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Objectives

1. Discuss the morphology of 
redoximorphic features.

2. Discuss how the features 
form



Objectives

3. Discuss how redoximorphic 
features can be interpreted.



How long has this horizon been saturated?



How long has this horizon been saturated?



Types of Features



Redoximorphic Features

• Features formed by the 
reduction, movement, and 
oxidation of Fe and Mn
oxides.

• Term replaces “mottles and 
low chroma colors”



Redoximorphic Features

• Large enough to be seen 
with the naked eye.

• Given unique names to make 
them easy to remember.



Categories of Redoximorphic 
Features

• Redox Concentrations
• Redox Depletions
• Reduced Matrix



Redox Concentrations are:

Types
• Nodules and concretions (hard 

bodies)
• Masses (soft bodies)
• Pore linings (coatings along 

pores)

Accumulations of Fe/Mn oxides



Nodules and Concretions

Hard, irregularly-shaped 
bodies composed of Fe/Mn 
oxides.

Usually appear as spherical 
pellets.



Fe/Mn Nodules (concretions)



Nodules and Concretions

Boundaries of nodules and 
concretions may be:

• diffuse (fade out), or
• sharp

Nodules with sharp boundaries were 
moved, and may be relict.



When forming
Nodules may 
have diffuse
boundaries

When moved, nodules lose the
diffuse boundary and
probably stop forming

Fe mass
Nodule with
Sharp
boundary



Nodules
with diffuse
boundary
(forming)

Nodules with
sharp 
boundaries
(relict)

Fe/Mn Nodules



Iron Masses

Soft accumulations of Fe/Mn 
oxides within the matrix.

Might be described as reddish 
mottles



Fe Masses 
and Fe Depletions



Iron Pore Linings

Accumulations of Fe/Mn 
oxides that are:

coatings along cracks or 
channels, or lie in the 
matrix but along a pore.



Pore Linings





Pore Linings along a crack.



Categories of Redoximorphic 
Features

• Redox Concentrations

•Redox Depletions



Redox Depletions
Zones of low chroma (< 2) where 

Fe/Mn oxides have been 
removed, or where both Fe/Mn 
oxides and clay have been 
removed.

Types
•Fe Depletions

•Clay Depletions (rarer)



Iron Depletions

Low chroma bodies with a 
clay content similar to that 
of the matrix.
May occur in:

•Soil matrix, or
•Just along pores



Redox 
depletions
(gray colors)
can be large

Redox Depletions



Fe depletions
along cracks
between
soil peds.

Horizontal
view.



Fe depletions along channels



Categories of Redoximorphic 
Features

• Redox Concentrations

•Reduced Matrix
•Redox Depletions



Reduced Matrices

Soil matrices that have a low 
chroma color in situ, 
because Fe2+ is present, 
but change (redden) on 
exposure to air.



Reduced Matrix

Take a bite, and
look at the color
of the inside 
of the apple.

After 30 min. the color
turns brown.

The same thing happens with
a reduced  matrix.



Reduced Matrix



Problem Cases

Nodules and Concretions:
Once formed these are hard to 

change.
They should be considered relict , 

especially if they have sharp 
boundaries.



Organic Stains and Bodies

These are made of carbon and 
aren’t redoximorphic 
features.

Note and describe them 
because they may be in 
saturated, reduced soils.



Black surface 
formed by C 
buildup under 
anaerobic 
conditions



Interpreting Features: 
Formation



Interpreting Redoximorphic 
Features

Originally, sets of features were to 
be used to separate perched 
water tables from “permanent” 
ones.

It was hoped this would keep us 
from  having to measure water 
tables with wells



Regrettably, this could not be 
done

Extensive field testing showed that 
there is no obvious relationship 
between sets of features and 
hydrology.

Features and hydrology must be 
evaluated separately.



Using Models of How Features 
Form

Before trying to interpret 
what features tell us,

make sure you have a
step-by-step model that 

shows how the feature formed.



Fe depletion 
along 
decomposed
taproot



Formation of Fe Depletions

Simplest model showing 
formation is one where 

the depletions form around
root channels.



Formation of Fe Depletions
Along a Root Channel

Soil matrix

Fe depletion



Fe depletions along channels



Soil matrix has
brown color due
to oxidized Fe

Dead root in channel

Bacteria eating
root releasing e-s
to reduce O2 to water

Channel fills 
with water

Bacteria eating
root, but e-s
reduce Fe along 
channel

Soil along channel
turns gray

e-s

e-s

e-
H

+

e-
H

+



Reduced
Fe diffuses
into matrix,

Soil
drains

O2

Oxygen moves
into soil

Fe masses
form when
Fe2+ is oxidized Color of depletion 

is gray

Fe2+



Fe depletion 
along 
decomposed
taproot



Formation of Fe Depletions

Previous example was for a case 
where root channels stay open long 
times, and roots are widely spaced.

Next, lets look at a case where
root channels  are not stable for long.



Gray
colors are
Fe depletions
along stable
channels



Big, widely
spaced 
roots make 
big
depletions

Small, closely
spaced 
roots make
small 
depletions



Tobacco roots in Ap horizon.
Channels not stable.



Fe depletion in matrix that did
Not form around a stable channel.



Flood

Topsoil with
Bacteria in
microsite

When flooded,
Bacteria reduce 
Fe3+ in microsite

Fe2+



Fe2+

Fe2+ diffuses
out of microsite
creating depletion

Gray Fe depletion
and red Fe masses

No FeDeplet.
Drain



Fe Depletions in Sands

These form the same way as just 
discussed, but they look different.

Root channels in sands are not stable     
for long and collapse when root dies.

Fe depletions appear as “splotches” 
and form a “Stripped Matrix”.



Fe depletions
in sand, look
like splotches 
since channels 
are not stable.



Section of soil,
before stripped
area formed,
with root and
grains

Formation of
Stripped Matrix



Fe-coated sand surrounds channel.
Color unchanged when soil is aerobic

e-

H
+



Fe2+

e-

H
+ Fe2+

Fe2+

Bacteria decompose root, release electrons that 
reduce Fe.  Soil turns gray near channel.

Anaerobic Conditions



Once decomposed, root shrinks, 
grains fall into channel



Once decomposed, root shrinks, 
grains fall into channel



Stripped Matrix is an Fe Depletion



Section of soil,
after stripped
area formed

Formation of
Stripped Matrix



Formation of Stripped Zones

1. Roots
grow 
into 
soil

2. Water 
table 
rises

3. Roots die
4.  Fe is reduced
and moves

5.  Depleted
zones remain



Let’s Review

• Features just reviewed formed 
by the same processes- Fe was 
reduced and moved to leave 
gray soil behind

• Though similar, features looked 
different in loams and sand.



How long does it take to form 
redoximorphic features?

• Reduced matrix- 7 days
• Redox concentrations-

30 days
• Redox depletions- 8 days

“These times are for “perfect conditions”



Summary

1. Redoximorphic features are 
used to identify soils that are 
saturated and reduced.

2.  The features don’t tell us how 
long a soil is saturated unless 
they have been calibrated using 
water table measurements.



Summary

3. Redoximorphic features show 
where oxidation and reduction 
of Fe occur in horizons.

4.  The features form quickly, and 
may allow us to identify relict 
features when described carefully.



Conclusions

1. Redoximorphic features are 
used to identify soils that are 
saturated and reduced.

2. The features need four 
conditions to form: organic 
matter, active bacteria, 
saturation, and stagnant water.



Conclusions

3.  Remember the features 
frequently are related to where 
roots grow.

4.  Water tables rise above depth 
at which redox. features occur--for 
short periods



How long has this horizon been saturated?

Final Exam



Answer

Before using soil color to estimate 
how long a soil is saturated, 
you must relate the colors to 
water table measurements 
made locally.

You don’t know



The End



Interpreting Features: 
“The Rules”



The Rules require:
The Four Conditions

Redoximorphic features form 
where:

• Organic matter was present
• Bacteria were active
• Soil was saturated
• Water was stagnant (anaerobic)



Interpretation Rule 1

Rule 1: Redox depletions form 
where roots grow—around 
root channels or cracks….

When the four conditions
are met.



Gray
colors are
Fe depletions
along root
Channels



Roots grow in gray areas only



Four Conditions met 
here Not met here



Comments on Rule 1

If depletions occur where roots 
could not grow, then 
features may be relict



Interpretation Rule 2

Rule 2:  Redox concentrations 
form where oxygen 
occurred.



Pore lining formed when oxygen was in root 
channel and matrix was reduced



Fe2+

Fe2+

O2

Reduced soil

O2 enters leaves,
moves down root
into soil.

Pore lining

Fe diffuses toward O2

and oxidizes



Channel

Inside of pore lining is
Red along channel—not 
Relict, still forming



Interpreting Features: 
“Hydrology Relationships”



Interpretation Rule 3

Rule 3: Longer periods of 
saturation are needed to form 
depletions deeper in the soil 
than near the surface 



When saturated
becomes 
reduced in 4 days

When saturated
becomes 
reduced in 
50 days
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Soil at 75 cm
Contains 60% 

redox depletions,

Has a
Saturation

Event Index of 2,
and

is saturated for: 
42 to 62 d 
each year
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Question

• If a soil has 3% low chroma 
colors in a horizon that 
saturates once in 10 years, 
are the colors relict?



Answer

• No
• Colors are formed during 

infrequent saturation 
events.

• To document saturation 
you must monitor site for 
about 10 yrs.



Interpretation Rule 4

Rule 4:  Water tables rise 
above depth of redox 
depletions.



Determining Depth to Seasonal 
Saturation

• Find depth to Low Chroma or 
gray soil colors

• These colors mark the top of 
the seasonal high water table 
(SHWT)



Depth of 
seasonal

high 
water 
table



Relating Hydrographs to
Seasonal High Water Table

You may be asked by a judge to 
verify your predictions of 
SHWT.
This can be done using daily 
water table measurements 
during the wet period of a year 
of normal rainfall.



Question

Do redox depletions form after 
soil becomes saturated or after 
it becomes reduced?

Answer: after it becomes
reduced



Question

If a soil needs 21 d of saturation 
before it gets reduced, then what 
is the shortest time a soil can be 
saturated before redox depletions 
form?

Answer: 21 days



Water Table Depths
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Find the "21-day Saturation 
Depth"
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Depth to SHWT is 40 cm
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Interpretation Rule 5

Rule 5: If you need to know how 
long a horizon is saturated in 
a year, monitor water tables 
with a well.

You can’t tell how long a horizon
is saturated just by looking at color



Interpreting Features: 
“Stratified Soils”

Sand

Clay

Sand

Muck



Interpretation Rule 6

Rule 6: Stratified soils (silts 
over sands) can form 
redoximorphic features 
when “unsaturated”.



Sand is dry

Silt loam
peds

As peds wet, 
no water 
enters sand,
Silt is nearly
saturated

Cracks
contain air

Unsaturated



Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Reduced Fe
Forms inside
peds

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Fe2+

Reduced Fe
diffuses to 
ped surface

Reduced Fe
oxidizes at 
surface

Pore linings
Form across
surface



Unsaturated
Soil with:

Redox depletions
at ped interiors

Redox concentrations
on ped surface



Iron oxidizes along a crack.



inches

Opposite
Case:
Peds have
Gray 
Surfaces.

Iron 
oxidizes
In center
of ped


