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Uranium Redox Cycle
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Reduction of Uranium
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Geochemical Complexity: Impact of Iron

Uranyl Reduction by Shewanella alga



Brooks et al., 2003

Geochemical Complexity:  U Speciation
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Uranium Speciation: Transport



Uraninite Deposition



Redox Reactions of Uranium
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U(IV) OxidationU(VI) Reduction
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Conditions:
1 x 10-6 M U(VI)
1 x 10-3 M Ca2+

1 x 10-5 M Fe(II)
pH = 7 

Favorability of UO2 Oxidation by Ferrihydrite: pH Effects

Oxidation not Favored

Oxidation Favored

Ginder-Vogel et al., 2006



Calcite

Conditions:
1 x 10-6 M U(VI)
1 x 10-5 M Fe(II)
1 x 10 -3 M Ca2+

pH = 7 

Favorability of UO2 Oxidation by Ferrihydrite: Effect of [HCO3
-]
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Iron(III) Oxidation of UO2

Increased Favorability
of UO2 Oxidation

Decreased Favorability
of UO2 Oxidation

Fe(II) > 50 µM
Ca2+ < 1 mM
HCO3

- < 3 mM

Favorability of UO2 oxidation by ferric (hydr)oxides is highly
variable

• May limit uranium sequestration under mildly reducing conditions



Physical-Biogeochemical Linkage



Biogeochemical Heterogeneity
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Flow Control on Solid-phase Distribution
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Projected Uraninite Deposition
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diffusion

Ferrihydrite
Goethite
Magnetite

Biomineralization within Physically Complex Media

I.D. 
0.5 mm

di
ff

us
io

n

Magnetite

Goethite



UVI-

UVI-

-UVI

-UVI

-UVI

advection

d
if
fu

s
io

n

-UVI

FeII-

Ferrihydrite

Goethite

Magnetite

Bacteria

UVI retention

UVI desorption

and reduction

UVI desorption

UVI-reduction

Phase Process

UVI

UIV

FeIII

F
e
(I

I)

U
(V

I)

diffusion

UVI

UIV

advection

UVI-

UVI-

-UVI

-UVI

-UVI

advection

d
if
fu

s
io

n

-UVI

FeII-

Ferrihydrite

Goethite

Magnetite

Bacteria

UVI retention

UVI desorption

and reduction

UVI desorption

UVI-reduction

Phase Process

UVI

UIV

FeIII

F
e
(I

I)

U
(V

I)

diffusion

UVI

UIV

advection

b

Zone 1

Zone 2

Zone 3

Zone 4

UVI-

UVI-

-UVI

-UVI

-UVI

advection

d
if
fu

s
io

n

-UVI

FeII-

Ferrihydrite

Goethite

Magnetite

Bacteria

UVI retention

UVI desorption

and reduction

UVI desorption

UVI-reduction

Phase Process

UVI

UIV

FeIII

F
e
(I

I)

U
(V

I)

diffusion

UVI

UIV

advection

UVI-

UVI-

-UVI

-UVI

-UVI

advection

d
if
fu

s
io

n

-UVI

FeII-

Ferrihydrite

Goethite

Magnetite

Bacteria

UVI retention

UVI desorption

and reduction

UVI desorption

UVI-reduction

Phase Process

UVI

UIV

FeIII

F
e
(I

I)

U
(V

I)

diffusion

UVI

UIV

advection

b

Zone 1

Zone 2

Zone 3

Zone 4

Pore-scale Heterogeneity in Uranium Dynamics
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•• BiomineralizationBiomineralization of ferric hydroxide, a ubiquitous and of ferric hydroxide, a ubiquitous and
reactive aerobic iron phase, results dominantly in goethitereactive aerobic iron phase, results dominantly in goethite
and magnetiteand magnetite

•• BiomineralizationBiomineralization occurs via a coupled, biotic- occurs via a coupled, biotic-abioticabiotic
process that results in solids with constrained size andprocess that results in solids with constrained size and
morphologymorphology

•• Physical complexity will result in Physical complexity will result in biomineralizationbiomineralization
heterogeneityheterogeneity

•• Iron transformations in natural systems will impactIron transformations in natural systems will impact
contaminant dynamics and Fe availabilitycontaminant dynamics and Fe availability

-- alter magnitude and retention strength of contaminants alter magnitude and retention strength of contaminants
-- impart reductive capacity impart reductive capacity



Localized Biogeochemical Processes


