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Pre-mining soil landscape 
relationships and post-mining 

strategies for prime farmland 
soil reconstruction.

W. Lee Daniels

Final pit grading; usually done just as soon 
as dozers can walk the surface, which means 
it’s wet. This maximizes compactive effort.
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Compacted, platy replaced topsoil over highly 
compacted tails/slimes subsoil.

Subsurface of 
same profile. 
Note laminated 
and compacted 
materials of 
contrasting 
origin.
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Area seeded in 
spring of 2004 
after minimal 
tillage (< 12”) to 
alleviate  
compaction 
alleviation. Note 
standing water.

Conventional cultivation equipment used to 
prepare surface in previous slide. 
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This is the “appropriate ripper” for these kinds of soil problems! 
Clint Zimmerman (pictured) was primarily responsible for 
recognizing the need and implementing routine ripping. 

Directly adjacent area that received the appropriate ripping 
treatment. Note lack of standing water and “loose” appearance 
of surface.
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Row crop plots with numbers and treatments
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Topsoil strip after 
grading and disking 
in April 2005.

35 T/Ac Biosolids

2005 Corn Yields (bu/ac)

Topsoil/Lime/NPK       61 c*

Tails + Biosolids: 174 a

Tails + Lime + NPK:  136 b

Unmined adjacent:     224

County Average: 98

(2000 – 2005)
Adjacent prime farmland –
Orangeburg Soil with same 
management as plot area. 

*Yields within experiment followed by 
different letters were different at p > 0.01
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Topsoil yields were reduced by 
compaction and heavy crusting. Are 
these “problems” typical of the 
topsoil replacement process?

Harvested (non-topsoiled) mined land in Fall 2005
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Winter Wheat in May 2006

2006 Wheat Yields (bu/ac)

Topsoil/Lime/NPK         64

Tails + Biosolids:            73

Tails + Lime + NPK:      61

Unmined adjacent:        103

County Average:             53

(2000 – 2005)

Adjacent prime farmland –
Orangeburg Soil with same 
management as plot area. 

Winter Wheat on 
Carraway-Winn 

Farm in May of 2006
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Beyond the research plot work, we continue to work with Iluka 
and their contractors to apply appropriate rehabilitation  
protocols. Here, one-year old forages are being mowed on an area 
that received lime, deep ripping, N-P-K fertilization and topsoil. 

Soybeans established in wheat stubble on Carraway-Winn farm, July 2006
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Typical mine soil profile 
returned by combined 
reclamation practices at 
Carraway-Winn farm.

This is a biosolids plus 
conventional tillage 
treatment.

Some roots are evident at 
50 cm (2 feet), but the 
upper soil is still quite 
compact relative to 
natural soils. 

Another profile from 
research plots 
showing significant 
buried topsoil and 
mixing/banding of 
dissimilar materials 
in upper profile.

This soil was very 
compact with almost 
no rooting below 30 
cm or 1 foot.
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Another typical profile 
in control plot (tailings 
+ lime + NPK). 

Light colored materials 
at base of trowel are 
pure sandy tailings. 

Orange bands in lower 
profile are layers of 
high slimes 
‘sandwhiched” between 
tailings. 

Ripper trace through 
topsoil treatment plot.

Topsoil at this location 
was placed over 
abruptly layered pure 
slimes over very pure 
white sand tailings.

Ripper traces were only 
evident in 3 of 20 pits 
described in the summer 
of 2006. Maybe they 
“closed up” in wet 
subsoils?
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CONCLUSIONS
Restoration at the Old Hickory mineral 

sands mining operation in Virginia has 
been complicated by the lack of a pre-
existing research or industry knowledge 
base, and the fact that the ore body is 
higher in slimes than any mined to date

CONCLUSIONS
It is clear that these heavy mineral deposits 

can be developed and successfully 
returned to post-mining agricultural 
and/or forestry land uses. 

It appears likely that the most productive 
soils within these deposits can be 
returned to 85 to 90% of their pre-
mining productivity within 3 to 5 years 
after mining. 
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CONCLUSIONS
Over longer periods of time (10 years +), we 

believe that further improvements in mine 
soil productivity will occur as the subsoils 
aggregate and surface soil organic matter 
and aggregation stabilizes.

While topsoil return is probably beneficial over 
the long run for soil productivity, other 
practices such as subsoil ripping are 
probably more important. 

Please contact me if you’d like 
copies of our papers or reports on 
our research results since 1990?

W. Lee Daniels, 540-231-7175 or 
wdaniels@vt.edu
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Old, highly 
weathered profile 
west of scarp. 
This soil is 
probably 2 to 5 
million years old. 
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