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Leverage existing 
infrastructure

Produce drop-in 
commodities

So what?
Understand the 
geochemistry

Hydrogen is leaky, 
embrittling, and 
not energy-dense.

We know how to 
drill, extract, store, 
and use oil & gas!

Liquid fuels are 
energy-dense and 
easy to use.

Short-chain olefins 
can make plastics 
carbon negative!

CCS injections are 
already producing 
geomethane!

30-60% of 
stimulated geoH2

 

is lost as methane.
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Carbon Dioxide Information Analysis 
Center. Oak Ridge National Laboratory. 
doi:10.3334/CDIAC/00001_V2017

1 Industrial 
Revolution:

~1,000 Gt CO2

GeoH2 
drawdown 
potential:

~10,000 
Industrial 

Revolutions



three pathways 
to abiogenic 

hydrocarbons
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1. Inject water and 
supercritical CO2

2. Stimulated abiogenic 
hydrocarbon formation

3. Extract valuable 
“petro”chemicals
A. Syncrude oil
B. Unnatural gas
C. Plastic monomers
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1. Natural F-T georeactors
a. medium T+P, moderate depth
b. strong siting limitation

abiogenic hydrocarbons, three ways



Fischer-Tropsch Georeactors

● Industrial [R]WGS + F-T rxn conditions:
○ T: 200-500 °C
○ P: 20-50 bar (2-5 MPa)
○ Catalysts: Fe, Cu, Zn, Co, Ni, Ru, Rh, Pt, Pd

● Can we identify natural F-T georeactors?
○ Can we coinject catalyst mixtures to make our own?



Target mineral bodies:
● Serpentinizable
● PGM-rich
● Ophiolitic

Van der Mynsbrugge, J.; Janda, A.; Lin, L. C.; Van 
Speybroeck, V.; Head-Gordon, M.; Bell, A. T. 
ChemPhysChem 2018, 19, 341-358. 
doi:10.1002/cphc.201701084

Ultramafic igneous formations:
● Basalts
● Olivine
● Peridotite
● Kimberlite



Low-molecular-weight hydrocarbons in natural hydrothermal fluids 
have been attributed to abiogenic production by Fischer-Tropsch 
type (FTT) reactions, although clear evidence for such a process has 
been elusive. Here, we present concentration, and stable and 
radiocarbon isotope, data from hydrocarbons dissolved in 
hydrogen-rich fluids venting at the ultramafic-hosted Lost City 
Hydrothermal Field. A distinct “inverse” trend in the stable carbon 
and hydrogen isotopic composition of C1 to C4 hydrocarbons is 
compatible with FTT genesis. Radiocarbon evidence rules out 
seawater bicarbonate as the carbon source for FTT reactions, 
suggesting that a mantle-derived inorganic carbon source is 
leached from the host rocks. Our findings illustrate that the abiotic 
synthesis of hydrocarbons in nature may occur in the presence 
of ultramafic rocks, water, and moderate amounts of heat.

Proskurowski, G.; Lilley, M. D.; Seewald, J. S.; Früh-Green, G. L.; Olson, E. J.; Lupton, J. E.; Sylva, S. P.; Kelley, D. S. Science 2008, 319, 604.





1. Ultradeep injection of 
H2O and sCO2

CO2 H2O



n CO2 + (2n+1) H2O + n CaO + (9n+3) FeO → n Ca(OH)2 + (3n+1) Fe3O4 + CnH2n+2

1. Ultradeep injection of 
H2O and sCO2

2. Noncatalytic upper-mantle 
abiogenic hydrocarbon formation

Proskurowski, G.; Lilley, M. D.; Seewald, J. S.; Früh-Green, G. L.; Olson, E. J.; Lupton, J. E.; Sylva, S. P.; Kelley, D. S. Science 2008, 319, 604.
Kolesnikov, A.; Kutcherov, V. G.; Goncharov, A. F. Nat. Geosci. 2009, 2, 566.
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1. Ultradeep injection of 
H2O and sCO2

2. Noncatalytic upper-mantle 
abiogenic hydrocarbon formation

3. Extract valuable 
“petro”chemicals
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abiogenic hydrocarbons, three ways

1. Natural F-T georeactors
a. medium T+P, moderate depth
b. strong siting limitation

2. Upper-mantle non-catalytic
a. extreme T+P, extreme depth
b. massive potential



Can we drill deep enough?

● Noncatalytic 
abiogenesis:
○ T > 1000 K
○ P > 2 GPa
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● Noncatalytic 
abiogenesis:
○ T > 1000 K
○ P > 2 GPa

● Approx. drill 
depth: 70-150 km 
(upper mantle) Kolesnikov, A.; Kutcherov, V. G.; Goncharov, A. F. Nat. Geosci. 2009, 2, 566.

Can we drill deep enough? (probably not)



1. Inject CO2

CO2



1. Inject CO2

2. BUGS BUGS BUGS

CO2
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2. BUGS BUGS BUGS

CH4CO2
Suzuki, N.; Saito, H.; Taichi, H. Int. J. 

Coal Geol. 2017, 173, 227-236. 
doi:10.1016/j.coal.2017.02.014  



1. Inject CO2

3. Extract valuable 
non-fossil gas

2. BUGS BUGS BUGS

CH4CO2
Suzuki, N.; Saito, H.; Taichi, H. Int. J. 

Coal Geol. 2017, 173, 227-236. 
doi:10.1016/j.coal.2017.02.014  
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Technical Whitespaces
whitespace

Natural F-T 
Georeactors

Upper Mantle 
Non-Catalytic

Microbial 
Biogeochemistry

detection & sensing x x x

product recovery x x x

product selectivity x x

georeactor prospecting x x

increasing reaction rate x x

catalyst coinjection x

drilling deeper x

artificial biogeoreactors x

microbe gene editing x
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