Thermodynamic modeling of methane production by metamorphic serpentinization at 0.25-5 kb and 300-600 °C:

A Implications for Archean atmospheric evolution and subduction fluid composition
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ABSTRACT 4000
Abiotic methanogenesis during metamorphism of ultramafic rocks involving a CO,-bearing fluid may have played an important role in the evolution of Earth’s prebiotic atmosphere. Al-

though many studies focus on the role of oceanic hydrothermal systems, abiotic methanogenesis would likely have accompanied metamorphic fluid-rock interaction in olivine-rich rocks 3000
in many Archean crustal environments, including contact, low-grade regional, and subduction-zone metamorphism. To evaluate quantitatively the conditions and productivity of abiotic §
methanogenesis, we present a series of P-T diagrams contoured for fO, and fluid composition. We employ an equilibrium thermodynamic model in which fO, is buffered by Fe-bearing ol- 2000

ivine, magnetite, and a hydrous ultramafic silicate. We assume ideal solution in all Fe+Mg bearing phases. Our results suggest that serpentinization stabilizes methane-dominant fluids at
all calculated pressures (0.25-5 kbar) to roughly 50 °C higher than the forsterite+water = antigorite+brucite equilibrium. For a C-bearing fluid on an Archean oceanic geotherm, this leads 1000
to a “metamorphic methane window” of 300-350 °C at ~1 kbar. Once formed, methane is effectively inert, and can be quantitatively degassed to the atmosphere. Given the common oc-

currence of komatiites in the Archean, their contact and regional metamorphism may have provided important source for atmospheric methane. Similarly, Archean subduction would = == |
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methane source than methanogene5|s QY microbes or oceanic hyd rothermal SyStemS' Figure 5: The relative bulk carbon speciation calculated using fO, values derived from the OA and OT

buffers at X¢ g,i4=0.1. Methane is the dominant carbon species left of the zero isoline. The superimposi-

THERMODYNAMIC MODELING In order to compare the redox potential of QFM 5000 : I — ,, tion of possible geotherms (Peacock, 1993, Davies, 1992) suggests that serpentinization along shallow
e : : . : to the model serpentinite, we plot AfO, for the FIGURE 4 ,' ! ofF i P-T paths may stabilize methane-rich fluids, both in the Archean and throughout Earth’s history.
Serpentinization is an fO,-buffering process, creating redox conditions at low metamorphic grades ivine buffers in fi 4 wh Xa=09 | ] [ 55 :
that are commonly below QFM and occasionally below even IM (Frost, 1984). Figure 1 allows com- Ofivine butters Inigure 4, where: «7: I /§ |
o o o o . o . §.§? / \99 € j IEEHE
parison of QFM and IM with the olivine buffers derived in this study. AfO,(OA-QFM) = log fO,(OA) - log fO,(QFM) N Y - j OI/«» * / /I
QT ; i P 2000 T
/ / / VAPOR STABILITY IN A MODEL BRINE FioURE 52
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We demonstrate in figure 6 that a low temperature N
fluid in equilibrium with the model serpentinite is
significantly more enriched in methane than a fluid 500
in equilibrium with QFM. For example, a model ser-

Univariant lines were calculated by assuming ideal solu-
tion in all Mg-bearing phases. Partition coefficients were
set to unity, a simplification supported by the insensitivity
of logK to small variations in Xmg between high-Mg
phases. In the NaCl-bearing system, water activities were

2000 -

1000 -

250

: 300 rec 400 500 entinite at ~335 °C and 200 bars stabilizes fluids
calculated from the model of Aranovich and Newton - P : i
(1996) Figures 2 and 3 show the effects respectively of Figure 3: The effect of changing Xnacj on the relevant with XCH4/XC02 values up to ~4 orders of magni- Figure 7: Percent I-{Z(aq) in bylk C-O-H fluic{ /:n eguilibrium with Moller ind Weare (2005) htltlp'_//geOth.erm'UCSd'edu/geOﬂu'ds/run'html
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decreasing Xmg and increasing Xnacl. Fo- and NaCl-free. metastable extensions. Xc=0.1 in the bulk COH fluid.
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