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Key Concepts
• How do we define ‘soil’? 

• How do soils form? 

• How do we describe soils?  

• What soil properties are most important to 
understand?  

• What kinds of interpretations can we make 
about suitable land use by understanding 
the soil environment? 

What “is” SOIL?
• …the unconsolidated organic and mineral 

material on the surface of the earth that is 
capable of supporting plants.

• … a collection of natural (living) bodies that 
forms a thin layer at the earth’s surface 
which supports plant life. 

How do soils form?

• Soils are created by the effects of climate
and living organisms acting upon the 
parent material over time.

• Soils are formed by processes of 
“weathering” that can occur physically, 
chemically, and biologically. 

Parent Materials

• Parent Material refers to the weathered 
remains of a geologic deposit such as 
bedrock or transported materials – like 
those deposited by wind, water, and past 
glaciation.

• Parent material can strongly influence a 
soil’s texture, permeability, and drainage 
characteristics – which in turn affects land 
use. 

Continental Glaciation
• Last glacier 

covered New 
England approx. 
20,000 years ago. 

• Glacial “retreat”
occurred ~ 14,000 
years ago. 

• Various forms of 
glacial debris left 
covering the land.
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Extent of Last Continental Glacier in NE 

Glacial deposits: Basal TillBasal Till

• deposited beneath 
advancing glacier.

• very dense, poorly-
sorted material, with 
restricted drainage.

• covers most of NE 
hillsides.

• occurs on low 
‘cigar-shaped’ hills, 
called drumlins. 

Glacial deposits

Landform: Drumlin Landform: Drumlin 

Basal Till Basal Till --
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Glacial deposits
GlacioGlacio--fluvial:Outwashfluvial:Outwash
• deposited by moving 
melt-water streams 
flowing out in front of 
melting glacier. 

• loose, coarse, well 
sorted material, with 
excellent permeability.  

• occurs in  narrow 
valley areas, hillside 
terraces, and expansive 
level plains across NE. 

Glacial deposits
GlacioGlacio--lacustrine lacustrine 
• deposited in deep 
quiet glacial lake 
environments.

• materials deposited in 
fine layers of silt and 
clay –resulting in very 
low permeability. 

• occurs in low-lying, 
wide valley basins 
(such as the CT River 
basin). 

Post-Glacial deposits
Aeolian  deposits Aeolian  deposits 
• windblown deposits of 
fine sand and/or silt.

• Most MA soils have some 
windblown component 
overlying the glacially 
derived parent material. 

• In Midwest USA, 
windblown silt is thick 
enough to be the entire 
parent material, which is 
called ‘loess’.

Post-Glacial deposits
Alluvium: floodplainAlluvium: floodplain

deposits deposits 
• deposited alongside 
rivers and streams by 
action of flood waters 
overtopping river banks.

• texture can be quite 
variable depending on 
speed of water and type 
of sediment carried and 
deposited.  Variable 
permeability. 

Post-Glacial deposits
Organic Materials  Organic Materials  

• a deposit containing 
more than 20% organic 
matter, predominantly 
formed in a wet soil 
environment. 

• Saturated soil 
conditions lead to 
anaerobic conditions 
which in turn result in 
slower decay processes.

Soil Formation ‘Equation’
Five soil formation factors acting in   
unison make soils separate, distinct 

individuals. 

Parent Material x Living Organisms x 
Topography/ Hydrology x Climate x Time = 

a specific type of soil
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Describing Soils 

• A deep vertical 
slice through the 
soil, that extends 
from the surface 
down to the parent 
material.

The Soil Profile

Soil Horizons 
• Horizontal layers of 

soil material, within a 
soil profile, that differ 
from one another 
based on appearance 
or composition.

• Soil forming 
processes determine 
these differences.

Soil Horizons - continued

• Organic material in 
varying states of decay 
(can range from fresh 
pine needles to muck).

• Layer at least 20% 
organic material (by 
weight). 

• Low strength, light dry wt.
• Usually not very thick 

accumulation in an 
“upland” setting. 

The O-horizon

Soil Horizons - continued

• Mineral layer enriched 
with organic matter.

• Usually dark brown in 
color from accumulated 
humus.  

• Do not confuse with “O-
horizon”

• In NE,  ‘natural’ A-
horizons only 2-3” deep. 
Most of MA plowed 
historically …so A-
horizons 8-10” deep. 

The A-horizon – ‘topsoil’
Soil Horizons - continued

• Also known as 
“subsoil”.

• Layer of deposition and 
weathering. Usually 
reddish/rusty brown in 
color due to coatings 
of weathered iron on 
mineral grain surfaces. 

• Can have significant 
accumulation of clay, 
iron, and/or organic 
coatings.

The B-horizon
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Soil Horizons - continued

• Also known as 
“substratum”.

• Layer of relatively
unweathered parent 
material. 

• Can be decomposing 
bedrock or transported 
material (like glacial till 
or  outwash).  

The C-horizon
Soil Horizons - continued

• Pale colored horizon –
not always present.

• Located below O or A-
horizon and above B-
horizon.

• Zone of ‘eluviation,’
where organic matter, 
clay, iron and/or 
aluminum has been 
stripped away.   

The E-horizon

Soil Characteristics
Texture
• how the soil “feels”

• the relative amounts  
of sand, silt, and clay-
sized particles

• determined only by 
mineral components 
less than 2mm in size 
• soil texture relates to many important soil 
properties, like water holding holding 
capacity, fertility, and permeability.

2 mm
Soil Characteristics
Texture – field determination
• a method to 
estimate the relative 
amount of sand, silt, 
and clay in a sample. 

• remove all gravel 
larger than 2 mm.

• manipulate sample 
to test cohesiveness 
and plasticity.  

• An analysis that 
separates the different  
mineral soil particles 
based on size.

• Largest (sand) particles 
settle out first

• Smallest (clay) particles 
settle out last. 

• Specific settling time 
intervals can be 
calculated for each 
particle size class. 

Texture – by sedimentation Soil Texture Classification
The division of soil materials of similar texture into 
groups that have similar physical properties.

Sand: soils comprised almost completely of sand 
sized particles.

Loamy Sand: soils that are made of mostly sand, 
but with some finer particles noticeably present.

Sandy Loam: soils that are coarse-textured 
(sandy), but with significant amounts of finer 
particles present.

Loam: soil with nearly equal amounts of sand and 
silt, and about half as much clay. 
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The Textural Triangle
Sand: %

+ Silt: %

+Clay: %

= 100%

Example: Using the Triangle
Sand: 45%

Silt: 40%

Clay: 15%

Soil Physical Properties 
Soil Components

- Solids / minerals

- Solids / organic matter

- Void space / water-filled 

-Void space / air-filled

Note: the “ideal” soil will have 50% solids and 
50% voids.

Soil Porosity

Ideally about half the soil volume is solid and   
half is pore space.

• Pore space is 
important for proper 
drainage and proper 
water retention.

• The arrangement of 
solid particles and 
pore spaces is called 
the soil matrix.  

Soil Characteristics 
Soil Structure
• Soil structure exists 
when individual soil 
particles clump together 
to form aggregates. 

• Soil macropores are 
created between 
aggregates.

• Macropores improve infiltration and 
permeability, and therefore decrease runoff and 
erosion.

Soil Color
• Soil colors are 

measured using a 
comparative color 
chart. 

• The two major coloring 
agents in the soil are 
organic matter and 
iron.

• Important soil 
characteristics can be 
inferred from color. 
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Soil Color
• Dark colored topsoil 

tend to have increased 
amounts of organic 
matter present.

• Gray colored subsoils
indicate prolonged 
wetness. 

• Iron mottled subsoils
indicate a fluctuating 
seasonal water table. 

Soil Color 
• Color is described by a combination of 

three factors:
– Hue: color

wavelength of 
light

– Value: degree of 
lightness or 
darkness (gray 
scale)

– Chroma: the 
purity or strength 
of the hue

Soil Color 

• Caused by prolonged 
lack of oxygen.

• Under well-drained soil 
conditions, oxygen is 
able to move through 
the soil pore spaces.

• When the soil is 
saturated (and all the 
pores are full of water), 
oxygen becomes 
quickly depleted.

Redoximorphic Features
Soil Color 

• Under prolonged 
anaerobic conditions, 
iron becomes soluble 
and it is stripped from 
the soil grains. 

• When dissolved iron 
encounters oxygen in 
the soil, it becomes 
oxidized and 
precipitates out as 
rusty mottles.  

Redoximorphic Features

Soil Color 
• The location of 

redoximorphic 
features in the soil 
profile can indicate the 
depth of the seasonal 
high water table. 

• When found at or very 
near the soil surface, 
they indicate a ‘hydric’
wetland soil. 

Redoximorphic Features Soil Drainage Class 
• Soil drainage class, in 

general, refers to the 
relative depth of a 
seasonal high water 
table and the duration of 
saturation at that depth.

• Landscape position is 
the greatest determining 
factor. Slowly permeable 
layers also important.
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Soil Drainage: Landscape Position

• Uplands tend to have well drained soils  
fairly low in organic matter.

• Wet  soils tend to be in low-lying spots and 
have higher organic matter contents.

Soil Drainage Class 
• site suitability is 
strongly influenced by 
soil drainage class.

Soil Permeability 

• Permeability is the 
speed (or ease) with 
which water and air are 
able to move through 
the soil.  

• This property is strongly related to texture, 
because it is controlled by the size and 
connectivity of the soil pores. 

Note: Don’t confuse this with soil drainage 
class. 

Soil Interpretation 
Land Use Suitability: 

“Putting it all together”

Soil Interpretation 
Land Use Suitability –

Assessing Limitations
• stoniness  

• steepness of slope

• erosion potential

• drainage class

• flooding potential

• depth of soil

• presence of impermeable layers

Soil Interpretation 
Land Use Suitability
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Soil Interpretation 
Land Use Suitability –

Freshwater Wetland
•Very dark surface horizon

•Gray soil horizon directly 
beneath

•Redox features typically 
within 6” of surface

•Important area for flood 
storage, storm water 
filtration, water 
purification, and wildlife 
habitat. 

Soil Interpretation 
Land Use Suitability

Soil Interpretation 

• Appropriate climate

• Level or nearly level slopes 

• Low erosion potential 

• Low flooding potential

• Good water-holding capacity

• Permeable soils/good drainage 

• Few surface stones & acceptable 
depth to impermeable layers

Land Use Suitability – Prime Farmland

Questions?Questions?


