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OUTLINE

• What is dawsonite?

• Thermodynamic stability of dawsonite

• How do the quartz precipitation rate affect the dawsonite 
formation rate?

• How much dawsonite forms if a minimum critical 
supersaturation is required for precipitation?
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Dawsonite

• Dawsonite (NaAl(OH)2CO3) is known 
to  form from alkaline CO2 charged 
solutions in volcanic active areas.  

• Moreover, numerical simulations 
(e.g., Knauss et al., 2005; Zhang et 
al., 2009) also predict dawsonite 
formation in reservoirs like the Utsira 
Sand after CO2 injection.

Knauss et al., 2005. Chem. Geol 217, 339-350.
Zhang et al., 2009. Int. J. Green. Gas Control 3, 161-180.
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Dawsonite

• In siliciclastic sands/sandstones, the 
limited supply of divalent cations like 
Ca2+, Mg2+ and Fe2+ from slow 
reacting clay minerals prevents large-
scale carbonate formation (Calcite, 
magnesite, siderite etc). 

• IF dawsonite precipitates, as 
suggested by many numerical 
simulations, the potential for mineral 
carbonate storage increases by 
orders of magnitude. 
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Dawsonite stability
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Dawsonite stability



University of Oslo, Department of Geosciences

Dawsonite stability
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Numerical modeling of dawsonite 
formation

• A perturbation of a chemical system by CO2 injection 
leads to quartz supersaturation and precipitation.

• Oelkers et al. 2000: Quartz precipitation rates orders of 
magnitude slower in nature than laboratory rates.

• How does the quartz precipitation rate affect dawsonite 
stability?

Oelkers et al., 2000. Appl. Geochem. 15, 295-309.
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Numerical modeling of dawsonite 
formation

System:

T:  37 – 80°C
P: Constant: 100 – 300 atm
Vsys: 2.857 liters
Vaq: 1 liter

Time: 100 years

Mineral X k* (mol/m2s)
Ea 
(J/mol)

SBET
(m2/g)

Albite 0.05 1.151x10-3 67700 0.1

*Quartz 0.5 24 87700 0.0225

Kaolinite 0 4.42 x 10-8 29300 11.2

**Dawsonite 0 1.82 x 105 80600 9.8

Porosity 0.35

m
H

a
RT
Ea

kk +�
�

�
�
�

� -= exp*

*Tester et al., 1994. GCA 58, 2407-2420.
**Hellevang et al., 2009. Submitted to Chem. Geol.
* *Hellevang et al., 2005. Env. Sci. Technol. 39, 8281-8287. 
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Numerical modeling of dawsonite 
formation
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The general rate-law (e.g., Lasaga 1984)
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Driving-force term used in most 
numerical simulations of mineral 
carbonation: 

*Lasaga, A.C., 1984. J. Geophys. Res. 89



University of Oslo, Department of Geosciences

-1,00

-0,50

0,00

0,50

1,00

1,50

2,00

0 20 40 60 80 100
Tim e (years )

S
I =

 lo
g

(q
/K

)

SI daw sonite

SI Albite

SI Kaolinite

SI Quartz

Numerical modeling of dawsonite 
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Utsira conditions: 37°C, 100 atm CO2.
Q prec. rate = Tester et al. 1994

-1,E-03

-5,E-04

0,E+00

5,E-04

0 20 40 60 80 100
Tim e (years )

d
(X

i)

Kaol
Daw sonite
albite
Quartz
Series5

dawsonite albite

kaolinite

SI dawsonite



University of Oslo, Department of Geosciences

-2,E-04

-2,E-04

-1,E-04

-5,E-05

0,E+00

5,E-05

1,E-04

0 20 40 60 80 100
Tim e (years )

d
(X

i)

Kaol

Daw sonite

albite

Quartz

Numerical modeling of dawsonite 
formation

-1,00

-0,50

0,00

0,50

1,00

1,50

2,00

0 20 40 60 80 100
Tim e (years )

S
I =

 lo
g

(q
/K

)

SI daw sonite

SI albite

SI kaolinite

SI Quartz

2

3

4

5

6

7

8

-5 -4 -3 -2 -1

log aSiO2

lo
g

(a
N

a/
aH

)

Utsira conditions: 37°C, 100 atm CO2.
Q prec. rate = 0.01*Tester et al. 1994

dawsonite albite

kaolinite



University of Oslo, Department of Geosciences

Numerical modeling of dawsonite 
formation

• Laboratory experiments on dawsonite synthesis and the formation 
rates of other carbonates like magnesite (e.g., *Saldi et al., 2007; 
2008; 2009) shows that the carbonates do not form at low 
temperatures without being highly supersaturated.

• The reason is the ”energy barrier” that needs to be overcome for 
heterogeneous nucleation and growth.

• Would dawsonite form if a minimum
critical supersaturation was included?

Duan et al. 2005. Am. Geoph. Un., Fall Meeting 2005, A-1210
Saldi et al., 2007. GCA 71, Goldschmidth abstracts A868
Saldi et al., 2008. Macla 9, resumen, SEM/SEA 2008
Saldi et al., 2009. Goldschmidth abstracts 2009  

Data from Duan et al. 2005
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Numerical modeling of dawsonite 
formation
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New affinity term suggested – requirering 
a miminum critical supersaturation for 
precipitation:



University of Oslo, Department of Geosciences

Numerical modeling of dawsonite 
formation

Simulation: How do 
the requirement of a 
minimum critical 
supersaturation 
affect the dawsonite 
prec. rate?

• 80°C
• 100 atm CO2 (fCO2 = 
56)
• Calcite sat.
• Rate Q: Tester et al. 
1994
• log(Wcrit) = 1

No crit sup. Crit sup.



University of Oslo, Department of Geosciences

SIMULATIONS SUMMARY
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Summary and conclusions

• A shallow low-temperature reservoir like the 
Utsira Sand is not likely to form dawsonite 
because of:
1. The energy barrier is too large at low 

temperature

2. Phases like kaolinite (or albite) outcompete 
dawsonite for Al (and Na).

• A deep saline aquifer (high PCO2, T < 120°C) 
may however have a potential to form 
dawsonite because the minimum critical 
supersaturation is reduced as a consequence 
of the higher temperature. The precipitation 
rate of quartz may still determine if dawsonite 
is outcompeted by aluminosilicates.   
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