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§

§ Igneous
§ Sedimentary
§ Metamorphic

§SOIL FORMATION 
§ Starts with weathering to bare rock and buried rock
§ Temperature fluctuation (expansion and contraction)
§ Erosion by wind, water, ice
§ Plant roots growing into tiny cracks, causing them to spread
§ Chemical reaction of soil minerals with water and air
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Presentation Notes
IGNEOUS – molten rock still surfaces as volcanoes or spurts up unseen into the bedrock below the ground. Outcrops of the cooled, hardened molten rock (igneous) are found in southeastern PASEDIMENTARY – water sorts transported particles by size, separating sand, silt, and clay. When these accumulate they become compressed over long periods of time. Eventually in geologic time what was once the sea bottom rises and becomes the sedimentary rock of dry land.	carbonates, which are completely dissolved in water, ultimately precipitate out as solids, forming limestone. 	clay deposits become shale; silt – siltstone; sand – sandstoneMETAMORPHIC – where sedimentary rock lies deep within the earth, great heat and pressure further harden and change it into metamorphic rock. Geologic events bring metamorphic rock to the surface.GRANITE, OIL SHALE, QUARTZITE



from Soil Taxonomy, second edition.

Soil is a natural body comprised of solids (minerals and organic matter), liquid, and 
gases that occurs on the land surface, occupies space, and is characterized by one or 
both of the following: horizons, or layers, that are distinguishable from the initial 
material as a result of additions, losses, transfers, and transformations of energy and 
matter or the ability to support rooted plants in a natural environment.

The upper limit of soil is the boundary between soil and air, shallow water, live plants, or plant 
materials that have not begun to decompose. Areas are not considered to have soil if the 
surface is permanently covered by water too deep (typically more than 2.5 meters) for the 
growth of rooted plants.

The lower boundary that separates soil from the nonsoil underneath is most difficult to define. 
Soil consists of horizons near the Earth's surface that, in contrast to the underlying parent 
material, have been altered by the interactions of climate, relief, and living organisms over time. 
Commonly, soil grades at its lower boundary to hard rock or to earthy materials virtually devoid 
of animals, roots, or other marks of biological activity. For purposes of classification, the lower 
boundary of soil is arbitrarily set at 200 cm (6.5 FEET).



} Healthy soils give us clean air and 
water, bountiful crops and forests, 
productive grazing lands, diverse 
wildlife, and beautiful landscapes.  
Soils do all this by performing five 
essential functions:

1. Regulating water
2. Sustaining plants and animal
3. Filtering and buffering potential 

pollutants 
4. Cycling nutrients
5. Physical stability and support
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Presentation Notes
Healthy soils give us clean air and water, bountiful crops and forests, productive grazing lands, diverse wildlife, and beautiful landscapes.  Soils do all this by performing five essential functions:1. Regulating water – Soils helps control where rain, snowmelt, and irrigation water goes.  Water and dissolved solutes flow over the land or into and through the soil.2. Sustaining plants and animal life – The diversity and productivity of living things depends on soils.3. Filtering and buffering potential pollutants – The minerals and microbes in soil are responsible for filtering, buffering, degrading, immobilizing, and detoxifying organic and inorganic materials, including industrial and municipal by-products and atmospheric deposits. 4. Cycling nutrients – Carbon, nitrogen, phosphorus, and other nutrients are stored, transformed, and cycled in the soils.5. Physical stability and support – Soil structure provides a medium for plant roots.  Soils also provide support for human structures and protection for archeological treasures.



§ The solid portion of a typical 
soil sample is made up of the 
following:
§ Sand
§ Silt
§Clay
§Humus 
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A – topsoilB – subsoilC – parent materialR – bedrock



} Elements (Nutrients), pollutants, filter water
} Affects physical properties and biological components
} Cation-exchange capacity
} Soil pH, Soil Color
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PH - thus affects the availability of several plant nutrients.A pH range of 6 to 7 is generally most favorable for plant growthsources. This is considered neutral to slightly acidic.Great diversity of pH difference in Pennsylvania, although soils are more likely to be acidic than alkaline.	Low pH soils can be adjusted by adding lime.  High pH soils can be adjusted by adding sulfur or sulfuric acid.Soil Color Determined by air and water drainage, organic matter, parent material	Topsoil – dark organic matter – vegetation, soil critters, Subsoil – less OMRed soils – often high iron, well-drained (example of a rusty pipe)Wet Soil - Lack of oxygen (air) – leads to grey colors and redoximorphic concentrations and depletions (mottling) Cation-exchange capacity (CEC) is the amount of exchangeable cations per unit weight of dry soil and is expressed in terms of milliequivalents of positively charged ions per 100 grams of soil (or centimoles of positive charge per kilogram of soil; cmolc/kg). Similarly, positively charged sites on colloids can attract and release anions in the soil giving the soil anion exchange capacity (AEC).





} Soil Texture 
} Soil Crust 
} Soil compaction 
} Soil Aggregation and Structure 
} Water Content 
} Frozen surface 
} Organic Matter 
} Pores

FACTORS INFLUENCING 
INFILTRATION
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Soil Texture – The type of soil (sandy, silty, clayey) can control the rate of infiltration.Soil Crust – A crust on the soil surface can seal the pores and restrict the entry of water into the soil.Soil compaction – A compacted (plowpan) or an impervious layer close to the surface restricts the entry of water into the soil and tends to result in ponding on the surface.Soil Aggregation and Structure – Soils that have stable strong aggregates as granular or blocky soil structure have a higher infiltration rate than soils that have weak, massive, or platelike structure. Water Content – The content or amount of water in the soil affects the infiltration rate of the soil.  Infiltration rate is generally higher when soil is initially dry and decrease as soil become s wet.Frozen surface – Frozen soil greatly slows or completely prevents water entry.Organic Matter – An increase amount of plant material, dead or alive, generally assists the process of infiltration. Pores – continuous pores that are connected to the surface are excellent conduits for the entry of water into the soil.
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EROSION VS. ACCELERATED EROSIONE&S TECHNIQUESCONSERVATION PLANNING



Sediment is a naturally occurring material that is broken down by processes 
of weathering and erosion, and is subsequently transported by the action of wind, 
water, or ice, and/or by the force of gravity acting on the particles.

• Suspended vs. dissolved
• Up-stream vs. in-stream



} HYDROLOGIC SOIL GROUP
◦ A  - high rate of water transmission.
◦ B - moderate rate of water transmission.
◦ C - slow rate of water transmission.
◦ D - very slow rate of water transmission

} NRCS Web Soil Survey
◦ https://websoilsurvey.sc.egov.

usda.gov/App/HomePage.htm
◦ 70,000 soils delineated in 

U.S.
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Presentation Notes
Designed to:	Delineate different soils across the landscape	Predict soil behavior for different uses	Highlight limitations and hazards inherent in the soil	Includes:	Text 	General description		Map units descriptions		Use and Management	Interpretive tablesMapsOver 70,000 different kinds of soil have been delineated in the United StatesIn a soil survey, soils are classified into map units which consist of one or more soil series within a slope class.A soil series (or soil type) has a combination of traits unique to it such as parent material, texture, drainage, and landscape position.Slope gradient (or slope) is the steepness of the land.  It is the rise or fall in a given distance and is usually measured in percent.  Example: If a hillside is 100 feet long and drops 10 feet in elevation from the top of the slope to the bottom of the slope, then the slope is 10%.		Delineated on the maps are individual Map units.  These show the different soil series (types) across the landscape.  The first letter denotes the soil series and special feature, the last large letter denotes the slope phase. A – Soils having high infiltration rates, even when thoroughly wetted and consisting chiefly of deep, well to excessively-drained sands or gravels.  These soils have a high rate of water transmission.B - Soils having moderate infiltration rates, when thoroughly wetted and consisting chiefly of moderately deep to deep, moderately fine to moderately coarse textures.  These soils have a moderate rate of water transmission.C - Soils having a slow infiltration rates when thoroughly wetted and consisting chiefly of soils with a layer that impedes downward movement of water, or soils with moderately fine to fine texture.   These soils have slow rate of water transmission.D - Soils having very slow infiltration rates when thoroughly wetted and consisting chiefly of clay soils with a high swelling potential, soils with a permanent high water table, soils with a clay pan or clay layer at or near the surface, and shallow soils over nearly impervious material.  These soils have a very slow rate of water transmission

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm


} Test Pits
} Infiltration Testing



} Geology
} Environmental Due Diligence



} Reduces infiltration
} Can be major or minor
} Caused by variety of sources – compaction 

equipment, construction vehicles, farm vehicles, 
mowing, foot traffic

} Rehabilitation can occur



} Focus on previously developed area – avoid 
“greenfields” or wooded lots

} Incentives
◦ Fee Reduction
◦ Stormwater management requirement is reduced (most 

municipalities)
} Challenges
◦ Cost
◦ Potential for environmental 

remediation (cost)
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} Low Impact Development
} Minimize grading
} Minimize soil compaction
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} Grading
} Tree/Landscaping
} Steep Slope
} Stormwater 
} Floodplain/Riparian Buffer



} Structural (foundations)
} On-site soils amended
} Imported soils – site soils, stormwater 

management
} Highly engineered – tree trenches, green roofs
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} Soil horizon
} Structural soundness
} Pollutants – naturally occurring (i.e. cobalt) 

or man-made
} Biological components!



} Can rehabilitate soils that have been or 
will be compromised
} Can aid in stormwater management
} Make green roofs possible

Image courtesy of Roofmeadow



} Highly researched
} Large discrepancies within recommendations 

(i.e. clay content)
} Typically high sand content
◦ Well-graded seems key

} Some compost addition
◦ Well aged





} Biochar
} Compost tea
} Proprietary bioretention

systems



} Natural Conditions
} Minimizing Impacts
} Mitigating Impacts
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