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Abiotic Methane Synthesis and Serpentinization in Olivine-
hosted Fluid Inclusions
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«&) Why Care?

»
* CH, plays key roles in the global C cycle

* Oxidation of CH, yields catabolic (ATP
generating) energy for
chemolithoautotrophs

* Abiotic CH, on other planetary bodies
(Mars, Titan, Enceladus)

* The source(s) of abiotic CH, remain(s)
poorly constrained
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Biogenic, Thermogenic, & Abiotic Methane
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Serpentinite-hosted Methane Seeps
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Abiotic CH, is leached from basalt or gabbro...!??
Welhan & Craig (1983)
Kelley & Fruh-Green (1999)

Image courtesy of C. German




Reduction of dissolved inorganic carbon during
hydrothermal circulation!??

Heat source.




log [CH, (mmol kg™)] (observed)

-2 c
P ]
5
¢ g N
o &
3 - !
]
!
Qo /
!
! 4 9-10°N EPR
4 - A . X ‘*;f A 17-19°S EPR
-I-J".Fl'rlg B” n? N 21°N EPR
I A A TAG
s+ ! > MARK
! O Lucky Strike
=9 1 A f < Menez Gwen
/
++ A i X Broken Spur
; V Rainbow
/ O Logatchev
/
-6 , —_— At tau
-12 -8 -4 0

log [CH, (mmol kg'")] (predicted)

McCollom & Seewald (2007)



—
pH T

e
|
—
"

CH4(aq) [mM] "
b d
i
g

CeLUE 00
e
]
—

Temperature/

100 [°C] —
|

o
N
N
(o)}
0o

10 12 14 16 18

®TAG » Lucky Strike *Von Damm » Rainbow ® Lost City
Data from Charlou et al. (1998, 2000, 2002), Seyfried et al. (2015), McDermott et al. (2015)

20



Concentration (umol/kg)

Ultramafic-Influenced Hydrothermal Systems
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Clumped Isotope Geothermometry

vent temperature (°C)
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13CH, + 12CH,D — !3CH,D + 12CH,



CH, (mmollL)

2CO, + ZHCOOH (mmol/kg)
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CH, is radiocarbon dead

613Cco2= +0.9%0 *+0.3
Same as seawater




MCR, Mt. Dent
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Serpentinization as a Source of Methane

1. 2FeO +H,0=Fe,0;+H,

2. 4H,+3CO, =CH, +2H,0



Hypotheses

1. Serpentinization within olivine-hosted fluid inclusions creates
conditions conducive to abiotic CH, formation.

2. Same process takes place in peridotite and gabbroic rocks in
distinct geologic settings.

3. CH, can be stored over geological timescales and released by
dissolution or fracturing of the olivine host.

Approach

O survey of fluid inclusions in marine and continental mafic and
ultramafic rocks

U examine inclusion contents with SEM, EMPA, and Raman
O analyze volatile contents in crushed rocks with GC-IRMS

U model reaction pathways with EQ3/6
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O 78% of peridotite and all
olivine-bearing gabbros
examined contain olivine-
hosted inclusions
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[ Volatile contents:
OH
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Whole-rock CH, abundance
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Carbon isotopic compositions
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Solution

N~

solid reactant

7
C @

AN
N

N

Equilibrium modeling using EQ3/6 (Wolery, 1992)
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Questions

 What is (are) the carbon source(s)?

* What are the clumped isotopologues of CH, in olivine-hosted fluid
inclusions?

* How much CH, is there in olivine-hosted fluid inclusions in
intermediate to fast-spreading crust, if any?

* What would happen during subduction of CH,-bearing fluid
inclusions?

* Isthere CH, in olivine-hosted fluid inclusions on other planetary
bodies?
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