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Formation of iron oxide concretion nodules and bands in Jurassic Navajo fine-grained eolian sandstone

Snow Canyon, 
Utah

• Nested pattern scales of 
2-3 orders

• Pervasive in a large 
space (kilometers)

• Geometrical transitions

Coyotes Buttes, 
Arizona

Coyotes Buttes, 
Arizona

Calf Creek, Utah

Why?



Classic Liesegang banding (counter diffusion) 

Chan et al. (2012)



Chan et al. (2005)

Chan et al. (2012)

0.0

0.2

0.4

0.6

0.8

1.0

0.01 0.1 1 10 100

ln
[c

e
(r

)/
c e

(∞
)]

Radius of iron oxide particle (r) (m)

Ostwald 
ripening
inactive

Ostwald 
ripening 
active

Particle size 
range (limited by 

pore size)

Surface energy: 
4.4 J/m20.9 J/m2



New Mechanism

Ostwald ripening

+

Confinement

Advection

+

Self-organization
Patterns autonomously emerge from internal dynamics of a 

system through a positive feedback.

Confinement
Local solubility depends on mineral distribution in 

neighborhood.
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Governing equations

Mass continuity for iron dissolved

Flow field

Mineral precipitation

Textural dependent solubility

Reaction kinetics

Porosity evolution



A pattern can emerge from fluctuations.
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Symmetry breaking and pattern transition 



Model predictions & testing against observations

• Volume of space involved (kilometers)
– Field evidence indicates the involvement of groundwater flow (Potter, 2010; Nielson &Chan, 

2009).

• Size of patterns: 1 mm – 30 cm (predicted)
– Nodules: millimeters to centimeters

– Bands: mm to submeters

• Time scale: tens to a few thousand years (predicted)
– < 3000 years (Lake Brown, Austrilia)

• Correlation of nodule size with spacing
– Positive correlation

• Pattern transition & superimposition
– For example, nodules to bands or vice versa

• Diagenetic environments
– Dry, hot

– Sulfate rich acidic water Chan et al. (2004)



Constraining paleo-hydrologic flow fields from iron oxide cementation patterns
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Implication to the measurements of paleomagnetism

Rowe et al. (2007)

Recently acquired magnetism in Navojo sandstone 
(Johnson, 1976)



Implication to extraterrestrial search for life

Madden et al. (2004)

Since a persistent water circulation is generally required for a sustainable 
subsurface life, a site with the presence of iron oxide bands, if any exists, 
may offer a better chance for detecting biosignatures on the Mars.



Summary
• Iron oxide precipitation in fine-grained red beds displays complex pattern formation, including nodulation and 

banding.  
• Hematite nodules have also been found at the Meridiani Planum site on the Mars and interpreted as evidence 

for the ancient presence of water on the red planet.  
• Such patterns can autonomously emerge from a previously unrecognized Ostwald ripening mechanism.  
• A pattern transition from nodules to bands can result from symmetry breaking triggered by groundwater 

advection.  
• Nodules tend to develop under nearly stagnant hydrologic conditions, while repetitive bands form in the 

presence of persistent water flows.  
• Since water circulation is a prerequisite for a sustainable subsurface life, a site with the presence of iron 

oxide precipitation bands, if any exists, may offer a better chance for detecting extraterrestrial 
biosignatures on the Mars.   
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