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Serpentinization: Implications for life

Life thrives at the interface between serpentinization 
fluids (H2, hydrocarbons, high pH) and seawater

Klein et al. (2015) PNAS

Fossil System: Iberian Margin
Active System: Lost City

1 µm

http://solarsystem
.nasa.gov

Saturnian moon, Enceladus

Schrenk (2004) Env. Microb.



Serpentinization: Implications for 
early Earth surface processes



The Serpentinization Reaction
mantle peridotite
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Olivine is extremely unstable 
in the presence of water

3 ol + 2 H2O = serp + bruc



Fe partitioning and oxidation during 
serpentinization

Tutolo et al. (2016) Geology
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The Lost City Hydrothermal System



Ludwig et al. (2006) GCA

The Lost City Hydrothermal System: 
Vent Chemistry

~116°C (max)
pH25°C ≈ 10.6

[H2] = 10.8 mmol/kg
[CH4] = 1.26 mmol/kg

[Mg] ≈ 0 mmol/kg
[Ca] = 27.4 mmol/kg

[Si] = 73 μmol/kg

Seyfried, Pester, Tutolo and Ding (2015) GCA



Serpentinization and global H2 fluxes

Sherwood-Lollar et al. (2014) Nature

This picture would have looked very different in deep time.



Hydrothermal Processes in 
the Early Oceans

Gladstone and Diemert When Planet Earth was New

Fundamental research question: 
Is our understanding of serpentinization-driven 
H2 fluxes biased by our modern experience?



Low-temperature 
hydrothermal systems

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



How is H2 generated during low-
temperature serpentinization?



Low-temperature serpentinization

Klein et al. (2014) Geology



Klein et al. (2013) Lithos

Low-temperature serpentinization



Fe3+ in serpentine: 
Crystallographic considerations

lizardite: Mg3Si2O5(OH)4

Si
Mg



Mechanisms for Fe3+

incorporation into serpentine 
(and H2 production)

lizardite: Mg3Si2O5(OH)4

1. Dioctahedral substitution 
2 Fe3+↔3 Mg2+, towards hisingerite:

□Fe3+
2Si2O5(OH)4 

(Tutolo et al. (2019) Minerals)

2. Deprotonation
Fe3+↔(Fe2+H) towards “oxyserpentine”:

(Mg2Fe3+)Si2O6(OH)3

3.  Ferri-Tschermaks 
2 Fe3+↔(MgSi) towards Mg-cronstedtite:

Mg2Fe3+
2SiO5(OH)4



Ferri-Tschermaks Substitution

2 Fe3+↔(MgSi)  (favored at low [SiO2])
Tutolo et al (2020) PNAS



Fe3+ substitution in serpentines: 
Mössbauer spectroscopy

Radioactive decay of 57Co interrogates oxidation and 
coordination state of 57Fe in the sample

mars.nasa.gov/mer/mission/instruments/mb/



IVFe3+-for- IVSi (Ferri-Tschermaks) 
substitution in serpentine

Tutolo et al (2020) PNAS



Analytical evidence of IVFe3+-for- IVSi
substitution in serpentines 

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



H2 generation by Ferri-Tschermaks 
substitution in serpentine

Tutolo et al. (2020) PNAS



Hydrothermal Processes in 
the Early Oceans

Gladstone and Diemert When Planet Earth was New

How might secular changes in seawater 
chemistry have affected H2 production during 

serpentinization on the early Earth?



What is this?

Field of view ≈ 1 cm



Silicified Komatiite from the 
3.3 Ga Mendon Formation

Field of view ≈ 1 cm



Secular change in the SiO2 cycle

Siever et al. (1991, 1992) GCA, Conley et al. (2017) Frontiers in Marine Sci.



Fe2+-Fe3+ equilibria in serpentine

Tutolo et al. (2020) PNAS

Fe2+-serp(XMg=0.9) + 0.05 H2O⇌ Fe3+-serp(XMg=0.9)+0.25 SiO2(aq) + 0.15 H2(aq)



Hypothesized H2 fluxes 
through Earth’s history



Take-Home Points
• H2 production during low-temperature 

serpentinization is linked to a Si deficiency in 
the serpentine structure, which itself is 
caused by low SiO2(aq) concentrations in 
fluids derived from modern seawater

• Elevated SiO2 in Precambrian seawater (and 
the waters of other diatom-free oceans) 
would thus have limited the extent of H2
production during serpentinization



Thanks!  Questions?
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