperature serpentinization

Magnetite in seafloor serpentinite—Some like it hot

Frieder Klein'*, Wolfgang Bach?, Susan E. Humphris'!, Wolf-Achim Kahl?, Niels Jéns?, Bruce Moskowitz?,
and Thelma S. Berquo*
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2Geosciences Department, University of Bremen, 28359 Bremen, Germany
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*‘Department of Physics, Concordia College, Moorhead, Minnesota 56562, USA
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Low-temperature serpentinization
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lizardite: Mg,;Si,O-(OH),




Mechanisms for Fe3*
Incorporation Iinto serpentine
(and H, production)

1. Dioctahedral substitution
T Yy 2 Fe’to3 Mg32+, towards hisingerite:
¢ ’ & : & + .
r B B B % B B G G oFe ZSIZOS(OH)4
i 4 & & & 4 & 4 (Tutolo et al. (2019) Minerals)
¢ 9% ¥ 9% ¥ 9% ¥ % 9% 9

! 3 ¢t & I & &£ 1§ 3 -
o o Y v v 2. Deprotonation

YT YT YT Y Y XYY Fe3te(Fe2tH) towards “oxyserpentine”:
lizardite: Mg,Si,O-(OH), (Mg,Fe>*)Si,04(OH);

3. Ferri-Tschermaks
2 Fe3*o(MgSi) towards Mg-cronstedtite:
Mg,Fe3*,SiO(OH),



Ferri-Tschermaks Substitution

2 Fe3*—(MgSi) (favored at low [SiO,))

Tutolo et al (2020) PNAS



Fe3* substitution in serpentines:
Mossbauer spectroscopy
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»Radioactive decay of °’Co interrogates oxidation and
coordination state of °’Fe in the sample



VEest-for- VSi (Ferri-Tschermaks)
substitution in serpentine

Tutolo et al (2020) PNAS



Analytical evidence of VFe3*-for- VSj
substitution in serpentines

184 186 188 190 192 194 196 198 200
Si apfu

Tutolo et al. (2020) PNAS; data from Evans et al. (2012) Am. Min.




H, generation by Ferri-Tschermaks
substitution In serpentine

H, generated per
mol of serpentine
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Tutolo et al. (2020) PNAS



Hydrothermal Processes In
the Early Oceans
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How mlght schIar changes IN seawater
chemistry have affected H, production during
serpentinization on the early Earth’P
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Silicified Komatiite from the
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Secular change in the SIO, cycle
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Fe?*-Fe3* equilibria in serpentine

Fe2*-serp yyg=09) * 0.05 H,O = Fe3*-serp yyq-0.0+0.25 SiO,(aq) + 0.15 H,(aq)

drecambrian

Precambrian serpentinites
would have produced ~ 2.5
orders of magnitude less H,

than modern serpentinites!

P =250 bars
-5.0 -45 -4.0 -35

l0g(a 4, o) Tutolo et al. (2020) PNAS



Hypothesized H, fluxes
through Earth’s history
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Take-Home Points

* H, production during low-temperature
serpentinization is linked to a Si deficiency In
the serpentine structure, which itself is
caused by low SiO,(aq) concentrations in
fluids derived from modern seawater

» Elevated SiO, in Precambrian seawater (and
the waters of other diatom-free oceans)
would thus have limited the extent of H,
production during serpentinization



Thanks! Questions?
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