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Geological Analogues
Natural CO2 reservoirs that have interacted with CO2 on geological timescales

Sheep Mountain CO2 field, Colorado
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Natural CO2 reservoirs on Earth
76 sites documented

by Miocicet al., 2016

- 66 secure stores

- Only6 insecure sites

4 inconclusive

What lessons can 

be learned from 

secure natural 

storage sites?

Godec et al., 2013
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The role of tracers
ÅMethod of detection for the unplanned migration of CO2

Å!ŘŘŜŘ ǇƻǘŜƴǘƛŀƭ ƻŦ ΨŦƛƴƎŜǊǇǊƛƴǘƛƴƎΩ /h2 during storage and resolving its fate



Inherent Tracer Fingerprints in Captured CO2

Stephanie Flude, Domokos Györe, Fin Stuart, Adrian 
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Natural CO2 molecule
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Anthropogenic CO2 molecule

Fingerprinting CO2?



1ɻ3CCO2
1ɻ8OCO2

Noble gases

Feedstock

ÅWhat is the inherent tracer fingerprint of captured CO2

and what controls it?
ÅWill it be retained during transport?
ÅWill it be a useful subsurface tracer?

What is the fingerprint of captured CO2?



Å 1ɻ3C controlled by 
feedstock

Å 1ɻ8O controlled by water 
ƛƴǾƻƭǾŜŘ ŀǘ ŀƴȅ ǎǘŀƎŜ ϧ ₵ 
(temperature)

ÅNoble gas concentrations 
controlled by capture 
process

ÅNoble gas ratios 
controlled by feedstock

Predicting fingerprints of captured CO2

DOI: 10.1021/acs.est.6b01548 



Expected fingerprints from different feedstocks

1ɻ3C -25 to -нл ҉Τ 4He & 40Ar
1ɻ3C -35 to -нл ҉Τ 4He & 40Ar

1ɻ3CCH4<<-нл ҉Τ
1ɻ3CCO2-14 to >+10 

҉Τ
4He & 40Ar

/оΥ ʵ13C -30 to -нп ҉
/пΥ  ʵ13C -15 to -мл ҉

1ɻ8OO2Υ Ҍно ҉
Ar>Ne>He>Kr>Xe

1ɻ8O: <-рл ǘƻ Ҍмр ҉



Captured CO2 samples collected from:



Results - 1ɻ3C

ÅMajority of coal and gas samples 
agree with expected fingerprints

ÅBiomass + amine capture samples 
show larger fractionation than 
expected

ÅLƴƘŜǊŜƴǘ ʵ13C will be a useful tracer 
in many cases e.g. Shell QUEST 
Project



Results - 1ɻ8O

ÅaŀƧƻǊƛǘȅ ǿƛǘƘƛƴ р҉ ƻŦ 
atmosphere

ÅO isotopes controlled by air 
from combustion

ÅLƴŦƭǳŜƴŎŜ ƻŦ ʵ18OH2Ois small

ÅLƴƘŜǊŜƴǘ ʵ18O fingerprints 
will be useful for determining 
CO2 pore space saturation in 
many cases 



Results ςNoble gases

ÅAll exhibit low concentrations, with small radiogenic He component

ÅSignificantly lower than air, and different to air-saturated water (ASW) 



Are fingerprints retained after transport?

ÅStable isotopes of ɻ 13C and ɻ18O are not significantly altered

ÅNoble gases appear slightly fractionated by mass ςpotentially due to sampling issues



Are fingerprints retained after storage?

ÅAQ1 ςproduced CO2 fingerprint complicated by air contamination

ÅSample has inherited the high 4He signature from the reservoir

Aquistore

Injected CO2

Produced CO2



Are fingerprints retained after storage?

ÅProduced CO2 shows mix of injected COSPL CO2 with ASW

ÅEnrichment in Kr & Xeis due to artificial tracers added for first Otway test, 5 years before

Produced CO2

Injected CO2



What is the inherent fingerprint of captured CO2 & what controls it?

- 1ɻ3/ ǿƛƭƭ ōŜ ǿƛǘƘƛƴ р ҉ ƻŦ feedstock

- 1ɻ8O similar to atmospheric O2 for combustion derived CO2 but 
influenced by combustion and capture efficiency

- Noble gas concentrations are low but element abundances and 
isotope ratios distinct from those in subsurface

Will it be retained during transport? - Yes

- Stable isotope fingerprint preserved, noble 
gases may fractionate slightly

Will it be a useful subsurface tracer?- Yes, but with caveats

- Stable isotopes can fractionate and can be overprinted by natural CO2
- Radiogenic noble gas fingerprint from reservoir will be inherited by 

injected CO2 and serve as a distinctive tracer for CO2 migration

Conclusions



What does one of the world's leakiest CO2 storage sites tell us 
about long-term CO2 storage security?

Johannes M. Miocic1,2, Stuart M.V. Gilfillan1, Norbert Frank3, Andrea 
Schröder-Ritzrau3, Neil M. Burnside4, R. Stuart Haszeldine1



Evidence of migration of CO2 to surface

2011

St. Johns area - Many 
travertine domes -
evidence of long term 
CO2 leakage

1ɻ3C (CO2) and noblegas 
composition of deep 
CO2 known

Noble gas and water 
chemistry indicates 
active CO2 migration
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All groundwater wells and surface 

springs near to travertine mounds 

show higher levels of 4He relative 

to those expected in groundwater 

(from dissolved air)

Ҧ 4He in samples must have come 

from deep CO2 reservoir

Ҧ Dissolved CO2 in springs must 

be coming from depth

Natural CO2 migration identified using noble gases



St Johns Dome field structural setting

Magmatic CO2

Travertine outcrops located above faults that extend above and below CO2 reservoir



Travertines indicate reservoir retained more CO2 in past


