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Coal Mining

West Virginia largest coal producer in the Appalachian region

90 active surface mines in 2013

Over 30 million Mg coal Sources: Bise, 2013; U.S EIA, 2015



WV Forests78% Eastern 
deciduous 
forests

Wood 
production

Ecosystem 
functions

Wildlife 
habitat

Source: Burger, 1999



Appalachian Regional
Reforestation Initiative

(ARRI)



5 Steps of the Forestry Reclamation Approach

1. Create suitable 
rooting medium

2. Do not compact
3. Use tree 

compatible 
ground cover

4. Plant at least 
two types of 
trees

5. Use proper 
planting 
techniques

Source: Burger et al., 2005



Create suitable mediumSalvaging topsoil 
not always 
possible

Topsoil 
substitute 
allowed if ≥ 
native 
Appalachian soil

Sandstones > 
siltstones or 
shales

Sources: Burger et al., 2005; Daniels 
and Amos, 1985



Brown vs. Gray Sandstone
Brown is better

Lower pH 
Lower EC
> Fines

Sources: Angel et al, 2006; Burger et al., 2005; Conrad et al., 2008; Haering et al., 2004; Skousen et al., 2011; Daniels and 
Amos, 1984; Rodrigue and Burger, 2004



Overburden for Reclamation 
Weathered (Brown)
◦ Closer to the surface
◦ Loss of soluble carbonates and iron oxidation

Unweathered (Gray)
◦ Deeper down geological column
◦ More resistant to weathering

In WV typically composed of:
◦ Mica
◦ Kaolinite
◦ Quartz
◦ Feldspar

Weathering releases nutrients making them bioavailable

Sources: Daniels and Amos, 1985; Haering et al., 2004; Miller et al., 2012; Roberts et al., 1988 



Nutrients in Soil
Soil Phases
◦ Soil solution 
◦ Sorbed to soil phases 
◦ Part of soil structure 

How do nutrients in brown and gray sandstone 
differ between soil phases?

Source: Brown et al., 1999



BCR Optimized Sequential Extraction
Used to determine speciation of elements

Four step procedure to determine the following phases:
◦ Acid extractable (acetic acid)
◦ Reducible (hydroxylamine hydrochloride)
◦ Oxidizable (ammonium acetate)
◦ Residual (aqua regia)

Sources: Pueyo et al., 2008; Rao et al., 2008; Sutherland, 2010; Sutherland and Tack, 2003, 



Objectives
Determine if available nutrients in brown and gray sandstones 
increase over time at the same rate;

Determine if available nutrients in brown and gray sandstone reach 
the same levels of forested soils over time; 

Determine if soil physical and chemical properties in brown and gray 
sandstone change over time; and;

Determine if soil physical and chemical properties in brown and gray 
sandstone are comparable to forest soil conditions over time.



Hypotheses
Gray sandstone will initially have lower available nutrients than brown 
sandstone

Over time, gray sandstone will have more available nutrients than 
brown sandstone as it is weathered

Forest soil will have the highest amount of available nutrients



Site
Brown and Gray Sandstones
◦ 45 years since reclamation
◦ 20 years since reclamation
◦ 9 years since reclamation

Undisturbed Soils



Site Sandstone Site description

Mynu Area Gray Less than 2% slope
Vegetation: silver maple, birch, tulip poplar, goldenrod, oak seedlings, ash

Brown 2 to 5% slope
Vegetation: black birch, hemlock, sugar maple, red maple, tulip poplar, ferns, 

American beech, red oak, sourwood

Bear Pen Gray 2 to 5% slope
Vegetation: Black locust, multiflora rose, grasses, Autumn olive

Brown Vegetation: Black birch, ferns, grasses, mosses, goldenrod, lespedeza,

Reforestation 
Plots

Gray Less than 2% slope
Vegetation: red oak, white pine, black locust; low herbaceous cover 

Brown Less than 2% slope
Vegetation: red oak, black locust, white pine, white oak, Rubus, mosses

Forested NA 20% Slope, SW Aspect
Vegetation: Recently clearcut, Rubus, greenbrier, Solidago, deer tongue, red 

maple seedlings,





Methods
Use BCR Sequential Extraction to analyze for:
◦ P, K, Ca, Mg, Mn, Cu, Zn, Al, Fe

pH

Electrical Conductivity

Organic Matter Content

Particle Size Distributions

Percent Fines

3 samples from each site



Statistical Analysis
First three BCR steps added together = “Available”

Initially, linear regression modelling was conducted to determine any 
correlation between age and available nutrients

ANOVA to determine if significant differences between all three ages 
of brown and gray sandstone and forest soil



Property DF
Sum of 
Squares

F Value P> F

OM 6 15 8.19 <0.001
pH 6 16 12.21 <0.001
EC 6 0.01 9.45 <0.001
Fines 6 4588 6.21 0.002
Sand 6 4581 3.68 0.02
Silt 6 1104 1.06 0.43
Clay 6 1306 16.78 <0.001

Results
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Element DF Sum of Squares F Value P > F

P 6 3769 27.33 <0.001

K 6 84 18.52 <0.001

Ca 6 12533 4.62 0.008

Mg 6 6663 102 <0.001

Mn 6 5357 3.92 0.017

Cu 6 15802 29.9 <0.001

Zn 6 2654 3.59 0.023

Al 6 4450 46.77 <0.001

Fe 6 1201 18.34 <0.001

Results
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Summary
By Age 45:
◦ OM and pH similar to forest

EC within acceptable range for tree growth

Increase of nutrients from age 9 to 20?
◦ Weathering increases nutrients initially 
◦ Less plant uptake

Decrease from age 20 to 45?
◦ Nutrient storage higher in above ground biomass or organic layers
◦ Immobilization as secondary minerals
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