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ÁÁ Greg Brannon (MO15)Greg Brannon (MO15)
ÁÁ Joey Shaw (AU)Joey Shaw (AU)
ÁÁ John Kelley (MO14)John Kelley (MO14)
ÁÁ Larry West (UGA/NLLarry West (UGA/NL--Investigations)Investigations)
ÁÁ Mike Wilson (SSL)Mike Wilson (SSL)
ÁÁ Steve Lawrence (GA SO)Steve Lawrence (GA SO)
ÁÁ Tom Reedy (NSSCTom Reedy (NSSC--Standards)Standards)

Dense Soil Dense Soil PropertiesProperties Study GroupStudy Group



ÁÁ What are the restrictive layers that limit soil What are the restrictive layers that limit soil 
performance?performance?

ÁÁ How to identify and quantify the associated soil How to identify and quantify the associated soil 
features & diagnostic properties (horizonation)?features & diagnostic properties (horizonation)?

ÁÁ InterpretationsInterpretations--related soil properties, criteria & related soil properties, criteria & 
NASIS population.NASIS population.

ÁÁ Principals of application for consistent correlation.Principals of application for consistent correlation.

ÁÁ Slake Test Procedures (Field v. Lab).Slake Test Procedures (Field v. Lab).

ÁÁ Evaluation of previous research/studies.Evaluation of previous research/studies.

Dense Soil Dense Soil PropertiesProperties StudyStudy
ObjectivesObjectives……







ÁÁ Firm or very firm rupture resistance, andFirm or very firm rupture resistance, and
ÁÁ (brittle manner of failure)(brittle manner of failure)
ÁÁ (removable as discrete body)(removable as discrete body)

Individual aggregates haveIndividual aggregates have……



Plinthic horizons...Plinthic horizons...
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22



ÁÁ Materials within the layer harden, when exposed Materials within the layer harden, when exposed 
to air and repeated wetting and dryingto air and repeated wetting and drying



ÁÁ Compact (dense)... higher relative bulk densityCompact (dense)... higher relative bulk density
ÁÁ Restricted water movement Restricted water movement 

(relic and contemporary redox features)(relic and contemporary redox features)

HorizonsHorizons……

fresh exposurefresh exposure



Bulk DensityBulk Density
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Root Restrictive vs. Root Limiting Bulk Densities:
(1.60)                   (1.78)





ÁÁ Very high excavation difficulty (difficult with overVery high excavation difficulty (difficult with over--thethe--
head swing of pick)head swing of pick)



ÁÁ Dense, compact materials are pedogenic... Dense, compact materials are pedogenic... 
...have clay films or clay bridging, or......have clay films or clay bridging, or...

Ripple marks...
Roy Simonson, 1972





Base of pedogenic alternation?
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InterpretationsInterpretations

K factor?K factor?T factor?T factor?

Ironstone noduleIronstone nodule

Plinthite nodulePlinthite nodule





Field IdentificationField Identification



ÁÁ Plinthite aggregate Plinthite aggregate (mass v. nodule)(mass v. nodule)
(removable as a discrete body)(removable as a discrete body)



Ironstone Nodules v. ConcretionsIronstone Nodules v. Concretions

...concretion has crude internal symmetry...concretion has crude internal symmetry



Strongly or more cemented nodule (concretion)?Strongly or more cemented nodule (concretion)?



c    Concretions or nodules

This symbol indicates a “significant” accumulation of
concretions or nodules. Cementation is required. 
The cementing agent commonly is iron, aluminum,
manganese, or titanium. It cannot be (plinthite), silica,
dolomite, calcite, or more soluble salts.

Taxonomic considerationsTaxonomic considerations

...degree of cementation not indicated

Btcvx?



ÁÁ Septaria Septaria 
ÁÁ Iron glaebules Iron glaebules 
ÁÁ Plinthite  Plinthite  
ÁÁ Petroplinthite Petroplinthite 
ÁÁ PisoplinthitePisoplinthite
ÁÁ LithoLitho--plinthiteplinthite
ÁÁ Ironstone noduleIronstone nodule
ÁÁ Ironstone concretionIronstone concretion

Taxonomic considerations...Taxonomic considerations...
... terminology... terminology



Taxonomic considerations...Taxonomic considerations...
... Relic v. Contemporary redox... Relic v. Contemporary redox



In the United States, soils that have a small amount of 
plinthite normally are brittlebrittle in at least some parts of the 
horizons that contain the plinthite. Some of these horizons 
meet the requirements for a fragipan. At this stage of 
knowledge, it is not clear that such horizons should be 
considered fragipans.  Where they are at depths comparable 
to those of fragipans the effects on plants and on engineering 
uses of the soils are the same.

Plinthite (plinthic horizon) v. Fragipan

Soil Taxonomy

For pragmatic reasons, therefore, such horizons that have an 
upper boundary within 100 cm of the mineral soil surface are 
considered fragipans. (>60 percent firm and brittle)



Taxonomic considerationsTaxonomic considerations

These concentrations are not considered plinthite unless 
there has been enough segregation of iron to permit their 
irreversible hardening on exposure to repeated wetting 
and drying.

(cementation required?)

It commonly occurs as dark red redox concentrationsdark red redox concentrations that 
usually form platy, polygonal, or platy, polygonal, or ““reticulatereticulate”” patternspatterns.

mass v. nodule

Soil Taxonomy



Reticulate (western plinthite)Reticulate (western plinthite)





1975 Soil Taxonomy

----75 in75 in----

----60 in60 in----

Reticulate (eastern plinthite)Reticulate (eastern plinthite)



A small amount of plinthitesmall amount of plinthite in the soil does not form a 
continuous phase; that is, the individual redox 
concentrations or aggregates are not connected with each 
other.

If a large amounta large amount of plinthite is present, it may form a may form a 
continuous phasecontinuous phase. If a continuous layer becomes indurated, 
it is a massive ironstone layer that has irregular, somewhat 
tubular inclusions of yellowish, grayish, or white, clayey 
material. If the layer is exposed, these inclusions may be 
washed out, leaving an ironstone that has many coarse, 
tubular pores. (litho-plinthite)

Soil Taxonomy



Btvx

Continuous phase plinthite…



MassesMasses are are noncementednoncemented concentrations of substances that concentrations of substances that 
commonly commonly cannotcannot be removed from the soil as a discrete be removed from the soil as a discrete 
unit.unit.

Plinthite Plinthite consists of reddish, ironconsists of reddish, iron--enriched bodies that are enriched bodies that are 
low in organic matter and low in organic matter and are coherent enough to be are coherent enough to be 
separated readily from the surrounding soilseparated readily from the surrounding soil.. Plinthite has Plinthite has 
higher penetration resistance than adjacent brown or gray higher penetration resistance than adjacent brown or gray 
bodies or than red bodies that do not harden.bodies or than red bodies that do not harden.

The bodies are commonly about 5 to 20 mm The bodies are commonly about 5 to 20 mm (2 to 75 mm)(2 to 75 mm)
across their smallest dimension. Plinthite bodies are across their smallest dimension. Plinthite bodies are firm firm 
or very firmor very firm when moist, when moist, hard or very hardhard or very hard when air dry, when air dry, 
and and become moderately cementedbecome moderately cemented on on repetitive wetting repetitive wetting 
and dryingand drying..

Soil Survey Manual, Chapter 3Soil Survey Manual, Chapter 3



Nodules and concretionsNodules and concretions are cemented bodies that are cemented bodies that cancan be be 
removed from the soil intact.removed from the soil intact.

IronstoneIronstone is an inis an in--place concentration of iron oxides that place concentration of iron oxides that 
is at leastis at least weakly(?) cementedweakly(?) cemented.. Ironstone nodules are Ironstone nodules are 
commonly found in layers above plinthite. These commonly found in layers above plinthite. These 
ironstone nodules ironstone nodules are apparently plinthiteare apparently plinthite that has that has 
cemented irreversibly as a result of repeated wetting and cemented irreversibly as a result of repeated wetting and 
drying. drying. Commonly, the center of ironCommonly, the center of iron--rich bodies rich bodies 
cements upon repeated wetting and drying but the cements upon repeated wetting and drying but the 
periphery does not.periphery does not.

Soil Survey Manual, Chapter 3Soil Survey Manual, Chapter 3



R.B. Daniels, H.F. Perkins, B.F. Hajek and E.E. Gamble 1976



... Coordination with... Coordination with
International International 
Systems (WRB)Systems (WRB)



Morphological Properties (Lecture Notes):

Plinthite is red mottled clay but not all red mottled clay is plinthite. It is not 
always easy to distinguish between `normal' mottled clay, plinthite and 
ironstone gravel because they grade into each other.

Field criteria for identification of plinthite are:
- red mottles are firm or very firm when moist and hard or very hard when dry 
- they can be cut with a knife but only with difficulty 
- they have sharp boundaries
- they hardly stain the fingers when rubbed, and 
- they do not slake in water.

The most obvious distinguishing feature of plinthite is of course, that it 
hardens irreversibly to petroplinthite upon repeated wetting and drying but this 
cannot always be ascertained in the field.



Slake TestsSlake Tests

Need to coordinate Need to coordinate 
with other tests... with other tests... 
especially, especially, 
pararock and rock pararock and rock 
fragment fragment 
determinations.determinations.



Slake Tests Questions?Slake Tests Questions?

ÁÁ How much sample is needed?How much sample is needed?

ÁÁ How to prepare (air dry) the sample?How to prepare (air dry) the sample?

ÁÁ How long to soak?How long to soak?

ÁÁ How much agitation of the sample is appropriate?How much agitation of the sample is appropriate?
(swirling, rinsing, brushing,(swirling, rinsing, brushing, spraying, etc.)spraying, etc.)

ÁÁ Method:  weight to volume, water displacement,Method:  weight to volume, water displacement,
others?others?









A plinthic horizon has:

Proposal:Proposal: Diagnostic horizonDiagnostic horizon

2. The layer has both of the following;
a. 2.5 percent (by mass) or more citrate-dithionite
extractable Fe in the fine-earth fraction or
10 percent or more citrate-dithionite extractable Fe in
the plinthite nodules; and

VV

VV b. a ratio between acid oxalate extractable Fe and citrate-
dithionite extractable Fe of less than 0.10, and

1. The layer is 15 cm or more thick; and



Proposal:Proposal: Diagnostic horizonDiagnostic horizon

3. The layer has 15 percent or more (by volume) plinthite,
consisting of discrete cemented nodules or concretions
that are less than strongly cemented, have a redder hue
or stronger chroma than the surrounding material, and
change irreversibly upon exposure to repeated wetting
and drying with free access of oxygen; commonly in
combination with masses of oxidized iron or iron
depletions (relic or contemporary) in a irregular, platy, or
reticulate pattern; and

A plinthic horizon has:



Proposal:Proposal: Diagnostic horizonDiagnostic horizon

4. The layer shows evidence of pedogenesis within the
horizon or, at a minimum, on the faces of structural units;
and

A plinthic horizon has:

5. The layer has either moderately low or lower saturated
hydraulic conductivity, or

more than a 5-fold difference in Ksat from the overlying
subsurface horizon if it has moderately high saturated
hydraulic conductivity.



A Plinth Great Group:A Plinth Great Group:

a plinthic horizon with an upper boundary within a plinthic horizon with an upper boundary within 150150
cm of the mineral soil surface.cm of the mineral soil surface.

A Plinthic Subgroup:A Plinthic Subgroup:

5 to less than 15 percent, by volume5 to less than 15 percent, by volume cementedcemented plinthite plinthite 
nodules in one or more horizons within 150 cm of the nodules in one or more horizons within 150 cm of the 
mineral soil surface; mineral soil surface; or or 

a plinthic horizon with an upper boundary 150 to 200a plinthic horizon with an upper boundary 150 to 200
cm below the mineral soil surface.cm below the mineral soil surface.

Proposal:Proposal: Diagnostic horizonDiagnostic horizon



Taxonomic considerationsTaxonomic considerations
ÁÁ plinthic horizon (>plinthic horizon (>1515 percent, by vol. plinthite)percent, by vol. plinthite)

With present slake test procedures, at...With present slake test procedures, at...
15 percent; most plinthic soils will be Plinthudults15 percent; most plinthic soils will be Plinthudults
25 or 35 percent; most SE series will be split25 or 35 percent; most SE series will be split
>50 percent; most series will remain Plinthic subgroups>50 percent; most series will remain Plinthic subgroups

What level is interpretively important? What level is interpretively important? 

15% = Present WRB break point 15% = Present WRB break point (texture modifier)(texture modifier)
25% = Old WRB break point25% = Old WRB break point
35% = Texture modifier35% = Texture modifier
50% =  ST (1050% =  ST (10thth edition) or edition) or continuous phasecontinuous phase





““immatureimmature””



Breakout Group discussionBreakout Group discussion……

ÁÁ Require plinthite to be cemented?Require plinthite to be cemented?
--establish slake test procedureestablish slake test procedure
--guidelines for NASIS property population guidelines for NASIS property population 

ÁÁ Establish Establish ““plinthicplinthic”” diagnostic horizondiagnostic horizon

ÁÁ Redefine subgroup/great group criteriaRedefine subgroup/great group criteria
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Á Concepts

Á Historical perspective
(Joe Nichols, Dick Arnold,

Hari Eswaran, others?)

Á Proposals

Á Representative pedons with 
associated data sets
(soil moisture, chemical,

physical, slake tests, etc.)



Questions or comments ?Questions or comments ?
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