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Introduction: The serpentinization of ultramafic 

rocks is widely recognized as a source of H2 and CH4  

that supports chemolithoautotrophic microorganisms in 

settings such as deep-sea hydrothermal vents, alkaline 

springs, and the deep subsurface.  In an effort to under-

stand production of these volatiles in near-surface ser-

pentinizing environments, a number of recent experi-

mental studies have examined formation of H2 and CH4 

during low temperature (≤100°C) fluid-rock interac-

tions with olivine and ultramafic rocks [e.g., 1-5].  

However, these studies have produced widely diver-

gent estimates of H2 and CH4 production, and in many 

cases the results are inconsistent with higher tempera-

ture studies.  In an effort to resolve these discrepancies, 

we performed a new set of experiments with carefully 

prepared substrates and controls to monitor contribu-

tions of H2 and CH4 from background sources. In addi-

tion, Mayhew et al. [2] had suggested that spinels may 

facilitate production of H2 during serpentinization by 

promoting transfer of electrons, and we sought to test 

this proposition.  To allow direct comparison with pre-

vious results, the experimental procedures were de-

signed to parallel those used in other low temperature 

studies [2-5]. 

Methods:  Experiments were conducted by heating 

minerals with sulfate-free artificial seawater at 90°C 

for 6-9 months, and periodically analyzing the head-

space for H2 and CH4. The experiments were per-

formed in borosilicate glass bottles with butyl rubber 

stoppers that had been boiled in 1 M NaOH prior to 

use. The headspace of the bottles contained either N2 

or N2 plus CO2. Reactant minerals were hand-picked 

for purity, ground, and wet sieved to a uniform gain 

size (53-212 μm).  To examine the possible role of 

different substrates in H2 and CH4 production, several 

sets of experiments were performed with different reac-

tants: 1) 99.9% pure olivine, 2) olivine w/MgAl-rich 

spinel, 3) olivine w/chromite, 4) olivine w/3 chromite, 

5) 2-olivine w/chromite, 6) chromite only, 7) 

harzburgite, 8) olivine w/CO2, 9) harzburgite w/CO2, 

and 10) harzburgite w/chromite+CO2.  All experiments 

were run in triplicate. 

Results:  Each set of experiments exhibited a small, 

steady increase in H2 over time (see Figure).  However, 

in all cases, the amounts of H2 produced were essen-

tially identical to levels observed in control experi-

ments that contained no minerals.  Similarly, CH4 was 

observed in small amounts that increased steadily in all 

experiments, but again levels were nearly identical to 

controls. Inclusion of CO2 in the headspace did not 

result in a detectable increase in CH4 production. In-

spection of olivine and pyroxenes with SEM after the 

experiments revealed no clear evidence of dissolution 

or surface alteration. A flaky, translucent precipitate 

formed in all experiments that lacked CO2, and was 

most readily apparent in the control and chromite-only 

experiments. EDS and XRD analysis indicated this 

phase was a Mg-bearing phyllosilicate, but its exact 

identity has not yet been determined.  Because this 

phase occurred even in experiments without any sili-

cate reactants, dissolution of the glass bottles was ap-

parently the source of Si for these precipitates. 

 Conclusions: Contrary to previous experiments, 

we found no evidence for production of H2 or CH4 

above background levels during low temperature reac-

tion of olivine or harzburgite with water.  In addition, 

we found no evidence that spinels stimulated the pro-

duction of H2 as previously proposed [2].  Overall, our 

results indicate that production of H2 and CH4 in low 

temperature serpentinizing systems is much more lim-

ited and occurs much more slowly than previous stud-

ies have suggested. 
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