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Overview looking west across Wise County, VA, 
from Powell Valley anticline in 1982. All open 
light brown and white areas in middle ground 
are coal surface mines.

Powell River Project
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Typical pre-law mined lands above and 
post-SMCRA mined lands below

Approximately 40,000 ha of classic bench-highwall-
outslope topography was present in Virginia in 1977 
when SMCRA was promulgated.
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Powell River Project area highwall-
bench landscape in 1980. 

Acid-forming materials 
on 1970’s “pre-SMCRA”
surface mine in Virginia. 
Most strata in VA are 
non-acid forming.
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Cross-section of typical post-SMCRA highwall 
backfilled, return to AOC mine. 

Steep “return to approximate original contour 
(AOC) backfill. Many failed in the early 1980’s. 



5

In our coal 
mining 
environment, 
native topsoils 
are typically 
quite thin and 
difficult to safely 
and economically 
strip before 
mining.

Shallow, stony colluvial 
soils, with occasional 
deeper pockets.
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Therefore, the vast majority of reclamation in the 
Appalachians since 1980 has utilized appropriately 
selected mine spoils as topsoil substitutes.

Oxidized, pH 5.5 overburden over reduced 
carbonate (2%) containing overburden at depth.
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Throughout the 1980’s and 1990’s, reduced, carbonate 
containing overburden such as that shown here was 
preferentially selected and placed as topsoil substitute 
materials due to  high pH and extractable cations.

Powell River Project site in mid-1980’s as older pre-SMCRA 
benches were re-mined and replaced by AOC and hollow fills.
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Objectives
To compare and contrast mine soil horizonation, 

morphology, physical properties, and pH in 
both ages of mine soils and, 

To determine the effect of overburden type, 
overburden weathering, and reclamation 
method on these mine soil properties.   

Research Methods and Approach
Daniels and Amos mapped and described the Powell 

River mine soils from 245 randomly assigned points 
and 30 soil pits in 1980. The soils ranged in age from 
4 to 20+ years at sampling.

Haering, Daniels, Galbraith and Thomas re-mapped 
approximately 60% of the area in 2002 and 
described 22 mine soil pits. The area studied had 
been re-mined, and the soils ranged in age from 8 to 
13 years at sampling (one was re-graded/older). 
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Major Properties of Pre-SMCRA 
Mine Soils in SW Virginia

• The soils dominantly occur on narrow benches 
(relative to post-SMCRA) and contain a higher 
content of oxidized and pre-weathered 
overburden.

• The older mine soils are much more variable in 
rock type, rock content, depth to rock, and other 
important gross morphological properties
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Note relatively shallow depth of mining cuts and 
dominance of brown oxidized exposed strata.

Rocky acidic mine 
soil in 1980 formed 
in oxidized mixed 
overburden
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Bi-sequel Mine 
Soil in 1980.

Very shallow (<50 
cm) mine soil 
formed in mixed 
oxidized and 
acidic (pH 5.0) 
mine spoil over 
intact siltstone 
bedrock. 
Approximately 
1/3 of the 1980 
soils were 
shallow.
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Shallow mine soil over coal 
seam. Obviously, the 
lespedeza doesn’t mind it.

Major Properties of Pre-SMCRA 
Mine Soils in SW Virginia

• A horizons form rapidly in these materials and 
are readily discernable within four years years 
after revegetation.

• Weakly expressed Bw horizons are common in 
finer textured (silt+clay > 50%) mine soils 
within 10 to 20 years after revegetation if the soil 
is non-compacted.
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Twenty year-old 
forested mine soil 
described in 1980 
with well 
developed litter 
layer and weakly 
expressed, thin, 
Bw horizon. In 
many instances, 
these layers are 
not thick or well-
expressed enough 
to be “cambic”. 

Major Properties of Pre-SMCRA 
Mine Soils in SW Virginia

• Heavily compacted zones and densic layers (Cd) 
commonly occur within 70 cm of the surface due to 
traffic upon spoil placement. Even after 20 years of 
exposure to physical weathering processes, little 
loosening below 10 cm was observed.

• These compacted zones commonly perch local water 
tables in unexpected locations; often, we see very wet 
soils over 20 m or more of supposedly “excessively 
drained loose fill”.
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Four-year old mine soil 
profile sampled on 
Taggart Bench level in 
1980. This soil 
possessed a well-
developed A horizon 
associated with plant 
rooting and organic 
matter accumulation 
and a heavily 
compacted (densic) Cd 
layer at 37 cm which 
totally limited root and 
water penetration. 

Eight year-old mine soil with compaction throughout.

2C

C

A
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This pit filled with 
water that was 
perched in the A 
horizon within 1 
hour of excavation.

Study area being re-mined in mid-1980’s and capped 
with gray Taggart (high pH) sandstone spoils.
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Major Properties of Post-SMCRA 
Mine Soils in SW Virginia

• In general, the mine soils are deeper and more 
uniform, with a much higher abundance of 
relatively unweathered gray spoils which tend to 
be higher in pH and cations.

• Overall rock content “appears to be”
consistently higher due to the harder, less 
weathered nature of spoils.

Gray sandstone  
derived soil 
with Ap-AC-C 
horizonation. 
This soil was 
described in 
2002 and was 13 
years old. 
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Biosolids plus Woodchips @ 140 Mg/ha 
were applied to these soils in 1989/1990.

Similar mine 
soil described in 
2002 with 
higher rock 
fragment 
content and 
inclusions of 
minor amounts 
of oxidized 
sandstones.
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Major Properties of Post-SMCRA 
Mine Soils in SW Virginia

Cambic-like horizons (Bw) were only rarely 
described in 2002. We presume this was due to 
the dominantly loam to sandy loam textures in 
the fine earth fraction and overall higher rock 
contents.

Densic layers (Cd) were commonly described in 
the upper 70 cm, and large (15 to >30 cm) 
bridging voids were common at lower depths. 

Mine soil 
described in 2002 
with Ap-AC-Cd-C 
horizon 
morphology. 
Parent material is 
mixed oxidized 
and gray 
sandstone spoils.

Cd 
horizon
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Older mine soil (30 
yrs old) described 
in 2002 that had 
been re-graded in 
1989 and capped 
with a lift of local 
“topsoil”. This soil 
was very acidic 
(pH 4.0) at depth, 
but had been 
surface limed to 
pH 6.0 for pasture 
production.

A

Cd

Major Properties of Post-SMCRA 
Mine Soils in SW Virginia

Hydric soils commonly form in large flat-
lying depressional wetlands. Typically, 
these are epiaquic systems where the 
wetland is perched above a Cd layer and 
receives enough local surface run-on 
waters and local lateral flow to maintain 
wetland hydrology. Hydric soil indicators
can be docunented in less than 10 years. 
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Late winter ponding/perching on > 50 
m of unconsolidated mine spoils due to 
grading and traffic related compaction.

Hydric soil in 
depressional 
wetland at Powell 
River in 2002. 
This wetland was 
approximately 
0.5 ha in size and 
dominated by 
Scirpus and 
Carex sp. The site 
is on top of a 30 
m deep durable 
rock fill! 
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Hydric soil described in 
2002. Pit was pumped 
for description. 
Common prominent 
redox concentrations 
were observed in the A 
horizon and at the soil 
surface. Common 
distinct Fe-
concentrations can be 
seen at depth in this 
picture. 
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Conclusions
Although the parent material was quite 

heterogeneous, the 1980 mine soils were 
generally finer-textured, less rocky, and  
lower in pH than the post-SMCRA mine 
soils we examined in 2002.

A significant number of the 1980 mine soils 
were shallow (< 50 cm) to rock or coal, 
while all the 2002 soils were deep (>1m).

Conclusions
Development of subsurface horizons such 

as AC and Bw horizons appeared to be 
related more to rooting density and depth 
and fine silt+clay content than to mine 
soil age.

Densic contacts and layers were found 
within 70 cm of the surface (often higher) 
in half the pedons we described. 
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Conclusions
Improvement in mining and reclamation 

technology between the pre-SMCRA 
mine soils described in 1980 and the 
post-SMCRA mine soils described in 
2002 led to deeper more uniform soil 
materials, but did not significantly 
reduce the occurrence of heavily 
compacted zones. 

Conclusions
Pedogenesis occurs rapidly in these parent materials; 

distinct A and AC horizons form in several years and 
Bw horizons form in 10 to 20 years in finer textured 
spoils.

While it is commonly assumed that these landscapes 
contain a thick mantle of well- and excessively 
drained coarse textured spoils, their internal 
drainage patterns are actually quite complex, as 
evidenced by the common occurrence of hydric soils.
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