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Kelly Robyn Meredith 

 

(Abstract)   

 

Significant deposits of heavy mineral sands (primarily ilmenite and zircon) are located in 

Virginia in Dinwiddie, Sussex and Greensville counties.  Most deposits are located under prime 

farmland, and thus require intensive reclamation when mined. The objective of this study was to 

determine the effect of four different mine soil reconstruction methods on soil properties and 

associated rowcrop productivity. Treatments compared were 1) Biosolids-No Tillage, 2) 

Biosolids-Conventional Tillage, 3) Lime+NPK fertilized tailings (Control), and 4) 15-cm 

Topsoil over lime+P treated tailings. Treated plots were cropped to corn (Zea Mays L.) in 2005 

and wheat (Triticum aestivum L.) in 2006. Yields were compared to nearby unmined prime 

farmland yields.  Over both growing seasons, the two biosolids treatments produced the highest 

overall crop yields. The Topsoil treatment produced the lowest corn yields due to relatively poor 

physical and chemical conditions, but the effect was less obvious for the following wheat crop. 

Reclaimed land corn and wheat yields were higher than long-term county averages, but they 

were consistently lower than unmined plots under identical management. Detailed morphological 

study of 20 mine soil pedons revealed significant root-limiting subsoil compaction and textural 

stratification. The mine soils classified as Typic Udorthents (11), Typic Udifluvents (4) and 

Typic Dystrudepts (5).  Overall, mined lands can be successfully returned to intensive 

agricultural production with comparable yields to long-term county averages provided extensive 

soil amendment and remedial tillage protocols are implemented. However, a significant decrease 

(~25 to 35%) in initial productivity should be expected relative to unmined prime farmland.   
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I. INTRODUCTION AND BACKGROUND INFORMATION 

1.1 Introduction 

 Heavy mineral sands (HMS) consist of titanium bearing minerals such as ilmenite 

(Fe·TiO3), leucoxene (FeTiO3·TiO2), and rutile (TiO2). Other valuable minerals such as monazite 

(Ce, La, Th, Nd, Y) PO4 and zircon (ZrSiO2) are also found in these deposits.  The term “heavy” 

refers to the mineral’s high specific gravity, >  4.0 g/cm3, relative to the host sands, which 

usually consist of quartz with a particle density of 2.67 g/cm3 (Brooks, 2000).  Heavy mineral 

sands deposits are derived from various fluvio-marine re-sorting of sediments derived from 

igneous, metamorphic and sedimentary rocks.  Due to their high specific gravities, heavy 

minerals separate from lighter minerals via wave action and are subsequently concentrated in 

near-shore beach deposits that are frequently preserved in ancient Coastal Plain terraces (Lynd & 

Lefond, 1983). Australian companies dominate the mineral sands mining industry due to high 

concentrations of rich deposits of zircon and rutile along the coasts of Australia (Shepherd, 

1986).  The dominant market mineral is TiO2, (rutile) which is used as an opaque agent in paints.  

Titanium is also used in high strength metals applications and Zr is used as a refracting agent for 

high temperature ceramics and glazes.         

Mineral sands mining was first reported in the United States at Pablo Beach near Ponta 

Vedra in Florida in 1916 (Lynd & Lefond, 1983).  Following the Pablo Beach operation, the Riz 

Mineral Company near Melbourne, Florida began mining operations in the 1940’s and 1950’s, as 

well as Humphrey’s Gold Company at the Regency deposits near Jacksonville, Florida, from 

1943 until 1964 (Brooks, 2000).  Other operations were recorded at Boulounge, Florida (1974 to 

1979), at Folkston, Georgia (up to 1974), at Lakehurst, New Jersey (1962 & 1978) and at the 

Manchester mine near Lakehurst (1973 & 1982) (Lynd & Lefond, 1983). Current USA 
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operations are located at Trail Ridge and Green Cove Springs, in northeastern Florida, and at Old 

Hickory in southeastern Virginia (Fig. 1) with significant deposits available for future mining 

near Emporia, Virginia and in North Carolina east of Raleigh (Brooks, 2000). 

The beneficiation process of HMS varies greatly with the surrounding host materials and 

associated soil landscapes.  In Florida (and most of Australia), the process involves wet-dredging 

the ore, using wet separation via cyclones and spirals to separate the ore by gravity, and 

electrostatic/electromagnetic final separation of minerals. No chemicals are used in the 

beneficiation process other than NaOH and H2SO4, which are used to remove Fe and/or humate 

coatings from the ore before final electrostatic separation.  Given that the majority of HMS 

mines worldwide do not support intensive pre-mine agriculture, detailed soil profile 

reconstruction protocols are seldom employed to establish vegetation cover for reclamation 

permit release. However, many areas in Australia have been returned to complex native heath 

and forest covers via sophisticated topsoil and seed bank return and mulching procedures 

(Brooks, 2000). Several mineral sands mines in western Australia have been reclaimed to pasture 

land, and in Florida, several mineral sands mines have been returned to commercial pine 

plantings.  

Unlike the Florida and Australia HMS deposits, Virginia faces unique reclamation 

challenges.  These challenges include: (1) the high clay content of the pre-mining soil, (2) the 

well-drained soil landscape, and (3) the fact that most of the mineable ore is located under prime 

farmland. Therefore, mining and reclamation processes are much more demanding at the mining 

area I studied in Virginia (Fig. 1), which is referred to herein as “Old Hickory”.   
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Figure 1.  Regional map showing location of mineral sands ore bodies in Virginia which are 
highlighted in red.  Similar ore bodies are located in North Carolina.  The Old Hickory mine site 
is situated in both Dinwiddie and Sussex counties, Virginia (indicated by a black star). 
  
 

1.2 Study Objectives 

The overall goal of this study was to document the effect of various reconstruction 

techniques on mine soil properties and row-crop productivity on a mineral sands mine in 

southeastern Virginia.  This study was designed with the following specific objectives:  

 

  1. To determine the effects of three different soil reconstruction practices on resultant 

 mine soil morphological, physical and chemical properties. Specific reconstruction 
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 practices evaluated were topsoil return, organic amendment with biosolids, and direct 

 utilization of limed and fertilized tailings.  

 

 2. To estimate the effects of mine soil reconstruction practices on row crop productivity, 

 and to compare the productivity of the mine soils with nearby undisturbed prime 

 farmland. 

 

 3. To document and measure the relationships between soil morphological, chemical and 

 physical properties and crop rooting as influenced by differential soil reconstruction 

 practices. 

 

 4. To describe and classify a range of mine soil pedons occurring on the Carraway-Winn 

 Research Farm at Old Hickory. 

 

1.3. Review of Pertinent Literature 

 Mine soils, weathered spoils, drastically disturbed soils, and certain human or man-

influenced soils are (Sencindiver and Ammons 2000) “soils formed on landscapes altered by 

human activities such as mining.”  Mine soils have been drastically altered by the mining and 

beneficiation processes of overburden removal, ore excavation and subsequent return to fill 

mining pits or to cover adjacent areas.  Although the original native soil profile is destroyed, a 

new profile begins to form immediately following reclamation (Daniels et al., 1981; DeMent et 

al., 1992). The chemical and physical properties of new mine soils are strongly influenced by the 

properties of the mixed overburden and weathered spoils that are returned by reclamation, filling, 
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and grading practices. Where natural soil horizons are segregated and returned to the reclaimed 

surface, their inherent properties dominate the upper layers of the reclaimed profile. When non-

soil materials are placed on the surface, young mine soil profiles rapidly develop a thin A 

horizon underlain by an AC or C horizon.  Daniels et al. (1981) concluded that distinct A 

horizons may develop in mine soils as young as five years.  Coal mine soils have been the most 

extensively studied, and commonly have variable soil texture and color, weak to moderate 

structure in their surface horizons, and are often excessively compacted (Haering et al., 2004).  

Sencindiver and Ammons (2000) concluded that drastically disturbed soils frequently exhibit the 

following soil properties: 1) disordered coarse fragments, 2) randomly oriented pockets of 

dissimilar materials (clay and sand), 3) color mottling not related to drainage, and 4) bridging 

voids – large coarse-fragment controlled air spaces created during mine spoil deposition and 

grading.   

  Mechanical compaction in mine soils resulted in high bulk densities and associated high 

soil strength--leading to inadequate root penetration and rates of water and gas movement 

(Sencindiver & Ammons, 2000).  In a study by Thurman et al. (1985) of topsoiled and non-

topsoiled mine soils, adjusted bulk density (Db) values were significantly higher for all depths of 

mine soils that had been topsoiled.  Thurman et al. attributed this increase to the heavy 

equipment used to place and grade the topsoil material. These newly created soils generally lack 

the interconnected macropore network necessary for sufficient water movement and aeration 

(Dunker et al., 1995).  In addition, mine soils, depending on their parent material, may possess 

high (or low) soil pH, variable levels of fertility, and are generally low in cation exchange 

capacity.   
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1.3.1 Soil Compaction 

Excessive compaction plays an important role in the development and productivity of 

mine soils (Barnhisel & Darmody, 2000).  Compaction has been reported as the most restrictive 

feature in several mineral sands reclamation studies (Daniels et. al., 1999, 2003a).  Depth of 

compaction varies depending upon the equipment used during the reclamation process, materials 

handling methods used during soil reconstruction, and nature of the spoil material being placed 

and graded.  McSweeney and Jansen (1984) advocated that the type of material handling 

methods utilized during soil reconstruction can result in soils having physical and structural 

characteristics which restrict root growth.  They utilized a wheel-conveyor spreader system to 

replace various soil and topsoil mixes on a reclaimed mine soil at the Captain Mine in Perry, 

Illinois.  Their results indicated that; 1) a ‘fritted,’ or an artificial soil structure that consists of 

rounded aggregates loosely compressed due to soil handling, favors good rooting depth as 

compared to massive subsoils with shallow and restricted rooting and 2) operations using a 

mining wheel conveyor spreader system favor this ‘fritted’ soil structure more than operations 

using a typical scraper system.  Similarly, Pedersen et al., (1980) report that excessive soil 

compaction is associated with: 1) ponding of surface water (i.e. poor infiltration rates); 2) poor 

rooting ability for herbaceous cover; 3) excessively high bulk densities; and 4) low porosity.  

Considering that soil compaction compresses and reduces pore size within and between soil 

peds, water movement is impeded, thus causing poor infiltration rates, low porosity and ponding 

of surface water depending on which layer is compacted.   

Reduction in the overall bulk density of the soil increases both water infiltration and plant 

root development.  Densities as high as 1.8 g/cm3 have been documented in restored mineral 

sands mine soils due to wet settling and bulldozer consolidation of mine tailings coupled together 
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with final topsoiling and grading activities in Florida and Virginia (Daniels et al., 1992; Orndorff 

et al., 2005) (Fig. 2).   

 

 
 
Figure 2.  Final grading of mixed tailings and slimes at Old Hickory. Lime and P are added to 
this surface and mixed with chisel plow before the topsoil is returned.  Photo courtesy of Chuck 
Stilson/Iluka. 
 

 As described below, various tillage techniques such as deep ripping, a mixture of deep 

ripping and disking, etc., have been studied and recommended in other mined areas (e.g. 

Midwestern USA coalfields) to mitigate high bulk densities. Overall, as also discussed below, 

compaction has been reported as the major soil factor limiting crop yields on coal mine soils 

recreated on prime farmlands in the Mideastern and Midwestern USA (Barnhisel & Gray, 1990). 

 Caldwell et al. (1992) conducted a three-year study to determine the depth and ripping 

effects of a reconstructed coal mine soil on grain sorghum (Sorghum Se.) and soybeans (Glycine 

Max)yields on a reclaimed prime farmland in Southeastern Kansas. Twelve experimental (54 x 
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54 m) plots were constructed in the fall of 1985 at P & M Midway mine located in Linn County, 

Kansas.  Approximately 30 cm of topsoil was placed over varying depths of subsoil; 0, 30, 60 

and 90 cm on graded mine spoil.  Additionally, one half of each block was ripped with a chisel 

subsoiler to a depth of 51 cm prior to planting (1st year).  Crop yields on all subsoil treatments 

were generally low each year studied for both grain sorghum and soybeans.  They advocated that 

shallow rooting limited crop yields on soils < 30 cm rooting depth.  In addition, Caldwell et al. 

reported that ripping to a depth of 51 cm alleviated drought stress and increased overall crop 

yields.   

Dunker et al. (1995) studied five tillage treatments on reconstructed surface coal mine 

soils on the Consolidation Coal Company Burning Star no 2 mine near Pinckneyville in Perry 

County, Illinois. Given that these soils had once been prime farmland, adequate soil 

reconstruction and tillage/ripping techniques were required by law before bond release could 

occur. Overall, this major study established that: 1) tillage significantly affected crop production, 

biomass production, soil strength and net water extracted by crops; 2) average soil strength, or 

rooting resistance, was inversely proportional to tillage depth; 3) soil strength was inversely 

correlated to crop yield; 4) crop yield increased with tillage depth, 5) penetrometer data indicated 

that the benefits of deep tillage persisted for up to five years; and 6) initial levels of soil strength 

affected the depth of tillage required for greater productivity.  Dunker et al. also found that corn 

productivity did not significantly exceed the Cisne silt loam (Fine, smectitic, mesic, Mollic, 

Albaqualfs) unmined control for any of the five treatments studied over the course of the 

experiment; however, the highest yields were measured in 1993 with two of the treatments 

(DM1- deep ripped to 120 cm and DM2 – a modified version of DM1 deep ripped to 120 cm) 

which produced 4 % and 6 % higher yields than the control. Soybeans produced similar results 
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with DM1, DM2, DM3 – 90 cm depth, and TG2 – 35 cm depth, producing 33%, 34%, 25%, and 

3 % higher yields than the undisturbed Cisne control for 1993 only.        

 Wells and Barnhisel (1992) conducted a similar study at two surface mined sites in 

Muhlenberg County, Kentucky.  Reconstructed and undisturbed prime farmland soils at the 

River Queen and Gibraltar surface mines were utilized in their experiment.  Results indicated 

that: 1) lower subsoil bulk density was more common within the ripped plots than the non-ripped 

plots; and 2) no significant differences were noted between the two soil placement methods 

studied (truck dump vs. scraper pan soil placement).  Hooks et al. (1992) also studied corn and 

soybean response from 1985 through 1991 in southern Illinois.  Their study focused on different 

soil reconstruction methods (soil replaced via end-dump trucks vs. scraper pan placed material).  

They found that soil material replaced via a shovel-truck system produced a more productive soil 

than soil material replaced using a scraper system if surface traffic is controlled and minimized 

to avoid unnecessary compaction.  Truck-hauled soil material with and without surface traffic 

(TWT vs. TNT) did not exceed the Cisne silt loam control for corn production or soybean yields 

during all years studied.  However, the TNT treatment (w/out traffic) produced 106%, 175%, 

272%,  101%, and 142% more corn than the Stoy silt (fine-silty, mixed, superactive, mesic, 

Fragiaquic Hapludalfs) loam control for 1986, 1988, 1989, 1990, and 1991 years respectively.  

The TNT treatment only produced significantly greater soybean yields in 1987.  The TWT 

treatment (with traffic) produced 55% (1986), 70% (1988), 132% (1999), 46% (1990), and 84% 

(1991) more corn than the Stoy silt loam control. The TWT treatment did not produce 

significantly greater soybean yields.  In another study conducted by Witsell and Hobbs (1965), a 

silt loam soil was compacted to approximately 1.65 Mg/m3 at depths of 0 to 15 cm and 0 to 30 
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cm.  They reported that wheat yields were reduced by 20 to 30% and 12 to 20% at 0 to 15, and 0 

to 30 cm, respectively, relative to undisturbed soil conditions.   

 In one particularly notable long-term study, Barnhisel (2006) studied reconstructed mine 

soil productivity on a reclaimed surface coal mine in western Kentucky over a period of 22 

years.  Treatments were as follows: 1) non-prime farmland soil (20-cm of topsoil cover); 2) 40 

cm of subsoil (a mixture of B2 and Bt material); and 3) 80 cm of the subsoil mixture previously 

mentioned followed by 20 cm of Ap (topsoil material). All treatments were placed using a 

scraper-pan over replaced overburden/spoil.  Target yields for all crops tested (alfalfa (Medicago 

sativa), corn, grain sorghum, soybeans, tall fescue (Festuca elatior) and wheat (Triticum spp.) 

met yield requirements for Phase III bond release (per SMCRA, Surface Mine Control and 

Reclamation Act of 1977) requirements of  > 90 % of county average for all three soil treatments 

studied.  Although, target yields for alfalfa were only met in 1981, 1982, and 1983, all three 

treatments (20 cm, 60 cm and 100 cm) produced approximately 8 % more than their required 

targets.  Unlike alfalfa, target yields for corn were met in 1982 and 1983 only.  Additionally, 

only the 60-cm and 100-cm treatments met required targets producing approximately 3 %, and 

15 % more than their required targets respectively.   

 

1.3.2 Soil Strength 

 Many researches have suggested that soil strength, or mechanical resistance, and not bulk 

density per se, is the most important limiting factor in the reduction of root elongation and 

overall plant growth (Taylor and Gardner, 1963; Taylor and Burnett, 1964). Mechanical 

resistance is a measure of the real resistance that roots encounter as they grow through the soil 

(Phillips & Kirkham, 1962).  Thompson et al. (1987) evaluated the effectiveness of penetrometer 
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resistance measurements and bulk density to see which method was more accurate for predicting 

root system performance on coal mine soils located in southern Illinois.  Their results indicated 

1) that both penetrometer resistance and bulk density were good predictors of root system 

performance, 2) penetrometer resistance and bulk density were highly correlated within the 

lower root zone (unlike at the soil surface), and 3) bulk density generated a slightly higher R2 

value than penetrometer resistance (R2 = 0.81 and 0.73 respectively), suggesting that it was the 

better predictor of effective depth to rooting.  Vance et al. (1992) also studied soil strength 

measurements at three reclaimed prime farmland plots in Southwestern Illinois.  Plots were 

reconstructed using a variety of reclamation methods and soil strength measurements were taken 

to a depth of 112 cm (44 inches).  Their results indicate that soil strength was highly correlated to 

corn and soybean yields; crop yields decreased significantly as soil strength increased.   

 

1.3.3 Soil Compaction and Plant Rooting 

The adverse effects of soil compaction and high soil strength on mine soil productivity 

are directly related to plant rooting limitations. Plant roots have three primary functions: 1) they 

anchor the plant in the soil; 2) they absorb water and nutrients for the plant to use during 

photosynthesis; and 3) they synthesize organic compounds needed by the plant (Drew and Gross, 

1973).  In order to maintain a healthy plant-soil system, roots need to penetrate to sufficient 

depth and access associated rooting volumes. Most root growth occurs in soils with bulk 

densities ranging from 1.1 to 1.5 g/cm3, which is the commonly observed range in the upper 1 m 

of most undisturbed soils.  However, the majority of coal and mineral sands mine soils in 

Virginia have much higher bulk densities (most likely due to soil compaction from haulage 

trucks and grading) within 1 m (Haering et al., 2004; Daniels et al., 2003a).  Impeded aeration, a 
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direct result of increased soil compaction, also has the potential to inhibit root growth 

(Thompson et. al, 1987) independent of direct mechanical impedance effects.  Various studies 

have shown that root growth is directly inhibited by high soil strength (Thompson et al., 1987, 

Taylor and Burnett, 1964) which is generally well-correlated with bulk density and moisture 

content in a given soil. Critical root limiting bulk densities in sandy soils are around 1.7 g/cm3 

due to their higher abundance of larger packing macropores, but finer textured soils will limit 

rooting at bulk densities as low as 1.40 g/cm3, particularly when they are dry and/or poorly 

structured (Brady and Weil, 2003).  

 The major effect of high soil strength/bulk density on overall plant performance is 

through rooting depth related to drought stress. Pearson (1974) reported that shallow rooting 

increased drought hazard to a wide range of crops.  Crookston et al. (1992) conducted a study on 

subsurface compaction versus root/shoot growth on grain yields (wheat). For their study, 

compaction was artificially created on a clay loam soil in Tadla, Morocco. Their results indicated 

that:  1) compaction had no affect on root mass density; however, root length was significantly 

reduced, thus reducing overall yield production; 2) compaction significantly increased bulk 

density, by 9 to 14%; while 3) mechanical resistance was increased by 30 to 38% (2.0 to 3.3 

MPa.).  Daniels et al. (2003a) found that the overall depth of rooting on a reclaimed heavy 

mineral sands mine in Southeastern Virginia was generally limited to 50 cm (or less) due to 

subsoil compaction and a high seasonal water table.   

 

1.3.4 Organic Matter Amendments 

 Various studies have shown that organic matter additions to mine soils increase water 

holding capacity, improve cation exchange capacity (CEC) and buffering, and also  promotes 
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soil structure formation while reducing overall bulk density (Jansen, 1981; Smith et al., 1987).  

Stolt et al. (2001) conducted a study on a 20 x 60 m area of reclaimed HMS deposit located in 

Brink, Virginia.  The study area was excavated to a depth of 5 m and treated in a manner similar 

to that of HMS mining operations at Iluka.  Experimental plots were established with several 

reconstruction techniques: 1) a control (unamended tailings); 2) tailings amended with 23, 45, 

90, 135 and 270 Mg/ha yardwaste compost; and 3) tailings capped with 45 cm of A horizon 

stockpiled during mining.  Stolt et al. (2001) suggested that the addition of high levels of 

compost (>135 Mg/ha) increased water holding capacity via a significant increase in soil 

macroporosity and a significant decrease in bulk density.  Furthermore, this study suggested that 

compost material improved not only the rooting environment but increased water percolation and 

soil gas exchange.   

 Research has also been conducted on the addition of various amendments to enhance 

revegetation of mine soils such as the addition of biosolids, the use of native topsoil, the use of 

topsoil substitute, and additions of lime and phosphorous (Daniels et. al., 1999).  In a study 

conducted by Powell et al. (1986), deep ripping of the subsoil combined with biosolids additions 

(22 to 44 Mg/ha) produced > 90 % of long-term county average target corn and sorghum yields 

on reclaimed prime farmland soils.  Sopper and Kerr (1982) found that biosolids were superior to 

fertilizer on coal mined land that had undergone topsoil replacement.  Zhai and Barnhisel (1996), 

found that biosolids applied to the subsoil at a rate of 34 Mg/ha and incorporated with a chisel 

plow before topsoil replacement not only increased corn yield (+ 29 %, + 18 %, and +155 % > 

control treatment for 1991, 1992, and 1993 respectively) but also improved soil chemical 

properties and physical properties within the rooting zone.   

 

 13



1.3.5 Reclamation Studies at Old Hickory 

 Greenhouse studies were conducted by Daniels et al. (1996) on generated simulated mine 

tailings and slimes from bulk soil samples at the Old Hickory mine site in Virginia. The 

greenhouse experiment consisted of two separate studies: 1) small pot studies; and 2) larger-scale 

‘barrel’ experiments.  These small-pot studies were employed in order to determine soil mix and 

P-fertilizer effects on crop growth. Larger scale ‘barrel’ experiments were developed to 

determine row crop growth potential of selected tailings and slimes mixes with and without 

topsoil cover (Daniels et al., 1996).  Small pot experiments were also conducted by Daniels et al. 

in 1996.  Six different soil mixes and five different phosphorus rates at 1) 100% tailings, 2) 

85:15% tailings:slimes (T:S); 3) 70:30% T:S, 4) 55:45% T:S, 5) topsoil mix and 6) Orangeburg 

(fine-loamy, kaolinitic, thermic Typic Kandiudults) topsoil were compared.  Phosphorus was 

added at 0, 40, 80, 120 and 160 mg/kg of P.  Soybean yields were strongly affected by soil mix 

and P additions in this experiment.  From the small pot experiments, Daniels et al. confirmed that 

P was limiting to soybean growth for all T:S mixes and that large initial P-fertilizer additions 

should be added to provide adequate P for row crops.  Additionally, they determined that: 1) 

soybean growth was significantly reduced on the 100 % tailings material; and 2) the 85%:15% 

and 70%:30% T:S mixes performed better than the 100%:0% and 55%:45% T:S mixes 

respectively.  The larger-scale barrel experiments were completed in March 1994.  A wheat-

soybean-corn cropping sequence was grown in 200 L barrels with five treatment that included; 1) 

Topsoil over 70:30% T:S; 2) Topsoil over 85:15% T:S; 3) Topsoil over pure tailings 100:0% 

T:S; 4) Biosolids + tailings as a topsoil substitute and 70:30% T:S; and 5) 70:30% T:S blend 

with no topsoil or topsoil substitute blend. Of the crops studied, only soybean responded to the 
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various soil blends and not corn or wheat. Additionally, their results suggested that a uniform 

blend of tailings and slimes material could be a productive topsoil substitute.       

 Between 1995 and 1998, Schroeder (1997) conducted a follow-up field study on the 

effects of 25 cm topsoil return vs. topsoil substitutes constructed by addition of yard waste 

compost at 112 Mg/ha  to mixed tailings/slimes.  Although he found no significant correlation 

between root length and bulk density for either treatment, he theorized that subsoil Db was the 

major factor limiting both treatments and it was inversely related to crop yield (Schroeder, 1997).  

In addition, Schroeder’s findings confirmed that even though subsurface Db values between the 

adjacent undisturbed control plots and the pilot mining pits at Old Hickory did not differ, Db in 

the mine soils covered a much larger range (concentrated slimes ~1.0 g/cm3; sandy horizons 1.6 

to 1.9 g/cm3). Schroeder’s study utilized 112 Mg/ha yard waste compost incorporated into a 

mixture of tailings and slimes following a regime of heavy P-fertilization, liming, and V-ripping 

(Daniels et. al., 1999, 2003b).  Over a four-year cropping period of wheat, soybean, corn, and 

cotton (Gossypium hirsutum), the post-mining productivity, when compared to adjacent prime 

farmland, was reduced by 23%, 3%, 27%, and 20% respectively (Daniels et al., 2003a, 2003b).  

In addition, they concluded that neither treatment (Topsoil vs. Compost addition) appeared 

consistently superior, but both soil reconstruction approaches resulted in a net loss of multi-year 

crop productivity relative to Faceville series soils (Typic Paleudults) directly adjacent to 

unmined land.   

 Orndorff et al. (2005) conducted a study on thirteen pedons from four reclaimed mining 

pits at the Old Hickory mine.  Their study focused on soil classification and characterization of 

the chemical, physical and morphological properties of these soils.  She concluded that six of 

these pedons were Typic Udorthents, three were Typic Quartzipsamments, three were Typic 
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Udifluvents and one pedon which exhibited a cambic horizon was a Fluventic Dystrudept.  

Additionally, Orndorff et al. found six characteristics commonly observed within the subsurface 

horizons. These characteristics included: 1) occurrence of strongly contrasting particle-size 

classes; 2) significant color changes generally were associated with textural changes; 3) thin 

bands of tailings and slimes material; 4) thin bands of heavy mineral material; 5) convoluted 

banding-bands of tailings, slimes and heavy mineral sands materials that have been overturned 

and deformed; and 6) fragments of clayey materials--e.g. slimes or Coastal Plain substratum 

within a sandier matrix.  Moreover, Orndorff et al. illustrated that these soils exhibited an A-C 

horizonation with generally acidic subsurface horizons (pH < 5.5), low OM and low CEC.                

 

II. MATERIALS AND METHODS  

2.1. Site Description 

 Mineral Sand Deposits were discovered in Virginia in the late 1980’s (Berquist and 

Goodwin, 1989; Carpenter and Carpenter, 1991).  The largest ore body in Virginia is known as 

the Old Hickory deposit, positioned along the Atlantic Coastal Plain in the counties of Dinwiddie 

and Sussex, Virginia.  It covers approximately 2,550 ha (6,300 acres), and is located 

approximately 100 km (60 miles) south of Richmond and 175 km (110 miles) west of the 

Atlantic coastline (Schroeder, 1997; see Fig. 1).  This deposit spans the “Fall Zone,” or the 

boundary between the Piedmont and Coastal Plain physiographic provinces (Berquist and 

Goodwin, 1989). The surficial Coastal Plain sediments are Pliocene to early Pleistocene in age 

and overlies highly weathered Piedmont saprolites derived from granitic and felsic volcanic 

rocks. 
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 Hodges et al. (2002) completed detailed soil mapping of the Old Hickory area in 

February 2002.  Fig. 3 is an aerial view of the Carraway-Winn Reclamation Research Farm 

(CRWF) with a pre-existing soil map overlay.  Approximately three-fourths of the research farm 

was originally covered in a Slagle fine sandy loam (fine-loamy, siliceous, subactive, thermic, 

Aquic Hapludults) with 0 to 2% slopes (Fig. 3).  The remaining one-fourth was in a mixture of 

Roanoke loam (fine, mixed, semiactive, thermic Typic Endoaquults) on 0 to 2%  slopes, Myatt 

loam (fine-loamy, siliceous, active, thermic, Typic, Endoaquults) on 0 to 2% slopes, Dragston 

loamy sand (coarse-loamy, mixed, semiactive, thermic, Aeric Endoaquults) on 0 to 3 % slopes 

and Nansemond fine sand (coarse-loamy, siliceous, subactive, thermic, Aquic Hapludults)  on 0 

to 4% slopes.   
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Figure 3.  Aerial view of the Carraway-Winn Reclamation Research Farm with soil map overlay 
(Slagle fine sandy loam 10A, Myatt loam 26A, Dragston loamy sand 74A, Roanoke loam, 29A, 
Nansemond fine sand 69B) of the pre-existing native soils.  The row crop soil reconstruction 
experiment is outlined in red. The area was dominated by new mine soils at the time of this 
photo in spring 2006. 
 

 The Slagle fine sandy loam consists of yellowish brown sandy clay material underlain by 

a variegated yellowish red/strong brown sandy clay loam.  Organic matter and natural fertility 

are low with slow permeability.  The rooting zone is generally more than 150 cm with moderate 

shrink-swell potential. The Slagle fine sandy loam is well suited for cropland as well as hay and 

pasture production.  Additionally, Slagle has a very high potential as a profitable woodland soil.  

The Roanoke loam consists of a very dark brown surface horizon underlain by light brownish 

gray/grayish brown silty clay loams and sandy clays.  Organic matter content and natural fertility 

are low with very slow permeability.  The Roanoke loam is poorly drained with moderate to high 
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shrink-swell potential, and is poorly suited for cropland.  The Myatt loam consists of a very dark 

grayish brown loam surface layer underlain by gray sandy loam/loam/clay loam and gravelly 

sandy clay subsurface horizons. Organic matter content and natural fertility are low with a 

moderate to moderately slow permeability.  This soil is poorly drained with a low shrink-swell 

potential.  The Dragston loamy sand consists of a brown loamy sand surface layer underlain by 

yellowish brown loamy sands/sandy loams subsurface horizons. Organic matter and natural 

fertility are low with a moderately rapid permeability, and it is well suited for cropland and hay 

and pasture land if drained.  The Nansemond fine sand consist of a dark grayish brown fine sand 

surface horizon underlain by light yellowish brown loamy fine sand/sandy loam with brown iron 

masses.  Organic matter content and natural fertility are low with a moderately rapid 

permeability rate, and it is dominantly used for woodland.       

 Additionally, the Clarke farm offsite control site (described later) is 100% Orangeburg 

loamy sand (Typic Kandiudults).  Orangeburg loamy sand consists of a yellowish brown loamy 

sand surface layer, underlain by light yellowish brown/strong brown sandy clay loams and sandy 

clays.  This soil is deep with low organic matter content and moderate permeability rate.  It is 

well suited for cropland, hay and pasture land and is also highly profitable for loblolly pine 

(Table 1).     



 

 

 

 
Table 1 – Taxonomic detail on pre-existing native soils at the Carraway-Winn Reclamation Research Farm, Compacted Area and on 
the Clarke Farm. 
 

Texture Series Name Soil Map 
Units 

Soil Taxonomy 
Subsurface Subsurface 

Rooting Zone Depth to 
bedrock 

Land uses 
(Well Suited) 

Slagle fine 
sandy loam 

10 A Fine-loamy, siliceous, subactive, thermic, 
Aquic Hapludults 

Sandy Clay 
Loam 

Sandy Clay 
Loam 

> 152 cm N/A Cropland 
Hay/Pasture 
Woodland 

Myatt loam 26 A Fine-loamy, siliceous, active, thermic, 
Typic Endoaquults 

Loam or  
Clay Loam 

Loam or  
Clay Loam 

> 152 cm N/A Cropland 
Hay/Pasture 
Woodland 

Dragston 
loamy sand 

74 A Coarse-loamy, mixed, semiactive, thermic, 
Aeric Endoaquults 

Loamy  
Sand 

Loamy  
Sand 

> 152 cm N/A Cropland 
Hay/Pasture 
Woodland 

Roanoke 
Loam  

29A Fine, mixed, semiactive, thermic, Typic 
Endoaquults 

Clay loam  
to Clay 

Clay loam to 
Clay 

> 152 cm N/A Woodland 

Nansemond 
fine sand 

69B Coarse-loamy, siliceous, subactive, thermic, 
Aquic Hapludults 

Fine Sand to 
Sandy Loam 

Fine Sand to 
Sandy Loam 

> 152 cm > 152 cm Woodland 

Orangeburg 
Loamy sand 

45A Fine-loamy, kaolinitic, thermic, Typic 
Kandiudults 

Sandy Clay 
Loam 

Sandy Clay 
Loam 

> 152 cm > 152 cm Cropland 
Hay/Pasture 
Woodland 
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 Much of the Old Hickory deposit occurs under “prime farmland,” which has the most 

favorable combination of physical, chemical, environmental properties for the production of 

food, fiber and oil crops (Grandt, 1988).  Historically, this has been an important peanut-, 

soybean-, tobacco- and cotton-producing region. Mining at Old Hickory was initiated in 1997 by 

RGC Minerals (Daniels et al., 1992).  Heavy minerals are more resistant to weathering than other 

aluminosilicates and quartz, and thus accumulate in weathered surface soil horizons over time.  

This coupled with the fact that quartz sands are more prone to wind and water erosion leads to 

significant accumulation of heavy mineral in the native topsoil, and that layer is often the most 

profitable material for HMS mining (Milnes & Fitzpatrick, 1989). Thus, there is great interest in 

the possibility of using organic amendments such as biosolids, which are an end-product of 

municipal wastewater treatment (Walker, 1994) or yard waste as organic soil amendments to 

allow for topsoil substitution. However, current Virginia mining regulations require that the 

upper 15 cm of topsoil (A + E Horizons) be stockpiled and returned to the site after mining.   

Iluka Resources, the company that currently mines at Old Hickory, acquired RGC 

Minerals by merger in early 1997.  To date, over 1000 ha have been disturbed. This research 

project is focused on the Carraway-Winn property near the center of the deposit.  Figure 4 shows 

a detailed topographic view of the Carraway-Winn property.  A small black star near the center 

of the map indicates the Carraway-Winn Reclamation Research Farm, CWRF.   
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Figure 4.  Topographic map of pre-mining contours of the Carraway-Winn property located on 
the Old Hickory Mine.  Map source: USGS 7.5-minute quadrangles 
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2.1.1. Mining at Old Hickory 

At Old Hickory, the ore is dry-mined by a track mounted backhoe with a 2.0 to 3.0 m3 bucket.  

The ore is then placed into a grinding machine, or mining unit, (Fig. 5) mixed with water and 

pumped as slurry to the wet processing facility. Please refer to Flowchart A-2, in Appendix A for 

Iluka’s current wet mill procedures.    

 

 

Figure 5.  Mobile mining unit receiving ore. The ore is crushed and coarse-screened here and 
then pumped to the wet mill for processing. Photo courtesy of Chuck Stilson/Iluka. 
 

Once the soil/ore slurry is in the wet mill, it is sent to a trommel screen that separates out the 

‘raw ore’ by size.  Screened ore moves to a transfer bin that transports the ore to the de-sliming 

cyclones. The ore is then ‘de-slimed,’ the process where fine, clay+silt particles are 

removed/cleaned from the ore, and sent to the rougher unit.  From the rougher unit, the ore is 
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transmitted to the rougher spirals (Fig. 6) where it is separated out via gravity into three cuts; 1) 

tailings cut, 2) medium cut, or 3) primary cut. 

 

 
 

Figure 6.  Bank of spirals in wet mill. As the ore passes down the spirals in water, the lighter 
quartz and non-heavy minerals move to the outside of the spirals while the heavy minerals 
remain to the inside. The non-heavy mineral fraction (primarily quartz) is sent to the tailings 
sump to be pumped back to mine pits mixed with slimes. Photo courtesy of Chuck Stilson/Iluka. 
 
 
 The tailings cut, is a waste stream that consists of tailings material, which then reports to 

the spiral tailings sump and will be used as backfill for the mine pits.  The medium cut, or ‘mids’ 

is a mixture of tailings, clay and ore, that is sent to the medium cleaner spiral where it is re-

cleaned and separated as either tailings, or primary cut.  The primary cut, is sent to the secondary 

spirals where the ore is re-cleaned and sent to the finisher spirals.  At the finisher spirals, the ore 

is sent to the attritioners, or scrubber machines.  From the attritioners, the ore is sent to the 

hydrosizers, a tank where ore is sorted again in an upward flowing water stream.  Heavy/coarser 
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particles – heavy minerals, gravitate down and away, while lighter material is carried up and out 

of the hydorsizer unit and is moved to the thickener, or large vat where slimes are dewatered 

before they are mixed with tailings and pumped back into the pits as backfill at a mixture of 25 

% to 45 % solids (Fig. 7).  The slimes are flocculated with an anionic polymer in the thickener 

and the thickened slimes underflow is then combined with the tailings sump stream and pumped 

back to the mining pits as 25 to 45% solids slurry. From the hydrosizers, the ore concentrate (> 

85% HM) is sent to a stacker and carried via haul trucks to the Stony Creek, Virginia, Dry Mill.  

  

 
 
 
Figure 7.  Thickener tank where slimes are flocculated with anionic polymers and fall to bottom 
where they are removed and combined with tailings to be pumped to backfill mined out pits. 
Clear water is decanted from the top of the thickener and returned to the wet mill. Photo courtesy 
of Chuck Stilson/Iluka. 
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2.1.2. Dry Mill Mineral Processing Procedures 

At the dry mill, the ore is placed into a scrubber, sulfuric acid is added to lower overall 

pH ~3.5 and helps to induce Fe removal and flocculation of organic matter, and then is 

transported to the hydrosizer unit and separated into three categories; 1) primary, 2) mids, and 3) 

non-conductors.  The primary cut is sent to the primary rougher, where the ore is separated out 

again into conductors and non conductors.  Conductor cuts are further separated out into Zircon 

and Titanium via the use of electromagnetic and electrostatic separation.  Nonconductors are sent 

into a scavenger unit and then sent to the Staurolite magnet where the ore is separated into three 

streams; 1) Mag 1, 2) Mag 2, and 3) Mag 3.  Mag 2 and 3 consist of Staurolitic material and are 

either cleaned and placed in a Staurolite stacker or (provided they are conductive) are sent back 

to the conductor screen with the other conducting materials and are further separated out into 

titanium, zircon, or tails streams.  The Mag 1 stream is sent to the conductor screen and separated 

(see above).  The separated minerals are then shipped to the consumer and then waste non-

economic minerals (dry mill tails) are returned by truck to the mine site and backfilled into 

mining pits (Fig. 8).  Please refer to Flowchart A-3, in Appendix A for Iluka’s current dry mill 

procedures.   
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Figure 8.  Backfilled pit with rim ditch in place to aid dewatering. This pit will receive another 
layer of sandy tailings over the higher slimes material that dominate the surface shown here. 
Note polygonal cracking pattern in fine textured slimes as they dry. Photo courtesy of Chuck 
Stilson/Iluka. 
 

2.1.3 Active Mining Pits 

 Mining pits, or “mining cells,” vary in size, but are typically 75 m to 200 m on a side and 

vary in shape from rectangular to occasionally semi-circular based on the ore configuration 

(Figs. 8 and 9).  Berm walls or dikes are used to contain the wet tailings and slimes that are 

returned to the mined out pits (Fig. 10) and also as a safety buffer for each mining pit.  Low-

grade subsoil or saprolite material is used in dikes to increase overall size up to 4r m high.     
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Figure 9.  Aerial photo of active mining area at Old Hickory in 2006. Active mine pits are in the 
center of the photo while older pits to the left and right are in various phases of being backfilled 
with tailings. Water is decanted from pit-to-pit during the overall dewatering process. The area to 
the far right is being prepared for mining by topsoil removal and stockpiling.  
 

 
 
Figure 10. Mined out pit with dike walls ready to receive tailings return. The pits in the 
background are in the process of settling and water decant. The topsoil berms are outside and 
away from the inner dike walls. Photo courtesy of Chuck Stilson/Iluka. 
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 Generally, heavy minerals at the Old Hickory deposit are contained within the upper 5 to 

20 m of highly weathered Coastal Plain soils.  These Coastal Plain soils lie over Piedmont 

igneous and metamorphic saprolites.  Because of the minerals’ variability with depth, overall 

depths of the mining pits vary. In general, Iluka excavates only Coastal Plain sands, leaving a 

thin veneer of barren coarse sand over highly weathered Piedmont clay saprolites in the bottom 

of the mining pit (Fig. 11). The dike walls referred to above are usually constructed out of barren 

or low grade sands and occasionally the Piedmont saprolites. 

 
 
Figure 11. Granitic saprolite with Coastal Plain cobbles and weathered soil above. This photo is 
from an exploration well in the northern portion of Old Hickory. Saprolites like this one underlie 
the mineral sands deposits at depth ranging from < 5 to > 10 m.  Photo courtesy of W. L. 
Daniels. 
 

 Once the ore is mined and sent to the wet mill, mixed tailings (predominantly sand-sized 

particles) and slimes (clay, silt and some very fine sand) are pumped back into the mining pit.  

The company (and general Industry) collectively refers to all materials returned to the pits as 

“tailings.”  The tailings return process is followed by a dewatering period of up to a year and 

then frequently by a capping of another layer of coarser textured materials (Fig. 12).  Dewatering 
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is accomplished via the use of flash-board risers at discharge points to release only sediment free 

decant water and by the use of rim ditches once the surface of the tailings pack has been 

dewatered.  

 

Figure 12. Backfilled pit receiving final capping of sandy tailings. Photo courtesy of Chuck 
Stilson/Iluka. 
 

 After capping is completed, additional dewatering may be necessary before track-hoes 

are used to dip and spread out any surface pockets of high slime materials (Fig. 13). Any given 

mining pit goes through multiple episodes of tailings return and dewatering over a period of 

three months to a year or more, and therefore contains many contrasting depositional layers with 

strongly contrasting textures.  
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Figure 13.  Area of high slimes content being excavated and mixed by “dipping”. This process 
helps to homogenize the final reclamation surface with respect to soil texture. Photo courtesy of 
Chuck Stilson/Iluka. 

 

Once the tailings and slimes have been adequately dewatered (a process that can take 

from several months to one year depending on weather conditions) and mixed, and the surface is 

able to support machinery, final reclamation practices are implemented. Current reclamation 

procedures include general grading of dewatered pits, additions of agricultural lime at 4-10 

Mg/ha (depending on soil pH and texture) and P-fertilizer (350 kg/ha as P205), and a 

recommended sequence of V-ripping followed by chisel-plowing/offset disking (Fig. 14). 

Topsoil (if available) is then returned over the limed and P-fertilized tailings subsoil (Fig. 15). 

Where topsoil is not available, the tailings/slimes are reclaimed directly.  Please refer to Fig. 16 

for a summary of Iluka’s current mining and reclamation procedures.  
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Figure 14.  Three-shank ripper being used to rip topsoil and subsoil in one pass. The ripper 
shanks are pulled to approximately 75 cm. For our experiment on the Carraway-Winn 
Reclamation Research Farm, the subsoil was ripped in two directions (90o) after the lime and P 
were applied. The topsoil was then returned over the ripped subsoil and loosened again with a 
chisel plow. Photo courtesy of Chuck Stilson/Iluka. 

 

 

Figure 15. Topsoil being returned to re-graded mining pit. The topsoil will be graded out to 
nominal 15 cm thickness with a bulldozer. Photo courtesy of Chuck Stilson/Iluka. 
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Figure 16.  Flowchart of Iluka’s current mining and reclamation procedures. 
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2.2 Relationship of Current Experiment to Previous Mine Soil Reconstruction Trials 

Active mining began at the Old Hickory deposit in the summer of 1997 as discussed 

earlier.  Between 1989 and 1998, an extensive series of detailed soil and crop productivity 

mapping, wetland soil and geohydrologic, simulated tailings characterization, and reconstructed 

soils studies were performed (Daniels, 2003b). The soil reconstruction protocols utilized in this 

study were therefore based upon an extended series of greenhouse and field experiments. In the 

early 1990’s an initial greenhouse study was conducted on simulated mine soils of varying 

slimes content, with and without topsoil covers.  The study concluded that these simulated soils 

without topsoil could serve as “a suitable plant growth media” (Daniels et. al., 1996) provided 

that significant levels of P and lime were added.   

Iluka’s current mine soil reconstruction protocol (Fig. 16) is directly based upon the 

combined results of the studies discussed above.   

These practices include (but are not limited to):  

• Raking and removal of any existing vegetation.  

• Removal and storage of approximately 15 cm of A horizon material (where 

topsoil is being salvaged) as part of the enclosing dike.  

• Removal of low-grade subsoil material (where not mined) as part of the enclosing 

dike. 

• Dry-excavation of mineral-enriched soil (using conventional mining equipment 

such as loaders and haulers). 

• Pumping of slurried whole soil (containing mineral sands) to the wet separation 

mill where tailings and slimes are completely separated by cyclones and spirals 
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from the mineral ore. The clean tailings and slimes are then recombined for 

pumping back to the mined out pits.  

• The pumping of tailings and thickened slimes back into the reclamation pits in a 

35% to 50% solids slurry, followed by wet settling. Various measures are 

employed at the dewatering pits to minimize particle size segregation and hasten 

dewatering.   

• Final grading of dewatered pits with a bulldozer to restore a final grade close to 

the original land surface. 

• The addition of approximately 4 to 10 Mg/ha (depending on soil pH) of 

agricultural lime and 350 kg/ha P2O5 P-fertilizer, and a sequence of deep V-

ripping followed by chisel-plowing and/or offset disking (Daniels, 2003b).  

Additional N, P and K fertilizers are added depending on the intended 

revegetation mixture. 

• When available, the salvaged topsoil layer is reapplied over the lime+P treated 

tailings/slimes mixture with additional soil testing, tillage and amendments as 

indicated by soil test.  

By the summer of 2003, it was apparent that the on-site contractor had abandoned the 

deep V-ripping protocol described above due to problems with rough final grades and seedbed 

quality due to large chunks of dried slime being pulled by the chisel-plow.  Thus, between 1999 

and 2003, the actual tillage package appears to have included only a shallow tine-harrow and off-

set disking to approximately 15 cm.  However, certain pits that received biosolids in 2002 were 

chisel-plowed to approximately 30 cm.  Beginning in 2004, all reclaimed pits have been deep 
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ripped with a bulldozer mounted deep (75 cm) shank ripper (Fig. 14), followed by disking to 

prepare the final seedbed.  

 

2.3 Installation of Experimental Plots 

 In the fall of 2003, the Carraway-Winn family negotiated an agreement with Iluka 

Resources that dedicated approximately 40 ha of mineral sands mined land to use as a long-term 

demonstration research farm under the supervision of Virginia Tech. At the time of the original 

agreement, most of the area was still in the final phase of backfilling and regrading (Figs. 17, 18, 

19). Over the spring and summer of 2004, Virginia Tech worked with Iluka to coordinate final 

grading of as much of the area as possible in preparation for a range of research plots and 

demonstrations. The experimental area chosen for this study (Fig. 17, 18, and 19) was selected 

based upon its relatively uniform surface soil texture and color, and a general absence of concave 

wet areas.  The delineated area consisted of sixteen experimental plots with each plot 

approximately 180 m long and 15 m wide.   
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Figure 17.  Aerial view of Carraway-Winn property located on the Old Hickory mine site of 
Iluka Resources Inc. Red and brown colors indicate high iron and clay content. This above image 
was taken in 2003 when the area was mid-way through final reclamation grading.  
 
 

 
 
Figure 18.  Aerial view of Carraway-Winn property located on the Old Hickory Mine Site of 
Iluka Resources Inc. This above image was taken April 2006.  Row Crop plots (in right center) 
were planted in soybeans. 
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Figure 19. Diagram of soil reconstruction row crop experiment and overall plot design located 
on the Carraway-Winn Research Farm (CWRF) of the Old Hickory site. The blank area (upper to 
middle left) is compacted and serves as an external “no ripping treatment” control. 

 

As discussed earlier, our primary objective was to evaluate the overall effects of Topsoil 

return vs. Biosolids am ith appropriate tillage and fertility+lime applied to all plots.  

The primary row crop experim pared to an external non-ripped area (Compacted 

Area), and an external unm l area (Clarke Farm).  The overall design was a 

randomized comp ents per block and four complete replications. Detail 

on the four main treatm tion 2.3.1 below.  Please note that all treatments 

received the same deep ripping tillage preparation.  

 

.3.1 Detailed Research Plot Installation 

endments w

ent was also com

ined contro

lete block with four treatm

ents is given in Sec

 
2  
 

Mixed slimes (clay+silt) and tailings (sand) were pumped to the experimental area in 

slurry form.  Once the materials particles had settled, surface water was decanted and dried, and 
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the surface was traversable, two D-6 Caterpillar bulldozers were used to level the fill.  Each 

bulldozer dragged a 46-cm by 6-meter steel I-beam on its final pass to smooth its tracks. The 

experimental area was idle for approximately three months before the treatments were 

implemented.  Before plots were installed, the area was covered with broadleaf weeds and annual 

grasses.    

 Final treatments were installed at the Carraway-Winn Reclamation Research Farm on 

September 22 and 23, 2004.  The plots included four replicate blocks with four treatments per 

block. Each block was 59 x 183 m, with each plot measuring 15 x 183 meters. The plot width 

was based on the width of the agricultural equipment used by the contract farmer (Carl Clarke) 

and the length was set to be long enough to allow relatively routine use of that same equipment 

without having to stop abruptly during harvest, etc. Fig. 20 shows a diagram of one complete 

block of the row crop experiment and the plot layout of the various treatments studied.  

 

 
Figure 20.  Diagram of one complete block of row crop experiment and plot layout. 

 
 
The four main soil reconstruction treatments were as follows:  

1. Biosolids no-till: Ripping, lime-stabilized biosolids at 78 Mg/ha in no-till management, and 

routine fertilization per crop management protocols. 
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2. Biosolids, conventional till: Ripping, lime-stabilized biosolids at 78 Mg/ha in conventional 

till for row crops, and routine fertilization per crop management protocols. 

3. Control: Ripping, lime, P, and routine fertilization per crop management protocols. 

4. Topsoil:  Ripping, lime, P to subsoil, 15 cm of topsoil return, lime added to topsoil, and 

routine fertilization per crop management protocols.   

 A compaction study area was delineated directly adjacent to three of the treatment blocks. 

This area, which did not receive any treatments, is 176 m in length (adjacent to the research 

blocks) and approximately 49 m wide. Finally, to enable comparisons of soil characteristics and 

crop yields from the CWRF with that of un-mined soils, a control area was later delineated on 

the Clarke family farm (near the Old Hickory concentrator, approximately 1.2 km northwest 

from the CWRF).  

On September 27, 2004, after the plots were laid out, the entire area inside the plot 

boundaries was sprayed with Round-Up Ultra (2.2 L/ha) and 2-4-D (1.2 L/ha) (Table B-1 in 

Appendix B).  On October 11, 2004, all internal plot boundaries were marked with pin flags.  

October, 13, 2004, surface mine soil (~15 cm) was excavated from the topsoil plots with a John 

Deere 9520 tractor pulling an 14-m3 pan and a Bell 4206 tractor pulling a 14-m3 pan from the 

four plots that would receive the Topsoil return treatment. On November 3, 2004, lime (9 Mg/ha) 

and P (674 kg P2O5/ha) were applied (15 to 20-cm) to the untreated tailing surface of Topsoil 

(treatment 4) and Control (treatment 1) plots and incorporated with a K.M.C. chisel plow.  Deep 

ripping with a deep multi-shank (3) ripper attachment mounted on a Caterpillar D-8 bulldozer to 

~91 cm (Fig. 21) was completed in two perpendicular directions, and one subsequent pass with a 

chisel plow (15 to 20-cm) was made over all the plots.  
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Figure 21. Deep shank ripper used to cross-rip experimental plots at Old Hickory. This ripping 
practice is now utilized for all newly reclaimed lands at Old Hickory. 
 

 On November 10th through November 11th, 2004, topsoil was returned to the Topsoil 

plots with the same scraper pans.  On November 17- 19, 2003, lime-stabilized biosolids, from 

Arlington, VA, were applied at 78 Mg/ha by Synagro Inc. by a John Deere 8520 tractor pulling a 

Knight 8140 Pro Twin Side Slinger agricultural spreader and incorporated to the 8 biosolids plots 

(Appendix C).  All Biosolid treatments were incorporated with a John Deere 8520 tractor pulling 

a John Deer 4-m wide chisel plow followed by an off-set disk.  On November 22, 2004, lime (6.7 

Mg/ha) was applied and chisel-plowed and disked into the surface of the Topsoil-return plots 

(based on soil test data; see Table 2) to an approximate depth of 15 cm with a John Deere 8520 

tractor pulling a 4-m KMC Chisel plow. Additionally, three passes of a 6-meter K.M.C. Field 

Cultivator pulled by a John Deere 8200 tractor were completed in the same direction over all 

plots.  On December 31, 2004, plots were seeded with a wheat cover at 270 kg/ha.  January 13, 

2005, a field cultivator was used twice over all plots and buffer areas to clean off stumps and 

roots.  On February 21, 2005, coarse roots, woody debris and other non-soil trash materials were 

hand-picked from all plots. 
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 Table 2 – Soil chemical analysis of two composite topsoil stockpiles (October 2004)  
 at the CWRF.  Elemental values are acid extractable. 

Pile* location pH P (mg/kg) K (mg/kg) Ca (mg/kg) Fe (mg/kg) 
A north 5.08 2 59 238 85 
A middle 5.10 6 63 303 112 
A south 5.17 8 89 360 117 
 avg 5.12 5 70 300 105 
             
B north 5.70 16 92 426 129 
B middle 5.62 15 84 400 150 
B south 4.98 7 68 296 147 
 avg 5.43 13 81 374 142 

 * Pile A was the topsoil stockpile near the road (east of the plots) 
* Pile B was the topsoil stockpile in the middle of the field (west of the plots) 

 

 On April 11, 2005, the Compacted Area was disked (2 passes) and planted to corn (Zea 

mays L) (Pioneer 31G68) on the row-crop plots, the Compacted Area, and the Clarke Farm at a 

rate of 74,000 kernels/ha (30,000 kernels/ac).  Pesticides and herbicides were applied as 

necessary, and the plots were irrigated throughout the summer. May 18, 2005, the corn was 

examined for seedling counts and height on the row-crop plots and the Clarke Farm. Seedling 

counts were completed by counting the number of plants that had germinated along four 

randomly located 15 m (50 ft) transects within each plot. For plant height, 20 seedlings were 

randomly selected within each plot (26 on the Clarke Farm) and measured from the ground 

surface to the top of the corn whirl. On July 8th, 2005, ear leaf samples were collected for tissue 

analysis. From each plot 10 ear leaves were randomly selected and stored in cloth bags. The 

samples were dried, ground and analyzed for nutrient levels. 

Corn was harvested on September 9 and 10 with a John Deere 9500 combine equipped 

with a five row-corn head, an Ag Leader Yield Monitor and Trimble GPS unit.  The yield 

monitor was set to take grain mass and moisture readings at 1.0 second intervals during harvest 

and was pre-calibrated using grain flows from 1 row to 5 rows harvested at constant ground 

speed.  Calibration was accomplished with a "weigh wagon" equipped with electronic scales. 
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The five center rows of each strip were harvested to represent the "treatment" yield. Coordinates 

from the GPS unit were collected at the time of grain mass and moisture readings and grain 

yields are expressed as bushels per acre at 15% moisture.  A map of yield variation within each 

strip was developed using Ag Leader software and Arc GIS.   

Following harvest, residual corn biomass was sampled from the research farm and the 

Clarke Farm plots. For each plot, five samples were collected from the same locations as the 

previously designated soil sampling points. At each sample point, a quadrant measuring 90 X 46 

cm was laid across the row (i.e. 90 cm width was perpendicular to the length of the row). All 

vegetation within the quadrant was cut, collected and stored in a cloth sack. The cloth sacks were 

placed in drying closets until weight remained constant (approximately 2 days), then weighed.  

 For the fall of 2005, the following methods were applied to all row-crop research areas 

including the row-crop plots, the compaction study area, and the Clarke plots, unless otherwise 

indicated. On October 5th, the Topsoil plots were chisel-plowed and disked, and the Compacted 

Area was disked lightly.  On November 1st 2005, corn stalks in all areas were shredded. On 

November 3rd, crop plots were chiseled and disked (one pass), and the compaction area was 

lightly disked. Lime was spread at a rate of 4.5 Mg/ha (2 tons/ac) on the topsoil row-crop plots 

and 2.2 Mg/ha (1 ton/ac) on the Clarke plots. Dry Fertilizer (11-23-23) was applied at 393 kg/ha 

(350lbs/ac) on all plots.  Wheat (Tribute) was planted with a Great Plains 1006NT drill at an 

average of 72 seeds/m (22 seeds/ft) in 19 cm (7.5 in) rows. January 30th, 2006, liquid N was 

applied as a 30% N solution at 187 L/ha (20 gal/ac). On March 28th, 2006, a second N 

application was broadcast at 140 L/ha (15 gal/ac) to all crop plots except the two Biosolid 

treatments and the Clarke Farm. May 14th, all areas were sprayed with 5.6 kg/ha Headline 

fungicide and 1.7 kg/ha Karate insecticide with a 4640 Melro spra-coupe.   
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 Wheat was harvested June 20 and 21, 2006, with a JD9400 combine equipped with a 4.6 

m (15 ft) grain table, an AgLeader Yield Monitor and Trimble GPS unit.  The yield monitor was 

set to take grain mass and moisture readings at 1.0 second intervals during harvest and was 

precalibrated using grain flows from the full, ½, and ¼ of the grain table width at constant 

ground speed. Calibration was accomplished with a “weigh wagon” equipped with electronic 

scales. The central 4.6 m (15 ft) of each strip were harvested to represent the treatment yield.  

Coordinates from the GPS unit were collected at the time of grain mass and moisture readings 

and grain yields were expressed as bushels per acre at 15% moisture. A map of yield variation 

within each strip was developed using Ag Leader software and Arc GIS.  June 22nd, 2006, 

soybeans were planted with a Pioneer 94B80 to 3.8 cm deep at 101 kg/ha with a 1590 JD drill on 

19 cm rows.  August 6th, 2006 crop plots were sprayed with 1.6 kg/ha Roundup Weather Max 

using a 7210 JD tractor and an AgChem sprayer. 

 On November 27, 2006, 7,763 kg/ha of soybeans were harvested from the Clarke Farm 

and soybeans were harvested from the crop plots.  Please note that the soybean harvest occurred 

after detailed soil and root sampling/mapping were conducted, thus it was not considered in the 

overall analysis of the crop plots. Refer to Appendix B for more information concerning plot 

maintenance and installation. 

 

Note: For the course of this experiment both Biosolid treatments were essentially managed 

identically.  Additionally, as discussed in Appendix B, all corn yields were irrigated. This 

management difference needs to be emphasized since they are compared against non-irrigated 

county averages later in the text.   
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2.3.2 Soil Sampling  

After the research farm plots were laid out, but prior to any treatment or disturbance 

(September 23rd, 2004), soil samples were collected from all experimental plots at 30 m (100 ft) 

intervals along a lengthwise transect through the center of each plot. That same day, samples 

were collected from two topsoil stockpiles (see Table 2). This topsoil did not originate on the 

Carraway-Winn property and contained numerous roots and woody limbs indicative of forest soil 

origin.  Each stockpile was divided into three sections and a composite sample was collected 

from each.  At each sample location a surface sample (0-15 cm) and a subsoil sample (55 to 60 

cm) were collected.  In the laboratory, samples were air-dried, ground to pass a 10-mesh sieve, 

and analyzed for pH, organic matter and analyzed for pH in a 1:1 soil to water slurry (Thomas, 

1996).  Exchangeable levels of P, K, Ca, Mg, Zn, Cu, Fe and B by an Inductively Coupled 

Plasma Emission Spectroscopy (ICPES) were also documented (Donohue and Heckendorn, 

1996).  All samples were sent to the Virginia Tech Soil Testing Laboratory initially in 2004.  

Detailed soil chemical properties are given in Table D-1 located in Appendix D.   

Over the summer of 2005 (May 31st – September 16th), the entire soil reconstruction 

research plot array was sampled again.  This first-order soil sampling consisted of auger 

transects.  A minimum of five equally spaced auger borings were made within each plot.  All 

borings were spaced at approximately 35 m apart down the plot center line, and were carefully 

described and sampled for; 1) extractable nutrients and metals, 2), total C and N with an 

Elementartm elemental analyzer, 3), particle size analysis (USDA-NRCS, 2004) 4) horizon 

morphology (USDA-NRCS, 2004), and 5) rooting depth and abundance (USDA-NRCS, 2004).   

Borings were made to a minimum depth of 2 m with composite samples taken every 25 cm.  
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Additional bulk samples of defined horizons were also collected.  Detailed physical/chemical 

data are found in Appendix E and auger profile descriptions are found in Appendix F.   

An auger head core ring sampler designed by Stolt et al., (1991) was used to obtain a 

subsoil bulk density sample.  Approximately three borings were taken at each sample node.  

Samples were placed in an oven at 105o C and dried overnight. Bulk density was averaged over 

the three sample cores taken at each sample node.     

 February 22nd, 2006, a Dicky-John Auburn soil penetrometer was used to estimate soil 

strength (psi).  The rod was driven into the soil at a constant rate until it reached approximately 

15 cm.  There are two tip sizes, 1 cm and 2 cm.  Readings were recorded from the 2-cm range 

using the 1-cm tip and thus had to be converted before any statistical analyses were run.  A 

second sample was taken at approximately 20-cm.  

Detailed soil pit sampling was performed following wheat harvest between June 29th and 

August 10th 2006.  One pit location within each treatment plot was selected based on an overall 

analysis of the data collected from the auger borings.  Representative samples of each plot were 

chosen based on the following: 

• Overall Soil Texture - Depth of each horizon was weighted against texture in order to 

determine an overall texture for each of the five sample profiles.  A representative profile 

had this overall texture. 

• Any profiles missing key horizons--i.e. horizons containing significant clays or sands, 

were thrown out of the decision making procedure.   

• Number of horizons determined within the soil profile - Profiles with less than an average 

number of horizons were thrown out of the decision making procedure.  
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• Soil Color - Repeating colors--i.e. specifically reds and strong browns, were also 

considered for representative sample pit locations.   

• Additional notes - Any additional notes or discrepancies within each horizon were 

considered.  For example if one horizon had a considerable amount of organic matter and 

the other horizons of various sample pit locations did not, then that horizon was treated as 

an anomaly and the soil profile was no longer considered during the decision making 

procedure.  

• Number of roots - The number of roots was determined from the end of the first three to 

five auger buckets of each soil profile. 

Pits were located via the use of a handheld Garman GPS12 and accuracy was 

approximately 1 to 5 meters.  Please note that there is an accuracy error associated with handheld 

GPS units and this error was particularly observed in the southern portion of the plots.  

According to the handheld GPS unit, CWRF 403-5 was located a few feet inside plot 404 and 

CWRF 404-1 was located outside of the treatment area.  To correct for this, we used a measuring 

tape to locate the last two soil pits.   

 Pits were oriented in such a way to hopefully expose the effects of the deep cross ripping 

(if evident).  Detailed morphological descriptions were made along the western pit face of each 

soil pit (Soil Survey Staff, 1993). Density analyses of individual horizons were estimated via 

bulk density core sampling (USDA-NRCS, 2004).  Overall rooting abundance and orientation 

was observed using standard NRCS Soil Survey Division criteria (Soil Survey Staff, 1993).  In 

the laboratory, samples were air-dried, ground to pass a 2-mm sieve.  In the laboratory, samples 

were air-dried, ground to pass a 10-mesh sieve, and analyzed for pH, total C, and analyzed for 

pH in a 1:1 soil to water slurry (Thomas, 1996).  Exchangeable levels of P, K, Ca, Mg, Zn, Cu, 
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Fe and B by an Inductively Coupled Plasma Emission Spectroscopy (ICPES) were also 

documented (Donohue and Heckendorn, 1996) in the Virginia Tech Soil Testing Laboratory.  

Physical/chemical data are found in Appendix G and detailed pit descriptions are given in 

Appendix H.       

 One wall of each pit also received a detailed rooting assessment using an interpretation of 

Böhm’s (1979) profile wall technique.  This method consisted of digging pit faces, perpendicular 

to the row crop, and smoothing them with a soil spade.  The pit face was then framed with an 8.5 

x 11 cm transparent plastic sheet per horizon with a 1 decimeter, 10 x 10 cm, square block in the 

center. Rooting positions were mapped on this film cover with assorted color markers to 

distinguish dissimilar root sizes. Although Schroeder (1997) used a similar approach in his 

earlier M.S. thesis work at Old Hickory, his method focused on the whole pit face and not a 

small subsection as mine did. Analysis of plant rooting depth and distribution allowed us to 

better understand the impact that high bulk densities, caused by excessive soil compaction had 

on rooting depth as compared to crop productivity.  

 In the laboratory, ten samples were taken from bulk soil samples from the 20 soil pits 

sampled over the summer of 2006 and analyzed for Dp, or particle density (Blake, 1965).  Please 

note that heavy mineral sands have a high specific gravity and can increase a soil’s particle 

density and particle density can directly influence a soil’s bulk density.  Given that the heavy 

minerals found in heavy mineral sands occur in sandy soils, samples were chosen based on 

overall soil texture--i.e sandier soils with higher bulk densities.  Additionally, the presence of 

organic matter can lower a soil’s particle density, thus lowering its bulk density.  We decided to 

contrast the sandy samples with samples located under or in buried A horizons for comparative 

purposes only.   
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2.4 Overall Statistical Design and Analysis 

The primary row crop soil reconstruction experiment was designed and analyzed as a 

randomized complete block design with four replications. Data for soil parameters such as pH, 

organic matter and Db varied in the number of observations taken within each plot, however, a 

minimum of three observations were made for all tested parameters per plot (n > 3 per plot). A 

combination of descriptive statistics and the SAS (2004) was used to determine if there were 

significant block vs. treatment interactions and overall treatment effects.  Given the fact that all 

important data parameters followed normal or near-normal distributions, a conventional 

ANOVA approach with mean separations via Fisher’s protected LSD test was utilized. Overall 

ANOVA (n > 4 per treatment) and subsequent mean separations were considered significant at P 

< 0.05 unless noted otherwise.  For contrasts involving differences in soil properties with depth 

in a given treatment, a paired t-test approach was utilized for mean separations. 

Additionally, two sample t-test contrasts were used to compare yield and soil data from 

the Clarke Farm and the Compacted Area against individual treatments within the row crop soil 

reconstruction experiment. This was necessitated because these two areas were not part of the 

overall row crop experimental design, but I felt that it was important to offer some means of 

comparing these properties.    

  

III. RESULTS AND DISCUSSION 

3.1 Mine Soil Properties Observed from Auger Profiles 
 

3.1.1 Auger Profile Summary 

The mine soils described from the 124 auger profiles were highly variable.  The most 

common horizon sequences were ^Ap-^C1-^C2 (56 profiles), ^Ap1-^Ap2-^C (30 profiles), 
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Nineteen of the 124 profiles exhibited densic (e.g. limiting to root penetration except in 

desiccation cracks) properties and seven profiles contained significant buried A horizons.  One 

pedogenically developed subsoil horizons (Bw) was observed in auger boring 103-2, a Control 

treatment. Twenty-seven profiles came in contact with the water table and seven exhibited a 

moderate musty sulfur odor.  All profiles were classified by Soil Taxonomy (Soil Survey Staff, 

2006) into a range of Entisol and Inceptisol taxons as detailed later.  In addition to the 104 

profiles sampled within the Carraway-Winn Reclamation Research Farm (CWRF) (80) and the 

Compacted Area (24), 20 profiles were sampled at an off-site control area at the Clarke farm (see 

Mine Soil Properties section 3.1.2).  Detailed soil descriptions are found in Appendix F and 

chemical/physical data in Appendix E. 

 

3.1.2 Mine Soil Properties  

3.1.2.1 Soil Color 

 Overall Ap soil matrix colors ranged from yellowish brown (10YR 4/4) to strong brown 

(7.5YR 4/6) to red (5YR 4/4) to olive brown (2.5Y 4/3) with the bulk of matrix colors appearing 

as strong brown (7.5YR 4/6) and olive brown (2.5Y 4/3).  Subsoil matrix colors ranged from 

dusky red (2.5YR 4/2) to brown (7.5YR 4/4) to yellow (10YR 8/6) to dark olive brown (2.5Y 

3/3), with the bulk of matrix colors appearing as strong brown (7.5YR 5/6), followed by 

brownish yellow (10YR 6/6). These colors and associated horizon morphologies are also 

depicted later in section 3.6.  Depth of plow layers (Ap horizons) ranged from 5 to 15 cm with 

Bio-CT at an average depth of 13 cm, Bio-NT at an average depth of 16 cm, Topsoil at an 

average depth of 16 cm, and Control at an average depth of 12 cm (Table 3).   
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Table 3 – Mean depth of the plow layer (Ap) by treatment at the Carraway-Winn Reclamation 
Research Farm (Summer 2005). Depths based on auger descriptions found in Appendix F.  
Values within columns followed by the same letter are not different (p < 0.05). 
 

Treatment Mean depth to plow 
layer (cm) 

Bio-CT 13a 
Bio-NT 16a 
Control 12a 
Topsoil 16a 

 
 
 

The Ap matrix color for the Compacted Area ranged from dark brown (7.5YR 4/4) to 

yellowish brown (10YR 4/4) with the bulk of matrix colors occurring as strong brown (7.5YR 

4/6).  Subsoil matrix colors ranged from dark red (2.5YR 4/6) to light olive brown (2.5Y 5/6), 

with the bulk of matrix colors appearing as a strong brown (7.5YR 4/6) and dark yellowish 

brown (10YR 4/4).  The average depth of the Ap horizon was 14 cm with an average depth to 

observable rooting of 62 cm.   

At the Clarke Farm, overall surface soil color was olive brown (2.5Y 4/4 and 2.5Y 4/3) 

with the bulk of matrix colors appearing as (2.5Y 4/4).  Subsurface soil colors ranged from dark 

red (2.5YR 3/6) to olive brown (2.5Y 4/4 with the bulk of matrix colors appearing as olive 

brown (2.5Y 4/4) and strong brown (7.5YR 4/6).  

 

3.2. Soil Physical Properties  

  Particle size analyses for the auger study were performed on 0-15 cm composite surface 

samples only (Tables E-1, E-2, and E-3 in Appendix E).  Of the 80 CWRF soils, 43 were sandy 

loam, 27 were sandy clay loams, one was sand, seven were sandy clay loam/sandy loam, and two 

were loamy sands.  Of the 24 samples tested in the Compacted Area, 18 were sandy loam, four 

were sandy clay loam and two were sandy clay loam/sandy loam.  Of the 20 samples tested on 
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the Clarke farm, 18 were sandy loams, and two were sandy loams/loamy sands.  The majority of 

sandy surface soil textures occurred in the southernmost plots (401, 402, 403, and 404), due to a 

concentration of sandy tailings in that area.  Considering that an auger was used to extract 

profiles and it destroys ped form, we did not asses soil structure.  

Dense compacted layers, or layers exhibiting one or more densic properties, were 

observed in at least 15 of the 80 CWRF profiles.  Although these layers exhibited densic 

properties they were not classified as true ‘densic’ layers.  Of these 15 profiles, 8 were observed 

in the northern end of the plots at 101, 102, 103 and 104, two were observed in plots 201 and 

203, three were observed in plots 302 and 303, and four were observed in plots 401 and 402 

(Table 4).  Densic layers, or layers that were determined to be true ‘densic’ layers--i.e. layers that 

are completely root limiting, were observed in seven of the 80 CWRF profiles; Control (3), Bio-

NT (1), Bio-CT (1), and Topsoil (1).  Buried A horizons were found in auger borings 101-1, 102-

1, 103-1, and 103-2.  Additionally, the vast majority of profiles were either approaching or were 

saturated approximately 1-m depth from the surface, and free water was observed in auger 

borings 201-5, 203-5, 204-4, 204-5, 301-3, 301-5, 302-4, 303-2, 303-3, 304-2, 304-3, 304-5, 

403-2, 403-3, 403-5, 404-3, and 404-5 (Table 4) at depths ranging from 69 cm to 125 cm.  
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Table 4 – Occurrence of buried A horizons, densic properties and observed water tables from 
auger borings. 
   
 

 Plot ID Treatment Type Number of Profiles 
for Feature Observed 

Buried A  
Horizon 

101-1, 102-1, 103-1, 103-2, 
EC 3-2, EC 1-2, EC 5-1 

101 – Bio NT 
102 – Bio CT 
103 - Control 
EC – Compacted Area 

Bio NT – 1  
Bio CT – 1  
Control – 2 
Compacted Area – 3  

Densic  
Properties 

101-2, 101-4, 102-3, 102-4, 
102-5, 103-2, 103-3, 104-4, 
201-3, 203-3, 302-1, 302-5, 
303-3, 401-1, 402-1, 402-2, 
402-4, EC 11-1, EC 11-2 

101 – Bio NT 
102 – Bio CT  
103 – Control  
104 – Topsoil 
201 – Topsoil 
203 – Control 
302 – Bio CT 
303 – Topsoil 
401 – Control   
402 – Topsoil 
EC – Compacted Area 

Bio NT – 2 
Bio CT – 5 
Control – 4 
Topsoil – 4 
Compacted Area – 2 
 

Densic 
Layers 

102-2, 103-5, 201-5, 203-2, 
204-2, 301-4, 304-3 

102 – Bio CT 
103 – Control 
201 – Topsoil 
203 – Control 
204 – Bio CT 
301 – Bio NT 
304 – Control  

Bio NT – 1  
Bio CT – 2 
Control – 3 
Topsoil – 1  
 

Water Table 
within 130 
cm or less. 

201-5, 202-5, 203-2, 203-5, 
204-3, 204-4, 204-5, 301-3, 
301-4, 301-5, 302-4, 303-3, 
303-4, 303-5, 304-2, 304-3, 
304-4, 304-5, 401-1, 401-2, 
401-3, 403-2, 403-3, 403-5, 
404-1, 404-3, 404-5  

201 – Topsoil 
202 – Bio NT 
203 - Control 
204 – Bio CT 
301 – Bio NT 
302 – Bio CT 
303 – Topsoil 
304 – Control 
401 – Control 
403 – Bio CT 
404 – Bio NT 

Bio NT – 7  
Bio CT – 7 
Topsoil – 4 
Control – 9 
 

 

True densic layers were observed in none of the Compacted Area profiles; however, 

layers with densic properties were observed in EC 11-1 and EC 11-2, located near adjacent 

CWRF plot 303 (Topsoil). Buried A horizons (Ab) were found in EC 1-2, EC 3-2, and EC 5-1, 

located near adjacent CWRF plots 101, 104 and 201 (Bio-NT, Topsoil and Topsoil treatments, 

respectively).  None of the Compacted Area profiles came in contact with the water table; 

however, a few had a ponded surface during sampling, presumably due to underlying densic 
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layers producing periodic episaturation.  No densic layers or buried A horizons were observed at 

the Clarke farm offsite control.    

 

3.2.3 Soil Texture/Clay Content 

Surface soil clay contents (20%) were higher in the Bio-CT, Bio-NT, and Control 

treatments than the Topsoil plots (15%) (Table 5).  The first three treatments were comprised of 

re-graded tailings+slimes while the Topsoil return plots contained more of the pre-mine A+E 

horizons content. The minimum clay content across all four treatments was 6% and occurred in a 

Control treatment boring.  The maximum clay content across all four treatments was 32% and 

occurred in a Bio-CT boring.  There were no treatment, block, or block*treatment interaction 

effects for surface clay content.  The variance estimator (S.D.) also indicates that the 

reconstructed tailings+slimes soils were more variable from point to point than the returned 

Topsoil, and the Clarke Farm samples.  

 
Table 5 – Mean clay content (0 to 15 cm) by treatment at the Carraway-Winn Reclamation 
Research Farm (Summer 2005) and external comparison plots.  Values within columns followed 
by the same letter are not different (p < 0.05). 
 

Treatment Mean Clay 
Content (%) 

Standard 
Deviation 

Bio-CT 20a 5 
Bio-NT 20a 5 
Control 20a 6 
Topsoil 15b 2 

Clarke Farm 8 2 
Compacted Area 17 3 
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3.2.2 Surface Bulk Density 

Surface bulk density samples (Db), were taken approximately 7 cm below the soil surface 

near each auger boring (within 60 cm laterally).  There was a significant treatment effect (p < 

0.01) for surface bulk density with the Control plots significantly higher than the Bio-NT 

treatment (p < 0.03) (Table 6).   The average surface bulk density for the Clarke Farm and the 

Compacted Area was 1.73 g/cm3 and 1.75 g/cm3 respectively.  Individual contrast statements 

indicated the Clarke Farm was not significantly different than any of the four CWRF soil 

reconstruction treatments, nor was it significantly different from the Compacted Area.    

  

Table 6 – Mean surface bulk densities for the Carraway-Winn Reclamation Research Farm 
(Summer 2005). Values within columns followed by the same letter are not different (p < 0.05).  
 

Treatment Mean Surface 
Db (g/cm3) 

Standard 
Deviation 

Bio-CT 1.73ab 0.11 
Bio-NT 1.71b 0.11 
Control 1.78a 0.14 
Topsoil 1.73ab 0.11 

Clarke Farm 1.73 0.09 
Compacted Area 1.75 0.10 

 
 
Typical limits of a normal soil range for mineral soil bulk density vary between 2.0 g/cm3 

for highly compacted soils and 1.0 g/cm3 for well aggregated humus rich soils.  Although, there 

were no Db values significantly greater than 2.0 g/cm3 or less than 1.0 g/cm3 observed, a few Db 

values were slightly higher than 2.0 g/cm3; samples 102-3 and 103-4 and C1-5 at  2.01 g/cm,3 

2.01 g/cm,3 and 2.04 at g/cm3 respectively.  

 A significant block*treatment interaction (p < 0.01) was observed. Figure 22 displays the 

overall block*treatment effects for mean bulk densities at the CWRF.  There is a significant 

block effect for all four soil reconstruction treatments within block three.  Treatments two and 

 55



three (Bio-NT and Control respectively) had significantly higher surface bulk densities than the 

Bio-CT and Topsoil treatments for block four.  Additionally, we can see that the Control 

treatment had both the lowest and the highest average surface bulk density based on block 

location.   

 
Figure 22 – Plot of surface (7+ cm) bulk density (g/cm3) taken at 7-cm block*treatment 
interaction effects for samples from the Carraway-Winn Reclamation Research Farm in summer 
of 2005.   
 

 

 

Table 7 reports the range and incremental distribution of surface soil texture and bulk 

density observed across the study area.  Of the 80 samples analyzed, 10 had a Db > 1.5 g/cm3 < 

1.6 g/cm3, 22 had a Db > 1.6 g/cm3 < 1.7 g/cm3, 22 had a Db > 1.7 g/cm3 < 1.8 g/cm3, 17 had a Db 

> 1.8 g/cm3 < 1.9 g/cm3, seven had a Db > 1.9 g/cm3 < 2.0 g/cm3 and two had a Db > 2.0 g/cm3.  

Because there appeared to be a rough correlation between treatment and surface texture, I 

 56



conducted a correlation analysis among % sand, Db, and total rooting depth.  There was a weak 

correlation (0.31 - p < 0.0049) between % sand and Db, and a weaker correlation (-0.24) between 

total depth to rooting and % sand.  This was most likely due to the interaction of texture and 

particle packing on bulk density assuming similar compactive effort. Additionally, Table 7 

confirms that higher bulk densities occurred more often in Topsoil treatments and that lower bulk 

densities occurred more often in Bio-NT treatments.  Higher bulk densities within the Topsoil 

treatment are most likely a result of mechanical compaction or deep ripping while the soil is wet. 

       

Table 7 – Comparison of soil texture with surface bulk density for Carraway-Winn Reclamation 
Research Farm samples collected over the Summer of 2005. 
 

Bulk Density Db (g/cm3) Soil Texture Treatment Sample Number 

≥ 2.0 g/cm3 SL – 1 
SCL – 1 

Control – 1 
Bio-CT – 1 

103-4. 102-3 

≥ 1.9 g/cm3 < 2.0 g/cm3 SL – 7 Topsoil – 7 303-2, 402-4, 303-4, 303-3, 104-3, 
201-1, 303-5 

≥ 1.8 g/cm3 < 1.9 g/cm3 

SL – 14 
SCL – 2 
SCL/SL – 1 
 

Topsoil – 7 
Control – 5 
Bio-CT – 4 
Bio-NT – 1 

402-5, 201-2, 201-4, 203-2, 103-3, 
102-1, 102-4, 402-3, 303-1, 302-3, 
103-2, 103-1, 102-2, 402-2, 104-5, 
202-1, 203-1 

≥ 1.7 g/cm3 < 1.8 g/cm3 

SL – 9 
SCL – 7 
SCL/SL – 4 
LS – 2 

Topsoil – 3 
Control – 7 
Bio-CT – 8 
Bio-NT – 4 

401-4, 402-1, 401-1, 403-2, 304-4, 
203-3, 104-2, 101-2, 403-3, 102-5, 
302-4, 302-5, 104-1, 203-5, 304-2, 
403-4, 101-1, 204-5, 103-5, 301-4, 
202-5, 204-2 

≥ 1.6 g/cm3 < 1.7 g/cm3 

SL – 9 
SCL – 11 
SCL/SL – 1  
S – 1 

Topsoil – 2 
Control – 6 
Bio-CT – 3 
Bio-NT – 11 

304-5, 401-3, 304-3, 204-1, 203-4, 
403-5, 301-3, 101-4, 301-5, 202-4, 
404-4, 201-5, 202-2, 202-3, 404-5, 
404-2, 104-4, 401-2, 401-5, 301-1, 
301-2, 403-1  

≥ 1.5 g/cm3 < 1.6 g/cm3 
SL – 3 
SCL – 6 
SCL/SL – 1 

Topsoil – 1 
Control – 1 
Bio-CT – 4 
Bio-NT – 4 

101-3, 201-3, 304-1, 302-1, 101-5, 
302-2, 204-3, 404-3, 204-4, 404-1  

 
 

Due to our frequent observance of visible mineral sands (which have a much higher 

particle density than other soil minerals) in many horizons, we were concerned that true particle 

densities would be higher than the standard presumption of 2.65, which would greatly 
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complicate interpretation of bulk density.  However, the majority of a subset of soils tested (n = 

10) had a Dp between 2.60 to 2.75 g/cm3 which was unaffected by soil texture.  Table 8 presents 

the average particle density for this subset of soil samples taken from soil pits on the CWRF over 

the summer of 2006.  Overall, particle density fell within typical limits with the exception of 

sample 103-2, a control treatment with a Dp of 2.76 g/cm3 which was only marginally higher 

than the rest of the sample set. Therefore, we assumed that our measured bulk density values 

were not adversely affected by abnormally high particle densities.                

 
Table 8 – Average particle density for a representative set of samples taken from soil pits for the 
Carraway-Winn Reclamation Research Farm (Summer 2006). 
 

Treatment Sample ID Particle Density 
(g/cm3) 

Topsoil 104-5 (0-7cm) 2.68 
Topsoil 201-2 (0-10cm) 2.75 
Topsoil 303-2 (0-12cm) 2.72 
Topsoil 402-3 (0-8cm) 2.73 
Bio-NT 301-3 (64-97cm) 2.67 
Bio-CT 102-3 (82-120cm) 2.74 
Control 103-2 (86-130+cm) 2.72 
Control 304-1 (100-130+cm) 2.67 
Bio-CT 102-3 (10-36cm) 2.62 
Control 103-2 (5-46cm) 2.76 

 

Linear regression was used to compare surface bulk density data with corn and wheat 

yields as estimated by the GPS receiver and yield monitor data set on the harvest combine.  

Linear, quadratic and cubic models all generated low R2 values (< 0.1) for both corn and wheat 

point yield estimates vs. nearest bulk density.  Low R2 values are most likely a result of: 1) the 

fact that the GPS units used during harvest and sample collections were not of the same caliber--

handheld vs. vehicle mounted; 2) poor accuracy of the GPS units, or perhaps 3), there really was 
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no consistent relationship between surface bulk density and corn and wheat yields.  However, it 

is more likely that the different GPS units were the chief factor of poor correlation.       

 

3.2.3 Soil Strength/Penetrometer Measurements 

Soil strength, or the measurement of the soil’s ability to withstand point penetration and 

failure--i.e. fracture, rupture, etc., is an important approach to estimate a soil’s ability to readily 

allow root penetration.  Soil strength measurements were taken for the CWRF in February of 

2007 using a Dickey-John penetrometer (Table 9) at depths of 15 and 31 cm at 5 locations within 

each treatment plot (16 plots total).  For the purposes of this paper, we looked at both soil 

strength and bulk density to see if there were significant correlations with the data, and if high 

bulk density and high penetrometer resistance did indeed inhibit crop yield and overall rooting.        

 
Table 9 – Average surface and subsurface soil strength for the Carraway-Winn Reclamation 
Research Farm (Spring 2007) as estimated with a penetrometer. Values within columns followed 
by the same letter are not different (p < 0.05).  
 

Treatment 
Mean Surface 
(15 cm) Soil 

Strength (kPa) 

Mean Surface  
Soil Strength 

(psi) 

Mean Subsurface 
(30 cm) Soil 

Strength (kPa) 

Mean Subsurface 
Soil Strength 

(psi) 
Bio-CT 1372a 199a 2979b 432b 
Bio-NT 1379a 200a 3068b 445b 
Control 1338a 194a 3861a 560a 
Topsoil 1407a 204a 3710a 538a 

 

 For surface soil strength values, there was a significant treatment effect (p < 0.0008) and 

a significant block*treatment (p < 0.0001) interaction.  Subsurface soil strength values had both a 

significant treatment effect (p < 0.007) and a significant block*treatment interaction (p < 0.025).   
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Figure 23 – Plot of penetrometer means (psi) showing block*treatment interaction for 
subsurface soil samples (30 cm) at the Carraway-Winn Reclamation Research Farm.  Samples 
were taken over February 2006.  

  

 

 

Figure 23 shows that the Bio-NT treatment did not vary across the four blocks (Fig. 23). Overall, 

the Control and Topsoil treatments were higher in soil strength than the two Biosolids 

treatments. However, the Bio-NT and Control treatments exhibited the highest subsurface soil 

strength in Block 4, while the Bio-NT treatment exhibited the lowest subsurface soil strength in 

Block 1. 

Linear regression was also used to relate penetrometer data with corn and wheat yields.  

Linear, quadratic and cubic models again produced low R2 values (< 0.1) for both surface and 

subsurface soil strength vs. yield for all three models.  Please note that penetrometer data was 

taken in early February (2007) and soil moisture status was not measured, so we cannot assume 

that all treatments were similar in soil moisture.  Therefore, the low correlation between crop 

yield and soil strength may be a direct result of sample collection time.  Additionally, Thompson 
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et al. (1987) determined that penetrometer resistance and bulk density were highly correlated 

within the lower root zone only.  Therefore, those factors affecting bulk density (Section 3.2) 

may also have attributed to low R2 values between crop yields and soil strength. 

  

3.3 Soil Chemical Properties  

3.3.1 Soil pH in 2005 

Surface and subsurface pH values for all four reconstruction treatments, the Clarke Farm 

offsite control and the Compacted Area are shown in Table 10. The two Biosolids treatments 

(Bio-NT and CT) had the highest surface pH (7.21 and 7.10), which were significantly greater 

than the Control (p < 0.0003) at 6.51.  The Topsoil treatment had the most acidic surface pH 

(5.68) despite the prescribed application of 9 Mg/ha lime in the Fall of 2004.   

Subsurface pH values were more acidic than surface values due to a lack of liming effect 

at depth.  Bio-CT, Bio-NT, and Topsoil treatments had similar subsurface pH values of 5.05, 

5.01, and 5.00 respectively.  The Control treatment had the most acidic subsurface pH at 4.82.  

Overall, the Clarke Farm samples were strongly acidic to mildly basic with pH values ranging 

from 4.66 to 6.63, with average surface and subsurface pH values of 5.82 and 5.86 respectively.  

Additionally, we can see that Clarke farm surface soils were more acidic than Bio-CT, Bio-NT 

and Control treatments (Table 10) at the time of sampling.     
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Table 10 – Mean surface (0 to 15 cm) and subsurface (50 to 65 cm) soil pH by treatment for the 
Carraway-Winn Reclamation Research Farm (Summer 2005) and external comparison areas.  
Values within columns followed by the same letter are not different (p < 0.05). Subsurface 
values in bold face differ from overlying surface values (p < 0.05). 
 

Treatment Mean Surface (0 – 15 
cm) Soil pH 

Mean Subsurface 
(50 to 65) Soil pH 

Bio-CT 7.10a 5.05ab 
Bio-NT 7.21a 5.01ab 
Control 6.51b 4.82b 
Topsoil 5.68c 5.00ab 

Clarke Farm 5.82 5.86 
Compacted Area 6.74 5.09 

 

  

 The higher pH in the two biosolids treatments reflects the reactive lime additions added 

with the biosolids while the lower pH of the Topsoil treatment indicates that either the fall 

applied lime was slow to react and/or the liming rate may have been mis-specfied. This also 

indicates that the topsoil used for this treatment more than likely came from a non-agricultural 

forest site without a history of liming and fertilization. Because of the large amount of woody 

debris that was removed from the Topsoil plots after tillage and site preparation.  The Clarke 

farm soils were more similar in surface vs. subsurface pH, unlike the Bio-CT, Bio-NT, and 

Control treatments which had much lower subsurface pH.  It is also interesting to note that the 

subsurface pH for the Clarke farm was similar to the surface pH for the Topsoil on the CWRF.  

Individual contrasts indicated that the Clarke Farm was significantly lower in surface soil pH 

than the two Biosolid treatments (p < 0.0001), the Topsoil (p < 0.0001) and Control treatments (p 

< 0.0001) respectively.  

Compacted Area soils were moderately acidic to mildly alkaline with average surface and 

subsurface pH values of 6.74 and 5.09, respectively. Individual contrasts indicated that the 

Compacted Area was significantly higher in surface pH than the Clarke Farm (p < 0.0001) and 

Topsoil (p < 0.0001), and lower than the Bio-NT (p < 0.01) plots.  Surface pH values for the 
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Compacted Area were significantly lower than the two Biosolid treatments, due to lime 

stabilized biosolids plus liming practices applied to the surrounding area that were different from 

the research plot area.  Individual contrasts of the Compacted Area vs. all four soil reconstruction 

techniques were not significantly different for subsurface pH; however the Compacted Area was 

lower than the Clarke Farm (p < 0.0001).              

 

3.3.2 Soil Macronutrients 

Acid extractable phosphorus (P) levels (Table 11) generally varied by treatment and 

depth. The Topsoil treatment had the lowest available P at 14 kg, followed by the Control, with 

an average available P of 22 kg.  There was a wide variance in P levels for each treatment, and 

relatively low P levels in the Topsoil return treatment despite lime and P-fertilizer additions.  

There was a strong treatment effect (p < 0.01) in surface soil P for the CWRF with the two 

Biosolids treatments much greater (p < 0.002) than both the Control and Topsoil reconstruction 

treatments. Average surface soil P for the Clarke Farm was 51 mg/kg (Table 11), and the Clarke 

Farm was also higher in surface soil P than the two Biosolid treatments (p < 0.03).  Average 

surface soil P of the Compacted Area was 13 mg/kg with a maximum of 21 mg/kg and a 

minimum of 5 mg/kg.  Low P levels may be result of phosphorous fixation, or the chemical 

reaction of available phosphorous with iron and aluminum at low pH values (or Calcium at high 

pH values) that can cause plant available phosphorous to become unavailable.  Given that the 

Topsoil treatment had relatively low surface and subsurface pH values, and that these soils are 

rich in iron and aluminum, P fixation may have occurred.                
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Table 11 – Mean surface (0 to 15 cm) and subsurface (50 to 65 cm) acid-extractable P (mg/kg) 
for auger samples at the Carraway-Winn Reclamation Research Farm (Summer 2005) and 
external comparison areas.  Values within columns followed by the same letter are not different 
(p < 0.05). Subsurface values in bold face are different from overlying surface values (p < 0.05). 
 

Treatment 
Mean surface P 

(0 – 15 cm) 
(mg/kg) 

Standard 
Deviation 

Mean 
Subsurface P 
(50 – 65 cm) 

(mg/kg) 

Standard 
Deviation 

Bio-CT 45a 19 5a 4 
Bio-NT 45a 15 6a 3 
Control 22b 13 3a 1 
Topsoil 14b 14 3a 1 

Clarke Farm 51 32 3 3 
Compacted Area 13 8 3 1 
 

 

Average subsurface available P for Bio-CT was 5 mg/kg, average subsurface P for Bio-

NT was 6 mg/kg, average available subsurface P for the Control was 3 mg/kg, and average 

available subsurface P for the Topsoil was 3 mg/kg.  Although the ANOVA test showed that 

there was a significant difference between the mean subsurface P-levels (p < 0.01), no significant 

treatment effects or block or block*treatment interactions (all p-values > 0.1) were observed.  

The higher standard deviations and thus higher variability for both of the Biosolid treatments are 

most likely a result of the lime-stabilized biosolids which help to alleviate phosphorous fixation.        

As expected, Ca levels varied with treatment (p < 0.001) and depth (Table 12).  Due to 

large additions in the lime stabilized biosolids, the Bio-CT (2041 mg/kg) and Bio-NT (1655 

mg/kg) were much higher than the Control and Topsoil treatments (p < 0.0001) at 608 mg/kg, 

and 599 mg/kg respectively.  There was a moderate treatment effect (p < 0.05) and a significant 

block effect (p < 0.0005) for average subsurface Ca levels.  Bio-NT had the highest Ca (348 

mg/kg), followed by Bio-CT (314 mg/kg), presumably due to limited leaching from the 

incorporated biosolids.  However, in contrast with the surface soil effects, the Control treatment 

had the lowest subsurface Ca (204 mg/kg) compared with the Topsoil, slightly higher (but not 
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significantly higher) at 266 mg/kg.  The Clarke Farm and Compacted Area had average surface 

and subsurface available Ca of 388, 541, and 432 and 227 mg/kg respectively (Table 12).  

 
 
Table 12 – Mean surface (0 to 15 cm) and subsurface (50 to 65 cm) calcium (mg/kg) for the 
Carraway-Winn Reclamation Research Farm and external comparison areas. Values within 
columns followed by the same letter are not different (p < 0.05). Subsurface values in bold face 
are different from overlying surface values (p < 0.05). 
 

Treatment 
Mean Surface 
Ca (0 – 15 cm) 

(mg/kg) 

Standard 
Deviation 

Mean 
Subsurface Ca 
(50 – 65 cm) 

(mg/kg) 

Standard 
Deviation 

Bio-CT 1655a 820 313ab  142 
Bio-NT 2041a 1070 348a  115 
Control 608b 190 204c 98 
Topsoil 599b 164 266bc 173 

Clarke Farm 388 75 432 68 
Compacted Area 547 138 227 79 

 

Treatment contrasts indicated that surface soil Ca levels at the Clarke Farm were less than 

all four soil reconstruction techniques (p < 0.009), but in the subsurface, Clarke Farm Ca levels 

were significantly greater than all four CWRF treatments, presumably due to long-term 

agronomic liming.  Individual contrasts of the Compacted Area showed that it was lower in 

surface soil Ca than the two Biosolids treatments (p < .001). 

 

3.3.3 Total Carbon Content 

Total carbon content (TC) on surface samples ranged from 0.09 % to 1.09 % across all 

four treatments. The Topsoil treatment had the highest average TC of 0.75 % followed by Bio-

CT, which had an average TC of 0.61 %. The Control had the lowest TC of 0.29 %. There were 

differences in TC (p < 0.008) between all four soil reconstruction techniques. Total carbon 

content for the Compacted Area ranged from 0.17 % to 0.60 % with a mean of 0.38 % (Table 

13).  Total carbon content for the Clarke Farm ranged from 0.37 to 0.87 with an average of 0.53 
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%.  Individual contrasts indicated that the Clarke Farm was lower in TC than the Topsoil 

treatment (p < 0.01), but did not differ from the other three reconstruction treatments.   

Considering that the Clarke farm has been under an intensive agricultural regime and the Topsoil 

used for this experiment was from a forested source, lower TC values within the Clarke Farm are 

expected.   

Comparing the standard deviations between the two similarly managed Biosolids 

treatments, Bio-NT appears to be more variable (stdev = 0.236) than Bio-CT (stdev = 0.185).  

Although these two treatments were supposedly essentially equivalent, Table 13 suggests 

otherwise.  The Bio-NT treatment was significantly higher in average Total Carbon than the Bio-

CT (p < 0.002); it appears that the Bio-NT received more biosolids than the Bio-CT treatment or 

incorporation was not as effective.  Although not significantly different, a large numerical 

difference in mean surface Ca content (see Table 12) was observed between the two Biosolid 

treatments.   

         

Table 13 – Mean surface (0 to 15 cm) total carbon (mg/kg) for auger samples at the Carraway-
Winn Reclamation Research Farm and external comparison areas. Values within columns 
followed by the same letter are not different (p < 0.05).  
 

Treatment Average Total Carbon 
(%) (0 – 15 cm) 

Standard 
Deviation 

Bio-CT 0.45c 0.185 
Bio-NT 0.61b 0.236 
Control 0.29d 0.091 
Topsoil 0.75a 0.140 

Clarke Farm 0.53 0.129 
Compacted Area 0.38 0.11 
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3.4 Rooting Observations   

As discussed in the preceding sections, the CWRF plots were sampled at 80 locations 

over the summer of 2005. All auger borings were under corn, and plant roots appeared 

throughout the bulk of surface soils to an average depth of 44 cm (17 inches) across all four 

treatments. Root counts were performed to the depth of observable rooting, usually the first 4 or 

5 (21-cm deep) auger buckets.  Although the two Biosolid treatments were essentially the same, 

rooting was deepest in the Bio-CT plots, followed closely by the Bio-NT, Control, and Topsoil 

treatments respectively (Table 14).   

 

Table 14 – Mean depth of detectable rooting by treatment at the Carraway-Winn Reclamation 
Research Farm (Summer 2005) and external comparison plots.  Values within columns followed 
by the same letter are not different (p < 0.05).  
 
 

Treatment Depth (cm) Depth (inch) 
Bio-CT 57a 22a 
Bio-NT 49ab 19ab 
Control 39ab 15ab 
Topsoil 33ab 13ab 

Clarke Farm 71 28 
Compacted Area 62 24 

 
 
 The three soil reconstruction treatments did not differ from each other (p > 0.17) in 

rooting depth. The Clarke Farm and the four soil reconstruction treatments were contrasted 

individually in rooting depth.  There was no difference between the Clarke Farm and the Bio-CT 

treatments, which may have been due to 1) insufficient field observations, 2) that field 

observations may have not accounted for rooting within desiccation cracks at the CWRF, or that 

3) there really was no difference between total observable rooting depth between the two 

locations.  In addition, the Compacted Area and the four soil reconstruction treatments were 
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contrasted individually and that analysis indicated that rooting in the Compacted Area was 

deeper than both the Control (p < 0.01) and the Topsoil (p < 0.004) treatments.                 

 Given the above observations (Table 14), mean root counts at a specific depth (42 cm 

(16.5 in)) were then contrasted to better determine if there was a significant effect of soil 

reconstruction technique on deeper root mass/density (p < 0.07; Table 15). At a depth of 42 cm, 

Bio-NT had the largest root mass per auger tip followed closely by Bio-CT and Control 

treatments.  There was a significant increase in the amount of root mass for the Bio-NT treatment 

vs. Bio-CT, Topsoil and Control treatments.  In addition, there was a lack of rooting observed 

beneath the Topsoil treatment when compared to the Compacted Area and Clarke Farm rooting 

at depth.  Individual contrasts between the Clarke Farm and the CWRF indicated that observed 

rooting was marginally higher in the Clarke Farm than the Bio-CT, Control and Topsoil 

treatments (p < 0.07). Additionally, individual contrasts between the Clarke Farm and the 

Compacted Area showed that there was no significant difference between them.   

 

Table 15 – Mean root counts at 42 cm (16.5 in.) by treatment at the Carraway-Winn 
Reclamation Research Farm (Summer 2005) and external comparison plots.  Values within 
columns followed by the same letter are not different (p < 0.05). 
 
 

Treatment Mean Root Counts at 42 
cm (16.5 inches) 

Bio-CT 1.4b 
Bio-NT 2.5a 
Control 1.4b 
Topsoil 0.6b 

Clarke Farm 2.5 
Compacted Area 2.3 

 

 68



3.5 Crop Yields as affected by Soil Reconstruction Treatments 

 The average corn seedling count and average corn seedling height of the CWRF are 

shown in Table 16.  There was no significant difference between the seedling counts; however, 

there was a significant difference between average seedling heights with the two Biosolid 

treatments producing the tallest seedlings and the Topsoil treatment producing the shortest 

plants.           

 
Table 16 – Average corn seedling count and seedling height by treatment on May 18, 2005.  
Values followed by the same letter are not different (p < 0.05). 
 

Plot  Seedling Count1 Seedling Height2 
  (# of plants) (cm) 
  avg per plot Treat. means avg per plot Treat. Means 

Bio-CT 
102 104  18.5  
204 101  16.8  
302 95  20.1  
403 100 100 a 18.5 18.5 a 

Bio-NT 
101 106  18.5  
202 99  17.5  
301 100  20.1  
404 104 102 a 19.8 18.8 a 

Topsoil 
104 104  12.2  
201 100  11.4  
303 69  11.7  
402 96 92 a 12.7 11.9 b 

Control 
103 107  13.7  
203 99  13.0  
304 101  11.9  
401 101 102 a 15.5 13.5 b 

Clark Farm (unmined)3 
C 91  14.2  

C1     
C2     
C3     
C4     

1Seedling counts are based on 4 15-m transects per plot for the Clarke farm. 
2Seedling heights are based on 20 observations per plot and 26 observations for the Clark Farm. 
3The Clarke Farm was not delineated into plots at the time seedling counts and heights were 
observed; therefore C encompasses the area subsequently divided into C1, C2, C3 and C4.  
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3.5.1 Corn Yields (2005) 

 Mean corn yields for the four treatments are presented in Table 17 along with 

comparative yield data for the Clarke Farm and Compacted Area.  Although corn yields on the 

two Biosolids treatments were not different from each other, they were significantly higher than 

both the Control and Topsoil treatments (p < 0.0001).  Unexpectedly, the Topsoil treatment 

produced the lowest crop yield at 3,785 kg/ha.  Lower yield on the Topsoil treatment was most 

likely a result of low soil pH (5.68), low available P (14 mg/kg), compaction during topsoil 

placement, and the formation of a surface crust that occurred after several heavy rains in April 

and May of 2005.  The Bio-NT and Bio-CT treatments produced the highest average crop yields 

of 10,904 kg/ha and 10,848 kg/ha, respectively.  The Control treatment yielded 8,527 kg/ha, 

which was greater than the Topsoil treatment. Lower yields in the Control plots (compared to the 

two Biosolid treatments) were most likely due to lower nutrient levels and lower levels of 

organic matter which may have reduced soil water holding capacity. Lower yields in the Control 

and Topsoil treatments may have also been reduced by the higher subsoil strength relative to the 

biosolids treatments as reported earlier (Table 9).  

 In 2005, the Clarke Farm and the Compacted Area produced 14,360 kg/ha and 6,070 

kg/ha respectively, which were clearly much higher and lower, respectively, than the average 

Biosolids and Control treatment yields.  The Clarke Farm average was an estimated yield of 3 

GPS strips and therefore no direct statistical contrasts were performed.  County average yields 

for corn over a five-year period (Table 17) ranged from 2,571 to 7,776 kg/ha, the lowest yield 

occurring in 2002 (a drought year) and the highest occurring in 2004.  Over the five-year period, 

average county corn yields were 5,543 kg/ha.  As mentioned earlier, however, it is important to 
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point out that our corn plots were irrigated frequently in 2005 while the county yield data base 

includes non-irrigated and irrigated fields.   

 
 
Table 17 – Corn yield by treatment for 2005 and average yields between 2001 and 2005 for 
Dinwiddie County, Virginia.  Values followed by the same letter are not different (p < 0.05). 
 

  Dinwiddie County Average (kg/ha) 

Treatment Mean Crop 
Yield (kg/ha) 

Mean Crop 
Yield bu/a* 

Five Year 
Average 2001 2002 2003 2004 2005 

Bio-CT 10,848a 172a 
Bio-NT 10,904a 173a 
Control 8,527b 135b 
Topsoil 3,785c 60c 

Clarke Farm 14,360** 229** 
Compacted 

Area 
6,070 96 

5,543 5,393 2,571 5,267 7,776 6,709 

*bu/a at 15 % moisture 
**Due to mechanical failure, Clarke Farm yields were based on an overall estimate from the 
yield monitor output rather than four replicate plots.   
 
  

 The two Biosolids treatments (CT and NT) and the Control produced higher average 

yields (+ 97%, + 97% and + 54%, respectively) than the five-year-county-average, while the 

Topsoil treatment produced significantly less (- 32%) than the five-year-county-average.  It is 

interesting to note that the Clarke Farm, although under identical management conditions as the 

CWRF, produced much higher comparative yields than all experimental soil reconstruction 

treatments.  However, as noted earlier, it is important to point out that the research plots 

(including the Clarke Farm) were irrigated while much of the corn reported in the surrounding 

county was not.      

 Figure 24 is a graphical representation of the CWRF corn yields (2005) taken along the 

center transect of each plot.  From this figure, we can clearly see that lower yields occurred more 

often in the Topsoil treatments than the two Biosolid treatments.  Additionally, we can see a lack 

of crop productivity for the Topsoil treatment in block three (highlighted in red) compared to the 
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other three soil reconstruction treatments and the other three Topsoil treatments (blocks 1, 2 and 

4 respectively).      

      

 
Figure 24 – Corn yields along the center transect of each plot located on the Carraway-Winn 
Research Farm (CWRF) of the Old Hickory site.  Photo courtesy of Pat Donovan. 
  
 
 
3.5.2 Wheat Yields (2006) 
 

Bio-NT produced the highest amount of winter wheat in 2006, followed closely by Bio-

CT with average yields of 5,326 kg/ha and 4,556 kg/ha respectively.  The Control and Topsoil 

treatments were significantly lower at 4,088 kg/ha and 4,291 kg/ha respectively.  Note that the 

heavy yield suppression in the Topsoil treatment noted for corn in 2005 was not evident in the 
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following wheat crop.  Additionally, the Clarke Farm and the Compacted Area produced 6,900 

kg/ha and 4,327 kg/ha respectively. Typical county-wide wheat yields on unmined farmland over 

a five-year period (Table 18) ranged from 2,889 to 4,165 kg/ha, with lowest yields in 2003.  

Over the five-year period, Dinwiddie produced an average 3,588 kg/ha of wheat.  Again a 

significant difference is seen between the two Biosolid treatments; similar to the higher carbon 

content reported earlier. Individual contrasts indicated that the Compacted Area yields were 

significantly lower than (p < 0.0001) the Clarke Farm; however they were not significantly 

different than the four CWRF soil reconstruction treatments.     

 
 
Table 18 – Wheat yield by treatment and five-year county averages for Dinwiddie, Virginia.  
Values followed by the same letter are not different (p < 0.05). 
 
  Dinwiddie County Average (kg/ha) 

Treatment Mean Crop 
Yield (kg/ha) 

Mean Crop 
Yield bu/a* 

Five Year 
Average 2001 2002 2003 2004 2005 

Bio-CT 4,556b 67b 
Bio-NT 5,326a 79a 
Control 4,088c 60c 
Topsoil 4,291c 62c 

Clarke Farm 6,900 102 
Compacted 

Area 
4,327 64 

3,588 3,695 3,628 2,889 3,561 4,165 

*bu/a at 15 % moisture 

       

All four CWRF treatments produced higher average wheat yields (+ 48% -Bio-NT; + 

27% -Bio-CT; + 20% - Topsoil; and + 14% - Control) than the five-year-county-average.  The 

Clarke Farm produced much higher comparative yields (p < 0.0001) than all experimental soil 

reconstruction treatments.   
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3.6 Detailed Soil Morphology and Taxonomy -- Pit Study in 2006 

3.6.1 Soil Pit Summary 

The soil profiles observed in 2006 were relatively simple in overall morphology, but 

highly variable in the number of subhorizons observed subsoil physical properties.  The majority 

of pedons (7) described as ^Ap-^C1 followed closely by ^Ap1-^Ap2 (5) and ^Ap-^Bw (5) 

horizonation.  Important subsurface features observed included densic layers and one buried A 

(^Ab) horizon. Few pedogenic subsoil horizons were observed, but nine did exhibit weakly 

expressed ^Bw horizonation. Of these nine horizons, five were categorized as cambic, 

approximately 15 cm (or more thick) with a texture of (loamy) very fine sand or finer and 

moderately well developed soil structure. (Soil Survey Staff, 2006).  According to Soil 

Taxonomy (Soil Survey Staff, 2006); 11 pedons classified as Typic Udorthents, four classified as 

Typic Udifluvents, and five as Typic Dystrudepts (Table 19). 
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Table 19 – Taxonomic classifications for Carraway-Winn Reclamation Research Farm and 
Compacted Area soil pedons.   
  

Pit ID Treatment Classification 

101-4 Bio-NT Clayey over sandy, aniso, mixed, acid, thermic, Typic Udorthent 
102-3 Bio-CT Clayey over sandy, aniso, mixed, acid, thermic, Typic Dystrudept 
103-2 Control Coarse-loamy, mixed, nonacid, thermic, Typic Udifluvent  
104-5 Topsoil Clayey over sandy, mixed, acid, thermic, Typic Dystrudept  
201-2 Topsoil Loamy, mixed, nonacid, thermic, shallow, Typic Udorthent  
202-1 Bio-NT Coarse-loamy, mixed, nonacid, thermic, Typic Udorthent  
203-3 Control Loamy, mixed, nonacid, thermic, shallow, Typic, Udorthent 
204-3 Bio-CT Coarse-loamy, mixed, nonacid, thermic, Typic Udifluvent  
301-3 Bio-NT Fine-loamy, mixed, acid, thermic, Typic Dystrudept  
302-3 Bio-CT Coarse-loamy, mixed, acid, thermic, Typic, Dystrudept 
303-2 Topsoil Coarse-loamy over sandy, mixed, acid, thermic, Typic Dystrudept 
304-1 Control Fine-loamy, mixed, nonacid, thermic, Typic Udorthent  
401-5 Control Sandy over clayey, mixed, nonacid, thermic, Typic Udifluvent 
402-3 Topsoil Sandy, siliceous, nonacid, thermic, uncoated, Typic Udorthent 
403-5 Bio-CT Fine-loamy, mixed, acid, thermic, Typic Udorthent  
404-1 Bio-NT Sandy, siliceous, acid, thermic, uncoated, Typic Udorthent  
EC 5-2 Compacted Coarse-loamy, nonacid, mixed, thermic, shallow Typic Udorthent  
EC 7-2 Compacted Fine-loamy over sandy, mixed, acid, thermic, shallow, Typic Udorthent  
EC 11-2 Compacted Coarse-loamy, mixed, acid, thermic, shallow, Typic Udorthent  
EC 12-2 Compacted Sandy over clayey, aniso, mixed, acid, thermic, Typic Udifluvent 
   
All pedons assumed to have a udic moisture regime; no active redoximorphic features were noted. 

 

 

3.6.2 Soil Color and Overall Morphology 

 Overall, surface soil (Ap) color ranged from olive brown (2.5Y 4/3) to strong brown 

(7.5YR 5/6) to yellowish brown (10YR 5/8) with two pedons having a redder soil surface 

(yellowish red; 5YR 5/8 to 5YR 4/6).  The depth of the Ap varied slightly with treatment, with 

the Bio-CT (10 cm), and Control (10 cm) slightly thicker than Topsoil (9 cm), and slightly 

thicker than Bio-NT (8.5 cm).  It is interesting to note that the Control and Topsoil treatments 
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had a deeper Ap layer than the Bio-NT treatment, a treatment which was higher in TC (Table 

13).  

Surface soil textures were consistently sandy clay loams to sandy loams although one 

sandy loam/loamy sand surface texture was observed (CWRF 403-5; Tables G-1 & G-2 in 

Appendix G).  Surface ^Ap horizons were weak to moderate, granular and subangular blocky in 

structure, and very friable to friable. One pedon exhibited weak, platy structure (EC 12-2) and 

one pedon exhibited a friable granular and angular blocky structure in the ^Ap horizon (CWRF 

301-3). 

Multiple ^Ap horizons (e.g. ^Ap1 over ^Ap2) were described in five of the 20 pedons, 

CWRF 102-3, 104-5, 201-2, 202-1, and 303-2.  ^Ap over ^Bw horizons were described in five of 

the 20 pedons, CWRF 203-3, 204-3, 301-3 and 302-3, 404-1.  Simple ^Ap over ^C horizon 

morphology was noted in three of the 20 pedons, CWRF 101-4, 401-5, EC 12-2, which were 

Bio-NT, Control, Compacted Area and Compacted Area respectively. While the overall mine 

soil morphology observed was highly variable from pit to pit, certain features as described in 

more detail below recurred commonly. Figs. 25 through 30 reflect representative soils as 

described in 2006. Full descriptions of all pedons are given in Appendix H and important 

example descriptions are presented in Table 20.         
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Figure 25. Profile 404-1 (Bio-NT) is a Typic Udorthent as indicated by the lack of pedogenic    
horizonation or other distinctive soil morphological features (Table 20).  This profile does show 
layering of varying textured materials as was typical of these mine soils and moderate 
compaction in the upper 50 cm. Overall described morphology was ^Ap-^Bw-^C1-^C2-^C3-
^C4. 
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Figure 26. Profile 302-3 (Bio-CT) is a Typic Dystrudept as indicated by weak development of a      
(Bw) pedogenically-altered horizon (Table 20). This soil classified as an Inceptisol due to the 
presence of a cambic horizon with > 50% moderate subangular blocky structure between 12 and 
44cm. This profile also showed typical sequence of finer textured high slimes material over 
sandy tailings at depth. Described horizons were ^Ap-^Bw1-^Bw2-^C1-^C2. 
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Figure 27. Profile 204-3 (Bio-CT) is a Typic Udifluvent as indicated by a lack of pedogenic     
horizonation and an irregular decrease in Total C (+ 0.2 %) within the particle control section (25 
to 100 cm) of the profile (Table 20). The inclusion of A horizon material in the ^Bw1 and ^Bw2 
horizons were responsible for the irregular C content with depth. This was not classified as an 
Inceptisol because the Bw horizon did not meet the color requirements nor was its structure 
strong enough to be considered cambic. Please note that horizon names assigned in the field have 
been altered after careful consideration of all physical and chemical data, and the final 
morphology was ^Ap-^Bw1-^Bw2-^C1-2^C2-2^C3-2^C4.     
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Figure 28.  Profile 203-3 (Control) was a Typic Udorthent with a prominent densic layer (Cd) at 
30 to 59 cm (Table 20).  Please note the significant topsoil material prominent within the ^Cd 
layer. However, the inclusion of topsoil here was not sufficient to be dominant, so this was not 
described as Ab. Buried topsoil and topsoil-like material were noted in 12 of the 20 profiles.   
Also note large angular blocks of red slimes material in deeper 2^C2/C1 horizon between 80 and 
110 cm. These were most likely dried out into blocks over the underlying coarse tailings on an 
exposed tailings “beach” and then more sandy tailings were deposited over them.  Overall 
described horizon sequence was ^Ap-^Bw-^Cd-2^C1-2^C2/C1-2^C3.   
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Figure 29. Profile EC 11-2 is a typical plot of the Compacted Area (Table 20).  Please note that 
three of the compacted plots were classified as Typic Udorthents except for pit EC 12-2 which 
was a Typic Udifluvent.  Note the complex layering and convoluted banding in the sandy tailings 
between 40 and 70 cm; this was most likely caused by surface re-grading of recently deposited 
tailings. Overall morphology was described as ^Ap-^Cd-^C1-^C2-^C3.    
 

 81



  
 
Figure 30.  Profile 201-2 in a Topsoil plot (Table 20).  This soil was typical of Typic Udorthents 
described in this study and also contained a significant amount of buried A horizon material. You 
will also note that the upper 50 cm is significantly compacted and the finer textured upper profile 
overlies sandy tailings at depth. Overall morphology was described as ^Ap1-^Ap2-^Abd1-
^Abd2-2^C1-2^C2.  
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Table 20 - Profile Descriptions of six representative mineral sands mine soils pictured earlier.   
Horizon Depth (cm)    Description 

    Profile 404-1 (Bio-NT):  Typic Udorthent without Ab 
 
^Ap--  0 – 11   Strong brown (7.5YR 5/8) sandy clay loam; moderate fine   

    granular structure; very friable; moderately few fine to very 
    fine roots; alkaline (pH 7.6); clear smooth boundary. 

^Bw--  11 – 22   Strong brown (7.5YR 5/6) sandy loam to sandy clay loam; weak to 
    moderate medium subangular blocky structure; very firm to 
    firm; very few common to many fine to very fine roots;  
    acidic (pH 5.9) clear smooth boundary. 

^C1--  22 – 32    Yellowish brown (10YR 5/8) sand with common, coarse, distinct,  
    strong brown (7.5YR 5/8) bodies; moderate medium platy  
    structure; firm to very firm consistence; moderately few  
    fine to very fine roots; strongly acidic (pH 5.3); wavy  
    smooth boundary. 

^C2--  32 – 59   Yellowish brown (10YR 5/8) fine sand with common,   
    coarse, distinct, strong brown (7.5YR 5/8), common,  
    coarse, distinct, brownish yellow (10YR 6/8), common,  
    coarse, distinct, strong brown (7.5YR 5/8), and common,  
    coarse, distinct, olive yellow (2.5Y 6/6) bodies;   
    structureless, massive; very friable; moderately few fine to  
    very fine roots; 1 % gravels; strongly acidic (pH 5.2)  

      clear abrupt boundary. 
^C3--  59 – 95   Brownish yellow (10YR 6/8) coarse sand with common, coarse,  

    distinct, strong brown (7.5YR 5/8), common, coarse,  
    distinct, brown (10YR 4/3) bands and common, very  
    coarse, distinct, very pale brown (10YR 7/4) banding;  
    structureless, massive; very friable; approximately   
    less than 7 % gravels; strongly acidic (pH 5.1); clear  
    smooth boundary. 

^C4 --  95 – 200+   Brownish yellow (10YR 6/8) sandy loam; structureless, massive;  
    firm to friable in places; less than 5 % gravels; strongly  
    acidic (pH 4.9). 
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Table 20 – Continued,   
Horizon Depth (cm)    Description 

    Profile 302-3 (Bio-CT):  Typic Dystrudept 
 
^Ap--   0 – 12   Strong brown (7.5YR 5/6) sandy clay loam with common, coarse,  

    distinct, brownish yellow (10YR 6/6) mottles; weak fine  
    subangular blocky structure; friable; moderately few very  
    fine roots; slightly alkaline (pH 7.2); clear smooth   
    boundary. 

^Bw1-- 12 – 44   Strong brown (7.5YR 5/6) sandy clay loam with few, very coarse,  
    faint, strong brown (7.5YR 5/6) and few, coarse, distinct,  
    gray (7.5YR 6/1), clay slime fragments and common,  
    coarse, distinct, strong brown (7.5YR 5/8) sandy bodies;  
    weak to moderate fine subangular blocky to massive  
    structure; friable; moderately  few very fine rooting; acidic  
    (pH 6.0); clear smooth boundary. 

^Bw2-- 44 – 73   Strong brown (7.5YR 5/6) sandy loam with common, coarse, faint, 
    strong brown (7.5YR 5/6), few, very coarse, distinct brown  
    (7.5YR 5/2), few, coarse, distinct, yellowish red (5YR 5/6), 
    and common, coarse, distinct, brownish yellow (10YR 6/6), 
    bodies; weak fine to medium subangular blocky to massive  
    structure; friable to firm; moderately few very fine and fine  
    roots; strongly acidic (pH 5.0); abrupt smooth boundary. 

^C1--  73 – 104    Olive yellow (2.5Y 6/6) sand with common, distinct pale yellow  
    (2.5Y 7/4) sand banding, common, distinct, very dark gray  

      (2.5Y 3/1) sandy clay, common, very coarse, prominent,  
    strong brown (7.5YR 5/6), red clay, and common,   
    prominent, reddish yellow (7.5YR 6/8) sand banding;  
    structureless, massive; very friable; less than 3 % gravels;  
    strongly acidic (pH 5.1); clear smooth boundary. 

^C2--  104 – 120+  Strong brown (7.5YR 5/6) sand with many, prominent, pale yellow 
    (2.5Y 7/4), and many, prominent, brownish yellow (10YR  
    6/8) bands; structureless, massive; very friable; strongly  
    acidic (pH 5.5).        
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Table 20 – Continued,   
Horizon Depth (cm)    Description 

    Profile 204-3 (Bio-CT):  Typic Udifluvent 
 
^Ap--  0 – 9   Strong brown (7.5YR 5/6) sandy loam with few, coarse, distinct,  

    dark grayish brown (10YR 4/2), bodies; moderate fine to  
    medium granular structure; friable; moderately few very  
    fine roots; strongly acidic (pH 8.0); clear smooth boundary. 

^Bw1-- 9 – 34   Strong brown (7.5YR 5/6) sandy loam with common, very coarse,  
    distinct, gray (7.5YR 6/1) common very coarse, distinct,  
    gray (7.5YR 5/1), common, coarse, prominent, olive yellow 
    (2.5Y 6/6), fragments of an A horizon and few, coarse,  
    distinct, yellowish red (5YR 5/6), bodies; weak fine  
    subangular to angular blocky structure; friable; moderately  
    few very fine roots; neutral (pH 6.9); clear wavy boundary. 

^Bw2-- 34 – 58   Strong brown (7.5YR 5/6) sandy loam with common, very coarse,  
    prominent, light brownish gray (10YR 6/2), common, very  
    coarse, prominent, grayish brown (10YR 5/2), fragments of 
    an A horizon, and common very coarse, distinct, yellowish  
    red (5YR 5/6), and few, coarse, prominent, olive yellow  
    (2.5Y 6/6)  bodies; weak medium angular blocky structure;  
    friable; moderately few fine roots; strongly acidic (pH 4.9); 
    abrupt smooth boundary. 

^C1--  58 – 69   Reddish yellow (7.5YR 6/8) sandy loam with common, extremely  
    coarse, distinct, strong brown (7.5YR 5/6), and common,  
    medium, distinct, brownish yellow (10YR 6/8) streaks and  
    bodies; friable; structureless, massive; moderately few fine  
    roots; 1 % gravels; strongly acidic (pH 4.8); abrupt smooth  
    boundary. 

2^C2--  69 – 92   Brownish yellow (10YR 6/8) sand with common, coarse, distinct,  
    strong brown (7.5YR 5/6) banding, and common, coarse,  
    distinct, reddish yellow (7.5YR 6/8) clay slime bodies;  
    structureless, massive; very friable; 1 to 2 % gravels;  
    strongly acidic (pH 5.4); abrupt wavy boundary. 

2^C3--  92 – 104   Yellowish red (5YR 5/8) clay with common, coarse, distinct,  
    reddish yellow (7.5YR 6/8), bodies; structureless, massive;  
    firm; strongly acidic (pH 4.7); abrupt smooth boundary. 

2^C4--  104 – 130+  Reddish yellow (7.5YR 6/8) sand with common, coarse, faint,  
    reddish yellow (7.5YR 7/8) bands; structureless, massive;  
    very friable; less than 5 % gravels; strongly acidic (pH 5.5). 
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Table 20 – Continued,   
Horizon Depth (cm)    Description 

    Profile 203-3 (Control):  Typic Udorthent w/densic layer 
 
^Ap--  0 – 7   Yellowish red (5YR 5/8) sandy clay loam with many, medium,  

    faint, yellowish red (5YR 4/6), common, fine, distinct,  
    reddish yellow (7.5YR 7/6), and many, medium,   
    prominent, light gray (7.5YR 7/1), bodies; moderate  
    medium granular structure; friable; moderately few very  
    fine roots; alkaline (pH 7.5); clear smooth boundary. 

^Bw--  7 – 30   Yellowish red (5YR 5/8) sandy loam with few, fine, distinct, light  
    gray (7.5YR 7/1) fragments of an A horizon; weak fine to  
    medium subangular blocky structure; friable; moderately  
    few very fine to fine roots; acidic (pH 5.8); gradual wavy  
    boundary. 

^Cd--  30 – 59   Strong brown (7.5YR 5/8) sandy loam with many, medium,  
    prominent, dark grayish brown (10YR 4/2) and few, fine,  
    distinct, light gray (7.5YR 7/1) fragments of an A horizon;  
    weak medium subangular blocky structure; sandy material  
    friable, clay slimes firm; very few very fine roots, 1 %  
    cobbles; acidic (pH 5.0); clear smooth boundary. 

2^C1--  59 – 81   Reddish yellow (7.5YR 6/8) sand with reddish yellow (7.5YR 7/8)  
    and yellow (10YR 7/8) banding; structureless, massive;  
    very friable; 1 % gravels; strongly acidic (pH 5.1); gradual  
    wavy boundary. 

2^C2/C1-- 81 – 102   Reddish yellow (7.5YR 6/8) sandy clay loam with many very  
    coarse, distinct, yellowish red (5YR 5/8) clay slime bodies;  
    strong brown (7.5YR 5/8) streaks, or thin strata along clay  
    ped faces, structureless, massive; very friable in sand with  
    extremely firm clay; 1 % gravelly coarse fragments;  
    strongly acidic (pH 4.8); clear wavy boundary. 

2^C3--  102 – 130+  Yellowish brown (10YR 5/8) sand with many, distinct, very pale  
    brown (10YR 8/4), bodies; structureless, massive; very  
    friable; acidic (pH 5.8).  
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Table 20 – Continued,   
Horizon Depth (cm)    Description 

    Profile EC 11-2 (Compacted Area):  Typic Udorthent   
 
^Ap--  0 – 13   Strong brown (7.5YR 5/6) sandy loam; weak fine granular to  

    moderate medium subangular blocky structure; very  
    friable; moderately few fine to very fine roots; slightly  
    acidic (pH 6.7) gradual smooth boundary. 

^Cd--  13 – 41   Strong brown (7.5YR 5/8) sandy clay loam with an increase in  
    clay towards bottom of horizon with common, medium to  
    coarse, distinct, yellowish red (5YR 5/6) clay bodies;  
    structureless, massive; firm; very few fine to very fine  
    roots; strongly acidic (pH 4.9); abrupt smooth boundary. 

^C1--  41 – 67   Yellowish brown (10YR 5/8) sandy loam with common, coarse,  
    faint, brownish yellow (10YR 6/8) bodies, and   
    common, fine, faint, yellowish brown (10YR 5/8),   
    common, fine, faint, brownish yellow (10YR 6/6) and  
    common, fine, prominent, yellowish red (5YR 5/8) clay  
    slime bodies, and common, fine, distinct, very dark grayish  
    brown (10YR 3/2) heavy mineral sand strata; structureless,  
    massive; clay is firm, sand is friable; very few fine to very  
    fine roots at top of horizon only; strongly acidic (pH 4.8);  
    abrupt wavy boundary. 

^C2--  67 – 92   Yellowish brown (10YR 5/8) sand with many, fine to medium,  
    faint, brownish yellow (10YR 6/8) clay slime bodies,  
    and many, fine, distinct, brown (10YR 4/3) heavy mineral  
    sand strata; structureless, massive; friable; strongly   
    acidic (pH 4.9); abrupt smooth boundary. 

^C3--  92 – 200+   Yellowish brown (10YR 5/8) sandy loam to loamy sand with  
    common, coarse, distinct, dark brown (10YR 3/3) heavy  
    mineral sand strata and common, coarse, distinct, brownish  
    yellow (10YR 6/6) sand bodies; structureless,   
    massive; firm; acidic (pH 5.1). 
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Table 20 – Continued,   
Horizon Depth (cm)    Description 

    Profile 201-2 (Topsoil):  Typic Udorthent w/Ab  
 
^Ap1--  0 – 10   Yellowish brown (10YR 5/6) sandy loam with common, medium,  

    prominent, reddish yellow (5YR 5/6), clay slime fragments, 
    and many, medium, distinct, olive brown (2.5Y 4/4),  
    bodies mottles; sandy loam; weak coarse    
    granular structure; very friable; moderately few very fine  
    roots; slightly alkaline (pH 7.3); clear smooth boundary. 

^Ap2--  10 – 19   Strong brown (7.5YR 5/6) sandy loam with, common, coarse,  
    distinct, yellowish brown (10YR 5/6) bodies, weak fine to  
    medium subangular blocky structure; firm; very few very  
    fine to fine roots; alkaline (pH 7.5); clear smooth boundary.  

^Abd1-- 19 – 30   Strong brown (7.5YR 5/6), sandy loam with common, medium,  
    yellowish red (5YR 5/6), and common, medium, distinct,  
    grayish brown (10YR 5/2) topsoil bodies; structureless,  
    massive; firm; near neutral (pH 6.5); clear wavy boundary. 

^Abd2-- 30 – 59   Yellowish brown (10YR 5/6) sandy loam with common, medium,  
    olive brown (2.5Y 4/3) bodies with few, coarse, distinct,  
    strong brown (7.5YR 5/8), clay aggregates; structureless,  
    massive; very firm; strongly acidic (pH 5.4); abrupt wavy  
    boundary. 

2^C1--  59 – 90   Variegated brownish yellow (10YR 6/8), yellow (10YR 7/6),  
    and yellowish red (5YR 5/8) sand; structureless, massive;  
    very friable; acidic (pH 6.3); abrupt smooth boundary. 

2^C2--  90 – 130+   Strong brown (7.5YR 5/8) sand with alternating yellowish brown  
    (10YR 5/8) and yellowish red (5YR 5/8) strata;   
    structureless, massive; strongly acidic (pH 5.1); very  
    friable. 
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 Rounded macro structure (see Fig. 31) in high slimes/clay subsoils was noted in two of 

the 20 pedons; CWRF 102-3 and 103-2, which were Bio-CT and Control treatments respectively.  

In active operations, after the ore is mined and sent to the wet mill, slimes and tailings are 

separated via gravity separation and pumped back into the mine pits (Section III Materials and 

Methods).  This ‘rounded morphology’ is most likely a result of how slimes settle and dry within 

the soil profile after backfilling of the mining pits.  A high slimes layer is laid over a fresh layer 

of sandy tailings.  Sandy material drains water from below from the slimes, thus causing the clay 

to desiccate and form large polygons and cracks (Figs. 28 and 31).  Slime material is then 

covered with a fresh layer of sandy tailings. Notice how sand appears in desiccation cracks 

between two blocks of slimes in those two figures.  In addition to rounded morphology, small 

perforations, or holes, were noted in the blocky slimes peds of both CWRF 102-3 and 103-2 

(Appendix H: Detailed Soil Pits). These perforations tended to occur more commonly in peds 

with this rounded morphology.        
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Figure 31. A closer view of Profile 103-2 (Control) showing rounded faces on dewatered chunks 
of slimes.  This overall morphology is most likely the result of dessication of a high slimes layer 
in the drying surface of a mine pit that was then covered with a fresh layer of sandy tailings.   
 
  

 Convoluted banding (Orndorff et al. 2005) are bands, or thin layers, of heavy mineral 

sands, clay slimes and sandy tailings that are overturned within the soil profile causing a visibly 

‘mixed’ and ‘overturned’ effect (Fig. 32).  Orndorff et al. (2005) concluded that banding of this 

nature, which doesn’t occur in natural soils without vertic mixing or periglacial solifluction, may 

be a direct result of soil upheaval caused by bull dozers and ‘shaking of slimes’ during 

reclamation procedures.  Additionally, they also suggested that banding of this nature may be a 

diagnostic feature of these specific mine soils.  Convoluted banding was noticed in three of the 

20 pedons, CWRF 102-3, 403-5 and EC 12-2, Bio-CT, Bio-CT and Compacted Area 

respectively in dominantly bulldozer tracked and sandy layers.   
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Figure 32. Several subsoil horizons within pits were characterized by thin bands of heavy 
minerals and tailings that were overturned and deformed as referred to by Orndorff et al. (2005) 
as convoluted banding. 
 

Although all soils observed in 2006 were deep-ripped in fall 2004 in two perpendicular 

directions (with and 90o to plot axis), visual traces were only evident in two profiles, CWRF 102-

3 (Bio-CT) and CWRF 104-5 (Control).  Ripper traces were described based on the overall v-

shape of the trace and the depth (~ 90 cm) at which traces were evident (Fig. 33).  It is interesting 

to note that of all 16 CWRF pedons; only two exhibited any visually obvious indication of deep-

ripping. Ripping traces may not have been evident due to either 1) the majority of the soils may 

have been ripped while wet, which would have allowed the ripper traces to close immediately 

behind the shank and would have limited lateral soil shattering, or 2) alternatively, repeated 

vehicle passes and natural settling processes may have combined to re-consolidate the original 

ripper traces.   
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Figure 33. Southern wall of CWRF 101-4 (Ripping traces highlighted in red).  Please note the v-
shaped ripper trace (out-lined in red) in the upper half of the pit face.  Ripping traces were only 
noted within CWRF 102-3 and 104-5.   

 

Striations of dark heavy mineral sands coupled with lighter-colored sandy tailings and 

dark red clay slimes were noted within four of the 20 pedons, CWRF 101-4, 104-5, and 202-1, 

and EC 5-2, which were Bio-NT, Topsoil and Bio-NT and Compacted Area treatments 

respectively. Unlike convoluted banding, this material appeared virtually horizontal and 

undeformed (Fig. 34).  These features were classified as deposition of tailings material with 

similar characteristics to lamella because of their overall appearance; however, they did not have 

the necessary silicate clay to be classified as actual lamellae. It is also questionable whether they 

formed via illuviation or are simply artifacts of the tailings deposition process. According to Soil 

Survey Staff (2006), lamellae are illuvial layers less than 7.5 cm thick formed in unconsolidated 
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regolith and must have an overlying eluvial horizon.  They typically form in well to excessively 

drained soils in the Atlantic Coastal Plain region.   

 

 
 
Figure 34. Alternating layers of tailings (lighter sandy material) and slimes (red clayey 
material), with thin bands of black HMS. These features were described as deposition of tailings 
material with similar characteristics to lamellae.  
 
 

In one pedon, CWRF 103-2 (Control), we described a wood ash and charcoal layer, with 

a black color (2.5Y/N) (Fig. 35).  This layer, which varied in depth between 52 and 60 cm, was 

non root-limiting, structureless and rich in charcoal and woody debris.  It was most likely a result 

of a slash fire of woody debris that was raked and picked from the forest topsoil materials that 

were transported from off-site.   
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Figure 35. Wood ash and charcoal in CWRF 103-2 (Control) at 52 to 60 cm.  This layer varied 
in thickness from 46 to 60 cm (up to 14 cm) within the soil profile.  The C horizon here also 
contains the large angular chunks of dewatered/cracked slimes over/under tailings as described 
earlier.  
 
 

3.6.3 Important Subsoil Properties 

Overall, subsurface soil colors varied from black (2.5Y/N) to light olive brown (2.5Y 5/6) 

to light yellowish brown (2.5Y 6/4), with the majority of colors being strong brown (7.5YR 5/6 

to 5/8).  Control plots had the most variable subsoil colors with one instance due the thin layer of 

woody ash/charcoal material described above. Distinct, prominent and faint mottling was evident 

in a majority of the pedons, with the majority of mottles appearing as distinct, or falling on the 

same page or one page difference between mottle and matrix colors. These color variegations 

were not redox-related, however, and are therefore referred to as fragments or mottles.  
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In addition to the ash layer (CWRF 103-2) previously mentioned, CWRF 201-2 had < 1 

% ashy material in the ^A horizons and flakes/inclusions of ash material were noted in the ^Ad 

and ^C1 horizons.  Artifacts (man-made objects) were found in CWRF 202-1, CWRF 303-2 and 

CWRF 402-3.  And those horizons designations therefore carry the “u” subscript. CWRF 202-1 

had a plastic sheeting that occurred between the ^Apu and ^Bwu horizon that most likely 

influenced the wavy boundary.  CWRF 303-2 contained pieces of a plastic liner within the ^Apu 

layer, and CWRF 402-3 contained a small rubber hose (< 2 cm in diameter) located within the 

upper portion of the 2^Cu horizon.     

Subsoil textures ranged widely from clay loam, sandy clay loam, loamy sand, sandy 

loam, to sand, and some horizons contained laterally distinct mixtures of clay to silty clay, and 

clay loam to sandy clay.  Overall, subsoil structure appeared structureless massive with some 

weak platy structure appearing in the Topsoil and Bio-NT treatments. Moderate medium 

subangular blocky structure occurred within cambic horizons described in CWRF 204-3 (Bio-

CT) and CWRF 301-3 (Bio-NT) profiles respectively.  Overall, subsoil consistence (moist) was 

very friable to friable (for most treatments) with very friable to firm occurring more frequently 

for the Topsoil treatments.  However, extremely firm subsoil consistence was noted in at least 

one of the subsoils for each soil treatment.  Subsoils in the Control and the Topsoil treatments 

had firmer overall consistence than pedons located in the two Biosolid treatments.   

Few profiles exhibited any diagnostic subsurface horizonation.  A densic layer, or non 

cemented root limiting/restricting layer (e.g. a traffic/tillage pan), was described in five of the 20 

profiles, CWRF 201-2, CWRF 203-3, EC 5-2, EC 7-2 and EC 11-2, which were Topsoil, 

Control, and  Compacted Area (×3) treatments respectively.  Of these five profiles, CWRF 201-2 

had densic layer(s) between 19 to 59 cm, CWRF 203-3 had a densic layer between 30 and 59 cm, 
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EC 5-2 had a densic layer between 14 and 27 cm, EC 7-2 had a densic layer between 6 and 24 

cm and EC 11-2 had a densic layer between 13 and 41 cm.  However, densic properties and 

associated rooting limitations were observed in almost all described soil profiles, but rigorously 

defined densic layers (Soil Survey Staff, 2006) were not apparent.   

Various profiles showed evidence of topsoil-like material throughout the subsurface; 

however, only one buried A horizon was described that appeared to be completely comprised of 

former topsoil. This occurred in pedon CWRF 201-2, which was a Topsoil treatment.  

Conversely, many other profiles showed evidence of buried and mixed topsoil material.  Please 

note that this material did not form the majority of these horizons, thus it was only described and 

recorded in field notes and not assigned the subscript “b”.  Interestingly, this buried A horizon 

occurred within a densic horizon; CWRF 201-2, located under a topsoil treatment at a depth of 

19 cm in the north east corner of the plots. Additionally, the majority of pedons with prominent 

topsoil material also occurred in the upper northeast section.   

Bw horizons were observed within at least nine profiles, five of which were considered 

cambic (Table 21).  It is important to point out that a subsoil horizon that exhibits evidence of 

alteration may be labeled as Bw without necessarily being cambic. According to Soil Survey 

Staff (2006), a cambic horizon should be approximately 15 cm or more thick, have a texture of 

(loamy) very fine sand or finer, show evidence of alteration either by meeting all aquic 

conditions listed in Soil Survey Staff (2006), or have soil structure within more than one-half of 

the layer’s volume and a higher chroma and value or higher clay content of the underlying or 

overlying horizon.  Finally, the layer cannot meet the properties listed for epipedons such as 

mollic, umbric, etc., and may not be part of the plow layer (Ap).           
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Table 21 – Important taxonomic soil profile characteristics including Bw, densic layers, strong 
Sulfidic odor, etc. 
 

 Pit ID Treatment Number of Profiles per 
each Treatment 

Bw Horizons 

102-3, 104-5, 202-1, 
203-3, 204-3, 301-3, 
302-3, 303-2. 404-1 

102 – Bio CT 
104 – Topsoil 
203 – Control 
204 – Bio CT 
301 – Bio NT 
302 – Bio CT 
303 – Topsoil 
404 – Bio-NT 

Bio NT – 3 
Bio CT – 3 
Topsoil – 2 
Control – 1 
 

Densic Layer 
201-2, 203-3, EC 5-2, 
EC 7-2, EC 11-2  

201 - Topsoil 
203 – Control 
EC – Compacted Area 

Topsoil - 1 
Control – 1 
Compacted Area - 3 

Buried A 
Horizon 

201-2  201 – Topsoil Topsoil – 1 

Water Table 

104-5, 202-1, 204-3, 
304-1, 403-5, EC 7-2, 
EC 12-2 

104 – Topsoil 
202 – Bio NT 
204 – Bio CT 
304 – Control  
403 – Bio CT 
EC – Compacted Area 

Bio NT – 1 
Bio CT – 2 
Topsoil - 1 
Control – 1 
Compacted Area – 2 

 
 

3.6.4 Rooting Distribution 

 All of the sampled mine soils were vegetated with a Glycine max crop at the time of 

description and sampling.  There were no treatment, block or block*treatment interaction effects 

for the experiment with respect to rooting. Additionally, individual contrast statements between 

the Compacted Area and the CWRF indicated no differences between mean depths to detectable 

rooting observed from detailed root counts taken in the soil pits. Plant roots penetrated to an 

average depth of 62 cm (24 inch) across all four treatments, with Bio-NT soils supporting the 

deepest rooting (although non-significant) to 75 cm (30 inches) followed closely by the Bio-NT 

and Control at 67 cm (26 inches) and 59 cm (23 inches), respectively. The Topsoil treatment 

soils supported the shallowest overall rooting depth of 48 cm (19 inches).  These are simple 
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averages based on detailed soil pedon descriptions (Appendix H).  Depth to rooting for the 

CWRF and Compacted Areas are shown in Table 22.   

   

Table 22 – Mean depth to detectable rooting by treatment in soil pits at the Carraway-Winn 
Reclamation Research Farm (Summer 2006) and external comparison areas.  Values within 
columns followed by the same letter are not different (p < 0.05).  
 

Treatment Depth (cm) Depth (inch) 
Bio-CT 67a 26a 
Bio-NT 75a 75a 
Control 59a 23a 
Topsoil 48a 19a 

Compacted Area 64 25 
 

 Overall rooting was common and generally well-dispersed rooting across all four 

treatments as described above.  Within eight pits, CWRF 101-4 (Bio-NT), 102-3 (Bio-CT), 103-

2 (Control), 201-2 (Topsoil), 302-3 (Bio-CT), 304-1 (Control), 403-5 (Bio-CT), and 404-1 (Bio-

NT), plant roots occurred in concentrated masses along desiccation cracks (Figs. 36 and 37).  

Given that root masses were more obvious on the longer expression of the North and South pit 

faces and not the West pit face used for profile descriptions, many of these root masses were not 

described in detail; however, they were described in field notes and photographed at each pit 

(Appendix H).  
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Figure 36.  Root masses along desiccation cracks. Notice how roots are concentrated in large 
vertical cracks around clayey polygons.  This photo was taken from the southern face of CWRF 
104-5.  The prominent desiccation cracks seen here most likely resulted from the drying and 
desiccation of relatively pure layer of slimes deposited over the very pure tailings seen at depth 
during pit dewatering. Additional contrasting coarser materials were then placed over the 
desiccated slimes layer; a common practice in this mining operation.  
  
  

 This cracking behavior is commonly observed on the surface of dewatering mine pits as 

slimes dry out and bake in the sun. The process is particularly evident and accelerated when the 

slimes layer lies abruptly over sandy tailings as shown here in Fig. 36. Whether or not similar 

cracking occurs within the soil profile as it dewaters after grading with time, or if these are relicts 

of when the materials were exposed to the atmosphere has not been determined, but the 

development of polygonal cracking systems is always observed in the field as layers of slimes 

dewater and dry in the open atmosphere as pits are dewatered.  
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Figure 37.  Root masses along desiccation cracks exposed after soil pit was excavated.  This was 
high slimes C horizon material that had obviously dewatered and consolidated over time, leading 
to the development of large polygonal structural units.   
 

3.6.5 Soil Chemical Properties of Detailed Study Pedons 

 Surface soils (Ap) were dominantly neutral to mildly alkaline with pH values ranging 

from 6.24 to 7.97 and an average surface soil pH of 7.32 across all treatments (Tables F-4 & F-

5).  Total carbon content ranged from 0.32 to 1.04 % and varied by treatment as discussed 

earlier.  Higher levels of TC (> 0.7 %) were noted in seven of the 20 ^Ap horizons with the 

majority (five) located in the Bio-CT and Bio-NT treatments.   

Subsurface horizons were composed of two highly variable materials, primarily sandy 

tailings, and clayey slimes (Orndorff et al, 2005).  Subsurface horizons were slightly acidic to 

neutral, and ranged from pH 4.68 to 7.68 with an average subsoil pH of 5.45 across all four 
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treatments.  Higher soil pH was more common within the Control and Topsoil treatments than in 

the two biosolids treatments (Tables F-4 & F-5).  Near neutral pH values in several treatments at 

less than 30 cm were most likely the result of liming through additions of agricultural lime and 

lime stabilized biosolids.  It is interesting to note that a few of the subsoils within the Control 

treatments had a higher pH.  There appeared to be no correlation between lower subsoil pH 

values and soil reconstruction treatments in the pedon study data set.  The most acidic soil 

occurred in EC 12-2, a Compacted Area treatment, with an average (multiple horizons within 

one pedon) subsurface soil pH of 4.88 (Table 23).     

 

Table 23 – Mean surface and subsurface soil pH values for the CWRF and Compacted Area soil 
pedon samples (2006).  Values within columns followed by the same letter are not different (p < 
0.05).  Subsurface values (a combination of all pedons within one soil pit) in bold face are 
different from their overlying surface values (p < 0.05). 
 

Treatment Average Surface 
Soil pH 

Average Subsurface 
Soil pH 

Bio-NT 7.75a 5.37ab 
Bio-CT 7.78a 5.29ab 
Control 7.23b 5.71a 
Topsoil 7.07b 5.66ab 

Compacted Area 6.79 5.20 
 

Individual contrasts indicated that the average surface pH for the Compacted Area was lower 

than the average surface pH values for all four soil reconstruction treatments (p < 0.045); 

however it was not significantly different in subsurface pH value. 

Subsoil TC, ranged from 0.014 % to 3.00 % with the highest TC under the Control 

treatment and the lowest TC under the Bio-NT.  It is interesting to note that two of the 20 

profiles, both Control pedons, had subsoil TC greater than 1.0 %.  Additionally, three of the 20 

profiles exhibited an irregular (nonlinear) decrease to 0.2% TC between 25 and 125 cm, the 
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particle control section for most profiles.  Of the 17 remaining profiles, none exhibited an 

irregular decrease to 0.2% of TC in their subsoils. 

 

3.6.6 Soil Classification 

Four of the 20 profiles were classified (Soil Survey Staff, 2006) as an Udifluvents, five as 

Dystrudepts, and eleven as Udorthents (Table 18).  A Fluvent is an Entisol, with no densic, lithic 

or paralithic contact with either 0.2 % or more organic carbon or an irregular decrease (0.2 %) in 

the carbon content of the subsoil. Udifluvents occur in the udic (humid like Virginia) soil 

moisture regime. Orthents are Entisols that do not express any other characteristics of other 

Entisol soils. Udorthents also occur in the udic soil moisture regime. Udepts are Inceptisols, or 

soil exhibiting at least one pedogencially well-developed A or B horizon, in a udic moisture 

regime that do not express any other characteristics of an Inceptisol.  A Dystrudept is an udept 

that does not express any other characteristics of Udepts.  An aniso particle size class occurs if 

the particle size control section (usually 25 to 100 cm for most soil profiles) includes more than 

one pair of strongly contrasting classes and it is named for the pair of adjacent classes that 

contrasts most strongly--e.g. sandy over clayey, coarse-loamy over sandy, etc (Soil Survey Staff, 

2006). 

 

IV. SUMMARY AND CONCLUSIONS 

 The Carraway-Winn Reclamation Research Farm was established in 2004 to evaluate the 

effectiveness of various soil reconstruction techniques on mineral sands mine soil physical and 

chemical characteristics and associated row crop productivity.  This specific research program 

focused on the row-crop soil reconstruction experiment, an untreated compaction study 

 102



bordering the row-crop plots, and an external unmined control area located at the Clarke Farm 

under similar management.  The Clarke Farm control allowed a comparison between soil 

physical and chemical properties of native unmined soils to young mine soils ameliorated with 

various soil reconstruction techniques. Similarly, the adjacent Compacted Area served as a 

means to determine whether the deep ripping technique employed had any net positive effects on 

mine soil strength, bulk density and row crop productivity.     

 The reconstructed mine soil Control treatment produced higher corn yields (+54%) in 

2005 than a five-year-county-average for Dinwiddie, Virginia. However, the Control produced 

significantly lower yields than the two Biosolids treatments (Bio-CT and Bio-NT treatments 

respectively).  The Topsoil return treatment produced significantly lower corn yield (-32%) than 

the five-year-county-average and the other three reconstruction treatments due to several 

interacting factors. First of all, surface and subsurface soil pH were lower in the Topsoil 

treatment (5.68 and 5.00 respectively); most likely due to the lime not fully reacting, or perhaps 

being under-applied. The Topsoil treatment’s low pH was a result of low quality topsoil taken 

from a forested site.  Additionally, the Topsoil treatment was significantly lower in surface soil 

available P compared to the two biosolids treatments and Clarke Farm control.  This was most 

likely due to P-fixation.  Finally, combined physical problems of a silt crust, which formed due 

to heavy rains after planting, coupled with significant grading-related soil compaction, also 

appeared to directly limit both corn growth and overall rooting depth.  

 The Clarke Farm, under identical management conditions to the four mine soil 

reconstruction techniques, produced 159 % more corn grain than the five-year-county-average, 

and  +32 %,  +32 %, +137 % and +279 % more than the Bio-CT, Bio-NT, Control and Topsoil 

treatments respectively.  Additionally, the adjacent Compacted Area that did not receive the 
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deep-ripping protocol produced 9 % more corn grain than the five-year-county-average and 41% 

more than the Topsoil treatment.  In fairness, however, we must reiterate the fact that we 

irrigated our corn crop while the county average data are based upon non-irrigated and irrigated 

corn.      

 In 2006, all four mine soil reconstruction treatments produced significantly higher wheat 

yields than the five-year-county-average; (Bio-NT - +48 %; Bio-CT - +27 %; Topsoil - +20 %; 

and Control - +14 %), respectively.  In comparison, the Clarke Farm produced significantly 

higher wheat yields than all four soil reconstruction treatments, and 92 % more than the five-

year-county-average.  The Compacted Area produced significantly higher wheat yields (+20 %) 

than the five-year-county-average; however, unlike the corn yields in 2005, it did not out-

produce the Topsoil treatment.  The increase in Topsoil productivity in 2006 was most likely due 

to the fact that the Topsoil plots were chisel-plowed and disked to alleviate soil compaction and 

crusting after the 2005 harvest. 

 There was a significant difference (p < 0.03) in total observable rooting depth between 

the two Biosolid treatments and the Topsoil and Control reconstruction techniques.  Total depth 

of visible rooting was deepest within the two Biosolid treatments, followed by the Control and 

Topsoil treatments respectively.  Individual contrasts between the Clarke Farm and the four soil 

reconstruction techniques indicated no difference in rooting depth between the Clarke farm and 

the two Biosolid treatments.  This lack of observable difference in rooting depth may have been 

a result of insufficient field observations, however, and more studies would need to be conducted 

to determine the detailed rooting distributions between the Clarke Farm and the two Biosolids 

treatments.  Given the above observations, mean root counts at a set depth of 42 cm were 

compared for a more consistent contrast of rooting across all treatments and study sites.  There 
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was a significant increase in rooting density for the Bio-NT vs. the Bio-CT treatments, Control 

and Topsoil treatments within the row crop experiment.  This was one of the few variables where 

the two Biosolid treatments differed significantly from each other. Although the Topsoil 

treatment did not appear to be significantly different from the Bio-CT and Control treatments in 

rooting, it was significantly different from the Bio-NT, Clarke Farm and Compacted Areas.  This 

‘lack of rooting’ beneath the Topsoil treatment was most likely a result of mechanical 

compaction and high soil strength caused during topsoil return and grading. The Bio-NT 

treatment was not significantly different than the Clarke Farm or the Compacted Area.   

  Compaction has been reported as the major soil factor limiting crop yields on coal mine 

soils recreated on prime farmlands in the Mideastern and Midwestern USA (Jansen, 1981, 

Barnhisel and Gray, 1990).  Bulk densities as high as 1.8 g/cm3 are common among compacted 

mine soils, and the mine soils at Old Hickory studied here were no exception, with bulk densities 

of > 1.7 g/cm3 commonly occurring.  Although the plots were deep ripped along two 

perpendicular passes and organic matter was added to the Biosolids treatments, surface soil bulk 

density varied little by treatment.  There was a significant treatment effect (p < 0.01) and a 

significant block*treatment (p < 0.01) interaction with respect to bulk density.  The two 

Biosolids treatments had the lowest surface bulk density, followed by the Control and Topsoil 

treatments respectively.  In a similar study conducted by Stolt et al. (2001), mine tailings 

amended with yardwaste compost had greater porosity and water holding capacity, thus causing 

lower mechanical resistance and lower bulk density than unamended tailings.  Therefore, the two 

Biosolids treatments would be expected (and did) exhibit lower bulk densities than both the 

Control and Topsoil treatments.   
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 Linear regression comparing Db against point corn and wheat yields within each 

measured yield strip showed little to no correlation between Db and yield for either crop; R2 

values were < 0.1 for both crops for three models (linear, cubic, and quadratic).  Due to concerns 

over whether we could reliably interpret bulk density data due to heavy mineral inclusions, 

particle density analysis was performed on a subset of samples (n = 10) and results fell within 

typical limits of 2.65 to 2.7 g/cm3 with the exception of one sample. Thus, the conventional 

interpretations of relative bulk density ranges were valid for these mine soils.  

 Given that there was no correlation between surface bulk density and crop yield, we 

subsequently looked at soil strength via analysis of penetrometer data.  Pairwise t-test contrasts 

suggested that there were no significant differences between surface soil strength among all four 

soil reconstruction techniques.   

 Surface and subsurface pH values varied among all four soil treatments, with the two 

Biosolid treatments having higher surface soil pH (Bio-NT pH 7.21 and Bio-CT pH 7.10), while 

the Topsoil treatment had the most acidic surface (pH 5.68) in 2005.  It is interesting to note that 

the Topsoil treatment, which had a prescribed application of lime at 9 Mg/ha, had similar surface 

(5.68) and subsurface (5.00) pH values to the Clarke Farm (5.82 and 5.86 respectively), but 

substantially lower crop yields.  Subsurface pH values were also significantly lower (approx. 2 

pH units) than their overlying surface soil values for the two lime stabilized Biosolids treatments, 

with a minimal drop between surface and subsurface pH values for the Topsoil treatment (-0.68 

units) due to the lower quality topsoil. The Clarke Farm had similar surface soil and subsurface 

pH values which were significantly lower than the two Biosolids treatments and the Control for 

surface pH. Additionally, all four soil reconstruction techniques had similar subsurface pH 

values which were similar to those of observed at the Clarke Farm and the Compacted Area.  
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Thus, it appears that via differential analysis of the CWRF and Clarke Farm data sets, that soil 

pH per se was not as important in controlling net soil productivity as other physical factors such 

as bulk density and poor subsoil aggregation.   

   Detailed description and classification of 20 pedons from soil pits on the CWRF in the 

summer of 2006 revealed three different subgroup level soil classifications: 1) Typic Udorthents 

(n=11); 2) Typic Udifluvents (n=4) exhibiting an irregular decrease in total carbon content with 

depth; and 3) Typic Dystrudepts (n=5) exhibiting pedogencially altered cambic subsoil (Bw) 

horizons.  Significant root masses were noted within desiccation cracks in eight of the 20 profiles 

with multiple ^Ap1 and Ap2 horizons described in eight profiles.  Rounded macro structure (2 

profiles), and convoluted banding (3 profiles) similar to that described by Orndorff et al. (2005) 

were also observed.  Deposition of tailings and heavy mineral sands material that were described 

as “lamellae-like” (4 profiles), buried A (Ab) horizons (1 profiles), densic layers (5 profiles), 

human influenced artifacts (3 profiles), ripper traces (2 profiles) and a thin wood ash layer (1 

profile) were also noted.  Additionally, the majority of pedons appeared to have some topsoil-

like material evident throughout various sub-horizons; however, this material did not compose 

enough of a horizon to warrant being described as an Ab horizon.  The average depth to the 

observed water table was > 1 m from the surface in the summer of 2006 in all pedons.   

 Surface horizons, which were generally sandy clay loams to sandy loams, exhibited little 

overall variation in gross morphology other than where topsoil had been applied. Surface 

horizons were typical described as multiple ^Ap horizons (e.g. ^Ap1 over ^Ap2; 8 profiles), with 

colors ranging from olive brown to strong brown, and weak to moderate and granular to 

subangular blocky structure.  Surface soils were dominantly neutral to mildly alkaline with a 

total C ranging from 0.32 to 1.04%. Subsurface soil materials, which consisted mostly of layered 
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clay slimes and sandy tailings, varied much more widely among and within profiles, but all 

pedons showed at least two strongly stratified layers of contrasting tailings and slimes.  

Dominant colors were strong brown, with a range of distinct, prominent and faint color 

variegations evident. Redoximorphic color features were not observed, however, despite the fact 

that the lower horizons were obviously exposed to seasonal saturation.   

 From these combined results, I conclude that of the various reclamation methods studied, 

the two Biosolid treatments were superior to the Control and Topsoil treatments with respect to 

crop yield potentials over the first two growing seasons. Considering that the two Biosolids 

treatments produced 97 % higher corn yields in 2005, and that they produced significantly higher 

averages for wheat yields in 2006 (Bio-NT (+48 %) and Bio-CT (+27%)); either would be an 

appropriate method of reclamation. Conversely, it is important to point out that both treatments 

were essentially the same and produced relatively similar results for a majority of the variables 

studied. Schroeder (1997) reported similar positive results with a yardwaste compost 

amendment. Although Schroeder did not use the same biosolids amendments as this experiment 

utilized, additional research by Haering et al. (2000) in coal mining environments, confirmed that 

biosolids are an excellent amendment on mined lands especially where the original topsoil is 

either low in organic matter, or if topsoil substitution occurs such as at Old Hickory.   

 Although ripping effects were noted in only a few of the pits, the two Biosolids 

amendments produced higher corn and wheat productivity.  I expect that with the current best 

management practices such as irrigation, liming, and ripping protocols (see Section II. Materials 

and Methods), coupled with biosolids additions, these reclaimed soils can be expected to produce 

between 70 and 80 % of local prime farmland averages.  Higher relative production levels may 

occur once the soils equilibrate and begin to develop subsoil structure and aggregation.     
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  Relative to expected results and the scientific literature, the overall poor performance of 

the Topsoil treatment here was surprising.  However, given that the Topsoil used was from a 

forested source, I would suggest more testing is needed to see if higher-grade topsoil could 

significantly improve upon the results reported here.  It is also possible that the relative 

productivity of the Topsoil treatment will improve over time due to liming and appropriate 

tillage and aggregation.  Thus, topsoil addition success will also depend directly upon limiting 

the mechanical compaction caused during topsoil replacement.      

 Overall, based on the combined results of this experiment, I have reached the following 

final conclusions.  First, prime farmlands at Old Hickory can be successfully returned to 

intensive agriculture following mineral sands mining.  However, even with an extensive soil 

amendment and maintenance protocol, a minimum 20% decrease in average yields should be 

expected for highly productive pre-mine soil types.  My results also indicate that salvage and 

reapplication of topsoil may not be the optimal soil reconstruction treatment.  Conversely, the 

topsoil utilized in this experiment was of relatively low quality (i.e. low pH and fertility) and 

differing results may be apparent when higher quality agronomic topsoils are salvaged and if 

treatments such as the ones employed in this experiment are tracked over longer periods of time.  

 Although the two Biosolid treatments performed well, I feel they are not the ideal 

solution to Iluka’s current reclamation problems.  In addition to Iluka’s current reclamation 

protocol they should consider the following: 1) Add their flocculant at the pit in addition to the 

thickener in order to minimize segregation of tailings and slimes and thus increase the overall 

homogeneity of the soil; 2) allow the soil to thoroughly dewater before driving equipment on the 

soil’s surface in order to minimize soil compaction; 3) form the soil surface into a crown and 

form a more structured subsoil surface; and 4) salvage and utilize (where possible) higher quality 
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topsoil from the surrounding prime farmland or utilize a higher agronomic grade topsoil than was 

used in this experiment.      
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Appendix A – 1. Mining/Mineral Processing Terms Defined.  Please note that all definitions are 
Adapted from “Introduction to Mineral Processing” (Kelly, 1982).  
 

1. Acid Leach Circuit - Ore is mechanically agitated and leached with sulfuric acid and 
sodium chlorate and then sent to the Zircon Roughers (See Rougher).   

2. Attritioners - (A.K.A. Scrubber) A machine that removes the coatings of mineral sands. 
3. Cleaner - Rougher concentrate is sent to the “Cleaner” which is a machine that “cleans” 

the ore in order to increase grade.  Sometimes “Recleaners” may be necessary depending 
upon requirements.   

4. Concentrate - A product containing valuable ore where most of the waste material within 
the ore has been eliminated. 

5. Cyclones - A type of separator that uses rotational effects and gravity to separate 
mixtures of solids and fluids via varying densities.  Heavier material is flung to the 
outside edge of the spiral while lighter material is concentrated in the center.    

6. Hydrosizers - A tank where ore is subjected to a “sorting effect” from a stream of 
hydraulic water.  Heavier/coarser particles gravitate down and away while lighter 
materials are carried up and out.    

7. Magnet - Two types of magnetic separation equipment (low intensity and high intensity 
magnetic separators).  Both magnetic separators may be carried out either wet or dry.  For 
Iluka’s purposes, magnetic separation is performed on dry material.   

8. Mids - (Midlings) Are the unliberated particles. 
9. Mining Unit - A machine that crushes and grinds ore for the purposes of mineral 

processing.   
10. Overflow - (O/F, Undersize) The flow stream that contains slower settling particles 

(negative response stream).   
11. Rougher - (First Stage) A machine that removes the edasily recoverable ore as a rougher 

concentrate.  Tailings are then sent to the Scavenger.     
12. Trommel (Screens) - A screened cylinder used to separate materials by size.     
13. Scavenger - (Second Stage) A machine that extracts the remaining (economically viable) 

ore from the rougher tailings.     
14. Scalper - A machine that removes a small amount of oversize material from the feed 

(predominantly fines).  
15. Scrubber - A chemical or physical device used to remove waste compounds formed 

during the mineral process. 
16. Slimes - A waste stream that consist of finer silt and clay-sized materials. 
17. Slurry - Fine solid particles that have been suspended in liquid (usually water) that allows 

flow via gravity or pumping. 
18. Stacker - Is used to form a conical shaped stockpile.  
19. Stockpile - A pile of coarse ore concentrate that is stored at the “angle of repose” for save 

concentrate.   
20. Sump - The bottom of the mining pit/area used as a collecting point for drainage water. 
21. Tailings  - A waste stream that consists of the coarser sand-sized materials. 
22. Tails Cut (Tails) – (TC) See also tailings materials. 
23. Underrflow - (U/F, Oversize) The flow stream that is generally low in water and contains 

the faster settling particles (positive response stream). 



 

Appendix A-2. Flowchart 2 (Page 1). Flowchart of Iluka’s current wet mill procedures. The terms MC, PC, and TC refer to primary 
cut, medium cut and tails cut respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
    Primary  
 Tails Cut  Cut 
 PC 
  Medium Cut    
 
  
 
 
  MC 
 
 
 PC 
  TC 
    
 MC TC 
     
 
 
 

Trommel screens raw 
ore separates it by size 

Screened ore sent 
Transfer Bin 

Transfer Bin to De-
Sliming cyclones. 

1

Ore sent to Rougher 
Spirals 

Ore goes to  
Secondary Spirals 

Ore to Medium 
Cleaner Spirals

Ore goes into 
Spiral Tailings 

Sump 

Tailings settle and 
used as back fill. 

2

De-Slimed ore to 
Rougher Unit 

Mining Unit sends 
raw ore to Trommel 

1

3
Secondary Spirals, 
to Finisher Spirals 
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Appendix A-2 Cont’d. Flowchart 2 (Page 2). Flowchart of Iluka’s current wet mill procedures. 
 
 
 
    
 
    
   

2 3 4

      
 
   
  
  

From Finisher 
Spirals, ore goes 
to Attritioners

 
 
     
 
 
  

Tailings settle and 
used as back fill. 

Tails Cut, into 
Spiral Tailings 

Sump 

From Stacker, to 
Haul Trucks 

From Attritioners, to 
Hydrosizers. 

 
  
 
    

End of Wet 
Mill Process 

To Stony Creek, Dry 
Mill.   

From Hyrdosizers, 
to Cons Sump 

 
 
 

From Cons Sump, to 
Stacker. 

4
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Appendix A-3. Flowchart 3 (Page 1). Flowchart of Iluka’s current dry mill procedures. 
 
 
   
 Non Conductors (N/C) 
  Conductors 
 
 Mids 
 
 
 N/C Cond 
 
 
 Cond Mids Mids 
 
 
 N/C 
 Cond 
 
 
 
 Mag 1 
 Oversized 
  
                                                       Mag 2 & 3 
    Undersized 
        
 
 Non Magnetic  Mids 
 
 
 
 N/C Mag N/M 
 
 

Primary Roughers 

Scrubber and 
Hydrosizers 

Primary Scavenger Primary Cleaner 

Staurolite Magnet 
Conductor Screen 2 

Rotex 

Staurolite Cleaner 

0 21 3 4

Conductor Scalper 
Magnet Wet 

Tails
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Appendix A-3 Cont’d. Flowchart 3 (Page 2). Flowchart of Iluka’s current dry mill procedures. 
 
 
 
 
          N/Mag 
 Mag 
  
 
 
 Cond      N/Mag 
  Mids 
 
    
 
 
 N/C Cond 
 
 Mids 
 
 Mids 
 
                    Cond 
 N/C 
  
 
 
 Undersized 
 Oversized (O/S) (U/S) 
  
  
 
 
 
 

Ilmenite 
Product 

Ilmenite 
Scavenger 

Magnet 
4

Hi Ti Roughers 

Hi Ti Scavenger 
Hi Ti Cleaner

Hi Ti Screen 

3
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Appendix A-3 Cont’d. Flowchart 3 (Page 3). Flowchart of Iluka’s current Dry Mill procedures. 
 
   
 
 
 N/Mag 
  N/C 
 
 Conc  
 
 Mids 
   
 
 Tails 
 Tails 
 
 
Conc Tails Conc 
   
              O/F 
  
 
   U/F Conc 
             
 
 
 
 
 
  
 Conc 
  

1 

Zircon  
Rougher 

Zircon Wet 
Tables 

Zircon Scavenger 
4 Spirals 

Zircon 
Hydrosizer 

Zircon Cleaner 

Acid Leach 
Circuit 

65 

2
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Appendix A-3 Cont’d. Flowchart 3 (Page 4). Flowchart of Iluka’s current dry mill procedures. Please note that the term ‘wet tails’ 
refers to the process by which wet tailings material is returned to ‘Old Hickory’ as ‘dry mill tails’ and back-filled into the mine pits.  
 
 Conc 
  
 Tails  
 
  
 N/C Cond 
 
 
        Mag 
 N/C 
  Cond 
   
 
 
 
 
  
  Mag N/Mag 
        
 N/Mag 
 
 
 Mag    

              N/Mag 
 
 
 O/S 
  Undersized 
  

 

5 0 

Zircon Roughers

Zircon Cleaner

Zircon Scavenger 
Magnet 

Zircon Screen 

Zircon 
Product 

Zircon Cleaner 
Magnet 

Zircon Rougher 
Magnet 

Zircon Scavenger 

Wet 
Tails 
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Appendix B  
Detailed Plot Installation Procedures 
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 Table B-1 – Chronology of soil amendments for the CWRF, Compacted Area, and Clarke  
 Farm Control.  Please note that this table only includes additions of lime, fertilizer,  
 and biosolids and does not include any tillage, deep ripping or irrigation.  CWRF applies to 
 all plots within the row crop experiment. 
 

Year Month Day Work Completed Location 
2004 9 27 Round-Up Ultra (2.2 L/ha)  

2-4-D (1.2 L/ha) 
CWRF 
Compacted Area  

2004 11 3 Lime (9 Mg/ha)  
P 674 kg/ha P2O5 

Topsoil  
Control 

2004 11 17  
19 

Biosolids applied at 78 Mg/ha by 
Synagro Inc. (Appendix B) 

Bio CT  
Bio NT 

2004 11 22 Lime (6.7 Mg/ha) Topsoil 

2005 11 3 Lime (4.5 Mg/ha) Topsoil 
2005 11 3 Lime (2.2 Mg/ha) Clarke Farm 
2005 11 3 393 kg/ha of 11-23-23 dry fertilizer CWRF 

Compacted Area 
Clarke Farm 

2006 1 30 187 L/ha of 1-30-06 (30% liquid N) 
UAN 

CWRF 
Compacted Area 
Clarke Farm 

2006 3 28 140 L/ha of 1-30-06 (30% liquid N) 
UAN  

CWRF – ex. Biosolids 
Compacted Area 

2006 5 14 Headline fungicide (5.6 kg/ha)  
Karate insecticide (1.7 kg/ha)  

CWRF 
Compacted Area 
Clarke Farm 
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 Table B-2 – Chronology of soil irrigation for the CWRF, Compacted Area, and Clarke  
 Farm.   
 

Year Month Day Work Completed Location 
2005 6 11 

12 
20-cm of Water (2 and 1/3 passes*) CWRF 

Compacted Area  
2005 6 16   20-cm of Water (1 pass) CWRF 

Compacted Area 
2005 6 17 20-cm of Water (2 passes) CWRF 

Compacted Area 
Clarke Farm 

2005 6 22 20-cm of Water (1 pass) CWRF 
Compacted Area 

2005 6 23 20-cm of Water  (1 pass) CWRF 
Compacted Area 
Clarke Farm 

2005 6 24 20-cm of Water  (1 pass) CWRF 
Compacted Area 

2005 7 7 20-cm of Water  (1 pass) CWRF 
Compacted Area 
Clarke Farm 

2005 7 21 20-cm of Water  (2 passes) CWRF 
Compacted Area 
Clarke Farm 

2005 7 22 20-cm of Water (1 pass) CWRF 
Compacted Area 

2005 8 4 20-cm of Water (1 pass) CWRF 
Compacted Area 

2005 8 5 20-cm of Water (1 pass) CWRF 
Compacted Area 

2005 8 6 20-cm of Water  (1 pass) CWRF 
Compacted Area 

 * One full pass is equivalent to 1/3 of the Crop Plots. 
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Appendix C  
Analysis of Lime-stabilized Biosolids (Arlington, 

VA) used in the Bio-CT and Bio-NT Treatments at 
the Carraway-Winn Reclamation Research Farm 
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Appendix D  
Initial Soil Sampling (Fall 2004) 
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Table D-1. Soil chemical analysis of experiment blocks one and two. Samples were taken over 
September 2004. Acid extractable nutrient and metal values in mg/kg.  
 

ILUKA RESEARCH FARM (IRF) 
Samples collected on 9/23/04 

Zenah Orndorff 
block point pH P K Ca Mg Zn Mn Cu Fe B 
101 1 6.79 18 83 632 112 0.8 5.6 1.1 22.8 0.2 
101 2 7.28 37 133 1060 178 1.5 10.2 2.4 37.4 0.3 
101 3 7.71 20 46 591 110 0.5 3.0 0.5 12.7 0.1 
101 4 7.23 26 52 704 135 0.4 2.5 3.0 7.3 0.2 
101 5 7.49 53 67 527 103 0.6 5.0 0.3 7.1 0.1 

  avg 7.30 31 76 703 128 0.8 5.3 1.5 17.5 0.2 
                        

102 1 6.51 9 102 700 121 0.7 6.7 1.0 35.5 0.2 
102 2 6.99 15 60 511 98 0.6 7.4 0.7 28.9 0.2 
102 3 6.45 98 84 634 109 1.1 4.8 0.6 31.2 0.2 
102 4 7.12 17 62 507 103 0.6 2.6 1.0 12.4 0.2 
102 5 6.80 6 61 482 97 0.4 2.0 0.4 5.5 0.2 

  avg 6.77 29 74 567 106 0.7 4.7 0.7 22.7 0.2 
                        

103 1 7.30 7 47 653 124 0.7 4.7 1.0 18.8 0.2 
103 2 7.39 10 62 688 137 0.7 6.0 1.0 21.9 0.2 
103 3 7.24 31 94 538 118 0.6 3.7 0.2 12.2 0.2 
103 4 8.04 24 110 1011 171 0.6 3.2 0.9 14.6 0.2 
103 5 6.69 17 93 222 58 0.4 2.4 0.4 15.3 0.1 

  avg 7.33 18 81 622 122 0.6 4.0 0.7 16.6 0.2 
                        

104 1 7.49 9 41 498 91 0.4 4.1 0.4 17.4 0.2 
104 2 6.80 20 96 609 129 0.8 6.2 1.0 26.9 0.2 
104 3 6.63 17 58 594 112 0.5 2.5 0.6 12.4 0.2 
104 4 7.27 16 92 613 112 0.5 2.8 0.5 14.0 0.2 
104 5 7.05 9 66 436 94 0.4 2.4 0.4 7.9 0.2 

  avg 7.05 14 71 550 108 0.5 3.6 0.6 15.7 0.2 
                        

201 1 7.18 15 68 480 94 0.5 3.8 0.4 16.7 0.2 
201 2 7.42 14 61 592 115 0.6 5.7 0.8 18.1 0.2 
201 3 6.06 21 97 448 99 0.7 5.4 0.8 18.2 0.2 
201 4 7.27 11 67 565 113 0.4 3.0 0.6 11.1 0.2 
201 5 7.78 7 58 992 166 0.7 3.2 1.1 16.9 0.2 

  avg 7.14 14 70 615 117 0.6 4.2 0.7 16.2 0.2 
                        

202 1 6.19 7 52 354 72 0.6 3.6 0.7 15.3 0.2 
202 2 6.29 7 66 432 98 0.5 6.5 0.9 22.5 0.2 
202 3 7.14 11 82 495 97 0.4 3.7 0.4 12.5 0.2 
202 4 7.75 10 79 718 142 0.4 3.4 0.3 9.9 0.2 
202 5 7.77 13 70 861 168 0.5 3.2 0.3 13.7 0.2 

  avg 7.03 10 70 572 115 0.5 4.1 0.5 14.8 0.2 
            

 133



 

Table D-1 Cont’d. Soil chemical analysis of experiment blocks one and two. Samples 
were taken over September 2004. Acid extractable nutrient and metal values in mg/kg. 
 

ILUKA RESEARCH FARM (IRF) 
Samples collected on 9/23/04 

Zenah Orndorff 
block point pH P K Ca Mg Zn Mn Cu Fe B 
203 1 7.02 11 46 721 120 0.9 7.1 1.6 25.5 0.2 
203 2 5.87 20 85 348 76 0.5 5.6 0.3 15.2 0.1 
203 3 5.57 4 60 351 76 0.5 3.6 1.0 8.5 0.2 
203 4 7.11 24 79 481 107 0.4 2.5 0.4 7.0 0.2 
203 5 7.65 15 80 481 92 0.4 2.5 0.5 21.7 0.1 

  avg 6.64 15 70 476 94 0.5 4.3 0.8 15.6 0.2 
                        

204 1 6.52 13 83 465 98 0.5 3.9 0.6 16.0 0.2 
204 2 6.19 5 62 474 100 0.4 3.8 0.5 14.9 0.2 
204 3 7.26 18 92 563 122 0.5 3.8 0.6 19.2 0.2 
204 4 7.67 10 59 907 142 0.3 2.2 0.2 7.1 0.2 
204 5 7.59 9 61 531 97 0.4 2.6 0.3 13.9 0.2 

  avg 7.05 11 71 588 112 0.4 3.3 0.4 14.2 0.2 
            

301 1 7.23 25 98 574 109 0.7 5.2 0.7 23.2 0.2 
301 2 7.30 5 62 808 143 0.5 3.2 0.9 11.7 0.2 
301 3 7.28 9 72 784 143 0.6 3.5 1.1 13.1 0.2 
301 4 7.45 9 95 565 107 0.6 3.8 0.7 14.8 0.2 
301 5 7.12 10 58 440 88 0.3 2.1 0.3 10.8 0.1 
avg   7.28 11.6 77 634 118 0.5 3.6 0.7 14.7 0.2 

                       
302 1 6.58 17 108 457 100 0.5 3.8 0.3 16.2 0.2 
302 2 7.11 5 95 450 96 0.5 2.5 0.9 10.1 0.2 
302 3 6.28 5 60 338 78 0.3 1.9 0.3 5.2 0.1 
302 4 7.94 14 60 635 112 0.4 2.6 0.7 8.6 0.1 
302 5 7.17 28 83 679 138 0.6 1.6 0.8 6.7 0.2 
avg   7.02 13.8 81.2 512 105 0.5 2.5 0.6 9.4 0.2 

                       
303 1 6.72 39 120 584 127 1.0 6.5 1.3 33.5 0.2 
303 2 6.93 9 67 559 109 0.6 3.5 1.0 13.1 0.2 
303 3 7.54 29 95 550 100 0.4 2.2 0.4 10.6 0.2 
303 4 7.89 23 79 687 134 0.5 2.5 0.6 11.3 0.2 
303 5 6.11 5 84 524 132 0.5 3.0 0.7 6.4 0.2 
avg   7.04 21 89 581 120 0.6 3.5 0.8 15.0 0.2 

                       
304 1 6.52 12 94 761 124 0.7 8.2 0.8 19.0 0.2 
304 2 6.68 11 56 609 113 0.4 2.5 0.4 8.2 0.1 
304 3 7.19 9 72 917 178 0.6 4.2 0.8 11.6 0.2 
304 4 7.93 32 104 991 170 0.5 1.9 0.4 8.4 0.2 
304 5 6.38 16 79 602 149 0.5 7.2 0.8 10.6 0.2 
avg   6.94 16 81 776 147 0.5 4.8 0.6 11.6 0.2 
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 Table D-1 Cont’d. Soil chemical analysis of experiment blocks one and two. Samples  
 were taken over September 2004. Acid extractable nutrient and metal values in mg/kg. 
 

ILUKA RESEARCH FARM (IRF) 
Samples collected on 9/23/04 

Zenah Orndorff 
block point pH P K Ca Mg Zn Mn Cu Fe B 
301 1 7.23 25 98 574 109 0.7 5.2 0.7 23.2 0.2 
301 2 7.30 5 62 808 143 0.5 3.2 0.9 11.7 0.2 
301 3 7.28 9 72 784 143 0.6 3.5 1.1 13.1 0.2 
301 4 7.45 9 95 565 107 0.6 3.8 0.7 14.8 0.2 
301 5 7.12 10 58 440 88 0.3 2.1 0.3 10.8 0.1 
avg   7.28 11.6 77 634 118 0.5 3.6 0.7 14.7 0.2 

                       
302 1 6.58 17 108 457 100 0.5 3.8 0.3 16.2 0.2 
302 2 7.11 5 95 450 96 0.5 2.5 0.9 10.1 0.2 
302 3 6.28 5 60 338 78 0.3 1.9 0.3 5.2 0.1 
302 4 7.94 14 60 635 112 0.4 2.6 0.7 8.6 0.1 
302 5 7.17 28 83 679 138 0.6 1.6 0.8 6.7 0.2 
avg   7.02 13.8 81.2 512 105 0.5 2.5 0.6 9.4 0.2 

                       
303 1 6.72 39 120 584 127 1.0 6.5 1.3 33.5 0.2 
303 2 6.93 9 67 559 109 0.6 3.5 1.0 13.1 0.2 
303 3 7.54 29 95 550 100 0.4 2.2 0.4 10.6 0.2 
303 4 7.89 23 79 687 134 0.5 2.5 0.6 11.3 0.2 
303 5 6.11 5 84 524 132 0.5 3.0 0.7 6.4 0.2 
avg   7.04 21 89 581 120 0.6 3.5 0.8 15.0 0.2 

                       
304 1 6.52 12 94 761 124 0.7 8.2 0.8 19.0 0.2 
304 2 6.68 11 56 609 113 0.4 2.5 0.4 8.2 0.1 
304 3 7.19 9 72 917 178 0.6 4.2 0.8 11.6 0.2 
304 4 7.93 32 104 991 170 0.5 1.9 0.4 8.4 0.2 
304 5 6.38 16 79 602 149 0.5 7.2 0.8 10.6 0.2 
avg   6.94 16 81 776 147 0.5 4.8 0.6 11.6 0.2 

                       
401 1 6.78 13 58 554 104 0.5 3.9 0.5 10.3 0.2 
401 2 7.34 14 39 233 43 0.3 0.9 0.2 15.2 0.1 
401 3 5.90 2 26 285 68 0.4 2.3 0.5 7.2 0.1 
401 4 7.35 8 62 715 136 0.8 6.6 1.7 19.8 0.2 
401 5 4.88 2 12 85 21 0.3 1.3 0.3 3.2 0.1 
avg   6.45 7.8 39.4 374 74 0.5 3.0 0.6 11.1 0.1 

                       
402 1 6.38 5 109 717 139 0.6 5.0 1.1 11.9 0.2 
402 2 7.82 15 35 477 71 0.4 2.6 0.3 9.5 0.1 
402 3 7.70 15 43 288 55 0.4 2.1 0.3 18.8 0.1 
402 4 7.44 11 69 701 125 0.6 4.1 0.9 13.9 0.2 
402 5 7.67 6 73 536 104 0.4 4.6 0.5 21.7 0.2 
avg   7.40 10.4 65.8 544 99 0.5 3.7 0.6 15.2 0.2 
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Table D-1 Cont’d. Soil chemical analysis of experiment blocks one and two. Samples 
were taken over September 2004. Acid extractable nutrient and metal values in mg/kg. 

 
ILUKA RESEARCH FARM (IRF) 

Samples collected on 9/23/04 
Zenah Orndorff 

block point pH P K Ca Mg Zn Mn Cu Fe B 
403 1 5.10 2 39 311 83 0.8 10.4 1.9 10.5 0.2 
403 2 7.78 72 100 1020 176 0.8 4.3 0.6 9.2 0.2 
403 3 7.93 16 69 782 133 0.4 2.6 0.4 8.3 0.1 
403 4 7.12 13 51 616 101 0.4 3.1 0.3 12.0 0.1 
403 5 7.31 7 78 716 129 0.7 5.4 0.7 39.3 0.3 
avg   7.05 22 67.4 689 124 0.6 5.2 0.8 15.9 0.2 

                        
404 1 4.96 2 34 237 60 0.4 9.3 0.4 9.2 0.2 
404 2 7.53 3 35 405 81 0.3 2.9 0.3 8.4 0.2 
404 3 7.93 20 74 1343 208 0.6 4.5 0.6 11.0 0.2 
404 4 7.49 25 70 875 142 0.5 3.2 0.6 9.4 0.2 
404 5 8.00 15 77 1297 209 0.5 3.3 0.7 10.2 0.2 
avg   7.18 13 58 831 140 0.5 4.6 0.5 9.6 0.2 
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Appendix E  

Auger Soil Sample Data (Summer 2005) 
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 Table E-1 – Percent clay, percent sand and textural classes at 0 to 15-cm for the CWRF
 (Summer 2005). 
 

Plot ID Treatment Depth (cm) % Clay % Total Sand % Silt Textural 
Class 

101-1 Bio-NT 0-15 20 69 11 SCL/SL 
101-2 Bio-NT 0-15 11 81 7 LS 
101-3 Bio-NT 0-15 26 68 6 SCL 
101-4 Bio-NT 0-12 22 71 7 SCL 
101-5 Bio-NT 0-15 29 62 9 SCL 
102-1 Bio-CT 0-15 18 75 7 SL 
102-2 Bio-CT 0-15 19 71 11 SL 
102-3 Bio-CT 0-15 21 66 14 SCL 
102-4 Bio-CT 0-15 19 75 6 SL 
102-5 Bio-CT 0-15 23 68 9 SCL 
103-1 Control 0-15 15 75 10 SL 
103-2 Control 0-15 14 79 7 SL 
103-3 Control 0-15 20 70 10 SCL/SL 
103-4 Control 0-15 17 78 6 SL 
103-5 Control 0-15 15 80 5 SL 
104-1 Topsoil 0-15 12 68 20 SL 
104-2 Topsoil 0-15 16 74 10 SL 
104-3 Topsoil 0-15 19 64 17 SL 
104-4 Topsoil 0-15 17 59 24 SL 
104-5 Topsoil 0-15 18 64 18 SL 
201-1 Topsoil 0-15 14 63 23 SL 
201-2 Topsoil 0-15 15 65 21 SL 
201-3 Topsoil 0-15 15 63 22 SL 
201-4 Topsoil 0-15 14 64 22 SL 
201-5 Topsoil 0-15 16 66 18 SL 
202-1 Bio-NT 0-15 17 70 14 SL 
202-2 Bio-NT 0-15 18 69 13 SL 
202-3 Bio-NT 0-15 23 66 11 SCL 
202-4 Bio-NT 0-15 22 69 9 SCL 
202-5 Bio-NT 0-15 21 72 7 SCL 
203-1 Control 0-15 16 74 10 SL 
203-2 Control 0-15 23 66 11 SCL 
203-3 Control 0-15 20 71 10 SCL/SL 
203-4 Control 0-15 21 69 10 SCL 
203-5 Control 0-15 15 78 7 SL 
204-1 Bio-CT 0-15 22 67 12 SCL 
204-2 Bio-CT 0-15 21 65 14 SCL 
204-3 Bio-CT 0-15 20 70 10 SCL/SL 
204-4 Bio-CT 0-15 27 64 9 SCL 
204-5 Bio-CT 0-15 21 70 9 SCL 
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 Table E-1 Cont’d – Percent clay, percent sand and textural classes at 0 to 15-cm for the 
 CWRF (Summer 2005). 
 

Plot ID Treatment Depth (cm) % Clay % Total Sand % Silt Textural 
Class 

301-1 Bio-NT 0-15 20 69 11 SCL/SL 
301-2 Bio-NT 0-15 24 67 10 SCL 
301-3 Bio-NT 0-15 25 66 9 SCL 
301-4 Bio-NT 0-15 18 73 9 SL 
301-5 Bio-NT 0-15 15 77 8 SL 
302-1 Bio-CT 0-15 18 70 12 SL 
302-2 Bio-CT 0-15 21 70 9 SCL 
302-3 Bio-CT 0-15 27 64 9 SCL 
302-4 Bio-CT 0-15 14 77 9 SL 
302-5 Bio-CT 0-15 20 70 10 SCL/SL 
303-1 Topsoil 0-15 14 65 21 SL 
303-2 Topsoil 0-15 16 62 22 SL 
303-3 Topsoil 0-15 15 63 23 SL 
303-4 Topsoil 0-15 15 67 18 SL 
303-5 Topsoil 0-15 12 62 26 SL 
304-1 Control 0-15 25 65 10 SCL 
304-2 Control 0-15 24 66 11 SCL 
304-3 Control 0-15 31 59 10 SCL 
304-4 Control 0-15 18 76 6 SL 
304-5 Control 0-15 29 62 9 SCL 
401-1 Control 0-15 30 59 11 SCL 
401-2 Control 0-15 6 93 2 S 
401-3 Control 0-15 14 81 6 SL 
401-4 Control 0-15 20 71 9 SCL/SL 
401-5 Control 0-15 22 69 9 SCL 
402-1 Topsoil 0-15 13 65 22 SL 
402-2 Topsoil 0-15 15 68 17 SL 
402-3 Topsoil 0-15 14 66 20 SL 
402-4 Topsoil 0-15 13 72 15 SL 
402-5 Topsoil 0-15 17 60 23 SL 
403-1 Bio-CT 0-15 32 54 14 SCL 
403-2 Bio-CT 0-15 21 71 9 SCL 
403-3 Bio-CT 0-15 9 84 8 LS 
403-4 Bio-CT 0-15 18 76 6 SL 
403-5 Bio-CT 0-15 17 75 8 SL 
404-1 Bio-NT 0-15 30 58 12 SCL 
404-2 Bio-NT 0-15 17 75 7 SL 
404-3 Bio-NT 0-15 19 73 8 SL 
404-4 Bio-NT 0-15 15 76 9 SL 
404-5 Bio-NT 0-15 16 79 6 SL 
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 Table E-2 – Percent clay, percent sand and textural class at 0 to 15-cm  
 for the Compacted Area (Summer 2005). 

 

Plot ID Treatment 
Depth 
(cm) % Clay 

% 
Total 
Sand 

% 
Silt 

Textural 
Class 

EC 1-1 Compacted Area 0-15 15 74 12 SL 
EC 1-2 Compacted Area 0-15 13 79 8 SL 
EC 2-1 Compacted Area 0-15 14 75 11 SL 
EC 2-2 Compacted Area 0-15 14 74 12 SL 
EC 3-1 Compacted Area 0-15 16 73 11 SL 
EC 3-2 Compacted Area 0-15 18 69 14 SL 
EC 4-1 Compacted Area 0-15 15 72 13 SL 
EC 4-2 Compacted Area 0-15 12 76 13 SL 
EC 5-1 Compacted Area 0-15 13 76 11 SL 
EC 5-2 Compacted Area 0-15 15 75 10 SL 
EC 6-1 Compacted Area 0-15 14 76 16 SL 
EC 6-2 Compacted Area 0-15 18 71 11 SL 
EC 7-1 Compacted Area 0-15 13 74 13 SL 
EC 7-2 Compacted Area 0-15 19 68 12 SL 
EC 8-1 Compacted Area 0-15 23 67 10 SCL 
EC 8-2 Compacted Area 0-15 21 69 10 SCL 
EC 9-1 Compacted Area 0-15 19 73 9 SL 
EC 9-2 Compacted Area 0-15 22 70 8 SCL 
EC 10-1 Compacted Area 0-15 19 71 9 SL 
EC 10-2 Compacted Area 0-15 22 69 9 SCL 
EC 11-1 Compacted Area 0-15 20 69 10 SCL/SL 
EC 11-2 Compacted Area 0-15 20 69 11 SCL/SL 
EC 12-1 Compacted Area 0-15 19 72 9 SL 
EC 12-2 Compacted Area 0-15 16 74 10 SL 
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 Table E-3 – Percent clay, percent sand and textural class at 0 to  
 15 cm for the Clarke Farm/offsite Control. 

 

Plot ID Treatment 
Depth 
(cm) % Clay 

% 
Total 
Sand 

% Silt Textural 
Class 

C1-1 Clarke Farm 0-15 7 75 18 SL 
C1-2 Clarke Farm 0-15 10 73 18 SL 
C1-3 Clarke Farm 0-15 6 74 20 SL 
C1-4 Clarke Farm 0-15 11 74 15 SL 
C1-5 Clarke Farm 0-15 9 71 21 SL 
C2-1 Clarke Farm 0-15 8 74 18 SL 
C2-2 Clarke Farm 0-15 9 72 20 SL 
C2-3 Clarke Farm 0-15 9 74 17 SL 
C2-4 Clarke Farm 0-15 5 74 21 SL/LS 
C2-5 Clarke Farm 0-15 10 73 17 SL 
C3-1 Clarke Farm 0-15 8 72 20 SL 
C3-2 Clarke Farm 0-15 9 66 25 SL 
C3-3 Clarke Farm 0-15 9 73 18 SL 
C3-4 Clarke Farm 0-15 4 73 23 SL/LS 
C3-5 Clarke Farm 0-15 9 75 16 SL 
C4-1 Clarke Farm 0-15 9 64 27 SL 
C4-2 Clarke Farm 0-15 10 63 27 SL 
C4-3 Clarke Farm 0-15 6 75 18 SL 
C4-4 Clarke Farm 0-15 10 74 16 SL 
C4-5 Clarke Farm 0-15 8 72 20 SL 
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Appendix F  
Auger Profile Descriptions for the Carraway-Winn 

Reclamation Research Farm (Summer 2005) 
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Vegetation: Corn 
Parent Material:  Mineral sands mining tailings and slime derived from stratified Upper Coastal 
Plain fluviomarine sediments and soil 
Physiography: Reconstructed ridge summit; Relief: 5m; 
Elevation 65 m, Slope 2 %; 
(All profiles were described and sampled between May and September of 2005) 
 
Auger Boring:  101-1 (Biosolids-No Tillage); Date: 05/31/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap-- 0 – 29 cm; dark yellow brown (10YR 4/4) sandy loam/sandy clay loam with sandy clay 

loam bodies and coatings. 
2^Ab-- 29 – 44 cm; dark gray (2.5Y 4/1) sandy loam with few sandy clay loam bodies. 
3^C1--  44 – 61 cm; brownish yellow (10YR 6/6) loamy sand. 
3^C2--  61 – 78 cm; yellowish red (5YR 4/6) clay to silty clay. 
3^C3--  78 – 130+ cm; yellowish (2.5Y 7/6) sand. 
 
Notes: 

• 2^Ab horizon:  Large dead roots evident throughout horizon.   
• 3^C2 horizon:  Softer, siltier clay evident within lower 15 cm of horizon. 

 
 
Auger boring: 101-2 (Biosolids-No Tillage); Date: 05/31/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap--  0 – 17 cm; dark yellow brown (10YR 4/6) loamy sand with sandy clay loam bodies 

with common, medium to coarse, prominent, brown mottles (7.5YR 4/2). 
^C1--   17 – 35 cm; reddish brown (7.5YR 6/8) sand; loose.  
^C2--   35 – 62 cm; yellowish red (5YR 4/6) clay. 
^C3--   62 – 130+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes: 

• ^C1 horizon:  Dry horizon. 
• ^C2 horizon:  Dense clay, uniform in texture and color. 
• ^C3 horizon:  Sand is tighter, denser, than C1 horizon. 

 
Auger boring: 101-3 (Biosolids-No Tillage); Date: 05/31/05; Sampled by: K. Meredith and 
Z. Orndorff     
 
^Ap--   0 – 13 cm; yellowish red (5YR 5/6) sandy clay loam with few clay bodies. 
^C1--  13 – 62 cm; yellowish red (5YR 4/6) clay. 
^C2--   62 – 100 cm; brownish yellow (10YR 6/8) sand. 
^C3--  100 – 130+ cm; pale yellow (2.5Y 7/4) sand. 
 
Notes:   
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• ^C1 horizon:  Dense clay with an abrupt boundary to sandy layer below.  Little color 
variation, clay becomes softer, siltier with depth.   

• ^C2 horizon:  Sand is coarser than profiles 101-5 and 101-4.   
• ^C3 horizon:  Sand is coarser than profiles 101-5 and 101-4.   

 
Auger boring: 101-4 (Biosolids-No Tillage); Date: 05/31/05; Sampled by: K. Meredith and 
Z. Orndorff     
 
^Ap--   0 – 12 cm; yellowish red (5YR 5/6) sandy clay loam with few clay bodies. 
^C1--   12 – 76 cm; yellowish red (5YR 4/6) clay. 
^C2--   76 – 98 cm; pale yellow (2.5Y 7/4) sand. 
^C3--  98 – 120+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes: 

• ^C1 horizon:  Dense clay with an abrupt boundary to sandy layer below.  Little color 
variation, clay becomes softer, siltier with depth.   

• ^C2 horizon:  Sand is tight, dense.   
 
Auger boring: 101-5 (Biosolids-No Tillage); Date: 05/31/05; Sampled by: K. Meredith and 
Z. Orndorff     
 
^Ap--   0 – 28 cm; yellowish red (5YR 4/6) sandy clay loam. 
^C1--   28 – 52 cm; yellowish red (5YR 4/6) clay loam to clay with sandy coatings. 
^C2--   52 – 72 cm; brownish yellow (10YR 6/6) sand with common, medium to coarse, 

distinct, olive yellow (2.5Y 6/6) fragments of an A horizon. 
^C3--  72 – 130+ cm; brownish yellow (10YR 6/8) sand. 
 
Notes:  

• ^Ap horizon:  Red color most likely a result of red clay coatings.   
• ^C1 horizon:  Sandy coatings more evident towards bottom 5 cm of horizon.     
• ^C2 horizon:  Few clay loam bodies prominent.   
• ^C3 horizon:  Slight variation in color than ^C2 horizon.   

 
Auger boring: 102-1 (Biosolids-Conventional Tillage); Date: 06/01/05; Sampled by: K. 
Meredith and Z. Orndorff     
 
^Ap--   0 – 36 cm; brown (7.5YR 4/4) sandy loam. 
^Ab--   36 – 58 cm; dark grayish brown (2.5Y 4/2) sandy loam to sandy clay loam. 
2^C1--  58 – 71 cm; reddish yellow (7.5YR 6/8) sand. 
2^C2--  71 – 92 cm; yellowish red (5YR 4/6) clay. 
2^C3--  92 – 130+ cm; brownish yellow (10YR 6/6) sand.  
 
Notes: 

• ^Ap horizon:  Small, patchy, thin bands of very dark grayish brown (10YR 3/2) material 
surrounding dead roots. 
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• 2^C2 horizon:  Uniform in overall texture.  Hard, dense, clay with few films and channels 
of light yellowish brown (10YR 6/4) material surrounding roots-possibly redoximorphic 
features.   

• 2^C3 horizon:  Color is variegated, mixed.   
 
Auger boring: 102-2 (Biosolids-Conventional Tillage); Date: 06/01/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap--   0 – 15 cm; dark yellow brown (10YR 4/6) sandy loam with common, coarse, 

prominent, yellowish red (5YR 4/6), and common, medium to coarse, prominent, dark 
grayish brown (2.5Y 4/2) bodies. 

^Cd--   15 – 38 cm; dark gray brown (2.5Y 4/2) sandy clay loam. 
^C1--   38 – 68 cm; brownish yellow (10YR 6/8) coarse sand. 
^C2--   68 – 80 cm; strong brown (7.5YR 5/8) clay to silty clay. 
^C3--   80 – 130+ cm; brownish yellow (10YR 6/8) grades to yellow (10YR 7/8) sand. 
 
Notes: 

• ^Cd horizon:  Dense layer with many decayed roots.   
• ^C1 horizon: Sand is loose, uniform in color.  
• ^C2 horizon: Clay is dense, but softer than hard, brittle, red clay. Uniform in overall color 

and texture.    
• ^C3 horizon: Sand is very tight, dense. Uniform in overall color and texture.   

 
Auger boring: 102-3 (Biosolids-Conventional Tillage); Date: 06/01/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap1--   0 – 15 cm; dark grayish brown (2.5Y 4/2) sandy clay loam. 
^Ap2--  15 – 30 cm; dark grayish brown (2.5Y 4/3) sandy clay loam. 
^C1--   30 – 51 cm; brownish yellow (10YR 6/8) sand; loose. 
^C2--   51 – 70 cm; strong brown (7.5YR 5/8) clay to silty clay. 
^C3--   70 – 130+ cm; yellow (10YR 7/6) grades to yellow (2.5Y 7/6) sand. 
 
Notes:   

• ^Ap1 horizon: Within upper 3 to 5 cm of horizon, dark bodies with olive brown (2.5Y 
4/4) coatings evident.  There is no clear boundary evident between colors.  Layer is 
compacted with decayed roots.   

• ^C1 horizon: Sand is uniform in color and overall coarseness.   
• ^C2 horizon: Clay is dense, but softer, siltier than hard, brittle red clay.  Uniform in 

overall texture and color.   
• ^C3 horizon:  Sand is tight, dense.   

 
Auger boring: 102-4 (Biosolids-Conventional Tillage); Date: 06/01/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap--   0 – 20 cm; reddish yellow (7.5YR 5/6) sandy loam with few, medium to coarse, 

prominent, very dark grayish brown (10YR 3/2) bodies. 
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^C1--  20 – 56 cm; strong brown (7.5YR 5/6) sandy clay loam.   
^C2--  56 – 76 cm; strong brown (7.5YR 5/8) clay to silty clay. 
^Cd--  76 – 130 cm; pale yellow (2.5Y 7/4) coarse sand. 
Notes:   

• ^Ap horizon: Horizon is as a mixture of red clay bodies and dark brown bodies with 
sandy coatings. Dark brown bodies are most likely a result of the biosolid treatment.   

• ^C1 horizon: Clay bodies with sandy coatings.   
• ^C2 horizon: Uniform color and texture. Layer is dense; however, clay is soft, silty and 

not brittle.   
• ^Cd horizon: Sand is tight, dense. Uniform in color and overall texture of horizon.   

 
Auger boring: 102-5 (Biosolids-Conventional Tillage); Date: 06/01/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap--  0 – 23 cm; reddish yellow (7.5YR 6/8) sandy clay loam with common, coarse to very 

coarse, faint, strong brown (7.5YR 5/8) bodies. 
^AC--  23 – 49 cm; reddish yellow (7.5YR 5/8) sandy clay loam with common, coarse to very 

coarse, faint, strong brown (7.5YR 5/8) fragments of a Bt horizon.  
2^C1--  49 – 66 cm; strong brown (7.5YR 5/8) clay to silty clay. 
2^C2--  66 – 130+ cm; pale yellow (2.5Y 7/4) coarse sand. 
 
Notes: 

• ^Ap horizon:  Bodies are coated in sand.  Horizon is sandier than ^AC horizon.   
• 2^C1 horizon: Uniform in overall color and texture. Clay is dense, but is soft, silty and 

smooth.   
• 2^C2 horizon:  Sand is tight, dense. Layer is uniform in overall color and texture.   

 
Auger boring: 103-1 (Control); Date: 06/01/05; Sampled by: K. Meredith and Z. Orndorff     
 
^Ap--  0 – 23 cm; brown (7.5YR 4/4) sandy loam; loose. 
^C1--  23 – 31 cm; grayish brown (10YR 5/2) sandy loam with common, medium to coarse, 

distinct, yellow brown (10YR 5/6) sandy coatings. 
2^C2--  31 – 45 cm; dark red (2.5YR 4/6) clay with common, coarse to very coarse, prominent, 

yellow brown (10YR 5/6) fragments of an A horizon. 
3^Ab1-- 45 – 71 cm; gray brown (10YR 5/2) sandy clay loam with common, coarse, prominent, 

red (2.5YR 4/8) clay slime fragments. 
3^Ab2-- 71 – 87 cm; dark gray brown (10YR 4/2) sandy loam to sandy clay loam. 
4^C3--  87 – 130+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes:   

• ^C1 horizon:  Horizon is a mixture of gray brown clay bodies with yellow brown sandy 
coatings.   

• 2^C2 horizon:  Horizon is a mixture of clay bodies with sandy coatings. Dense layer. 
• 3^Ab1 horizon: Dense material. A strong septic smell apparent--most likely a result of 

biosolids treatment. 
• 3^Ab2 horizon: Organic matter prominent throughout layer.  
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• 4^C3 horizon: Some organic material evident within upper 3 to 5 cm of horizon--may 
have leached from Ab2 horizon.   

 
Auger boring: 103-2 (Control); Date: 06/01/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 13 cm; dark yellow brown (10YR 4/6) sandy loam. 
2^C1--  13 – 26 cm; yellow red (5YR 5/8) clay bodies with sandy coatings and common, 

medium, prominent, dark gray brown (2.5Y 4/2) bodies. 
3^C2--  26 – 40 cm; brownish yellow (10YR 6/6) sand with few to common, extremely coarse, 

prominent, dark gray brown (2.5Y 4/2) sandy clay loam bodies. 
4^Ab--  40 – 44 cm; dark gray (2.5Y 4/1) sandy clay loam.  
4^Bw-- 44 – 56 cm; yellow brown (10YR 5/6) sandy clay loam with many, coarse to very 

coarse, prominent, dark gray (2.5Y 4/1) coatings and fragments of an A horizon. 
4^Ab’-- 56 – 64 cm; dark gray (2.5Y 4/1) sandy clay loam.  
5^C3--  64 – 80 cm; yellow red (5YR 5/6) clay. 
5^C4--  80 – 130+ cm; brown yellow (10YR 6/6) sand. 
 
Notes:   

• ^Ap horizon:  Few mixed sandy coated clay bodies prominent throughout layer. 
• 2^C1 horizon:  Layer is mostly red and dark yellowish brown (10YR 4/6) clay bodies 

with sandy coatings. 
• 3^C2 horizon:  Layer is mostly sand textured with few gray sandy clay loam bodies. 
• 4^Ab horizon:  Thick coarse (1.5 cm) decaying roots prominent within upper 5 cm.   
• 5^C3 horizon:  Dense, hard layer.  Uniform in overall color and texture.   

 
Auger boring: 103-3 (Control); Date: 06/01/05; Sampled by: K. Meredith and Z. Orndorff     
 
^Ap--  0 – 20 cm; red (2.5YR 4/8) sandy loam/sandy clay loam. 
2^C1--  20 - 30 cm; gray brown (10YR 5/2) sandy clay loam with common, coarse, prominent, 

yellowish red (5YR 4/6) fragments of a Bt horizon. 
3^C2--  30 – 84 cm; brown yellow (10YR 6/6) grades to strong brown (7.5YR 5/6) coarse sand. 
3^C3--  84 – 117 cm; yellowish red (5YR 5/8) clay. 
3^C4--  117 – 130+ cm; brownish yellow (10YR 6/6) sand; very friable to loose.   
 
Notes: 

• ^Ap horizon:  Very dense layer, possible traffic pan. 
• 2^C1 horizon:  Dense layer.  Roots and woody organic matter (1 cm thick) evident within 

upper 10 cm of horizon.    
• 3^C2 horizon: Uniform in overall texture. Few, small red (2.5YR 4/8) clay balls, 

prominent throughout layer.   
• 3^C3 horizon:  Texture is predominantly clay bodies with sandy coatings.   
• 3^C4 horizon:  Layer is loose.   

 
Auger boring: 103-4 (Control); Date: 06/01/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 30 cm; strong brown (7.5 YR 5/6) sandy loam with small clay bodies. 
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^AC--  30 – 54 cm; strong brown (7.5YR 5/8) sandy loam with small clay bodies. 
2^C1--  54 – 100 cm; yellow red (5YR 5/6) clay to silty clay with common, coarse to very 

coarse, prominent, red (2.5YR 4/8) clay slime fragments. 
2^C2--  100 – 130 cm; pale yellow (2.5Y 7/4) sand to sandy loam. 
   
Auger boring: 103-5 (Control); Date: 06/01/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 21 cm; yellow brown (10YR 5/6) sandy loam with few, fine to medium, prominent 

gray (2.5YR 6/1) and few, fine to medium, prominent, red (2.5YR 4/8) bodies and 
mottles. 

2^Cd--  21 – 37 cm; yellow red (5YR 5/6) clay with sandy coatings.   
2^C1--  37 – 49 cm; brown yellow (10YR 6/6) clay to sandy clay loam. 
2^C2--  43 – 43 cm; yellow red (5YR 5/6) clay to sandy clay loam. 
2^C3--  49 – 67 cm; strong brown (7.5YR 5/8) clay. 
2^C4--  67 – 130 + cm; pale yellow (2.5Y 7/4) sand. 
 
Notes: 

• ^Cd horizon:  Dense material.   
• 2^C1 horizon: Thick black coatings of decayed “rooty” organic matter prominent.  Dense 

material.   
• 2^C4 horizon:  Few small clay bodies prominent throughout layer.   

 
Auger boring: 104-1 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 12 cm; olive brown (2.5Y 4/3) sandy loam. 
2^C1--  12 – 37cm; strong brown (7.5YR 5/6) sand with clay bodies. 
2^C2--  37 – 75 cm; yellow red (5YR 5/6) clay to sandy clay loam with common, coarse to very 

coarse, prominent, dark gray brown (2.5Y 4/2) fragments of an A horizon. 
3^C3--  75 – 102 cm; yellow red (5YR 5/8) grades to olive yellow (2.5Y 4/4) sand. 
3^C4--  102 – 116 cm; light yellow brown (2.5Y 6/3) silty clay loam.  
3^C5--  116 – 130+ cm; brown (7.5YR 5/4) silty clay loam. 
 
Notes:   

• 2^C1 horizon: Clay bodies appear olive brown (2.5Y 4/4) and olive brown (2.5Y 4/3).  
• 2^C2 horizon: Layer is mixed, with browner colors located towards top and bottom of 

horizon with redder colors prominent between 48 and 58 cm. 
• 3^C3 horizon: Mixed red, yellow and white sands. 
• 3^C4 horizon: Color is variegated with soft, clayey material. Clay is “marbled” or a 

mixture between red and brown colors.        
 
Auger boring: 104-2 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap1--  0 – 20 cm; dark yellow brown (10YR 4/6) sandy loam. 
^Ap2--  20 – 40 cm; strong brown (10YR 4/8) sandy loam. 
2^C1--  40 – 71 cm; brown yellow (10YR 6/6) loamy sand. 
2^C2--  40 – 55 cm; brown yellow (10YR 5/6) loamy sand. 
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2^C3--  71 – 85 cm; red (2.5YR 4/8) clay. 
2^C4--  85 – 99 cm; yellowish red (5YR 5/6) clay. 
2^C5--  99 – 115 cm; yellow (2.5Y 7/6) coarse sand.  
2^C6--  115 – 130+ cm; yellow (10YR 7/6) coarse sand. 
 
Notes:   

• ^Ap2 horizon: Increase in clay with depth. 
• 2^C1 horizon: Dark gray brown (10YR 4/2) clay bodies prominent throughout horizon. 
• 2^C4 horizon: Softer, yellowish red (5YR 5/6) clay than ^C3 horizon. 
• 2^C5 horizon: Sand is uniform in overall texture.     

 
Auger boring: 104-3 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap1--  0 – 15 cm; olive brown (2.5Y 4/3) sandy loam. 
^Ap2--  15 – 26 cm; dark grayish brown (2.5Y 4/2) sandy loam.    
2^C1--  26 – 63 cm; strong brown (7.5YR 5/6) sand. 
2^C2--  63 – 74 cm; yellow red (5YR 5/6) clay. 
2^C3--  74 – 100 cm; brown yellow (10YR 6/6) sand. 
2^C4--  100 – 130+ cm; pale yellow (2.5Y 8/4) fine sand. 
 
Notes: 

• ^Ap1 horizon:  A thin layer of strong brown (7.5YR 4/6) sandy clay loam occurs between 
12 and 15 cm.     

• 2^C1 horizon:  Redder color more prominent at top of horizon with yellow colors more 
prominent towards bottom.   

• 2^C4 horizon:  Sand is finer than ^C3 horizon above. 
 
Auger boring: 104-4 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 11 cm; dark gray brown (2.5YR 4/2) sandy loam with clay bodies. 
2^C1--  11 – 68 cm; yellowish red (5YR 4/6) sandy loam. 
2^C2--  68 – 85 cm; yellowish red (5YR 4/6) clay. 
2^C3--  85 – 130+ cm; pale yellow (2.5YR 7/4) sand. 
 
Notes: 

• ^Ap horizon: Dense layer. 
• 2^C1 horizon: Dense layer, uniform in overall color and texture. 
• 2^C2 horizon: Very dense layer--denser than Ap and C1 horizons. 
• 2^C3 horizon: Few, small, red, clay bodies and bodies prominent throughout horizon.   

 
Auger boring: 104-5 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 16 cm; dark gray brown (2.5Y 4/2) sandy loam with common, medium, faint, olive 

brown (2.5Y 4/3) mottles. 
2^C1--  16 – 26 cm; strong brown (7.5YR 5/6) grades to yellowish red (5YR 5/6) clay bodies 

with sandy coatings. 
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2^C2--  26 – 76 cm; yellow red (5YR 4/6) clay to silty clay with common, coarse to very 
coarse, prominent, brownish yellow (10YR 6/6) clay bodies. 

2^C3--  76 – 130+ cm; pale yellow (2.5Y 7/4) sand.  
 
Auger boring: 201-1 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 16 cm; grayish brown (10YR 5/2) sandy loam.  
^C1--  16 – 56 cm; yellowish red (5YR 5/6) sandy loam with common, very coarse, 

prominent, dark gray brown (10YR 4/2) and common, very coarse, faint, yellowish red 
(5YR 5/6) clay bodies. 

^C2--  56 – 76 cm; brownish yellow (10YR 6/6) loamy sand with common, coarse to very 
coarse, distinct, yellowish red (5YR 5/6) clay bodies. 

^C3--  76 – 100 cm; strong brown (7.5YR 5/8) sandy loam with common, very coarse, 
prominent, dark gray brown (10YR 4/2) clay bodies. 

^C4--  100 – 130+ cm; yellow (2.5Y 7/6) coarse sand. 
 
Notes: 

• ^C4 horizon:  Uniform in overall color and texture.     
 
Auger boring: 201-2 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 14 cm; dark olive brown (2.5Y 3/3) sandy loam. 
2^C1--  14 – 56 cm; yellow red (5YR 5/6) clay to sandy clay loam with common, very coarse, 

prominent, dark grayish brown (2.5Y 4/2) bodies. 
2^C2--  56 – 130+ cm; reddish yellow (7.5YR 7/8) sand. 
2^C3--  61 – 130+ cm; reddish yellow (7.5YR 6/8) coarse sand. 
 
Notes: 

• 2^C1 horizon:  Materials appear mixed, with red clay and gray sandy coated clay loam to 
loam bodies.  Sizeable amounts of decayed dark yellowish brown (10YR 4/6) woody 
organic material evident throughout horizon. 

• 2^C3 horizon:  Sand becomes coarser with depth.     
 
Auger boring: 201-3 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap --  0 – 15 cm; olive brown (2.5Y 4/3) sandy loam; loose. 
2^C1--  15 – 25 cm; yellowish red (5YR 4/6) sandy clay loam with common to many, coarse to 

very coarse, prominent, dark gray brown (10YR 4/2) fragments of an A horizon. 
2^C2--  25 – 51 cm; yellowish red (5YR 5/6) sandy clay loam with common to many, coarse to 

very coarse, prominent, dark gray brown (10YR 4/2) fragments of an A horizon. 
3^C3--  51 – 98 cm; reddish yellow (7.5YR 6/6) sand with clay to silty clay bodies.  
3^C4--  98 – 130 cm; yellow (10YR 7/6) sand. 
 
Notes: 

• ^Ap horizon: Uniform in overall texture and color.   
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• 2^C1 horizon: Black, decaying woody organic matter evident throughout layer.  Soil is as 
a mixture of grays and red.  Extremely dense layer--possible traffic pan.    

• 2^C2 horizons: Black, decaying woody organic matter evident throughout layer.  Soil is 
as a mixture of grays and red.   

• 3^C3 horizon: Some, soft, smooth strong brown (7.5YR 5/8) clay bodies mixed with 
harder, dense red (5YR 4/6) clay bodies. 

• 3^C4 horizon: Damp layer--however, not saturated.   
 
Auger boring: 201-4 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 19 cm; olive brown (2.5Y 4/3) sandy loam; loose. 
^C1--  19 – 89 cm; yellowish red (5YR 5/6) sandy loam; loose. 
^C2--  89 – 105 cm; yellowish red (5YR 4/6) clay.  
^C3--  105 – 120 cm; strong brown (7.5YR 5/6) clay. 
^C4--  120 – 130+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes:  

• ^Ap horizon:  Medium gray clay bodies prominent throughout layer. 
• ^C1 horizon:  Medium red clay bodies evident throughout layer. 
• ^C2 horizon: Red, firmer clay located above softer, orange/strong brown clay.   
• ^C4 horizon: Sand is damp, however not saturated. Uniform in overall color and texture.   

 
Auger boring: 201-5 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 7 cm; olive brown (2.5Y 4/3) sandy loam; loose. 
^Apd--  7 – 15 cm; dark gray brown (2.5Y 4/2) grades to light olive brown (2.5Y 5/4) sandy 

clay loam. 
^C1--  15 – 51 cm; reddish yellow (7.5YR 6/6) loamy sand with common, very coarse to 

extremely coarse, prominent, yellowish red (5YR 5/8) clay bodies. 
^C2--  51 – 79 cm; yellowish red (5YR 5/6) grades to strong brown (7.5YR 5/6) clay.  
^C3--  79 – 130+ cm; pale yellow (2.5Y 8/3) coarse sand. 
 
Notes: 

• ^Apd horizon: Dense layer--possible traffic pan. 
• ^C1 horizon: Bodies are semi-firm.  Color grades into C2 horizon.   
• ^C2 horizon: More, larger, clay bodies than C1 horizon.   
• ^C3 horizon: Greater than 35 % gravelly (< 5 mm) coarse fragments.  Layer is as a 

mixture of quartz sand with Fe stains.  Layer is saturated towards bottom 15 cm of 
horizon.  Water has filled in auger boring.   

 
Auger boring: 202-1 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff     
 
^Ap--   0 – 18 cm; strong brown (7.5YR 5/6) sandy loam with clay bodies with common, very 

coarse, prominent, yellowish red (10YR 4/2) and common, coarse, distinct, dark 
grayish brown (5YR 4/6) clay bodies. 
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^AC--  18 – 52 cm; strong brown (7.5YR 5/8) sandy loam with clay bodies with common, very 
coarse, prominent, yellowish red (10YR 4/2) and common, coarse, distinct, dark gray 
brown (5YR 4/6) clay bodies. 

2^C1--  52 – 66 cm; strong brown (7.5YR 5/6) clay with common, medium to coarse, faint, 
dark gray brown (10YR 4/2) fragments of an A horizon. 

2^C2--  66 – 104 cm; strong brown (7.5YR 5/6) sandy loam with small to medium clay bodies. 
2^C3--  104 – 122 cm; strong brown (7.5YR 5/8) clay with sandy coatings with common, very 

coarse to extremely coarse, distinct, yellowish red (5YR 4/6) clay slime fragments. 
2^C4--  122 – 130 cm; reddish yellow (7.5YR 6/8) sand. 
 
Notes: 

• 2^C1 horizon: Red and gray soft clay bodies.  Gray clay is firmer than reddish/orange 
clay.   

• 2^C2 horizon: Small to medium yellowish red (5YR 5/6) and olive brown (2/5Y 4/3) clay 
bodies prominent.   

• 2^C3 horizon: Firm red clay located over softer, siltier, orange/strong brown clay.     
• 2^C4 horizon: Uniform in overall color and texture.   

 
Auger boring: 202-2 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap--  0 – 27 cm; strong brown (7.5YR 4/6) grading to grayish brown (10YR 5/2) sandy loam; 

loose/very friable. 
^C1--  27 – 70 cm; dark yellowish brown (10YR 4/6) sandy clay loam.  
^C2--  43 – 70 cm; yellowish brown (10YR 5/4) sandy clay loam. 
^C3--  70 – 91 cm; dark yellowish brown (10YR 5/6) sandy loam with clay bodies with red 

(5YR 4/6), olive brown (2.5Y 4/3) brown and dark yellowish brown (10YR 4/4) clay 
bodies. 

^C4--  91 – 105 cm; brownish yellow (10YR 6/6) sand  
^C5--  105 – 130+ cm; yellowish red (5YR 5/8) sand. 
 
Notes:   

• ^Ap horizon: Strong sulfidic smell--most likely a result of biosolid treatment. Large 
chunks of black organic material evident throughout horizon. 

• ^C5 horizon: Sand is slightly moist; however, no water appeared in auger boring.   
 
Auger boring: 202-3 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap1--  0 – 30 cm; dark gray brown (10YR 4/2) sandy clay loam with common, medium to 

coarse, prominent, yellowish red (5YR 4/6) and common to many, medium, prominent, 
strong brown (7.5YR 4/6) bodies. 

^Ap2--  30 – 69; gray brown (10YR 4/2) sandy clay loam with common, medium to coarse,  
  prominent, yellowish red (5YR 4/6) and common to many, medium, prominent, strong  
  brown (7.5YR 4/6) bodies. 
^C1--  69 – 85; strong brown (7.5YR 5/6) clay. 
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^C2--  85 – 120 cm; brownish yellow (10YR 6/6) grades to strong brown (7.5YR 5/6) sand 
with small to medium clay bodies. 

^C3--  120 – 130+ cm; yellowish red (5YR 4/6) clay. 
 
Notes: 

• ^Ap2 horizon:  Dense layer with large amounts of red, gray and orange/strong brown clay 
bodies present throughout horizon. Wood organic material evident.  Amount of clay 
bodies increase with depth.  Strong sulfidic/biosolid odor present.   

• ^C1 horizon:  Soft, orange/strong brown clay with few sandy coatings evident throughout 
layer.   

• ^C2 horizon: Small to medium red and yellowish red (5YR 4/6) clay bodies.  Red clay 
bodies more prominent within lower 5 cm of horizon.   

• ^C3 horizon: Firm, red clay with few sandy coatings prominent.   
 
Auger boring: 202-4 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap--  0 – 15 cm; strong brown (7.5YR 4/6) sandy clay loam with common, medium, distinct, 

yellowish red (5YR 4/6) and common, medium, distinct, dark gray brown (10YR 5/6) 
bodies.  

2^C1--  15 – 42 cm; yellowish red (5YR 4/6) sandy clay loam with common, medium to coarse, 
prominent, olive brown (2.5Y 4/3) fragments of an A horizon. 

3^C2--  42 – 74 cm; strong brown (7.5YR 5/6) sandy loam with clay and sandy clay loam 
bodies with common, medium to coarse, prominent, gray/gleyed (N61) sandy clay loam 
bodies and common to many, coarse to very coarse, prominent, olive brown (2.5Y 4/3) 
clay bodies.  

3^C3--  74 – 115 cm; strong brown (10YR 5/6) grades to yellowish brown (7.5YR 5/8) clay to 
silty clay.  

3^C4--  115 – 130+ cm; brownish yellow (10YR 6/6) coarse sand. 
 
Notes: 

• ^Ap horizon: Colors appear mixed/variegated.  Few, dark biosolid material prominent 
throughout horizon.   

• 2^C1 horizon: Clay increases with depth.   
• 3^C2 horizon: Roots prominent throughout horizon. Gray/gleyed bodies posses a Sulfidic 

smell--possibly due to biosolid treatment. 
• 3^C3 horizon: Clay is soft, smooth, and “marbled.” 
• 3^C4 horizon: Sand is moist but not saturated.  Water did not fill in auger boring. 

 
Auger boring: 202-5 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap--  0 – 19 cm; strong brown (7.5YR 5/8) sandy clay loam with common, medium, 

prominent, very dark gray (2.5Y 3/1) bodies. 
^C1--  19 – 78 cm; reddish yellow (7.5YR 6/6) grades to yellowish red (5YR 4/6) loamy sand 

with clay bodies. 

 153



 

^C2--  78 – 116 cm; reddish yellow (5YR 6/6) grades to reddish yellow (7.5YR 6/6) clay. 
^C3--  116 – 130+ cm; pale yellow (2.5Y 8/3) very coarse sand. 
 
Notes: 

• ^Ap horizon: Dark, biosolid bodies evident. 
• ^C1 horizon: Few, medium to large strong brown/orange, clay bodies prominent.  

Material posses a strong sulfidic odor 
• ^C2 horizon: Few sandy coatings along clay bodies.  Softer, siltier clay prominent at 

bottom 5 to 10 cm of horizon.  Strong sulfidic odor present. 
• ^C3 horizon: Very wet/saturated horizon.  Strong sulfidic smell present.  Horizon is to be 

a mixture of quartz fragments and sand.   
 
Auger boring: 203-1 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff     
 
^Ap--  0 – 24 cm; strong brown (7.5YR 4/6) sandy loam with clay bodies with few, medium, 

prominent, dark grayish brown (2.5Y 4/2) bodies.  
^AC--  24 – 48 cm; dark gray brown (2.5Y 4/2) sandy loam. 
^C1--  48 – 106 cm; dark yellowish brown (10YR 4/6) sandy loam to loamy sand with clay 

bodies with few, medium, prominent yellowish red (5YR 5/8) clay bodies.  
^C2--  106 – 115 cm; yellow brown (10YR 5/4) grades to strong brown (7.5YR 5/8) clay. 
^C3--  115 – 130+ cm; strong brown (7.5YR 5/6) loamy sand. 
 
Notes: 

• ^AC horizon: Layer is predominantly dark gray bodies with few strong brown (7.5YR 
4/6) sandy coatings. 

• ^C1 horizon: Other shades of browns and grays evident throughout horizon.  Layer is as 
mixed material--sand and clay bodies. 

• ^C2 horizon: Few sandy coatings prominent along clay ped faces--possibly mixed from 
auger buckets.   

 
Auger boring: 203-2 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 5 cm; strong brown (7.5YR 4/6) sandy clay loam. 
2^Cd--  5 – 100 cm; strong brown (7.5YR 4/6) sandy clay loam with common, medium, 

distinct, yellowish red (5YR 5/6) few, medium, distinct, light gray (7.5YR 7/1) and 
common, medium to coarse, prominent, dark gray (10YR 4/1) fragments of an A 
horizon.  

2^C--  100 – 130+ cm; reddish yellow (7.5YR 7/6) sand; with clay bodies with common, 
coarse to very coarse, distinct, yellowish red (5YR 5/6) clay bodies. 

 
Notes: 

• 2^Cd horizon:  Layer is dense.  
• 2^C horizon: Horizon is wet/saturated.      

 
Auger boring: 203-3 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
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^Ap--  0 – 23 cm; strong brown (7.5YR 4/6) sandy clay loam to sandy loam.  
^AC--   23 – 53 cm; strong brown (7.5YR 4/8) sandy clay loam to sandy loam. 
^C1--  53 – 60 cm; strong brown (7.5YR 4/6) clay. 
^C2--  61 – 85 cm; brownish yellow (10YR 6/8) loamy sand with few, small clay bodies. 
^C3--  85 – 104; strong brown (7.5YR 5/6) grades to yellowish red (5YR 4/6) clay with few 

small clay bodies.  
^C4--  104 – 130+ cm; brownish yellow (10YR 6/6) medium sand.  
 
Notes: 

• ^Ap horizon: Small to medium strong brown, gray and yellow clay bodies prominent 
throughout layer.   

• ^AC horizon: Small to medium strong brown, gray and yellow clay bodies prominent 
throughout layer.   

• ^C1 horizon: A thin, dense clay band occurs.  Clay band has a slight sulfidic/biosolids 
odor. 

• ^C3 horizon: Few small to medium gray/gleyed (N61) clay and sandy clay loam bodies.  
Overall color is variegated with strong brown (7.5YR 5/8) and grayish brown (2.5Y 5/2) 
bodies. 

• ^C4 horizon:  Few small to medium strong brown clay bodies present. 
 
Auger boring: 203-4 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 26 cm; yellowish red (5YR 5/6) grades to strong brown (7.5YR 5/6) sandy clay 

loam with clay bodies.  
^AC--  26 – 46 cm; yellowish red (5YR 5/8) grades to strong brown (7.5YR 5/8) sandy clay 

loam with clay bodies.  
^C1--  46 – 115 cm; strong brown (7.5YR 5/8) loamy sand with clay bodies with common, 

medium to coarse, distinct, yellowish red (5YR 5/8) clay bodies. 
^C2--  115 – 130+ cm; yellowish red (5YR 5/8) clay with sandy coatings.  
 
Notes: 

• ^Ap and ^AC horizons: Clay increases with depth.  Few chunks of dark grayish brown 
(2.5Y 4/2) biosolids and woody organic matter evident throughout horizons. 

• ^C2 horizon:  Clay is soft, strong brown/orange in color. 
 
Auger boring: 203-5 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff     
 
^Ap--  0 – 10 cm; strong brown (7.5YR 4/6) sandy loam.  
^C1--  10 – 15 cm; strong brown (7.5YR 5/8) silty clay. 
^C2--  15 – 44 cm; strong brown (7.5YR 5/8) loamy sand. 
^C3--  44 – 100 cm; yellowish red (5YR 4/6) grades to strong brown (7.5YR 5/6) clay. 
^C4--  100 – 130+ cm; brownish yellow (10YR 6/8) medium sand with few clay bodies.  
 
Notes: 

• ^C3 horizon: Layer is dense. Semi-hard clay bodies predominantly located between 44 
and 57 cm. Softer, siltier, clay occurs between 57 and 90 cm. 
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• ^C4 horizon: Sand is not saturated; however, water filled in auger boring.  From 90 to 
110 cm there was a mixture of horizons above and below. Reddish yellow (10YR 6/8), 
medium sand with few clay bodies.   

 
Auger boring: 204-1 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap--  0 – 5 cm; strong brown (7.5YR 4/6) sandy clay loam.  
^C1--  5 – 45 cm; strong brown (7.5YR 5/8) sandy clay loam with clay bodies with few to 

common, medium, prominent, dark brown clay bodies (10YR 4/3).  
^C2--  45 – 75 cm; dark yellowish brown (10YR 4/6) sandy clay loam with few clay bodies. 
^C3--  75 – 130+ cm; dark yellowish brown (10YR 4/6) coarse sand with few clay bodies. 
 
Notes: 

• ^Ap horizon:  Woody organic material and roots prevalent. 
 
Auger boring: 204-2 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap1--  0 – 40 cm; strong brown (7.5YR 4/6) sandy clay loam with clay bodies with common, 

medium, prominent, dark gray brown (10YR 4/2) mottles. 
^Ap2--  40 – 80 cm; strong brown (7.5YR 4/6) sandy clay loam with clay bodies with common, 

medium, prominent, dark gray brown (10YR 4/2) mottles. 
2^Cd--  80 – 97 cm; yellowish red (5YR 5/6) clay with sandy coatings with common, medium 

prominent, dark gray brown (10YR 4/2) fragments of an A horizon. 
2^C--  97 – 130+ cm; strong brown (7.5YR 5/6) coarse sand with few, medium, faint strong 

brown (7.5YR 5/8) medium clay bodies.  
 
Notes: 

• ^Ap1 and ^Ap2 horizons: Organic matter and root masses prominent throughout horizon.  
A strong sulfidic odor present.  Increase in medium to large grey/gleyed (N61) clay 
bodies toward bottom 15 cm of layer.   

• 2^Cd horizon:  Layer is dense. 
 
Auger boring: 204-3 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap--  0 – 15 cm; strong brown (7.5YR 4/6) sandy loam/sandy clay loam; loose/very friable. 
^C1--  15 – 40 cm; yellowish brown (10YR 5/6) coarse sand with clay loam bodies friable. 
2^C2--  40 – 55 cm; dark greenish gray (5G 4/1) clay loam. 
2^C3--  55 – 85 cm; yellowish brown (10YR 5/8) grades to brownish yellow (10YR 6/6) coarse 

sand.  
2^C4--  85 – 100 cm; strong brown (7.5YR 5/6) clay with sandy coatings. 
2^C5--  100 – 130+ cm; yellowish brown (10YR 5/6) coarse sand. 
 
Notes: 
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• ^Ap horizon:  Organic matter scattered throughout horizon. 
• 2^C2 horizon:  Sand is prominent along clay ped faces. 
• 2^C3 horizon:  Color transitions between 10YR 5/8 and 10YR 6/6 across horizon.   
• 2^C4 horizon:  Sand is prominent along clay ped faces. 
• 2^C5 horizon:  Layer is saturated. 

 
Auger boring: 204-4 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap--  0 – 30 cm; strong brown (7.5YR 4/6) sandy clay loam with few small to medium clay 

bodies; loose/very friable.  
^C1--  30 – 95 cm; strong brown (7.5YR 5/6) loamy sand; friable.  
^C2--  95 – 115 cm; yellowish red (5YR 4/6) clay. 
^C3--  115 – 130+ cm; yellowish brown (10YR 5/6) coarse sand. 
 
Notes: 

• ^Ap horizon:  Roots prominent throughout the layer 
• ^C1 horizon: Large amount of roots prominent. Few small clay bodies evident throughout 

layer.  
• ^C2 horizon: Brown and red colored soft clay bodies coated with sand evident throughout 

layer. 
• ^C3 horizon: Sand is wet/saturated. Water table was stuck and water filled in auger 

boring.   
 
Auger boring: 204-5 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap--  0 – 10 cm; dark yellowish brown (10YR 4/6) sandy clay loam; loose/very friable.  
^C1--  10 – 45 cm; strong brown (7.5YR 5/6) sand with few clay bodies.  
^C2--  45 – 95 cm; yellowish brown (10YR 5/8) clay. 
^C3--  95 – 130+ cm; strong brown (10YR 5/6) sand.  
 
Notes: 

• ^Ap horizon:  Few roots evident. 
• ^C2 horizon: Sand prominent along ped faces. 
• ^C3 horizon: Layer is saturated.  Water table was struck at 95 cm. 

 
 Auger boring: 301-1 (Biosolids-No Tillage); Date: 07/21/05; Sampled by: K. Meredith and 
M. Nester 
 
^Ap--   0 – 35 cm strong brown (7.5YR 4/6) sandy loam/sandy clay loam with common, 

coarse, distinct, dark gray brown (10YR 4/2) bodies. 
^C1--  35 – 85 cm; strong brown (7.5YR 4/8) sandy loam/sandy clay loam with common, 

coarse, distinct, dark gray brown (10YR 4/2) bodies.  
^C2--  85 – 130+ cm; yellowish brown (10YR 5/6) coarse sand. 
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Notes: 
• ^Ap horizon: Strong sulfidic odor present--most likely a result of biosolid treatment.  

Few gray brown (10YR 6/1) clay bodies with sandy coatings present. 
• ^C2 horizon: Damp layer with few small clay bodies. Quartz fragments and pebbles 

prominent throughout horizon.   
 
Auger boring: 301-2 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap--  0 – 15 cm; strong brown (7.5YR 4/6) sandy clay loam. 
^AC--  15 – 69 cm; strong brown (7.5YR 5/6) sandy clay loam. 
^C--  69 – 130+ cm; reddish yellow (7.5YR 6/6) sand. 
 
Notes: 

• ^AC horizon:  Texture becomes more segregated and redder with depth.   
• ^C horizon: White sand prominent near bottom of horizon (between 120 and 125 cm). 

 
Auger boring: 301-3 (Biosolids-No Tillage); Date: 05/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap1--  0 – 30 cm; strong brown (7.5YR 5/6) sandy clay loam. 
^Ap2--  30 – 60 cm; strong brown (7.5YR 5/6) sandy clay loam. 
^C1--  60 – 120 cm; reddish yellow (7.5YR 6/8) sand with clay bodies.  
^C2--  120 – 130+ cm; yellowish red (5YR 5/8) sand with clay bodies. 
 
Notes: 

• ^Ap1 and ^Ap2 horizons: Accumulation of gray/gleyed (N61) clay bodies present 
throughout horizon. Few, layers of sand with clay bodies evident. Layer becomes sandier 
and clay decreases with depth. 

• ^C1 horizon:  Thin, brittle, yellowish red (5YR 4/6) clay band (< 5 cm thick) occurs at 90 
cm.   

• ^C2 horizon:  Color is redder. Water filled in auger boring.     
 
Auger boring: 301-4 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap--  0 – 15 cm; strong brown (7.5YR 4/6) sandy loam. 
^C--  15 – 53 cm; strong brown (7.5YR 4/8) loamy sand with clay bodies. 
^Cd--  53 – 72 cm; yellowish red (5YR 5/6) clay to silty clay with common, coarse to very 

coarse, distinct, strong brown (7.5YR 5/6) clay slime fragments. 
^C1--  72 – 98 cm; reddish yellow (7.5YR 6/6) sand.  
^C2--  98 – 130+ cm; very pale brown (10YR 7/4) coarse sand. 
 
Notes:   

• ^Ap horizon: Material is as a mixture of sandy loam with clay bodies. 
• ^Cd horizon: Dense layer. 
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• ^C2 horizon: Sand is saturated at bottom of horizon.   
 
Auger boring: 301-5 (Biosolids-No Tillage); Date: 06/05/05; Sampled by: K. Meredith and 
Z. Orndorff   
 
^Ap1--  0 – 58 cm; dark yellow brown (10YR 4/6) sandy loam with clay bodies.  
^Ap2--  0 – 58 cm; strong brown (10YR 4/8) sandy loam with clay bodies.  
^C1--  58 – 68 cm; strong brown (7.5YR 5/8) clay with common, very coarse, distinct, 

yellowish red (5YR 5/6) clay slime bodies. 
^C2--  68 – 82 cm; strong brown (7.5YR 5/6) clay with common, very coarse, distinct, 

yellowish red (5YR 5/6) clay slime bodies. 
^C3--  82 – 120 cm; brownish yellow (10YR 6/6) coarse sand. 
^C4--  120 – 130+ cm; brownish yellow (10YR 6/8) coarse sand. 
 
Notes: 

• ^Ap1 and ^Ap2 horizons:  Few, small to medium red (5YR 4/6) and gray/gleyed (N61) 
clay bodies prominent throughout horizon.   

• ^C1 horizon:  Soft, smooth, silty-textured, clay.   
• ^C3 horizon:  Few, small clay bodies evident.   
• ^C4 horizon:  Layer becomes saturated towards bottom.  Water table was struck.   

 
Auger boring: 302-1 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap1--  0 – 40 cm; strong brown (7.5YR 4/6) sandy loam with common, medium, distinct, dark 

gray brown (10YR 4/2) bodies.  
^Ap2--  40 – 90 cm; strong brown (7.5YR 4/8) sandy loam with common, medium, distinct, 

dark gray brown (10YR 4/2) bodies. 
^C--  90 – 130+ cm; yellowish brown (10YR 5/6) coarse sand.  
 
Notes: 
• ^Ap1 and ^Ap2 horizons: Strong increase in clay bodies towards bottom 10 cm of horizon.  

Roots and woody organic material prominent throughout layer.  Layer is dense. 
• ^C horizon: Uniform in overall color. Few, small clay bodies prominent throughout horizon.  

Some pebbles evident towards bottom 10 cm. 
 
Auger boring: 302-2 (Biosolids-Conventional Tillage); Date: 07/21/05; Sampled by: K. 
Meredith and M. Nester 
 
^Ap--  0 – 10 cm; strong brown (7.5YR 4/6) sandy clay loam; loose/very friable. 
^AC--  10 – 30 cm: strong brown (7.5YR 4/8) sandy clay loam. 
^C1--  30 – 65 cm; yellowish brown (10YR 5/8) sandy clay loam.  
^C2--  65 – 130+ cm; yellowish brown (10YR 5/6) sandy loam with few clay bodies; very 

friable to loose.   
 
Notes: 
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• ^Ap horizon:  Layer is loose/very friable throughout horizon.   
• ^AC horizon: Large clay bodies and large to medium chunks of woody organic material 

prominent towards bottom half of layer.   
• ^C1 horizon:  Medium clay bodies present throughout horizon. 
• ^C2 horizon: Sandier than previous C1 horizon. Clay bodies evident throughout layer.   

 
Auger boring: 302-3 (Biosolids-Conventional Tillage); Date: 06/05/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap--  0 – 30 cm; strong brown (7.5YR 5/6) sandy clay loam. 
^C1--  30 – 53cm; strong brown (7.5YR 5/8) sandy clay loam with common strong brown 

(7.5YR 5/6) clay bodies. 
^C2--  53 – 90 cm; reddish yellow (7.5YR 6/6) sand.  
^C3--  90 – 102 cm; yellowish red (5YR 4/6 over 5YR 5/6) clay to silty clay.  
^C4--  102 – 107 cm; brownish yellow (10YR 6/8) sand. 
^C5--  107 – 130+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes: 

• ^Ap horizon: Dark gray brown (2.5Y 4/2) clay bodies prominent throughout horizon.   
• ^C1 horizon:  Dark gray brown clay bodies predominantly located between 30 and 41 

cm, few dark surfaces and flakes of possible organic matter evident. Clay bodies 
dominant below 40 cm.   

• ^C3 horizon: Layer is dense with firm, red clay bodies prominent in upper 5 cm of 
horizon.  Red clay bodies are followed by dense, soft, smooth strong brown yellow clay 
bodies.  

 
Auger boring: 302-4 (Biosolids-Conventional Tillage); Date: 06/05/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap--  0 – 19 cm; reddish yellow (7.5YR 6/6) sandy loam with clay bodies and common, 

coarse, faint, strong brown (7.5YR 4/6) bodies. 
^C1--  19 – 58 cm; reddish yellow (7.5YR 8/6) sandy loam with clay bodies and common, 

coarse, faint, strong brown (7.5YR 4/6) clay slime fragments.  
^C2--  58 – 70 cm; strong brown (7.5YR 5/6) clay.  
^C3--  70 – 130+ cm; pale yellow (2.5Y 7/3) sand. 
 
Notes: 

• ^Ap horizon: Texture is as a mixture of two separate materials--clay bodies and sandy 
material within upper 10 cm of horizon.   

• ^C1 horizon:  More distinct clay bodies prominent towards bottom of horizon.   
• ^C2 horizon: Clay is semi-soft, not hard or brittle.   
• ^C3 horizon: A thin layer of orange/brown yellow (10YR 6/6) clay is located between 88 

and 92 cm. Few strong brown (7.5YR 5/6) clay bodies evident in upper 5 cm of horizon.  
Auger boring filled with water; however, sand was not saturated. 
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Auger boring: 302-5 (Biosolids-Conventional Tillage); Date: 06/05/05; Sampled by: K. 
Meredith and Z. Orndorff   
 
^Ap--  0 – 15 cm; strong brown (7.5YR 5/6) sandy clay loam/sandy loam.  
^C1--  15 – 25 cm; yellow brown (10YR 5/6) loamy sand to sand with clay bodies. 
^C2--  25 – 43 cm; strong brown (7.5YR 5/6) grading to yellowish red (5YR 5/6) clay. 
^C3--  43 – 130+ cm; yellowish red (5YR 5/6) grades to light yellow red (2.5Y 6/3) clay to 

silty clay. 
 
Notes: 

• ^Ap horizon: Several beetles, ants, etc, observed at surface. Sandy loam texture with clay 
bodies. Bodies are not a distinct color--color varies between pale brown and red.   

• ^C1 horizon:  Similar color variations in clay bodies as auger 303-2.   
• ^C2 horizon: Hard, dense, clay. Clay is as a mixture of two colors--“marbled,” mostly 

browner color mixed with red. Thin sand to sandy loam textured band occurs in the 
middle of layer.   

• ^C3 horizon:  Soft, moist, dense, clay--“marbled.”   
 
Auger boring: 303-1 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 21 cm; very dark grayish brown (2.5Y 4/2) sandy loam with few, medium, 

prominent, yellow brown (10YR 4/6) and few, medium, distinct, light olive brown 
(2.5Y 5/4) clay bodies.   

2^C1--  21 – 57 cm; strong brown (7.5YR 5/6) sandy clay loam to sandy clay.  
2^C2--  57 – 130+ cm; strong brown (7.5YR 5/8) sand. 
2^C3--  120 – 130+ cm; yellowish brown (10YR 5/6) sand with many clay bodies.  
 
Notes: 

• ^Ap horizon:  Some accumulation of organic matter.   
• 2^C1 horizon: Yellowish red (5YR 4/6) and dark gray brown (2.5Y 4/2) clay 

accumulation prominent towards bottom of horizon. 
• 2^C2 horizon: Clay bodies prominent towards upper 5 cm of horizon.  Increase in red 

color evident towards bottom of layer.   
• 2^C3 horizon:  Strong accumulation of clay.   

 
Auger boring: 303-2 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 18 cm; very dark grayish brown (2.5Y 4/2) sandy loam.  
2^C1--  18 – 69 cm; strong brown (7.5YR 5/6) sandy clay loam/sandy clay; less than  
  2 % gravelly coarse fragments.  
2^C2--  69 – 130+ cm; strong brown (7.5YR 5/6) grading to yellowish brown  
  (10YR 5/6), sand; with clay bodies. 
 
Notes: 

• ^Ap horizon: Clumps and striations of black decaying organic matter evident. Few, light 
olive brown (2.5Y 5/4) sandy clay loam bodies prominent throughout horizon. 
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• 2^C1 horizon: Few, small gray (2.5Y 6/1) concentrations and common, small 
concentrations of yellow and pale brown bodies. 

• 2^C2 horizon:  Sand was not saturated; however, water filled in auger boring.     
 
Auger boring: 303-3 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 23 cm; dark grayish brown (10YR 4/2) sandy loam. 
2^C1--  23 – 42 cm; strong brown (7.5YR 5/8) sandy loam; with few, medium to coarse, 

prominent, very dark gray (10YR 3/1) clay bodies.  
2^C2--  42 – 88 cm; yellowish red (5YR 5/8) grades to reddish yellow (7.5YR 6/8) medium 

sand with slight accumulation of red clay bodies.  
2^C3--  88 – 97 cm; red (2.5YR 4/8) clay.  
2^C4--  97 – 130+ cm; reddish yellow (7.5YR 6/8) sand; with few small to medium clay bodies.   
 
Notes: 

• ^Ap horizon: Layer is dense, especially below 8 to 10 cm--possible traffic pan. Light 
olive brown (2.5Y 5/4) striations on peds with few black (N2.5) striations--most likely a 
result of black organic matter.   

• 2^C2 horizon:  Clay bodies prominent towards upper 8 cm of horizon. 
• 2^C4 horizon: Uniform in overall color. Clay bodies prominent towards bottom of 

horizon.  Water table was struck at bottom 20 cm of horizon. Auger boring was not wet 
when hole was augered; however, hole filled with water later. 

 
Auger boring: 303-4 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 18 cm; strong brown (7.5YR 5/6) sandy loam.  
2^C1--  18 – 53 cm; yellow red (5YR 5/8) sand to loamy sand with common to many, coarse, to 

very coarse, distinct, strong brown (7.5YR 5/6) clay bodies and fragments. 
2^C2--  53 – 70+ cm; pale yellow (2.5Y 8/2) sand.  
2^C3--  70 – 130+ cm; very pale brown (10YR 7/4) sand.  
 
Notes:  

• ^Ap horizon:  Topsoil material is uniform in overall texture and color. 
• 2^C1 horizon: Between 18 to 53 cm, layer is as a mixture of red sand to loamy sand 

material with clay bodies. A thin band (<5 cm) of dense, red, clay prominent between 21 
to 26 cm.  Below 26 cm, brown to lighter brown small clay to clay loam bodies are 
evident. 

• 2^C3 horizon: Material becomes increasingly wet, especially below 80 cm. 
 
Auger boring: 303-5 (Topsoil); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap1--  0 – 18 cm; olive brown (2.5Y 4/3) sandy loam. 
^Ap2--  18 – 34 cm; dark grayish brown (2.5Y 4/2) sandy loam. 
2^C--  34 – 130+ cm; reddish yellow (7.5YR 6/6) coarse sand with common to many, coarse 

to very coarse, distinct, yellow red (5YR 5/8) bodies. 
Notes: 
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• ^Ap1 horizon:  Greater clay accumulation towards bottom of horizon.  Layer is dense. 
• ^Ap2 horizon: Nodules and chunks of woody organic material prominent throughout 

horizon. 
• 2^C horizon: Water table was struck towards bottom 15 cm of horizon. Few, red clay 

bodies prominent in upper 8 cm of horizon.   
 
Auger boring: 304-1 (Control); Date: 07/27/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 30 cm; strong brown (10YR 4/6) sandy clay loam with medium to large clay bodies. 
^C--  30 – 130+ cm; light olive brown (2.5Y 5/6) sand with common, coarse to very coarse, 

prominent strong brown (10YR 4/8) clay bodies. 
 
Notes: 

• ^C horizon: Clay bodies prominent towards top of horizon.  Texture becomes sandier 
towards bottom. 

 
Auger boring: 304-2 (Control); Date: 07/27/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 50 cm; strong brown (7.5YR 4/6) sandy clay loam with common to many, coarse, 

prominent, gray (10YR 5/1) clay bodies.   
^AC--  50 – 100 cm; strong brown (7.5YR 4/8) sandy clay loam with common to many, coarse, 

prominent, clay bodies.   
^C--  100 – 130+ cm; strong brown (7.5YR 5/6) coarse sand.    
 
Notes: 

• ^Ap and ^AC horizons: Clay bodies are coated in sand. Few chunks of dark biosolid 
matter prominent. 

• ^C horizon:  Sand is wet/saturated with few small strong brown (7.5YR 5/8) clay bodies.  
Water filled in auger boring. 

 
Auger boring: 304-3 (Control); Date: 07/27/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 35 cm; dark yellowish brown (10YR 4/6) sandy clay loam with clay bodies.  
^C--  35 – 65 cm; strong brown (7.5YR 5/8) sand with few, medium to coarse, faint, strong 

brown (7.5YR 5/6) clay bodies.    
2^Ab--  65 – 75 cm; brown/dark brown (7.5YR 4/4) sandy clay. 
3^C--  75 – 130+ cm; olive yellow (2.5Y 6/6) sand. 
 
Notes: 

• ^Ap horizon: Root clumps and masses dominant in upper 10 cm of horizon.  Clay bodies 
appear to diminish with depth. 

• 2^Ab horizon:  Sand lined ped faces. 
• 3^C horizon: Occasional clay bodies evident throughout layer. Sand is saturated towards 

bottom of horizon.  Water table was struck at 125 cm. 
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Auger boring: 304-4 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 20 cm; dark yellow brown (10YR 4/6) sandy loam with common, medium, distinct 

yellowish red (5YR 5/6) clay bodies.   
^C1--  20 – 55 cm; strong brown (7.5YR 5/8) loamy sand with few to common, coarse to very 

coarse, prominent, yellowish brown (10YR 5/4) clay bodies. 
^C2--  55 – 62 cm; yellowish red (5YR 5/6) clay. 
^C3--  62 – 130+ cm; very pale brown (10YR 7/3) medium to coarse sand.   
 
Notes: 

• ^C2 horizon:  A thin layer of dense, semi-soft, silty clay evident throughout horizon.   
• ^C3 horizon:  Sand is wet/saturated below 100 cm. 

 
Auger boring: 304-5 (Control); Date: 06/05/05; Sampled by: K. Meredith and Z. Orndorff   
 
^Ap--  0 – 14 cm; red (2.5YR 5/6) sandy clay loam. 
^C1--  14 – 58 cm; strong brown (7.5YR 5/8) sand. 
^C2--  58 – 130+ cm; light yellow brown (2.5Y 6/3) and yellow (10YR 7/6) sand. 
 
Notes:   

• ^Ap horizon: An increase in red clay bodies towards occurs towards bottom of horizon.   
• ^C2 horizon: Water table was struck at 100 cm.  

 
Auger boring: 401-1 (Control); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 30 cm; yellowish red (5YR 4/6) sandy clay loam. 
^C--  30 – 130+ cm; strong brown (7.5YR 5/ 8) coarse sand. 
 
Notes: 

• ^Ap horizon: Very dense layer--possible traffic pan.  Larger clay bodies evident towards 
bottom of horizon.   

• ^C horizon: Occasional pockets of clay prevalent throughout horizon.  Sand becomes 
saturated towards bottom of layer.   

 
Auger boring: 401-2 (Control); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 10 cm; strong brown (7.5YR 5/8) sand. 
^C1--  10 – 25 cm; brownish yellow (10YR 6/6) sandy loam.  
^C2--  25 – 55 cm; strong brown (7.5YR 5/8) sand with medium (10YR 4/8) clay bodies with 

common to many, coarse, distinct, yellowish brown (10YR 5/8) clay bodies.  
^C3--  55 – 80 cm; brownish yellow (10YR 6/5) sand. 
^C4--  80 – 130+ cm; light yellowish brown (2.5Y 6/4) sand. 
 
Notes: 

• ^Ap horizon: Occasional peds of woody organic material prominent within upper 2 cm of 
horizon.   
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• ^C3 horizon: Occasional gray stains evident.  
• ^C4 horizon:  Sand becomes saturated at 110 cm.   

 
Auger boring: 401-3 (Control); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 15 cm; strong brown (7.5YR 4/6) sandy loam with common, medium to coarse, 

faint, brown (7.5YR 4/4) clay bodies.   
^C--  15 – 130+ cm; olive yellow (2.5Y 6/6) sand. 
 
Notes: 

• ^Ap horizon: Clay bodies prominent within lower 5 cm or horizon. 
• ^C horizon: Sand becomes saturated at 100 cm.   

 
Auger boring: 401-4 (Control); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 28 cm; reddish yellow (7.5YR 4/4) sandy clay loam/sandy loam. 
^C1--  28 – 60 cm; strong brown (7.5YR 4/6) sandy clay loam. 
^C2--  60 – 110 cm; dark yellowish brown (10YR 4/6) clay. 
^C3--  110 – 130+ cm; light olive brown (2.5Y 5/6) sand. 
 
Notes:   

• ^C1 horizon: Color becomes light olive brown (2.5Y 5/6) near bottom 2 to 3 cm of 
horizon. 

• ^C2 horizon: Occasional peds of light olive (2.5Y 5/6) sandy material within upper 40 cm 
of horizon.     

 
Auger boring: 401-5 (Control); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 30 cm; brown/dark brown (7.5YR 4/4) sandy clay loam;  
^C1--  30 – 60 cm; strong brown (7.5YR 4/6) clay with common (2.4Y 5/6) sandy coatings 

along ped faces.    
^C2--  60 – 75 cm; strong brown (7.5YR 4/6) clay with sandy coatings and common, medium 

to coarse, prominent light olive brown (2.5Y 5/6) sandy coatings. 
^C3 --  75 – 90 cm; strong brown (7.5YR 4/6) clay. 
^C4 --  90 – 130+ cm; yellowish brown (10YR 5/6) sand.  
 
Notes: 

• ^Ap horizon:  Layer is dense.  Horizon becomes sandier towards bottom 5 cm.  
• ^C1 horizon:  Sandy coatings more prominent near bottom 10 cm of horizon. 
• ^C3 horizon:  Absence of sand within this layer. 
• ^C4 horizon:  Sandy clay bodies evident throughout horizon. 
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Auger boring: 402-1 (Topsoil); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 14 cm; dark grayish brown (2.5Y 4/2) sandy loam.  
^AC--  14 – 33 cm; strong brown (7.5YR 4/6) sandy clay loam with common, coarse, 

prominent, dark grayish brown (2.5Y 4/2) fragments of an A horizon.   
^C1--  33 – 48 cm; strong brown (7.5YR 4/6) clay with sandy coatings.  
^C2--  48 – 130+ cm; strong brown (7.5YR 5/6) coarse, medium to finer sand with common, 

medium to coarse, faint, strong brown (7.5YR 4/6) clay bodies.  
 
Notes: 

• ^Ap horizon:  Dense layer, with small to medium clay bodies prominent. 
• ^AC horizon: Very dense layer, with red and gray clay bodies. Few, small rock pebbles 

prominent within peds. 
• ^C1 horizon:  Layer is mostly red clay with few sandy coatings and particles.  Few, small 

rock pebbles evident within peds. 
• ^C2 horizon: Medium to fine sand prominent towards upper half of horizon with coarser 

sand prominent towards lower 40 cm. Large, clay bodies evident within upper 5 cm of 
horizon. 

 
Auger boring: 402-2 (Topsoil); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 20 cm; strong brown (7.5YR 4/6) sandy loam with common, medium, distinct, dark 

brown (7.5YR 3/2) mottles, and common, small to medium, prominent, dark grayish 
brown (2.5Y 4/2) mottles.  

2^C--  20 – 130 cm; yellowish brown (10YR 5/6) clay with sandy coatings and common, 
medium to coarse, distinct, strong brown (7.5YR 4/6) fragments of a Bt horizon.  

 
Notes: 

• ^Ap horizon: Dense layer, with moist, wet clay and dark chunks of organic matter 
prominent.  Strong biosolid smell. Moisture retention on surface evident; however, no 
ponding of water occurred. 

• 2^C horizon:  Sandy coatings prominent toward upper 10 cm of horizon. Dense layer.  
Harder, firmer, red, clay prominent towards top of layer, with softer, wetter, smoother 
clay prominent towards bottom. 

 
Auger boring: 402-3 (Topsoil); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 23 cm; dark grayish brown (2.5Y 4/2) sandy loam with large clay bodies. 
2^C1--  23 – 73 cm; yellowish brown (10YR 5/6) fine sand with common, medium to coarse, 

prominent, red (5YR 4/4) clay bodies. 
2^C2--  73 – 130+ cm; yellowish brown (10YR 5/6) fine sand with common, medium to coarse, 

prominent, dark grayish brown (2.5Y 4/2) clay bodies. 
 
Notes: 

• ^Ap horizon:  Large clay bodies prominent towards bottom 10 cm of horizon.  A thin 
gleyed (N6/1) band occurs at 15 cm.  Woody organic material prevalent. 
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Auger boring: 402-4 (Topsoil); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 15 cm; dark grayish brown (2.5Y 4/2) sandy loam with clay bodies and common, 

medium, prominent, red (5YR 4/4) clay bodies.   
2^C--  15 – 130+ cm; yellowish brown (10YR 5/6) coarse sand with small clay bodies and 

common, coarse, prominent, light yellowish brown (2.5Y 6/4) fragments of an A 
horizon. 

 
Notes: 

• ^Ap horizon: Large dark grayish brown (2.5Y 4/2) sandy coated clay bodies prevalent 
towards bottom 5 cm of horizon.  Layer is very dense--difficult to auger. 

• 2^C horizon:  Dense layer. Coarse sand prominent within middle to upper part of 
horizon.  Finer, tighter, denser sand prevalent towards bottom.  Mottles evident towards 
bottom of horizon only.   

 
Auger boring: 402-5 (Topsoil); Date: 06/25/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 30 cm; dark gray brown (10YR 4/2) sandy loam. 
2^C1--  30 – 120 cm; reddish brown (5YR 4/4) coarse sand with common, medium to coarse, 

distinct, yellowish red (5YR 5/8) clay bodies. 
2^C2--  120 – 130+ cm; reddish brown (5YR 4/4) clay; with common to many yellowish red 

(5YR 5/8) sandy coatings.  
 
Notes: 

• ^Ap horizon: Very dense layer with a slight accumulation of biosolid material. Woody 
organic matter evident. 

• 2^C1 horizon:  Reddish brown sand with medium clay bodies evident within upper 5 cm 
of horizon. 

• 2^C2 horizon:  Orange/strong brown clay coated with reddish brown coarse sandy 
coatings. 

 
Auger boring: 403-1 (Biosolids-Conventional Tillage); Date: 06/25/05; Sampled by: K. 
Meredith 
 
^Ap1--  0 – 30 cm; strong brown (5YR 4/6) sandy clay loam with clay bodies and common, 

medium, faint, reddish brown (5YR 4/4) mottles.  
^Ap2--  30 – 60 cm; strong brown (5YR 4/6) sandy clay loam with clay bodies with common, 

medium, faint, reddish brown (5YR 4/4) mottles.  
^C--  60 – 130+ cm; brownish yellow (10YR 6/6) coarse sand with small red clay bodies, and 

large, soft, brown clay bodies and common to many, coarse to very coarse, distinct, 
yellow brown (10YR 5/8) clay bodies.   

 
Notes: 

• ^Ap1 and ^Ap2 horizons: Dark grayish brown (10YR 4/2) woody organic matter 
prevalent at surface.  Increase in clay bodies towards bottom of horizon. 
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• ^C horizon:  Lighter, whiter, color more prominent towards bottom of layer. 
 
Auger boring: 403-2 (Biosolids-Conventional Tillage); Date: 06/25/05; Sampled by: K. 
Meredith 
 
^Ap1--  0 – 30 cm; strong brown (5YR 4/6) sandy clay loam with clay bodies. 
^Ap2--  30 – 60 cm; strong brown (5YR 4/6) sandy clay loam with clay bodies.  
^C--  60 – 130+ cm; brownish yellow (10YR 6/6) coarse sand with clay bodies and common, 

coarse to very coarse, distinct, yellowish brown (10YR 5/8) clay bodies,  
 
Notes: 

• ^Ap1 and ^Ap2 horizons: Increase in clay bodies towards bottom of layer. Few, chunks 
of woody organic material prominent. 

• ^C horizon:  Small, red clay bodies prominent towards top of horizon.  Lighter color 
more prominent towards bottom of horizon. Wet/saturated sand. Sand becomes wetter 
towards bottom of horizon. Water filled in auger boring after auguring was completed.   

 
Auger boring: 403-3 (Biosolids-Conventional Tillage); Date: 06/25/05; Sampled by: K. 
Meredith 
 
^Ap--  0 – 20 cm; strong brown (7.5YR 5/6) loamy sand with clay bodies.  
^C1--  20 – 75 cm; strong brown (7.5YR 5/6) clay with sandy coatings with common, very 

coarse, prominent, reddish brown (5YR 4/4) sandy coatings.  
^C2--  75 – 130+ cm; brownish yellow (10YR 6/6) coarse sand with few clay bodies.  
 
Notes: 

• ^Ap horizon:  Clay bodies evident throughout horizon. 
• ^C1 horizon:  More sandy coatings prevalent towards top of horizon.  Smooth, fine, silty, 

orange/strong brown clay evident throughout profile. 
• ^C2 horizon:  Clay bodies are more prominent towards top of horizon.  Sand is wet 

towards bottom of layer.  Water table was struck at 110 cm. 
  
Auger boring: 403-4 (Biosolids-Conventional Tillage); Date: 06/25/05; Sampled by: K. 
Meredith 
 
^Ap1--  0 – 20 cm; strong brown (7.5YR 5/6) sandy loam. 
^Ap2--  20 – 36 cm; strong brown (7.5YR 5/8) sandy loam.  
^C1--  36 – 80 cm; brownish yellow (10YR 6/6) sand with clay bodies.  
^C2--  80 – 130+ cm; brownish yellow (10YR 6/6) grades to reddish brown (5YR 4/4) clay. 
 
Notes: 

• ^Ap2 horizon: More clay accumulation towards bottom 10 cm of layer. Some black 
organic matter evident throughout horizon. 

• ^C1 horizon: Layer is as a mixture of moist, wet sand with small orange, brown and red 
clay bodies. 

• ^C2 horizon:  Soft, silty-textured. Orange/strong brown and red variegated clay. 
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Auger boring: 403-5 (Biosolids-Conventional Tillage); Date: 06/25/05; Sampled by: K. 
Meredith 
 
^Ap--  0 – 15 cm; strong brown (5YR 4/6) sandy loam with few large clay bodies. 
^C1--  15 – 60 cm; reddish brown (5YR 4/4) coarse sand with small to medium clay bodies 

with common, medium to coarse, prominent, strong brown (7.5YR 5/6) fragments of a 
Bt horizon. 

^C2--  60 – 130+ cm; brownish yellow (10YR 6/6) sand.  
 
Notes: 

• ^Ap horizon: Clay bodies prominent towards bottom of horizon. 
• ^C1 horizon: Clay bodies are soft, reddish brown clay. 
• ^C2 horizon: Sand is lighter, finer-textured than previous C1 layer until 90 cm. At 90 cm, 

sand becomes very coarse and wet.  Water table was struck at 90 cm. 
 
Auger boring: 404-1 (Biosolids-No Tillage); Date: 07/05/05; Sampled by: K. Meredith 
 
^Ap--  0 – 24 cm; strong brown (7.5YR 5/8) sandy clay loam. 
^C1--  24 – 104 cm; reddish yellow (7.5YR 6/8) sand grades to yellow (10YR 7/6). 
^C2--  104 – 117 cm; yellow (10YR 8/6) coarse sand. 
^C3--  117 – 130+ cm; strong brown (7.5YR 5/8) fine sand. 
 
Notes:  

• ^Ap horizon: Layer is dense but not root restricting. 
• ^C1 horizon: Finer-textured sand prominent towards top of horizon with coarser, wetter 

sand prominent towards bottom. Sand is wet/saturated with few medium clay bodies. 
 
Auger boring: 404-2 (Biosolids-No Tillage); Date: 07/05/05; Sampled by: K. Meredith 
 
^Ap--  0 – 28 cm; yellowish red (5YR 5/6) sandy loam with clay bodies with common, 

medium, prominent, grayish brown (10YR 5/2) mottles.  
^C1--  28 – 47 cm; strong brown (7.5YR 5/6, 7.5YR 5/8) sandy loam;  
^C2--  47 – 89 cm; brownish yellow (10YR 6/8) sand. 
^C3--  89 – 130+ cm; yellowish red (5YR 5/8) sand.  
 
Notes: 

• ^Ap horizon: Clay bodies vary in color when broken apart. Dark organic matter prevalent 
within top layer--possible biosolids. 

• ^C1 horizon:  Dense clay band located at bottom 3 cm of horizon. Overall horizon is to 
be coarse sand with few small to medium clay bodies. 

 

 169



 

Auger boring: 404-3 (Biosolids-No Tillage); Date: 07/05/05; Sampled by: K. Meredith 
 
^Ap--  0 – 20 cm; strong brown (7.5YR 5/8) sandy loam with common, medium to coarse, 

prominent, dark gray (7.5YR 4/1) organic matter bodies.  
^C--  20 – 130+ cm; yellow (10YR 7/8) sand grading to yellow (10YR 7/6) coarse sand.  
 
Notes: 

• ^Ap horizon:  Dense layer with dense clay/organic matter bodies evident throughout 
horizon.  Bodies appear mixed with chunks of biosolids. 

• ^C horizon:  Lighter color prominent towards bottom half of horizon with redder colors 
more prominent towards top. Water table was struck at 115 cm. 

 
Auger boring: 404-4 (Biosolids-No Tillage); Date: 07/05/05; Sampled by: K. Meredith 
 
^Ap1--  0 – 25 cm; strong brown (7.5YR 5/6) sandy loam grading to reddish yellow (7.5YR 

6/8). 
^Ap2--  25 – 45 cm; strong brown (7.5YR 5/6) sandy loam grading to reddish yellow (7.5YR 

6/8). 
^C--  45 – 130+ cm; reddish yellow (7.5YR 6/6) clay grading to yellowish red (5YR 5/6).  
 
Notes: 

• ^Ap1 and ^Ap2 horizons:  Chunks of organic matter evident throughout horizon. 
• ^C horizon:  Soft, silty, smooth clay.   

 
Auger boring: 404-5 (Biosolids-No Tillage); Date: 07/05/05; Sampled by: K. Meredith 
 
^Ap--  0 – 30 cm; strong brown (7.5YR 5/8) sandy loam with few to common, medium, 

prominent, gray (7.5YR 4/1) mottles.  
^C1--  30 – 80 cm; reddish yellow (7.5YR 6/8) coarse sand.  
^C2--  80 – 130+ cm; yellow (10YR 7/6), coarse sand. 
 
Notes: 

• ^Ap horizon: Dense towards bottom 10 cm of horizon. Large chunks of biosolid material 
prominent. Strong/sulfidic odor.  A thin (< 5 cm) clay band is located towards bottom 5 
cm of horizon. 

• ^C2 horizon:  Water table was struck at 95 cm.  Sand is saturated near bottom. 
 
Auger boring: EC 1-1 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 20 cm; brown (7.5YR 4/4) sandy clay loam with common, medium, prominent, 

yellowish red (5YR 4/6) and common to many, medium to coarse, prominent, gray 
brown (10YR 5/2) mottles. 

^Ap2--  20 – 40 cm; brown (7.5YR 4/4) sandy clay loam with common, medium, prominent, 
yellowish red (5YR 4/6) and common to many, medium to coarse, prominent, gray 
brown (10YR 5/2) mottles. 
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2^C1--  40 – 103 cm; yellowish red (5YR 4/6) sandy loam/sandy clay loam with common, 
coarse to very coarse, prominent, dark gray brown (10YR 4/2) fragments of an A 
horizon; loose/very friable.  

3^C2--  103 – 117 cm; yellowish brown (10YR 5/8) sand; with few, small clay bodies.   
3^C3--  117 – 130+ cm; light yellowish brown (2.5Y 6/4) coarse sand. 
 
Notes:   

• ^Ap1 and ^Ap2 horizons: Layer is dense, with lots of roots and clay bodies towards 
upper 15 cm of horizon.  Few, red, brittle clay bodies towards bottom half of horizon.   

• 2^C1 horizon:  Roots and woody organic material prominent throughout horizon.  Few, 
small to medium clay bodies evident. Lighter colors appear towards upper 20 cm of 
horizon.   

• 3^C3 horizon:  Sand is light-colored and moist, but not saturated.   
 
Auger boring: EC 1-2 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 15 cm; yellowish brown (10YR 5/4) sandy loam; loose/very friable. 
^Ap2--  15 – 40 cm; dark brown (10YR 4/3) sandy clay loam with medium clay bodies.  
^C--  40 – 70 cm; dark yellowish brown (10YR 4/6) sandy clay loam with medium clay 

bodies. 
2^Ab--  70 – 80 cm; dark gray (7.5YR 4/1) sandy clay loam. 
3^C--  80 – 130+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes: 

• ^Ap1 and ^Ap2 horizons: High amount of root masses evident throughout horizon.  
Small clay bodies prominent in lower 5 cm of layer.  Few roots prominent towards top 15 
cm of horizon. Woody organic matter scattered throughout layer.    

• ^C horizon:  Medium clay bodies prominent throughout layer. 
• 2^Ab horizon: Layer is as a distinct and gray transition area between ^C horizon above 

and 3^C horizon below.     
• 3^C horizon: Few, small clay bodies prominent throughout layer.   

 
Auger boring: EC 2-1 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap--  0 – 30 cm; dark yellowish brown (10YR 4/4) sandy loam. 
^C1--  30 – 60 cm; yellowish red (5YR 5/6) sandy clay with clay bodies with common, coarse 

to very coarse, distinct, strong brown (7.5YR 4/6) and few to common, medium to 
coarse, prominent, dark grayish brown (10YR 4/2) fragments of an A horizon. 

^C2--  60 – 130+ cm; yellowish red (5YR 5/8) sandy clay with clay bodies with common, 
coarse to very coarse, distinct, strong brown (7.5YR 4/6) and few to common, medium 
to coarse, prominent, dark grayish brown (10YR 4/2) fragments of an A horizon; 
loose/very friable. 

 
Notes:   

 171



 

• ^Ap horizon:  Some rooting prominent throughout horizon. Darkened woody organic 
material evident.   

• ^C1 horizon:  Medium, strong brown clay bodies prominent throughout layer.  A large 
amount of root masses prominent.   

 
Auger boring: EC 2-2 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 15 cm; dark gray brown (10YR 4/2) sandy loam. 
^Ap2--  15 – 31 cm; dark brown (10YR 4/3) sandy loam. 
2^C1--  61 – 100 cm; dark gray brown (10YR 4/2) sandy clay with common, very coarse, 

distinct, very dark gray (10YR 3/1) fragments of an A horizon. 
3^C2--  100 – 110 cm; yellowish brown (10YR 6/8) sand with common, medium, prominent, 

dark red (2.5YR 4/6) clay bodies. 
3^C3--  110 – 130+ cm; yellowish brown (10YR 5/8) sand with common, medium, prominent, 

dark red (2.5YR 4/6) clay bodies. 
 
Notes: 

• ^Ap1 horizon: Few, small to medium red (5YR 5/6) clay bodies prominent within lower 
30 cm of horizon.   

• 2^C1 horizon: Rooting prominent within upper 20 cm of horizon. Material is dark and 
topsoil-colored--possible buried A horizon.   

• 3^C2 horizon: Color is variegated.  Few, small clay bodies prominent throughout 
horizon.   

• 3^C3 horizon: Few, small clay bodies prominent throughout horizon. Sand is more 
evident towards bottom 15 cm of horizon.   

 
Auger boring: EC 3-1 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 30 cm; dark yellowish brown (10YR 4/4) sandy loam with medium clay bodies.  
^Ap2--  30 – 55 cm; dark yellowish brown (10YR 4/3) sandy loam with medium clay bodies.  
2^C1--  55 – 90 cm; dark yellowish brown (10YR 4/3) sandy clay loam with few to common, 

coarse, distinct, yellow brown (10YR 4/6) fragments of an A horizon. 
2^C2 -- 90 – 130+ cm; dark yellow brown (10YR 4/3) sandy clay loam with clay bodies.  
 
Notes:   

• ^Ap1 horizon:  Clay bodies prominent throughout layer with frequent root masses in 
upper 15 cm of horizon. 

• 2^C1 horizon: Smaller clay bodies than previous Ap2 horizon. 
• 2^C2 horizon: Clay bodies increase in with horizon depth. Sandy coating prominent 

along clay aggregate ped faces. Clay bodies predominantly appear towards bottom 30 cm 
of horizon. 

 

 172



 

Auger boring: EC 3-2 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--   0 – 70 cm; dark gray brown (10YR 4/2) sandy loam with medium to coarse clay bodies. 
^Ap2--  30 – 70 cm; dark gray brown (10YR 4/2) sandy loam with medium to coarse clay 

bodies. 
2^Ab--  70 – 100 cm; very dark gray (10YR 3/1) silt loam/silty clay loam;  
3^C2--  100 – 119 cm; yellowish brown (10YR 5/6) coarse sand. 
3^C3--  119 – 130+ cm; dark red (2.5YR 4/6) clay. 
 
Notes: 

• ^Ap1 horizon: Roots prominent throughout horizon.   
• 2^Ab horizon: Layer is finer textured than previous ^Ap1 horizon.  Large chunks of dark 

colored woody organic material prevalent throughout horizon. 
• 3^C3 horizon: Soft, clay coated in sand. Layer is variable in color and overall coarseness.   

 
Auger boring: EC 4-1 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 30 cm; dark yellow brown (10YR 4/6) and (10YR 4/4) sandy loam with clay 

bodies.  
^Ap2--  30 – 56 cm; strong brown (10YR 4/8) and (10YR 4/4) sandy loam with clay bodies.  
^C1--  56 – 95 cm; strong brown (7.5YR 5/6) sandy loam with common, coarse to very coarse, 

distinct, dark brown (7.5YR 4/2) clay bodies. 
^C2--  95 – 130+ cm; light olive brown (2.5Y 5/6) sand with coarse clay bodies.  
 
Notes:   

• ^Ap1 and ^Ap2 horizons:  Roots prominent throughout first 30 cm of horizon.  Small to 
medium clay bodies evident. Clay bodies increase in size towards bottom 20 cm of 
horizon. 

• ^C1 horizon:  Slightly looser material than above (^Ap2) horizon. Clay content increases 
with depth.  Strong biosolid/sulfur odor present. 

 
Auger boring: EC 4-2 (Compacted Area); Date: 09/16/05; Sampled by: Kelly Meredith 
 
^Ap1--  0 – 42 cm; dark gray brown (10YR 4/2) grades to strong brown (7.5YR 4/6) sandy 

loam with few to common, medium, prominent, very dark gray (N31) mottles. 
^Ap2--  42 – 82 cm; dark gray brown (10YR 4/3) grades to strong brown (7.5YR 4/8) sandy 

loam with few to common, medium, prominent, very dark gray (N31) mottles. 
2^C1--  82 – 97 cm; strong brown (7.5YR 4/6) clay loam with common, medium to coarse, 

prominent, dark gray brown (10YR 4/2) fragments of an A horizon. 
3^C2--  97 – 130+ cm; strong brown (7.5YR 5/6) sand with common, very coarse, distinct, 

yellowish red (5YR 5/6) clay slime bodies. 
3^C3--  125 – 130+ cm; yellowish red (5YR 5/6) sand. 
 
Notes: 
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• ^Ap1 and ^Ap2 horizons:  Light gray, dark gray and some red small clay bodies 
prominent throughout layer. Sulfur smell--most likely a result of biosolid treatments 
evident.  Few, small, rounded river cobbles (< 2mm) prominent throughout layer. 

• 2^C1 horizon:  Large amounts of woody organic material and thick roots prominent with 
dark, medium topsoil-colored clay bodies.    

• 3^C2 horizon:  Sand is moist, but not saturated. Layer is uniform in overall texture.   
• 3^C3 horizon:  Color is redder than previous C1 horizon.   

     
Auger boring: EC 5-1 (Compacted Area); Date: 09/16/05; Sampled by: Kelly Meredith 
 
^Ap--  0 – 42 cm; strong brown (7YR 4/6) and (7YR 5/6) sandy loam. 
^C--  42 – 61 cm; yellowish red (5YR 5/6) fine sand. 
2^Ab--  61 – 74 cm; dark gray brown (10YR 4/2) sandy loam with clay bodies. 
3^C1-- 74 – 120 cm; strong brown (7YR 4/6) sandy loam with clay bodies.  
3^C2-- 120 – 130+ cm; yellowish red (5YR 5/6) coarse sand.  
 
Notes: 

• ^Ap horizon: Uniform in overall texture. 
• ^C horizon:  Red, fine sand and few, small, red clay bodies prominent.   
• 2^Ab horizon: Few, red and gray clay bodies evident. Organic matter and roots 

prominent throughout horizon.     
• 3^C1 horizon: Red clay bodies with sandy coatings prominent throughout band. A thin 

clay layer (3 to 5 cm wide) is at 100 cm.   
 
Auger boring: EC 5-2; Date: 08/02/05; Sampled by: K. Meredith and M. Nester 
 
^Ap--  0 – 15 cm; dark yellow brown (7.5YR 4/4) sandy loam with small clay bodies. 
^AC--  15 – 30 cm; strong brown (7.5YR 4/6) sandy loam with small clay bodies. 
^C1--  30 – 87 cm; strong brown (7.5YR 4/6) clay loam with medium to coarse sandy coated 

clay bodies. 
2^C2 -- 87 – 109 cm; strong brown (7.5YR 5/6) coarse sand.  
2^C3 -- 109 – 130+ cm; reddish yellow (7.5YR 6/8) coarse sand. 
 
Notes: 

• ^Ap horizon:  Roots evident throughout horizon. 
• ^AC horizon:  Roots evident throughout horizon.     
• ^C1 horizon: Roots prominent within upper 10 cm of horizon. Increase in clay bodies 

towards bottom 20 cm.   
• 2^C2 horizon: Few, small, clay bodies and roots prominent throughout horizon.   
• 2^C3 horizon: Sand is moist, but not saturated with few, small clay bodies evident.   
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Auger boring: EC 6-1 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 30 cm; dark gray brown (10YR 4/2) sandy loam with small to medium clay bodies 

and common, medium to coarse, faint, dark yellow brown (10YR 4/4) mottles.   
^Ap2--  30 – 68 cm; dark gray brown (10YR 4/3) sandy loam with small to medium clay bodies 

and common, medium to coarse, faint, dark yellow brown (10YR 4/4) fragments of an 
A horizon.   

2^C1--  68 – 88 cm; dark yellow brown (10YR 5/8) sandy loam with small to medium clay 
bodies.   

2^C2--  88 – 103 cm; strong brown (7.5YR 5/6) fine sand with common, medium to coarse, 
distinct, reddish yellow (7.5YR 6/8) clay slime bodies.  

2^C3--  103 – 130+ cm; reddish yellow (7.5YR 6/8) coarse sand. 
 
Notes:   

• ^Ap1 and ^Ap2 horizons: Few roots present throughout horizon. Woody organic material 
increases with depth.  Few, red, brittle clay bodies prominent. 

• 2^C1 horizon: Woody organic material increases with depth. Few, red, brittle clay bodies 
prominent. 

• 2^C3 horizon: Sand is moist, and coarser than previous 2^C2 horizon. Sand is 
comparable to small quartz fragments.   

 
Auger boring: EC 6-2 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap--  0 – 15 cm; brown (10YR 4/3) sandy loam.  
2^C1--  15 – 64 cm; brown (10YR 4/3) sandy loam with common, medium to coarse, faint, dark 

yellow brown (10YR 4/6) fragments of an A horizon. 
3^C2--  64 – 110 cm; reddish yellow (7.5YR 6/8) sand. 
3^C3--  110 – 130+ cm; reddish yellow (7.5YR 6/8) coarse sand with olive yellow (2.5Y 6/6) 

fragments of an A horizon. 
 
Notes:   

• ^Ap horizon:  Roots prominent throughout layer.   
• 2^C1 horizon:  Small to medium clay bodies evident.     
• 3^C2 horizon:  Occasional clay bodies present throughout layer.    
• 3^C3 horizon:  Sand is coarser than 3^C2 horizon.     

 
Auger boring: EC 7-1 (Compacted Area); Date: 09/16/05; Sampled by: Kelly Meredith 
 
^Ap1--  0 – 25 cm; dark yellow brown (10YR 4/4) sandy loam with common, medium, 

prominent, yellowish red (5YR 5/6) clay mottles; loose/very friable. 
^Ap2--  25 – 41 cm; dark yellow brown (10YR 4/6) sandy loam; loose/very friable. 
^C1--  41 – 87 cm; strong brown (7.5YR 4/6, 7.5YR 5/6) sandy clay loam; loose/very friable. 
^C2--  87 – 92 cm; yellowish red (5YR 5/6) fine sand.  
^C3--  92 – 115+ cm; yellowish red (5YR 5/6) coarse sand. 
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Notes:   

• ^Ap1 horizon: Small, gray and red clay bodies noted throughout horizon.   
• ^C1 horizon: Medium red clay bodies apparent throughout horizon.  Few to no roots 

evident.   
• ^C3 horizon: Coarser sand more prominent towards bottom half of horizon.  Numerous 

pebbles and rounded river rocks evident.  Layer is moist, but not saturated.   
 
Auger boring: EC 7-2 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 30 cm; strong brown (7.5YR 4/6) grading to brown (10YR 5/3) sandy loam with 

medium clay bodies. 
^Ap2--  30 – 60 cm; strong brown (7.5YR 4/6) grading to brown (10YR 5/3) sandy loam with 

medium clay bodies. 
2^C--  60 – 100 cm; strong brown (7.5YR 5/8) coarse sand with common, very coarse, 

prominent, light yellowish brown (2.5Y 6/4), brownish yellow (10YR 6/6) fragments of 
an A horizon; loose/very friable. 

3^C--  100 – 130+ cm; strong brown (7.5YR 6/8) coarse sand; loose/very friable. 
 
Notes: 

• ^Ap1 and ^Ap2 horizons: Dense layer, with small to medium clay bodies prominent 
throughout horizon. Roots and flakes of woody organic matter evident.     

• 2^C horizon:  Color is variegated. A thin band of quartz-colored sand (< 5 cm) occurs at 
75 cm.   

• 3^C horizon:  Sand is coarser and wetter than previous 2^C horizon.      
 
Auger boring: EC 8-1 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 30 cm; strong brown (7.5YR 4/6) sandy clay loam with common to many, coarse to 

very coarse, prominent, yellowish brown (10YR 5/8) mottles. 
^Ap2--  30 – 70 cm; strong brown (7.5YR 4/8) sandy clay loam with common to many, coarse 

to very coarse, prominent, yellowish brown (10YR 5/8) mottles. 
^C--  70 – 130+ cm; brownish yellow (10YR 6/6) coarse sand. 
 
Notes: 

• ^Ap1 and ^Ap2 horizons: Clay bodies present throughout layer. Clay bodies become 
massive before sand contact--C horizon. 

• ^C horizon: Sand becomes coarser with depth. Few, small clay bodies prominent towards 
upper 20 cm of horizon.     
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Auger boring: EC 8-2 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap--  0 – 78 cm; strong brown (7.5YR 4/6) sandy clay loam. 
2^C1--  78 – 104 cm; strong brown (7.5YR 5/8) coarse sand; loose/very friable. 
2 ^C2-- 104 – 130+ cm; yellowish brown (10YR 5/6) medium sand; loose/very friable. 
 
Notes: 

• ^Ap horizon: Dense layer. Few, small to medium clay bodies apparent. A large amount of 
root masses and woody organic material prominent throughout horizon. 

• 2^C1 horizon:  Slight variance in overall color.   
• 2^C2 horizon:  Layer is moist/damp, but not saturated.   

 
Auger boring: EC 9-1 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 35 cm; dark yellowish brown (10YR 4/4) sandy loam with clay bodies and 

common, coarse to very coarse, distinct, yellowish brown (10YR 5/8) mottles. 
^Ap2--  35 – 65 cm; dark yellowish brown (10YR 4/6) sandy loam with clay bodies and 

common, coarse to very coarse, distinct, yellowish brown (10YR 5/8) mottles. 
^C1--  65 – 120 cm; brownish yellow (10YR 6/8) sand. 
^C2--  120 – 130+ cm; brownish yellow (10YR 6/6) sand. 
 
Notes:   

• ^Ap1 and ^Ap2 horizons: Clay bodies prominent throughout layer. Clay bodies appear to 
increase in with horizon depth. 

• ^C1 horizon:  Small clay bodies evident towards upper 15 cm of horizon.   
 
Auger boring: EC 9-2 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and M. 
Nester 
 
^Ap1--  0 – 37 cm; strong brown (7.5YR 4/6) sandy clay loam. 
^Ap2--  37 – 57 cm: strong brown (7.5YR 4/8) sandy clay loam. 
2^C1--  57 – 94 cm; yellowish brown (10YR 5/6) sand with clay bodies with common, very 

coarse, faint, brownish yellow (10YR 6/6) fragments of an A horizon; very friable. 
2^C2--   94 – 130+ cm; yellowish brown (10YR 5/8) sand with clay bodies with common, very 

coarse, faint, brownish yellow (10YR 6/6) and (10YR 5/6) fragments of an A horizon; 
very friable. 

 
Notes: 

• ^Ap1 horizon:  Roots and woody organic material evident throughout horizon. 
• ^Ap2 horizon: Similar to above ^Ap1 horizon; however, strong increase in clay bodies.   
• 2^C1 horizon: Color is variegated. Few, small, clay bodies prominent throughout layer.  

Overall, clay is coarse, brittle and hard.   
• 2^C2 horizon: Similar to above 2^C1 horizon; however, strong increase in rock 

fragments.   
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Auger boring: EC 10-1 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and 
M. Nester 
 
^Ap1--  0 – 10 cm; dark yellowish brown (10YR 4/4) sandy loam.  
^Ap2--  10 – 45 cm; dark yellowish brown (10YR 4/6) sandy loam. 
^C1--  45 – 95 cm; brownish yellow (10YR 6/6) sand with clay bodies. 
^C2--   95 – 130+ cm; brownish yellow (10YR 6/6) sand with few clay bodies. 
 
Notes: 

• ^Ap1 horizon:  Roots prominent throughout horizon.   
• ^Ap2 horizon: Roots prominent within upper 10 cm of horizon. Common, coarse to very 

coarse clay bodies prominent throughout layer. Clay becomes very dense at interface 
with sand contact.   

• ^C1 horizon:  Small clay bodies prominent throughout horizon.   
• ^C2 horizon:  Clay bodies decrease with depth.    
 

Auger boring: EC 10-2 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and 
M. Nester 
 
^Ap--  0 – 23 cm; strong brown (7.5YR 4/6) sandy clay loam with clay bodies. 
^C1--  23 – 43 cm; strong brown (7.5YR 5/6) sandy clay loam with clay bodies. 
2^C2--  43 – 130+ cm yellowish brown (10YR 5/6) sand with common, coarse to very coarse, 

prominent, olive yellow (2.5Y 6/6) fragments of an A horizon. 
 
Notes:   

• ^Ap horizon: Ample root masses and chunks of dark organic matter/biosolid material 
present.   

• ^C1 horizon: Increase in clay bodies than previous ^Ap horizon.   
• 2^C2 horizon: Sand is moist but not saturated.   

 
Auger boring: EC 11-1 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and 
M. Nester 
 
^Ap1--  0 – 20 cm; dark yellowish brown (10YR 4/4) sandy clay loam/sandy loam with 

common, medium, faint, yellowish brown (10YR 5/6) mottles. 
^Ap2--  20 - 48 cm; dark yellowish brown (10YR 4/6) sandy clay loam/sandy loam with 

common, medium, faint, yellowish brown (10YR 5/6) mottles. 
^C1--  48 – 65 cm; olive yellow (2.5Y 6/6) sand. 
^C2--  65 – 85 cm; light olive brown (2.5Y 5/6) sandy clay loam. 
^C3--  85 – 106 cm; yellowish brown (10YR 5/6) clay. 
^C4--  106 – 130+ cm; yellowish brown (10YR 5/8) clay. 
 
Notes: 

• ^Ap1 horizon:  Dense layer--possible traffic pan. 
• ^Ap2 horizon:  Color becomes lighter closer to sand contact.   
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• ^C1 horizon:  Few, clay bodies present throughout layer. 
• ^C2 horizon:  Few, loose, clay bodies prominent throughout horizon. 
• ^C3 horizon:  Sandy coatings apparent along ped faces. 
• ^C4 horizon:  Sandy coatings apparent along ped faces.   

 
Auger boring: EC 11-2 (Compacted Area); Date: 07/28/05; Sampled by: K. Meredith and 
M. Nester 
 
^Ap1--  0 – 20 cm; strong brown (7.5YR 5/6) sandy clay loam/sandy loam.    
^Ap2--  20 – 60 cm; strong brown (7.5YR 4/6) sandy clay loam/sandy loam. 
^C--  60 – 130+ cm; yellow brown (10YR 5/6) sand; with light    
 yellowish brown (2.5Y 6/4) and olive yellow (2.5Y 6/6) clay bodies. 
 
Notes: 

• ^Ap1 horizon: Dense layer – not root limiting. Roots and woody organic material 
apparent.   

• ^Ap2 horizon: Roots and woody organic material apparent in upper 10 cm of horizon.  
Strong increase in clay bodies towards bottom of horizon.   

• ^C horizon: Layer is variegated, with varying colors.  Fine sand with some roots and 
medium to coarse red clay bodies present. 

 
Auger boring: EC 12-1 (Compacted Area); Date: 08/02/05; Sampled by: K. Meredith and 
M. Nester 
 
^Ap1--  15 – 39 cm; strong brown (7.5YR 4/6) sandy clay loam. 
^Ap2--  15 – 39 cm; strong brown (7.5YR 4/8) sandy clay loam. 
^C--  39 – 130+ cm; strong brown (7.5YR 5/6) sand. 
 
Notes:   

• ^Ap1 and ^Ap2 horizons: Coarse to very coarse clay bodies apparent throughout layer. 
• ^C horizon: Occasional clay layers and bands prominent throughout horizon.   

 
Auger boring: EC 12-2 (Compacted Area); Date: 09/16/05; Sampled by: Kelly Meredith 
 
^Ap--  0 – 30 cm; dark strong brown (7.5YR 4/6) sandy loam. 
^C1--  30 – 38 cm; strong brown (7YR 4/6) clay; with soft, red and brown clay. 
^C2--  38 – 115+ cm; light yellowish brown (10YR 6/4) fine sand.  
 
Notes:   

• ^Ap horizon: Dense layer with some roots and woody organic material accumulation 
towards bottom 15 cm of horizon.  Strong accumulation of sand towards bottom 15 cm of 
horizon.   

• ^C1 horizon: Layer is as a mixture of soft, red, brown and orange clay with sandy 
coatings.   

• ^C2 horizon: Light-colored, fine, moist sand with small, dark, gray clay bodies prominent 
throughout horizon.         
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Auger boring: C1-1 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 30 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable.   
Bt1--  30 – 55 cm; dark yellow brown (10YR 5/6) sandy clay loam.  
Bt2--  45 – 55 cm; yellowish red (5YR 5/6) sandy clay loam.  
Bt3--  55 – 130+ cm; dark red (2.5YR 3/6) clay loam with moderate medium subangular  
  blocky structure.   
 
Notes: 

• Ap horizon: Roots prominent throughout horizon. 
• Bt3 horizon: Larger clay blocks prominent towards bottom 10 cm of horizon. 

 
Auger boring: C1-2 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 30 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable.   
Bt1--  30 – 45 cm; strong brown (7.5YR 4/6) sandy loam with moderate medium subangular 

blocky structure. 
Bt2--  45 – 130+ cm; dark red (2.5Y 3/6) clay.  
 
Notes: 

• Ap horizon: Black organic matter and roots evident throughout layer. Thicker roots 
located towards bottom 5 cm of horizon. 

• Bt1 horizon:  Few, medium clay blocks prominent throughout horizon. 
• Bt2 horizon: Uniform in overall color.  Few, sandy coatings on outer ped surfaces.  Layer 

is dense. Organic matter and thick roots prominent in upper 10 cm of horizon. 
  
Auger boring: C1-3 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 35 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable. 
Bt1--  35 – 45 cm; strong brown (7.5YR 4/6) clay loam.  
Bt2--  45 – 130+ cm; dark red (2.5YR 3/6) clay loam.   
 
Notes: 

• Ap horizon: Occasional dense clay bodies evident. Frequent masses of roots prominent 
throughout horizon.   

• Bt1 horizon: Similar to previous Ap layer except horizon contains smaller clay blocks.  
Roots present throughout most of horizon. 

 
Auger boring: C1-4 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 40 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable. 
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Bt--  40 – 130+ cm; yellowish red (5YR 4/6) grades to dark red (2.5YR 3/6) clay loam. 
 
Notes: 

• Ap horizon:  Soil appears healthy with frequent masses of roots throughout layer.   
• Bt horizon:  Increase in clay towards bottom 15 cm of horizon.  Clay peds are hard and 

brittle with a light reddish hue prominent towards top. Darker reddish hues evident 
towards bottom of horizon. 

 
Auger boring: C1-5 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 30 cm; olive brown (2.5Y 4/3) sandy loam to sandy clay loam.  
Bt1--  30 – 35cm; strong brown (7.5YR 4/6) clay loam to sandy clay loam. 
Bt2 --  35 – 130+ cm; dark red (2.5YR 3/6) clay loam with moderate medium subangular  
  blocky structure.  
 
Notes: 

• Bt2 horizon:  Larger clay blocks prominent towards bottom 20 cm of horizon. 
 
Auger boring: C2-1 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 35 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable  
Bt1--  35 – 60 cm; strong brown (7.5YR 4/6) silty loam with moderate medium subangular  
  blocky structure. 
Bt2--  60 – 130+ cm; dark red (2.5YR 3/6) clay loam.  
 
Notes: 

• Ap horizon: Roots prominent throughout horizon. Small, loamy bodies evident towards 
bottom. 

• Bt1 horizon:  Roots prominent throughout horizon.   
• Bt2 horizon: Occasional roots prominent throughout layer. Coarse subangular blocky 

structure evident towards bottom 15 cm of horizon. 
 
Auger boring: C2-2 (Clarke Farm); Date: 07/11/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 40 cm; olive brown (2.5Y 4/4) sandy clay loam; loose/very friable.  
Bt--  40 – 130+ cm; reddish brown (5YR 4/4) clay loam/clay with moderate medium 

subangular blocky structure and common, medium to coarse, dark red (2.5YR 3/6) 
subangular blocks.   

 
Notes: 

• Ap horizon: Root masses and organic matter prevalent throughout layer. 
• Bt horizon: Large amount of roots prominent throughout horizon. Horizon becomes 

redder towards bottom with lighter brownish/reddish colors located towards top.  Increase 
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in clay content towards bottom half of layer. Few sand particles on clay peds.  Layer is 
dense. 

 
Auger boring: C2-3 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 30 cm; olive brown (2.5Y 4/3) sandy loam; loose/very friable.    
Bt--  30 – 130+ cm; strong brown (7.5YR 4/6) clay loam with common, medium to coarse, 

prominent, dark red (2.5YR 3/6) subangular blocks.  
 
Notes: 

• Ap horizon: Roots evident throughout horizon. Clay bodies prominent towards bottom of 
horizon. 

• Bt horizon:  Lighter color more prominent towards upper half of horizon. 
 
Auger boring: C2-4 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 40 cm; olive brown (2.5YR 4/3) sandy loam/loamy sand with medium channels and 

subangular blocks; loose/very friable. 
Bt1--  40 – 85 cm; dark brown (7.5YR 4/4) clay loam with moderate medium subangular 

blocky structure.  
Bt2--  85 – 130+ cm; dark red (2.5Y 3/6) clay loam with moderate medium subangular blocky 

structure. 
 
Notes: 

• Ap horizon: Roots prevalent throughout horizon. Medium clay bodies prominent towards 
bottom half of layer. 

• Bt1 horizon:  Large masses of clay blocks prominent throughout layer.  Rooting stopped 
at approximately 45 cm. 

 
Auger boring: C2-5 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 40 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable.  
Bt--  40 – 130+ cm; strong brown (7.5YR 4/6) clay and common, coarse, prominent, dark 

red (2.5YR 5/6) subangular blocky structure.   
 
Notes: 

• Ap horizon:  Roots prevalent throughout horizon. 
• Bt horizon: A strong increase in dense, brittle, red clay colors towards bottom half of 

horizon.  Clay increases with depth.   
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Auger boring: C3-1 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 30 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable.   
Bt--  30 – 130+ cm; strong brown (7.5YR 4/6) clay loam with few coarse subangular blocks 

and common, coarse to very coarse, dark red (2.5YR 3/6) subangular blocks. 
 
Notes: 

• Ap horizon: Organic material and roots prominent throughout horizon. 
• Bt horizon: Lighter color more prominent at top half of horizon. Rooting evident within 

upper 30 cm. Large clay blocks occur towards bottom half of layer.   
 
Auger boring: C3-2 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--   0 – 32 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable.   
Bt1--  32 – 43 cm; strong brown (7.5YR 4/6) clay loam; with moderate medium subangular 

blocks.   
Bt2--  43 – 130+ cm; dark red (3.5YR 4/6) clay. 
 
Notes: 

• Ap horizon:  Roots and organic matter prominent throughout horizon.  
• Bt2 horizon:  Increase in dark, red, firm clay blocks towards bottom 30 cm of layer. 

 
Auger boring: C3-3 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 25 cm; olive brown (2.5Y 4/4) sandy loam with coarse redder clay blocks; 

loose/very friable.    
Bt--  25 – 130+ cm; yellowish red (5YR 4/6) clay loam with common, coarse, dark red 

(2.5YR 3/6) subangular blocks. 
 
Notes: 

• Ap horizon: Roots prominent throughout layer. Clay blocks evident towards bottom half 
of horizon. 

• Bt horizon: Very dense layer. Clay becomes more sticky/plastic towards bottom 30 cm of 
horizon.  Lighter color prominent within upper half of horizon. Darker, redder color more 
prominent towards bottom.     

 
Auger boring: C3-4 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 39 cm; olive brown (2.5Y 4/3) sandy loam/loamy sand with red clay blocks; 

loose/very friable. 
Bt--  39 – 130+ cm; dark red (2.5YR 3/6) and dark red (2.5YR 4/6) sandy clay loam with 

common, very coarse, reddish brown (5YR 4/4) subangular blocks. 
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Notes:  

• Ap horizon: Strong accumulation of medium reddish clay blocks evident towards bottom 
15 cm of horizon.  Roots and organic matter prominent throughout layer.   

• Bt horizon:  Increase in clay towards bottom half of horizon.  Redder, harder, firmer, 
more brittle clay prominent towards bottom of layer. Lighter, browner clay evident 
towards upper half of horizon. Layer is dense with some rooting and organic matter only 
evident in upper 50 cm. 

 
Auger boring: C3-5 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 35 cm; olive brown (2.5YR 4/4) sandy loam; loose/very friable.   
Bt--  35 – 130+ cm; strong brown (7.5YR 4/6) clay with common to many, medium to 

coarse, prominent, dark red (2.5YR 3/6) subangular blocks. 
 
Notes: 

• Ap horizon: Few, small clay blocks evident towards bottom half of horizon.  Roots and 
organic material prominent throughout layer. 

• Bt horizon: Increase in red clay color and clay content towards bottom 25 cm of horizon. 
Lighter, orange/strong brown color is towards upper part of horizon. Layer is dense--
could only fill ½ auger bucket. 

 
Auger boring: C4-1 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 40 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable. 
Bt1--  40 – 65 cm; strong brown (7.5YR 4/6) sandy loam.  
Bt2--  65 – 130+ cm; dark red (2.5YR 3/6) clay.  
 
Notes: 

• Ap horizon:  Large amounts of roots and organic matter prominent throughout layer.   
• Bt1 horizon: Orange, strong brown color with few clay blocks evident towards bottom 

half of horizon. 
• Bt2 horizon: Increase in medium red, firm, brittle, hard clay blocks with sandy coatings 

towards bottom 20 cm of horizon. Uniform in overall color. Layer is dense.  
 
Auger boring: C4-2 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 20 cm; olive brown (2.5Y 4/3) sandy loam; loose/very friable.   
Bt1--  20 – 40 cm; olive (5Y 4/4) silty loam.  
Bt2--  40 – 80 cm; reddish brown (5YR 4/6) clay loam.  
Bt3--  80 – 130+ cm; dark red (2.5YR 3/6) clay loam.  
 
Notes: 
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• Ap horizon: Roots evident throughout horizon. 
• Bt1 horizon: Larger clay blocks than previous Ap layer. Clay blocks appear more clayey 

towards bottom half of horizon. 
 
Auger boring: C4-3 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 40 cm; olive brown (2.5Y 4/4) sandy loam/loamy sand; loose/very friable.  
Bt--  40 – 130+ cm; strong brown (7.5YR 4/6) clay with sandy coatings with common, 

coarse, dark red (2.5YR 3/6) subangular blocks.  
 
Notes: 

• Ap horizon: Large amounts of organic matter prominent throughout layer, uniform in 
overall color and texture. 

• Bt horizon: Increase in clay content towards bottom. Lighter, orange/strong brown color 
more prominent towards upper 20 cm of horizon with redder, more brittle/firm clay 
towards bottom half of horizon. Organic matter and roots evident throughout horizon. 

 
Auger boring: C4-4 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 30 cm; olive brown (2.5Y 4/4) sandy loam; loose.   
Bt1--  30 – 50 cm; strong brown (7.5YR 4/6) clay loam.  
Bt2--  50 – 130+ cm; dark red (2.5YR 3/6) clay loam. 
 
Notes: 

• Ap horizon:  Large aggregation of clay blocks towards bottom half of horizon.   
• Bt1 horizon:  Large abundance of clayey blocks towards bottom half of layer.     

 
Auger boring: C4-5 (Clarke Farm); Date: 07/12/05; Sampled by: K. Meredith and M. 
Nester 
 
Ap--  0 – 42 cm; olive brown (2.5Y 4/4) sandy loam; loose/very friable.   
Bt--  42 – 130+ cm; strong brown (7.5YR 4/6) sandy loam to clay loam with depth; moderate 

medium subangular blocks. 
 
Notes: 

• Ap horizon: Frequent masses of roots and organic matter prominent throughout layer.   
• Bt horizon: Strong increase in clay towards bottom half of horizon.  Roots and organic 

matter evident throughout layer.     
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Appendix G  
Soil Pit Sample Data (Summer 2006) 
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Table G-1 – Horizon depths, roots per horizon, soil texture, percent clay and soil pH in all 
pedons described at the CWRF over the summer of 2006. 
 

Plot ID Horizon 
Depth to 
Lower 

Boundary  
Treatment Roots/cm2 

NRCS 
Root/Abund. 

Class 
Texture % 

Clay 
% 

Sand 
% 
Silt pH 

    (cm)                 
^Ap 6 Bio-NT 0.5 MF* SCL 25 65 10 7.9 
^C1 46 Bio-NT 0.3 MF SCL 25 65 10 5.1 
^C2 68 Bio-NT 0.8 MF C 61 16 24 4.9 
2^C3 80 Bio-NT 0.1 VF** S 5 89 6 5.3 

101-4 

2^C4 140+ Bio-NT . . S 2 95 3 5.4 
                      

^Ap1 10 Bio-CT 0.5 MF SL 15 67 18 7.7 
^Ap2 36 Bio-CT 0.4 MF SL 18 60 22 5.4 
^Bw 60 Bio-CT 0.2 MF LS 11 83 6 4.9 

^C1/Bw 82 Bio-CT . . C 66 22 12 4.8 
2^C2 120 Bio-CT . . S 2 95 3 5.0 

102-3 

2^C3 140+ Bio-CT . . S 1 98 1 4.9 
                      

^Ap 5 Control 0.2 MF SL 17 72 11 7.2 
^A 52 Control 0.3 MF SL 12 73 15 6.2 

2^C1 60 Control 0.4 MF SL 12 61 27 6.7 
3^C2 68 Control 0 VF S 4 95 2 6.1 
3^C3 86 Control . . SCL 28 64 8 5.2 

103-2 

3^C4 130+ Control . . S 2 98 0 6.1 
                      

^Ap1 7 Topsoil 0.1 VF SL 18 60 22 6.8 
^Ap2 26 Topsoil 0.5 MF SL 17 61 22 5.9 
2^Bw 50 Topsoil 2 C*** SCL 23 65 12 5.2 
2^C1 72 Topsoil . . C 41 43 16 5.1 

104-5 

2^C2 130+ Topsoil . . S 1 97 2 5.2 
                      

^Ap1 10 Topsoil 0.5 MF SL 17 65 18 7.3 
^Ap2 19 Topsoil 0 VF SL 19 69 12 7.5 

^Abd1 30 Topsoil . . SL 15 75 10 6.5 
^Abd2 59 Topsoil . . SL 19 70 11 5.4 
2^C1 90 Topsoil . . S 2 94 4 6.3 

201-2 

2^C2 130+ Topsoil . . S 0 97 3 5.1 
                      

^Ap1 7 Bio-NT 0.3 MF SL 18 70 12 7.7 
^Ap2 25 Bio-NT 0.9 VF SL 18     7.1 

2^Bwu 61 Bio-NT . . SL 15 74 11 5.6 
3^BC 101 Bio-NT . . SL 14 77 9 5.1 

202-1 

3^C 130+ Bio-NT . . S 2 98 0 5.2 
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Table G-1 Cont’d – Horizon depths, roots per horizon, soil texture, percent clay and soil pH 
in all pedons described at the CWRF over the summer of 2006. 
 

Plot ID Horizon 
Depth to 
Lower 

Boundary  
Treatment Roots/cm2 

NRCS 
Root/Abund. 

Class 
Texture % 

Clay 
% 

Sand 
% 
Silt pH 

  (cm)         
^Ap 7 Control 0.6 MF SCL 22 69 9 7.5 
^Bw 30 Control 0.2 MF SL 18 73 9 5.8 
^Cd 59 Control 0 VF SL 17 75 8 5.0 
2^C1 81 Control . . S 3 96 1 5.1 

2^C2/C1 102 Control . . SCL 23 71 6 4.8 

203-3 

2^C3 130+ Control . . S 2 97 1 5.8 
                      

^Ap 9 Bio-CT 0.5 MF SL 19 71 10 8.0 
^Bw1 34 Bio-CT 0.3 MF SL 15 77 8 6.9 
^Bw2 58 Bio-CT 0.3 MF SL 16 76 8 4.9 
^C1 69 Bio-CT 0.3 MF SL 16 80 4 4.9 
^C2 92 Bio-CT . . S 3 96 1 5.4 
2^C3 104 Bio-CT . . C 59 20 21 4.7 

204-3 

2^C4 130+ Bio-CT . . S 4 95 1 5.5 
                      

^Ap 10 Bio-NT 0.7 MF SCL 24 66 10 7.8 
^Bw1 20 Bio-NT 0.3 MF SCL 26 65 9 6.8 
^Bw2 64 Bio-NT 0.3 MF SCL 30 58 12 4.7 
^C1 97 Bio-NT . . SL/LS 13 82 5 5.0 

301-3 

^C2 130+ Bio-NT . . S 1 97 2 4.8 
                      

^Ap 12 Bio-CT 0.3 MF SCL 25 64 11 7.8 
^Bw1 44 Bio-CT 0.7 MF SCL 24 66 10 5.2 
^Bw2 73 Bio-CT 0.3 MF SL 14 80 6 4.8 
^C1 104 Bio-CT . . S 6 92 2 5.1 

302-3 

^C2 120+ Bio-CT . . S 3 95 2 5.1 
                      

^Apu 12 Control 1 MF SL 16 62 22 7.2 
^Ap 21 Control 0.7 MF SCL 21 63 16 6.0 
^Bw 70 Control 0.1 VF L 19 51 30 5.0 
^C1 87 Control . . S 5 93 2 5.1 

303-2 

^C2 130+ Control . . S 2 97 1 5.5 
                      

^Ap 12 Topsoil 0..3 MF SCL 21 67 12 7.4 
^A/C 43 Topsoil 0.3 MF SCL 22 67 12 7.0 
^C1 78 Topsoil 0.1 VF SCL/SL 21 68 11 4.9 
2^C2 100 Topsoil . . SIC/C 43 18 39 5.0 

304-1 

3^C3 130+ Topsoil . . S 3 95 2 5.2 
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Table G-1 Cont’d – Horizon depths, roots per horizon, soil texture, percent clay and soil pH 
in all pedons described at the CWRF over the summer of 2006. 

 

Plot ID Horizon 
Depth to 
Lower 

Boundary  
Treatment Roots/cm2 

NRCS 
Root/Abund. 

Class 
Texture % 

Clay 
% 

Sand 
% 
Silt pH 

  (cm)         
^Ap 15 Topsoil 0.7 MF SL 19 72 9 6.7 
^C1 44 Topsoil 0.1 VF S 7 91 2 5.5 
^C2 72 Topsoil . . S 5 91 4 5.6 

401-5 

2^C3 110+ Topsoil . . SIC/C 47 14 39 5.1 
           

^Ap 8 Control 0.7 MF SL 14 73 13 7.1 
^C1/C2 40 Control 0.4 MF SL 16 74 10 6.7 402-3 

^Cu 100+ Control . . S 0 96 4 6.2 
                      

^Ap 10 Bio-CT 0.4 MF SL/LS 13 96 1 7.6 
^A 23 Bio-CT 0.3 MF LS 11 83 6 7.7 

2^C1 62 Bio-CT 0.2 VF SCL 25 65 10 5.1 
403-5 

2^C2 200+ Bio-CT . . SCL/SL 20 72 8 5.1 
                      

^Ap 11 Bio-NT 0.7 MF SCL 33 53 14 7.6 
^Bw 22 Bio-NT 0.2 VF SL 19 72 9 6.0 
^C1 32 Bio-NT 0.9 MF LS 10 86 4 5.3 
^C2 59 Bio-NT 0.4 MF S 3 95 2 5.2 
^C3 95 Bio-NT . . S 3 94 3 5.1 

404-1 

^C4 200+ Bio-NT . . SL 16 80 4 4.9 
           

*MF = Moderately Few Roots or between 0.2 and 1 per unit area.                                  
**VF = Very Few Roots or <0.2 per unit area.                                                 
***Common Roots or between 1 and 5 per unit area.  
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 Table G-1 Cont’d – Acid extractable nutrients and total carbon and nitrogen in all 
 pedons described at the CWRF over the summer of 2006. 
 

Plot ID P K Ca Mg Zn Mn Cu Fe B C N 
 Acid Extractable (mg/kg) Total % 

71 118 3469 129 8.4 10.4 3.8 45 1 0.8 0.1 
5 42 485 69 2.0 2.4 7.4 11 0 0.1 0.1 
2 56 426 101 0.6 7.2 0.7 13 0 0.2 0.1 
4 16 136 30 0.6 3.7 1.6 6 0 0.1 0.0 

101-4 

18 8 92 16 1.0 1.1 1.6 19 0 0.0 0.0 
                        

87 117 2715 103 7.8 11.3 8.4 50 1 0.8 0.4 
10 56 56 575 8.7 1.8 5.4 59 0 0.6 0.1 
2 38 226 49 0.9 2.1 3.4 8 0 0.1 0.0 
2 59 435 109 0.5 7.2 0.6 12 0 0.2 0.2 
2 11 89 20 0.4 1.2 0.9 5 0 0.0 0.5 

102-3 

2 7 68 15 0.3 1.0 0.9 4 0 0.0 0.6 
                        

27 101 524 156 2.6 10.7 1.8 21 0 0.5 0.1 
16 58 472 115 4.9 8.9 10.3 70 0 0.4 0.1 
39 193 971 93 0.5 25.2 8.9 91 1 2.5 0.1 
3 37 151 31 0.4 3.1 1.1 13 0 0.0 0.6 
2 68 283 69 0.7 4.8 0.3 12 0 0.1 0.1 

103-2 

2 20 92 18 1.7 2.5 0.9 6 0 0.0 0.0 
                        

23 139 768 157 1.7 15.0 3.2 49 0 1.0 0.1 
11 106 493 125 2.0 9.4 5.7 74 0 0.9 0.1 
2 40 296 85 1.5 5.5 7.5 12 0 0.1 0.1 
2 56 401 118 0.5 6.7 0.5 12 0 0.2 0.1 

104-5 

2 8 72 19 0.3 1.1 0.8 4 0 0.0 0.0 
                        

22 99 984 192 1.5 18.5 2.8 44 0 0.6 0.1 
41 46 737 201 1.6 12.5 3.6 31 0 0.5 0.1 
11 43 397 115 2.1 8.0 7.0 22 0 0.3 0.1 
4 51 281 73 2.6 8.1 9.4 50 0 0.3 0.1 
2 11 83 23 0.5 1.3 1.1 9 0 0.0 0.1 

201-2 

2 12 78 23 0.8 1.8 2.8 4 0 0.0 0.0 
                        

97 119 3046 100 8.0 11.5 2.9 40 1 1.0 0.1 
18 101 960 56 1.5 6.3 0.8 42 0 0.4 0.1 
6 62 386 67 1.9 5.4 5.7 26 0 0.4 0.1 
3 45 247 49 0.6 3.7 0.6 19 0 0.3 0.1 

202-1 

2 11 69 15 0.4 0.9 0.5 5 0 0.0 0.0 
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 Table G-1 Cont’d – Acid extractable nutrients and total carbon and nitrogen in all 
 pedons described at the CWRF over the summer of 2006. 
 

Plot ID P K Ca Mg Zn Mn Cu Fe B C N 
 Acid Extractable (mg/kg) Total % 

24 139 565 184 0.8 8.2 1.3 10 0 0.4 0.1 
2 27 330 84 0.8 2.0 2.8 8 0 0.2 0.0 
2 23 223 55 0.8 2.9 2.3 10 0 3.0 0.1 
2 10 68 17 0.4 1.6 0.7 4 0 0.0 0.0 
2 33 207 49 0.3 3.1 0.3 8 0 0.1 0.1 

203-3 

2 9 62 15 0.5 1.3 1.2 4 0 0.0 0.0 
                        

56 134 1626 84 3.3 5.8 3.2 57 0 0.6 0.1 
5 43 431 47 0.8 0.9 2.8 15 0 0.2 0.1 
3 31 212 43 1.2 3.3 4.5 13 0 0.2 0.1 
2 26 136 33 0.4 2.1 0.4 7 0 0.1 0.0 
2 17 90 19 0.9 4.7 2.8 4 0 0.0 0.0 
2 66 416 99 0.4 6.8 0.4 11 0 0.2 0.1 

204-3 

2 12 77 19 0.7 1.0 2.7 3 0 0.0 0.0 
                        

81 145 2828 146 7.0 9.3 4.2 39 1 0.9 0.1 
7 47 692 75 2.1 2.9 8.2 15 0 0.2 0.0 
2 32 280 60 1.0 3.9 3.1 10 0 0.2 0.0 
2 13 96 23 1.1 2.6 4.6 5 0 0.0 0.0 

301-3 

2 7 60 15 0.4 0.5 0.7 3 0 0.0 0.0 
                        

54 104 2978 101 5.8 7.2 3.3 33 1 0.8 0.1 
4 33 437 53 1.3 1.9 5.3 11 0 0.1 0.1 
2 25 214 40 0.9 1.9 3.3 9 0 0.1 0.1 
2 11 83 19 0.7 1.3 2.4 6 0 0.0 0.0 

302-2 

2 11 71 17 0.6 0.7 1.9 4 0 0.0 0.0 
                        

25 133 867 185 3.3 14.7 12.2 71 0 0.8 0.1 
8 95 555 130 2.4 8.5 7.3 110 0 0.9 0.1 
2 33 201 51 2.0 4.4 7.5 11 0 0.1 0.0 
2 12 69 18 0.4 2.7 1.1 4 0 0.0 0.0 

303-2 

2 8 56 15 0.4 1.7 0.5 6 0 0.0 0.0 
                        

22 97 643 137 0.9 6.8 1.6 14 0 0.4 0.1 
19 62 694 148 0.7 6.8 0.4 24 0 0.3 0.1 
2 34 251 66 0.4 5.7 0.2 10 0 0.1 0.1 
2 52 344 89 0.4 16.7 0.2 14 0 0.2 0.1 

304-1 

2 10 72 18 0.3 3.1 0.6 3 0 0.0 0.0 
                        

17 96 529 142 1.2 6.0 2.8 12 0 0.3 0.1 
2 19 129 31 0.4 1.6 0.8 7 0 0.1 0.0 
2 10 91 23 0.4 0.9 0.9 2 0 0.0 0.0 

401-5 

2 50 316 87 0.4 7.3 0.3 16 0 0.2 0.1 
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 Table G-1 Cont’d – Acid extractable nutrients and total carbon and nitrogen in all 
 pedons described at the CWRF over the summer of 2006. 
 

Plot ID P K Ca Mg Zn Mn Cu Fe B C N 
 Acid Extractable (mg/kg) Total % 

13 94 877 159 0.7 15.7 0.3 44 0 0.5 0.1 
3 43 537 133 0.6 8.6 0.3 29 0 0.3 0.1 402-3 
2 11 101 25 0.5 1.5 1.3 4 0 0.0 0.0 

                        
57 46 1257 91 3.0 7.1 2.5 68 0 0.4 0.1 
31 30 1125 80 2.2 6.8 2.4 75 0 0.3 0.1 
2 31 225 52 1.1 5.5 2.4 15 0 0.1 0.1 

403-5 

2 33 186 49 1.4 4.7 3.9 15 0 0.1 0.1 
                        

39 93 1555 75 4.2 12.3 2.8 44 0 0.6 0.1 
8 32 664 43 1.4 3.9 2.7 26 0 0.2 0.1 
3 16 261 32 0.7 3.4 1.3 10 0 0.1 0.1 
2 7 81 15 0.3 0.9 0.5 4 0 0.0 0.0 
2 6 66 13 0.3 0.8 0.4 3 0 0.0 0.0 

404-1 

2 22 123 33 0.6 3.2 1.5 8 0 0.1 0.1 
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Table G-2 – Depth to rooting, roots per horizon, soil texture, percent clay and soil pH per soil pit 
for the Compacted Area/external control taken over the summer of 2006. 

 

Plot ID Horizon 
Depth to 
Lower 

Boundary 
Roots/cm2 

NRCS Root 
Abund. 
Class 

Texture % 
Clay 

% 
Sand 

% 
Silt pH 

    (cm)               
EC 5-2 ^Ap 14 0.97 MF* SL 16 73 11 7.0 

 ^Cd 27 0.27 MF SL 12 75 13 7.2 
 ^C1 65 . . SCL 27 62 11 5.2 
 ^C2 150+ . . S 6 90 4 5.1 
                   

EC 7-2 ^Ap 6 0.76 MF SL 18 71 11 6.2 
 ^Cd 24 0.24 MF SCL/SL 21 68 11 6.0 
 ^C1 67 . . SCL 29 59 12 4.9 
 ^C2 153 . . S 3 95 2 5.1 
 ^C3 200+ . . S 4 94 2 5.0 
                   

EC 11-2 ^Ap 13 0.67 MF SL 19 71 10 6.7 
 ^Cd 41 0.19 VF** SCL 32 60 8 4.9 
 ^C1 67 0.05 VF SL 15 76 9 4.8 
 ^C2 92 . . S 2 96 2 4.9 
 ^C3 200+ . . SL/LS 11 81 8 5.1 
                   

EC 12-2 ^Ap 15 0.51 MF SL 17 76 7 7.2 
 ^C1 53 0.07 VF S 3 94 3 4.7 
 2^C2 62 . . CL/SC 37 44 19 4.9 
  3^C3 150+ . . S 5 89 6 5.0 

*MF = Moderately Few Roots or between 0.2 and 1 per unit area.    
**VF = Very Few Roots or < 0.2 per unit area.        
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 Table G-2 Cont’d – Acid extractable nutrients and total carbon and nitrogen in all pedons 
 described at the CWRF over the summer of 2006. 

 
Plot ID P K Ca Mg Zn Mn Cu Fe B C N 

 Acid Extractable (mg/kg) Total % 
17 100 539 137 0.7 8.3 1.2 16 0 0.5 0.1 
7 69 528 76 1.1 6.1 1.7 19 0 0.1 0.4 
2 44 342 79 0.8 4.5 2.6 10 0 0.2 0.1 

EC 5-2 

2 16 103 25 0.4 1.8 1.1 5 0 0.0 0.0 
             

13 131 375 95 0.8 6.5 1.0 12 0 0.1 0.6 
4 66 435 99 0.8 5.8 1.6 16 0 0.1 0.3 
2 40 270 69 0.9 7.1 2.6 10 0 0.1 0.1 
2 10 75 20 0.4 1.5 0.9 3 0 0.0 0.0 

EC 7-2 

2 11 68 18 0.5 1.8 1.1 4 0 0.0 0.0 
             

12 99 395 103 0.7 5.5 1.2 15 0 0.4 0.1 
2 45 260 68 1.0 6.6 2.7 12 0 0.2 0.1 
2 28 177 47 0.8 3.7 2.5 7 0 0.1 0.1 
2 9 67 17 0.4 2.1 0.5 4 0 0.0 0.0 

EC 11-2 

2 22 115 30 0.6 4.6 1.8 7 0 0.1 0.1 
             

4 70 340 83 0.4 3.0 0.7 10 0 0.3 0.1 
2 11 75 16 0.3 0.5 0.5 2 0 0.0 0.0 
2 58 332 88 1.9 6.6 5.3 7 0 0.2 0.1 

EC 12-2 

2 15 111 25 0.6 1.6 1.7 3 0 0.0 0.0 
            
             



 

 
 
 
 
 
 
 
 

Appendix H  
Soil Descriptions for the Carraway-Winn 

Reclamation Research Farm and Clarke Farm Soil 
Pits (Summer 2006) 
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All profile descriptions were done between June and August of 2006. 
 
Location:  Pit 101-4 [Biosolids No Tillage] (Pit 1) 
 
Vegetation:  Soybeans; 
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m;  
Elevation:  65 m; Slope:  2 %; 
Described by K. Meredith, Z. Orndorff, W. Daniels, and M. Nester, 06/29/06. 
 
^Ap-- 0 – 6 cm; yellowish brown (10YR 5/6) sandy clay loam; weak fine to medium 

subangular blocky to massive structure; very friable, moderately few very fine and 
fine roots; gradual wavy boundary. 

^C1-- 6 – 46 cm; strong brown (7.5YR 5/8) sandy clay loam; weak medium subangular 
blocky to massive structure, friable, moderately few fine to very fine roots; clear 
wavy boundary.   

^C2-- 46 – 68 cm; yellowish red (5YR 5/6) clay with common, coarse, prominent dark 
yellowish brown (10YR 4/6) clay films; structureless, massive, extremely firm, 
moderately few very fine and fine roots along desiccation cracks only; abrupt smooth 
boundary. 

2^C3-- 68 – 80 cm; light olive brown (2.5Y 5/6) sand; structureless, massive; very friable; 
very few fine and very fine roots; clear broken/irregular boundary.  

2^C4-- 80 – 140+ cm; yellow (2.5Y 7/6) sand with common, coarse, faint, light olive brown 
(2.5Y 5/6) fragments of an A horizon; structureless, massive; very friable; 2 to 3 % 
gravels.  

 
Notes:   
• ^C1 layer:  Few (< 2 %) light gray (2.5Y 6/1) sandy clay pockets of saprolitic material, few 

inclusions of angular strong brown (7.5YR 5/8) clay aggregates, an inclusion of a 
discontinuous, coarse, very dark brown (10YR 2/2) topsoil band occurs at 12 cm--banding is 
prominently located on West pit face.  Where profile was described, soil is very dense until 
22 cm.  At other locations along the pit, a looser ^Ap horizon exists (up to 10 cm). 

• ^C2 layer:  Large vertical cracks prominent, cracks occur between 4 and 12 mm wide, roots 
follow these desiccation cracks only, few, (<2 %) fine, discrete, flakes of dark yellowish 
brown (10YR 4/6) woody debris.   

• 2^C3 layer: Inclusions of 1 to 8 cm thick clay slime balls approximately 10 % of horizon.  
Slime balls are rounded masses of silty clay/clay material that are commonly formed from 
slimes, or the silty waste material, used in the backfilling of mining pits.  

• 2^C4 layer: Exhibits deposition of tailings material that include; coarse sand/small gravel, 
clay slimes; and common, fine (less than 2 mm), discrete flakes of woody material.  An 
intermittent layer of yellowish brown (10YR 5/8) clay slimes (2 to 4 cm thick) is evident.  
Tractor convolutions, or sinuous folding of materials that causes a rounded, sunken 
appearance within the profile, are evident within the layer. 
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Location:  Pit 102-3 [Biosolids Conventional Tillage] (Pit 2) 
 
Vegetation:  Soybeans; 
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils;  
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, Z. Orndorff, W. Daniels, and M. Nester, 06/29/06. 
 
^Ap1-- 0 – 10 cm;  olive brown (2.5Y 4/4) sandy loam with few, medium, distinct brown 

(10YR 5/3) mottles, and common, fine to medium, distinct brown (10YR 5/3) sandy 
coatings on peds; common, medium, distinct, dark yellowish brown (10YR 4/6) small 
bodies, of clay, fine medium subangular blocky structure; friable; few to common 
very fine to fine roots; clear wavy boundary. 

^Ap2-- 10 – 36 cm; strong brown (7.5YR 5/6) sandy loam; weak fine to medium subangular 
blocky structure; firm; moderately few very fine to fine roots; abrupt broken 
boundary. 

^Bw-- 36 – 60 cm; light olive brown (2.5Y 5/6) loamy sand; weak very fine to fine 
subangular blocky structure; very firm; moderately few fine to very fine roots; 2 to 5 
% gravels; abrupt irregular boundary.   

^C1/Bw-- 60 – 82 cm; yellowish red (5YR 5/6) clay, with yellowish brown (10YR 4/6) loamy 
sand bodies, structureless, massive; extremely firm, many very fine and fine roots 
evident along desiccation cracks only; 5 % gravels evident in sand inclusions only; 
abrupt wavy boundary.  

2^C2-- 82 – 120 cm; yellowish brown (10YR 6/8) sand with common, coarse, distinct, 
yellow (2.5Y 7/6) fragments of an A horizon; structureless, massive; very friable; few 
very fine roots and common fine roots; 5 % gravels; clear wavy boundary.  

2^C3-- 120 – 140+ cm; pale yellow (2.5Y 7/3) sand; structureless, massive, very friable; 5 % 
gravels. 

 
Notes: 

• ^Ap1 layer:  Layer is mixed with slime tailings. 
• ^Ap2 layer:  Dense layer with a thin (1 to 5 cm) intermittent red clay band occurring at 

22 cm.  Flecks/flakes of woody material evident.   
• ^Bw layer:  Flecks of woody material evident.  Horizon does not occur along all pit faces.  

Along the South pit face, the ^Bw horizon tapers off.  Common, mostly red clay 
slimes/balls apparent.  Few discontinuous inclusions of densic materials.  Two ripper 
traces noted within the ^Ab layer.  

• ^C1/Bw layer:  Few inclusions of loamy sand material.  Vertical desiccation cracks --0.5 
to 1 cm wide with sandy coatings along desiccation cracks.  Offsetting/banding of 
variable colors and textures along clay ped faces-- red (harder, firmer and more brittle) 
clay with banding of brown (shinier, softer, smoother and stickier) clay.  Few ped faces 
have a “rounded” morphology--i.e. tiny, rounded nodules, or rounded masses, with small 
perforations, or holes.   Few, medium to coarse, prominent, dark yellowish brown (10YR 
4/6) fragments of an A horizon.  
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• 2^C2 layer:  One tractor convolution evident. Heavy mineral sand banding laterally 
within tractor convolution.  Rooting occurred along upper 2 cm of horizon only. 

• 2^C3 layer:  Few flecks/flakes of woody material with common soft, smooth, brown clay 
material.   

 
Additional Notes:   
A very thin (< 2.54 cm) broken red clay band occurs between ^Bw and 2^C1/Bw horizons.  
There is one very large clay inclusion (>30 cm) that extends beyond 140 cm.  This inclusion 
reaches 15 cm wide in the 2^C2 and 2^C3 horizons.  Along the West pit face, the boundary 
between the ^Ap2 and the ^Bw horizons is wavy and abrupt with two ripper traces. Along South 
pit face, the boundary between the ^Ap2 and the ^Bw horizons is wavier and mixed with depth.   
 
Location:  Pit 103-2 [Control] (Pit 3) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, Z. Orndorff W. Daniels and M. Nester, 06/30/06. 
 
^Ap-- 0 – 5 cm; olive brown (2.5Y 4/4) sandy loam; weak fine to medium granular 

structure; very friable; moderately few very fine roots; clear wavy boundary.  
^A-- 5 – 52 cm; olive brown (2.5Y 4/4) sandy loam with bodies of light gray (2.5Y 7/1) 

sandy clay loam and brownish yellow (10YR 6/8) sandy clay loam; structureless, 
massive; firm when moist, extremely hard when dry; moderately few very fine roots; 
clear wavy boundary. 

2^C1-- 52 – 60 cm; black (2.5/N) sandy loam with few, coarse, prominent, light gray (2.5Y 
7/1) fragments of an A horizon, weak very fine to fine subangular blocky structure, 
light gray fragments of an A horizon are structureless, massive; black material is firm, 
light gray material is extremely firm; moderately few very fine roots; abrupt smooth 
boundary. 

3^C2-- 60 – 68 cm; brownish yellow (10YR 6/8) sand; structureless, massive; very friable; 
very few very fine roots; 1 to 2 % gravels; abrupt smooth boundary. 

3^C3-- 68 – 86 cm; reddish yellow (5YR 6/8) sandy clay loam with light yellowish brown 
(2.5Y 6/4) clay bodies; structureless, massive; extremely firm; very few very fine 
roots -- limited to desiccation cracks only; 1 to 2 % gravels in sandy inclusions only; 
abrupt smooth boundary. 

3^C4-- 86 – 130+ cm; brownish yellow (10YR 6/6) sand with common, medium, distinct, 
reddish yellow (7.5YR 6/8) fragments of a Bt horizon; structureless, massive; very 
friable; 1 % gravels. 

 
Notes: 

• ^A layer:  Common sandier material and topsoil colors evident.  Sandy material has few, 
fine, loamy sand, light yellow lithochromic mottles. Few, inclusions of dense, compacted, 
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• 2^C1 layer: Gray material is structureless, massive--possible oxidized rhizospheres.  Ash 
and charcoal rich woody debris apparent.  Layer has densic properties but does not 
appear to be root limiting.  Many roots located within black ash/woody material with few 
roots evident in denser areas.  

• 3^C3 layer: Root limiting along red/strong brown clay. Rounded clay morphology 
evident, with small holes/perforations. Holes are not “channels” within the clay--possibly 
a result of how clay dried. Vertical cracking (0.25 to 0.5 cm) evident with many to 
common roots along desiccation cracks.  Few, soft, light yellowish brown (2.5Y 6/4) clay 
films along clay ped faces. 

• 3^C4 layer: Depositional bands of titanium and dark heavy mineral sands present. 
 
Location:  Pit 104-5 [Topsoil] (Pit 4) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils;  
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, W. Daniels, P. Donovan and J. Burger, 07/03/06. 
 
^Ap1-- 0 – 7 cm; yellowish brown (10YR 5/4) sandy loam; moderate fine to medium 

granular structure; friable; very few very fine and fine roots; clear smooth boundary.  
^Ap2-- 7 – 26 cm; dark yellowish brown (10YR 3/4) sandy loam with common, medium, 

distinct, olive yellow (2.5Y 6/6), mottles; weak fine subangular blocky structure; 
firm; moderately few very fine to fine roots; abrupt smooth boundary. 

2^Bw-- 26 – 50 cm; strong brown (7.5YR 5/6) sandy clay loam with faint reddish yellow 
(7.5YR 6/8) sandy coatings on ped faces; weak fine to medium subangular blocky 
structure; extremely firm; common very fine roots; clear wavy boundary. 

2^C1-- 50 – 72 cm; strong brown (7.5YR 5/6) clay; structureless, massive; very friable; 1 to 
2 % gravels; abrupt smooth boundary. 

2^C2-- 72 – 130+ cm; olive yellow (2.5Y 6/6) sand; structureless, massive; very friable; 2 to 
3 % gravels.     

 
Notes: 

• ^Ap2 layer:  Denser than ^Ap1 horizon.  Common (< 5 %), chunks of red (5YR 5/8) clay. 
• 2^Bw layer: Two ripper traces evident.  Sandy coatings on clay ped faces prominent. 
• 2^C1 layer:  Many inclusions of pale yellow (2.5Y 8/4) medium sand.  
• 2^C2 layer: Exhibits deposition of tailings material, however, most likely a result of 

heavy mineral sand tailings settling during pit dewatering.  Rounded pebbles occur at 
upper 10 cm. 
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Location:  Pit 201-2 [Topsoil] (Pit 5) 

Vegetation:  Soybeans;  
Parent Material:  Stratified Mineral sands mining tailings and slimes derived from stratified 
Upper Coastal Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, W. Daniels, P. Donovan and J. Burger, 07/03/06. 
 
^Ap1--  0 – 10 cm; yellowish brown (10YR 5/6), sandy loam with common, medium, 

prominent, reddish yellow (5YR 5/6) clay bodies, and many, medium, distinct, olive 
brown (2.5Y 4/4) sandy loam; bodies; weak coarse and medium granular structure; 
very friable; moderately few very fine roots; clear smooth boundary. 

^Ap2--  10 – 19 cm; strong brown (7.5YR 5/6) sandy loam with common, coarse, distinct, 
yellowish brown (10YR 5/6) bodies; weak fine to medium subangular blocky 
structure; firm; very few very fine to fine roots; clear smooth boundary.  

^Abd1-- 19 – 30 cm; strong brown (7.5YR 5/6) sandy loam with common, medium, yellowish 
red (5YR 5/6) and common, medium, distinct, grayish brown (10YR 5/2) topsoil 
bodies; structureless, massive; firm; clear wavy boundary. 

^Abd2-- 30 – 59 cm; yellowish brown (10YR 5/6) sandy loam with common, medium, olive 
brown (2.5Y 4/3) bodies with few, coarse, distinct, strong brown (7.5YR 5/8) clay 
bodies; structureless, massive; very firm; abrupt wavy boundary. 

2^C1--  59 – 90 cm; variegated brownish yellow (10YR 6/8) and yellow (10YR 7/6), and 
yellowish red (5YR 5/8) sand; structureless, massive; very friable; abrupt smooth 
boundary. 

2^C2--  90 – 130+ cm; strong brown (7.5YR 5/8) sand with alternating yellowish brown 
(10YR 5/8) and yellowish red (5YR 5/8) strata; structureless, massive; very friable. 

 
Notes: 

• ^Ap1 layer:  Few (<2 %) woody material evident. 
• ^Ap2 layer:  Few, (<1 %) dark-colored ash material evident. 
• ^Abd1 layer:  Dense layer--rooting evident along desiccation cracks and ped faces along 

Southern pit face only.  Few, inclusions of dark-colored ash material.   
• ^Abd2 layer:  Dense layer--rooting evident along ped faces and desiccation cracks only.  

A thin clay band occurs between 43 and 46 cm along West pit face only.  Olive brown 
(2.5Y 4/4) banding occurs along West pit face--possible topsoil mixed within horizon.  
Few, dark gray (5YR 4/1) and common dark gray (7.5YR 4/1) lithochromic mottles 
evident.  Horizon has a smeared/layered with topsoil compacted into it.   

• 2^C1 layer:  Thin (2 cm) red clay banding covers whole pit.  Few, flecks/flakes of very 
dark gray (2.5Y 3/1) ash material. Ash material is more prominent above red clay strata.  
Few, coarse, white fine sand fragments evident. 

• 2^C2 layer:  Strata of smooth, soft, strong brown clay with fragments and strata of 
yellowish brown (10YR 5/8) sand. Redder color possibly a result of clay leaching. 
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Location:  Pit 202-1 [Biosolids No Tillage] (Pit 6) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, P. Donovan, and J. Burger, 07/03/06. 
 
^Ap1--  0 – 7 cm; dark yellowish brown (10YR 4/6) sandy loam; weak medium granular 

structure; very friable; moderately few very fine and fine roots evident; clear smooth 
boundary. 

^Ap2--  7 – 25 cm; strong brown (7.5YR 5/8) sandy loam with common, coarse, distinct, 
yellowish brown (10YR 5/6) topsoil bodies, and common, medium, distinct, 
yellowish red (5YR 5/6) sandy loam bodies; weak medium subangular blocky 
structure; friable; very few fine to very fine roots; clear wavy boundary. 

2^Bwu-- 25 – 61 cm; dark yellowish brown (10YR 4/6) sandy loam with common, medium, 
faint, dark grayish brown (10YR 4/2) fragments of an A horizon and common, 
medium, distinct, strong brown (7.5YR 5/8) fragments of a Bt horizon, weak medium 
subangular blocky structure; firm; very few fine to very fine roots; wavy smooth 
boundary. 

3^BC--  61 – 101 cm; variegated strong brown (7.5YR 5/8), yellowish red (5YR 5/8) and 
brown (10YR 4/3) sandy loam, with common, medium, prominent, gray (10YR 6/1) 
fragments of an A horizon; structureless, massive; friable; very few; less than 1 % 
gravels; abrupt smooth boundary. 

3^C--  101 – 130+ cm; strong brown (7.5YR 5/8) sand with many, faint reddish yellow 
(7.5YR 6/8) fragments of a Bt horizon; structureless, massive; very friable. 

 
Notes: 

• ^Ap1 layer:  A mixture of gray clay bodies, sand and a few (< 2 %) woody debris. 
• ^Ap2 layer:  Dense layer with common (4-5 %) large, red, hard clay evident.  Few 

nodules of woody debris and few (< 1 %) small pockets of light olive brown (2.5Y 5/6) 
topsoil material. 

• 2^Bwu layer:  Layer is as a mixture of topsoil with common (10 %) coarse to very coarse 
(2 to 5 cm) woody debris.  Very dense layer.  Small (< 1.5 cm) pieces of plastic sheeting 
evident towards border of ^Bwu and ^BC horizons--could account for wavy boundary. 

• 3^BC layer:  In the lower 10 cm of the horizon, a strong zone of brown (10YR 4/3) and 
gray (7.5YR 5/1) clay banding with yellow sand banding prominent.  Clay varies in size 
from 10 cm and tapers to 5 cm.  Common (< 3%) woody debris and nodules apparent.  
Layer is dense.   

• 3^C layer:  Heavy mineral sands banding--tailings deposition of tailings material.  Clay 
leaching evident with very thin (< 0.5 cm), soft, brown clay. Horizon is not fully 
dewatered. 

 
Additional Notes:   
Pit location was 5 to 10 feet off plot center. 
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Location:  Pit 203-3 [Control] (Pit 7) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, W. Daniels, P. Donovan and J. Burger, 07/04/06. 
 
^Ap--  0 – 7 cm; yellowish red (5YR 5/8) sandy clay loam with yellowish red (5YR 4/6) and 

reddish yellow (7.5YR 7/6), and many, medium prominent, light gray (7.5YR 7/1), 
bodies; moderate medium granular structure; friable; moderately few very fine roots; 
clear smooth boundary. 

^Bw--  7 – 30 cm; yellowish red (5YR 5/8), sandy loam with few, fine, distinct, light gray 
(7.5YR 7/1) fragments of an A horizon; weak fine to medium subangular blocky 
structure; friable; moderately few very fine to fine roots; gradual wavy boundary. 

^Cd--  30 – 59 cm; strong brown (7.5YR 5/8), sandy loam with many, medium, prominent, 
dark grayish brown (10YR 4/2) and few, fine, distinct, light gray (7.5YR 7/1) 
fragments of an A horizon; weak medium subangular blocky structure; sandy material 
friable, clay slimes firm; very few very fine roots, less than 1 % cobbles; clear smooth 
boundary. 

2^C1--  59 – 81 cm; reddish yellow (7.5YR 6/8), sand with reddish yellow (7.5YR 7/8) and 
yellow (10YR 7/8) banding; structureless, massive; very friable; 1 % gravelly coarse 
fragments; gradual wavy boundary. 

2^C2/C1-- 81 – 102 cm; reddish yellow (7.5YR 6/8), sandy clay loam with many, very coarse, 
distinct, yellowish red (5YR 5/8) clay slime fragments; strong brown (7.5YR 5/8) 
streaks, or thin bands  along clay ped faces, structureless, massive; very friable in 
sand with extremely firm clay; 1 % gravelly coarse fragments; clear wavy boundary. 

2^C3--  102 – 130+ cm; yellowish brown (10YR 5/8), sand with many, distinct, very pale 
brown (10YR 8/4), bodies; structureless, massive; very friable.  

 
Notes: 

• ^Bw layer:  Few, coarse (< 1 cm) chunks of woody material evident. 
• ^Cd layer:  Color is variegated as a mixture of buried dark grayish brown (10YR 4/2) 

topsoil material and chunks of light gray clay slime fragments. Layer is dense--exhibits 
densic properties (root limiting, etc.).  Woody debris and dead roots evident.   

• 2^C1 layer:  Heavy mineral sand banding with thin bands of white, tan, and yellow sand 
evident.  Redder colors prominent at upper 5 cm of horizon.  Few, dark, flecks/flakes of 
woody material and very few, light brown, smooth clay aggregates evident throughout 
layer.   

• 2^C2/C1 layer:  Clay shrink/swelled and sand filled in desiccation cracks.  Clay is hard, 
firm and dark red in color. 

• 2^C3 layer: Light tan sand prominent within upper 10 of horizon with few brown, smooth 
and very few red clay aggregates prominent at bottom 10 cm of horizon. 
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Location:  Pit 204-3 [Biosolids Conventional Tillage] (Pit 8) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m;  
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, W. Daniels, P. Donovan and J. Burger, 07/04/06. 
 
^Ap--  0 – 9 cm; strong brown (7.5YR 5/6), sandy loam with few, coarse, distinct, dark 

grayish brown (10YR 4/2), bodies; moderate fine to medium granular structure; 
friable; moderately few very fine roots; clear smooth boundary. 

^Bw1-- 9 – 34 cm; strong brown (7.5YR 5/6), sandy loam with common, very coarse, 
distinct, gray (7.5YR 6/1) common very coarse, distinct, gray (7.5YR 5/1), common, 
coarse, prominent, olive yellow (2.5Y 6/6), fragments of an A horizon and few, 
coarse, distinct, yellowish red (5YR 5/6), bodies; weak fine subangular to angular 
blocky structure; friable; moderately few very fine roots; clear wavy boundary. 

^Bw2-- 34 – 58 cm; strong brown (7.5YR 5/6), sandy loam with common, very coarse, 
prominent, light brownish gray (10YR 6/2), common, very coarse, prominent, grayish 
brown (10YR 5/2), fragments of an A horizon, and common very coarse, distinct, 
yellowish red (5YR 5/6), and few, coarse, prominent, olive yellow (2.5Y 6/6), bodies; 
weak medium angular blocky structure; friable; moderately few fine roots; abrupt 
smooth boundary. 

^C1--  58 – 69 cm; reddish yellow (7.5YR 6/8), sandy loam with common, extremely coarse, 
distinct, strong brown (7.5YR 5/6), and common, medium, distinct, brownish yellow 
(10YR 6/8) streaks and bodies; friable; structureless, massive; moderately few fine 
roots; 1 % gravelly coarse fragments; abrupt smooth boundary. 

2^C2--  69 – 92 cm; brownish yellow (10YR 6/8), sand with common, coarse, distinct, strong 
brown (7.5YR 5/6) banding, and common, coarse, distinct, reddish yellow (7.5YR 
6/8) clay slime bodies; structureless, massive; very friable; 1 to 2 % gravelly coarse 
fragments; abrupt wavy boundary. 

2^C3--  92 – 104 cm; yellowish red (5YR 5/8), clay with common, coarse, distinct, reddish 
yellow (7.5YR 6/8), bodies; structureless, massive; firm; abrupt smooth boundary. 

2^C4--  104 – 130+ cm; reddish yellow (7.5YR 6/8), sand with common, coarse, faint, 
reddish yellow (7.5YR 7/8), bands; structureless, massive; very friable; less than 5 % 
gravelly rounded river cobbles. 

 
Notes: 

• ^Bw1 layer:  Coarse, woody, material prominent throughout horizon.   
• ^Bw2 layer:  Large, pockets of topsoil-colored material with very few patches of red, 

smooth clay. 
• ^C1 layer:  Thin horizon, with few pockets of smooth, brown, clay.   
• ^C2 layer:  Few, fine, flakes of woody debris evident. A thin (2 to 5 cm), intermittent 

soft, brown, clay band occurs at 78 cm. 
• 2^C3 layer:  Clay is two colors; red, hard, firm, brittle, to strong brown (7.5YR 5/8), soft, 

smooth, silty clay.  Layer is not fully dewatered. 
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• 3^C4 layer:  Few, fine, flakes of woody material and bright red, and light yellow sand 
banding near upper boundary.  Overall, sand is moist and layer is not fully dewatered. 

 
Location:  Pit 301-3 [Biosolids No Tillage] (Pit 9) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, W. Daniels, P. Donovan and J. Burger, 07/04/06. 
 
^Ap--  0 – 10 cm; strong brown (7.5YR 5/6) sandy clay loam; weak fine to medium granular 

and fine angular blocky structure; friable; moderately few fine to very fine roots; 
clear smooth boundary. 

^Bw1-- 10 – 20 cm; strong brown (7.5YR 5/6) sandy clay loam with common, coarse, faint, 
strong brown (7.5YR 5/6) clay slime fragments; few, coarse, distinct, brown (7.5YR 
5/2), and light yellowish brown (10YR 6/4) fragments of an A horizon; weak medium 
subangular blocky structure; friable, firm in places; moderately few very fine roots; 
clear smooth boundary. 

^Bw2-- 20 – 64 cm; strong brown (7.5YR 5/6) sandy clay loam with common, medium, 
distinct, strong brown (7.5YR 5/8) bodies; few, coarse, distinct, yellowish red (5YR 
5/6) bodies; few, medium, distinct, gray (7.5YR 6/1) bodies; common coarse to 
extremely coarse, prominent, light brownish gray (10YR 6/2), and few, medium, 
distinct, brownish yellow (10YR 6/6) bodies; moderate to weak medium subangular 
blocky structure; friable; moderately few to common roots in the upper horizon and 
fewer roots evident in lower half of horizon; less than 1 % gravelly rock fragments; 
abrupt smooth boundary. 

^C1--  64 – 97 cm; reddish yellow (7.5YR 6/8) sandy loam to loamy sand with common, 
coarse, faint strong brown (7.5YR 5/8) and coarse, distinct, yellowish red (5YR 5/6), 
clay banding; structureless, massive; very friable; less than 2 % gravelly coarse 
fragments; abrupt smooth boundary.  

^C2--  97 – 130+ cm; yellowish red (5YR 5/8), medium sand; structureless, massive; very 
friable; less than 2 % gravelly coarse fragments.  

 
Notes: 

• ^Bw1 layer:  Dense layer--possible traffic pan. 
• ^Bw2 layer:  Few, soft, brown, clay aggregates and chunks of red, hard, clay evident.  

Common, flecks/flakes of woody material prominent throughout horizon. 
• ^C1 layer:  A thin (2 to 5 cm) layer of red clay occurs between 87 and 92 cm.   
• ^C2 layer:  Red, coarse, medium sand with flecks of woody debris and heavy mineral 

sand banding evident.   
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Location:  Pit 302-3 [Biosolids Conventional Tillage] (Pit 10) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith 07/04/06. 
 
^Ap--   0 – 12 cm; strong brown (7.5YR 5/6) sandy clay loam with common, coarse, distinct, 

brownish yellow (10YR 6/6) mottles; weak fine subangular blocky structure; friable; 
moderately few very fine roots; clear smooth boundary. 

^Bw1-- 12 – 44 cm; strong brown (7.5YR 5/6) sandy clay loam with few, very coarse, faint, 
strong brown (7.5YR 5/6) and few, coarse, distinct, gray (7.5YR 6/1) clay slime 
fragments and common, coarse, distinct, strong brown (7.5YR 5/8) sandy bodies; 
weak to moderate fine subangular blocky to massive structure; friable; moderately 
few very fine rooting; clear smooth boundary. 

^Bw2-- 44 – 73 cm; strong brown (7.5YR 5/6), sandy loam with common, coarse, faint, 
strong brown (7.5YR 5/6), few, very coarse, distinct brown (7.5YR 5/2), few, coarse, 
distinct, yellowish red (5YR 5/6), and common, coarse, distinct, brownish yellow 
(10YR 6/6), fragments of a diagnostic horizon; weak fine to medium subangular 
blocky to massive structure; friable (sandy loam) to firm (clay pockets); moderately 
few very fine and fine roots; abrupt smooth boundary. 

^C1--  73 – 104 cm; olive yellow (2.5Y 6/6), sand with common, distinct pale yellow (2.5Y 
7/4), sand banding, common, distinct, very dark gray (2.5Y 3/1) sandy clay, common, 
very coarse, prominent, strong brown (7.5YR 5/6), red clay, and common, prominent, 
reddish yellow (7.5YR 6/8), sand banding; structureless, massive; very friable; less 
than 3 % gravelly coarse fragments; clear smooth boundary. 

^C2--  104 – 120+ cm; strong brown (7.5YR 5/6), sand with many, prominent, pale yellow 
(2.5Y 7/4), and many, prominent, brownish yellow (10YR 6/8) bands; structureless, 
massive; very friable.        

 
Notes: 

• ^Ap layer:  Dark, woody debris evident. 
• ^Bw2 layer:  Roots concentrated along West pit face only.  Large, red, clay bricks--up to 

10 cm evident.  Few, coarse, chunks of woody material with common inclusions of 
topsoil-colored material prominent throughout the horizon.   

• ^C1 layer:  A thin (< 3 cm) band of red clay occurs between 91 and 94 cm.  A thin (1 to 2 
cm) band of light/leached sand occurs directly below thin clay band.  Some banding of 
very coarse, charcoal-colored, woody debris tapers off toward left side of West pit face.  
Overall, layer is damp. 

• ^C2 layer:  Deposition of tailings material, with few flakes of woody material.  Sand is 
multi-colored, red and light/leached sand.  Redder material constitutes 60 % of horizon 
and occurs primarily within upper 5 cm of horizon.  Lighter, leached and yellow, brown 
sand banding constitutes 40 % of horizon, and occurs in lower 10 cm.   
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Location:  Pit 303-2 [Topsoil] (Pit 11) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, Z. Orndorff and M. Nester, 07/05/06. 
 
^Apu--  0 – 12 cm; olive brown (2.5Y 4/4) sandy loam with common, coarse, prominent, 

strong brown (7.5YR 4/6) clay slime fragments; weak medium granular to moderate 
fine subangular blocky structure; very friable; moderately few to common very fine 
roots; clear smooth boundary. 

^Ap--  12 – 21 cm; olive brown (2.5Y 4/3) sandy clay loam with common, coarse, 
prominent, strong brown (7.5YR 4/6), and few, coarse, faint, olive brown (2.5Y 4/4) 
clay slime fragments; weak fine to medium subangular blocky structure; firm to very 
firm in places; moderately few very fine to fine rooting; abrupt smooth boundary.  

^Bw--  21 – 70 cm; strong brown (7.5YR 4/6) loamy sand with common, coarse, prominent, 
olive brown (2.5Y 4/3), common, coarse, prominent, light olive brown (2.5Y 5/6) and 
common, coarse to very coarse, distinct, grayish brown (10YR 5/2) fragments of an A 
horizon; weak medium subangular blocky structure; firm; very few very fine roots; 
less than 2 to 3 % gravelly coarse fragments. 

^C1--  70 – 87 cm; strong brown (7.5YR 5/8) sand with strong brown (7.5YR 5/6) and 
brownish yellow (10YR 6/6) bodies; structureless, massive; very friable; 1 % gravelly 
coarse fragments; clear smooth boundary. 

^C2--  87 – 130+ cm; strong brown (7.5YR 5/8), sand with common, coarse, to very coarse, 
distinct brown (7.5YR 5/4), and few, coarse to very coarse, prominent, light olive 
brown (2.5Y 5/6) fragments of an A horizon; medium to structureless, massive; very 
friable; 20 to 25 % gravelly coarse fragments. 

 
Notes: 

• ^Apu layer:  Few (<2 %), coarse (2 cm) chunks of woody material and very few (<2 %) 
red clay slime fragments evident.  Small pieces of a plastic liner prominent on South pit 
face only. 

• ^Ap layer:  Very dense layer, denser than ^Ap, however, is not root limiting.  Few, coarse 
(< 1 cm), few red clay slime fragments with common very coarse (2 to 4 cm) 
brown/yellow lithochromic mottles apparent.  A thin (< 5 mm), discontinuous, dark band 
of woody material accumulated at base of horizon. 

• ^Bw layer:  Common (10 %) very coarse (2 to 4 cm), red clay slime fragments, common 
(10 %) coarse (< 2 cm), light gray sandy clay slime fragments, common (5 %), very 
coarse to extremely coarse, dark gray topsoil-colored fragments, and common (5 %) 
coarse (< 1 cm) yellow brown fragments of a diagnostic horizon evident.  Common (5 %) 
coarse (< 2 cm) chunks of woody material prominent throughout horizon.   

• ^C1 layer:  Few (< 2%), very coarse, topsoil-colored fragments with common (10 %), 
very coarse, light tan/brown fragments evident.  A thin (< 2 mm) band of dark decaying 
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woody material evident.  Thin layers/bands of light-colored fine, sand located at the 
boundaries of ^C1 and ^C2, and ^C2 and ^C3.   

• ^C2 layer:  Common (< 20 %), smooth, brown, silty clay banding--clay slimes, 
prominent towards bottom of horizon. Silty, clay balls located in upper half of horizon.  
A thin, coarse, banding of gravelly coarse fragments (20 to 25 % or layer) evident 
towards bottom 10 cm of horizon.  Common (5 to 7 %), light brown/tan coarse sandy 
fragments and patches with flecks of woody material.  Overall texture is coarser than ^C2 
horizon.   

 
Location:  Pit 304-1 [Control] (Pit 12) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith, Z. Orndorff, P. Donovan and W. T. Price 07/19/06. 
 
^Ap--  0 – 12 cm; yellowish red (5YR 4/6) sandy clay loam; weak to moderate fine granular 

to very fine subangular blocky structure; very friable; moderately few fine and very 
fine rooting, clear smooth boundary. 

^A/C--  12 – 43 cm; strong brown (7.5YR 5/6) sandy clay loam with many, medium, 
prominent, dark gray (7.5YR 4/1) bodies and common, coarse, distinct, yellowish red 
(5YR 4/6) fragments of a Bt horizon; moderate very fine to fine subangular blocky 
and massive structure; friable; few fine to very fine roots; abrupt smooth boundary. 

^C1--  43 – 78 cm; brownish yellow (10YR 6/8) sandy clay loam to sandy loam (sand filled 
in desiccated cracks) with many, coarse, distinct, strong brown (7.5YR 5/6) and 
common, coarse, distinct, olive yellow (2.5Y 6/6) bodies; structureless, massive; very 
friable to firm in places; very few to no fine to very fine roots; abrupt wavy boundary.  

2^C2--  78 – 100 cm; light yellowish brown (10YR 6/4) silty clay to clay with many, coarse, 
distinct, strong brown (7.5YR 5/6), and common, coarse, distinct, strong brown 
(7.5YR 6/6) fragments of a Bt horizon; structureless, massive; firm; abrupt smooth 
boundary. 

3^C3--  100 – 130+ cm; reddish yellow (7.5YR 6/8) sand; structureless, massive; very friable.  
 
Notes:  

• ^Ap layer: Common, medium, dark grayish brown (10YR 4/2) topsoil aggregates 
evident.  Decaying woody debris and twigs constitute approximately 10 % of horizon. 

• ^A/C layer: Clay is as a mixture of material with few, medium topsoil and red clay 
aggregates. Large pockets of coarse sand occur.  Common, decaying woody material and 
twigs present.  Roots are plastered along ped faces and desiccation cracks only.  Possible 
fill material constitutes topsoil and mixed clay substratum. 

• ^C1 layer: Sand and clay mixture. Texture varies along pit face--in some areas sand with 
overlying clay. 

• 2^C2 layer: A mixture of brown, yellow and red sand with some heavy mineral sand 
banding. 
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Additional Notes:   
Pit was moist throughout and saturated below 2^C2 horizon.  Water slowly filled in bottom of pit 
while we were working; therefore we were unable to describe any hard or dense layers due to 
excessive moisture. 
 
Location:  Pit 401-5 [Control] (Pit 13) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and Z. Orndorff 07/19/06. 
 
^Ap--  0 – 15 cm; strong brown (7.5YR 5/8) sandy loam with common, fine, distinct, dark 

brown (7.5YR 3/2) continuous bands of woody material; weak fine granular to 
moderate weak subangular blocky; very friable; moderately few fine to very fine 
roots; clear wavy boundary. 

^C1--  15 – 44 cm; strong brown (7.5YR 5/8) sand with many, coarse, distinct, yellowish red 
(5YR 5/8), clay fragments; structureless, massive; very friable; very few very fine 
roots; less than 2 % gravelly coarse fragments; gradual broken boundary. 

^C2--  44 – 72 cm; brownish yellow (10YR 6/8) sand with common, very coarse, faint, 
yellowish brown (10YR 5/8) fragments of a Bt horizon and very coarse, prominent, 
yellowish red (5YR 5/6) clay banding; structureless, massive; very friable; gradual 
wavy boundary. 

2^C3--  72 – 110+ cm; yellowish brown (10YR 5/8) silty clay to clay with many, fine, 
prominent, yellowish red (5YR 5/8) clay fragments and bands; structureless, massive; 
firm. 

 
Notes: 

• ^Ap layer:  Common (< 5 %), medium to coarse, clay nodules/aggregates evident.  
Aggregates are two colors--strong brown (7.5YR 5/8) and yellowish red (5YR 5/6).  Few, 
light yellowish brown (2.5Y 5/6) clay aggregates located in other areas of the pit.  
Amount of fine material increased with depth.  Where profile was described, west pit 
face, ^Ap to ^C1 boundary is clear, wavy.  At other areas of the pit--from 10 to 40 cm--
the zone is more mixed.  Few, medium (0.5 cm), decaying twigs and woody material 
prevalent. 

• ^C1 layer:  Few (< 2 %) flakes of woody debris evident.  
• ^C2 layer:  A thin (2 to 4 cm) red clay band occurs in lower bottom 5 cm of horizon.  At 

54 cm depth, another thin (< 1 cm) discontinuous band occurs. Overall sand is coarser 
than ^C1 horizon.  

• 2^C3 layer:  Alternating bands of thin (< 1 mm) clay and thin (< 1 mm) dark heavy 
mineral sands evident within horizon.   

 

 208



 

Location:  Pit 402-3 [Topsoil] (Pit 14) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and Z. Orndorff 07/19/06. 
 
^Ap--  0 – 8 cm; olive brown (2.5Y 4/3) sandy loam with common, medium, prominent, 

strong brown (7.5YR 5/8) bodies; fine to medium weak medium granular structure; 
very friable; moderately few fine to very fine roots; clear smooth boundary. 

^C1/C2-- 8 – 40 cm; olive brown (2.5Y 4/3) sandy loam with inclusions of red clay and many, 
extremely coarse, distinct, dark yellowish brown (10YR 4/6) sand fragments, and 
many, extremely coarse, prominent, strong brown (7.5YR 5/6) clay slime fragments; 
structureless, massive (clay inclusions); very friable (sand) to firm (clay) to friable 
(topsoil material); moderately few to many fine to very fine roots; abrupt smooth 
boundary. 

2^Cu--  40 – 100+ cm; light yellowish brown (2.5Y 6/4) sand with common, very coarse to 
extremely coarse, red clay banding; structureless, massive; very friable, clay banding 
firm. 

 
Notes: 

• ^Ap layer:  Platy structure. 
• ^C1/C2 layer:  Layer is three different materials mixed together; yellow orange sand, red 

clay, and gray-brown topsoil.  Along some parts of the pit, topsoil material is prominent 
and then less so in other areas.   

• 2^Cu layer:  Predominantly white-yellow sand with common, fine heavy mineral sand 
bands, and few coarse to extremely coarse red clay slime bands-depositional tailings 
material **Most of this layer slumped in while we were describing it. 

 
Additional Notes: 
This pit was saturated at 90 cm and very moist.  A piece of a rubber hose was found in the upper 
portion of ^Cu horizon. 
 
Location:  Pit 403-5 [Biosolids Conventional Tillage] (Pit 15) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and M. Nester 08/09/06. 
 
^Ap--  0 – 10 cm; yellowish brown (10YR 5/8) sandy loam to loamy sand with few to 

common, medium to coarse, distinct, woody material accumulations; moderate 
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medium granular to weak very fine subangular blocky structure; friable; moderately 
few very fine to fine roots; clear smooth boundary. 

^A--  10 – 23 cm; dark yellowish brown (10YR 4/6) loamy sand with common, coarse, 
distinct, woody debris accumulations and few, coarse, distinct, brownish yellow 
(10YR 6/8) bodies; weak very fine to fine subangular blocky structure; friable; 
moderately few to common fine to very fine rooting; clear wavy boundary.  

2^C1--  23 – 62 cm; strong brown (7.5YR 5/8) sandy clay loam with many, coarse, distinct, 
brownish yellow (10YR 6/8), many, coarse, distinct, brownish yellow (10YR 6/6), 
and few, coarse, prominent, light olive brown (2.5Y 5/6) clay slime fragments; weak 
fine subangular blocky to massive structure; friable; very few to many (in places) fine 
to very fine roots; clear wavy boundary. 

2^C2--  62 – 200+ cm; Yellowish brown (10YR 5/8) sandy clay loam to sandy loam with 
many, extremely coarse, distinct, light yellowish brown (10YR 6/4) clay aggregates, 
and many, coarse, prominent, dark grayish brown (10YR 4/2) heavy mineral sand 
bands, and many, coarse, prominent, yellowish red (5YR 5/6) clay aggregates; 
structureless, massive; clay is firm, sand is friable.  

 
Notes: 

• ^Ap layer:  Slight accumulation (2 to 5 %) of woody material.   
• ^A layer:  Higher accumulation of woody debris than previous ^Ap layer.  Is denser than 

^Ap layer.   
• 2^C1 layer:  Many (35 %) red clay banding and clay aggregates evident.  Clay aggregates 

are very coarse (up to 6 cm), red and brown.  Matrix color is variegated and difficult to 
distinguish in certain areas.  Roots are plastered along west pit wall in desiccation cracks 
and ped faces only.    

• 2^C2 layer:  Slumping of soil from bull dozers, or convolutions--large areas of sand 
incorporated within clay/sandy clay layer-evident.  Few, black, heavy mineral sands 
prominent along west pit face-depositional tailings material.  Variable types of clay--red, 
hard, clay and soft, silty, smooth, brown clay.  Red clay is more prominent than brown.  
Clay accounts for 30 to 35 % or horizon with sandy material accounting for 40 %.  The 
remaining material is a sand and clay mix.   

 
Additional Notes:   
Water accumulation from North pit face is evident in lower left corner.  None of the ^Ap layers 
are very dense--only distinguished out two layers due to slight change in density and overall 
accumulation of woody debris. 
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Location:  Pit 404-1 [Biosolids No Tillage] (Pit 16) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and M. Nester 08/09/06. 
 
^Ap--  0 – 11 cm; strong brown (7.5YR 5/8), sandy clay loam; moderate fine granular 

structure; very friable; moderately few fine to very fine roots; clear smooth boundary. 
^Bw--  11 – 22 cm; strong brown (7.5YR 5/6), sandy loam to sandy clay loam; weak to 

moderate medium subangular blocky structure; very firm to firm; very few common 
to many fine to very fine roots; clear smooth boundary. 

^C1--  22 – 32  cm; yellowish brown (10YR 5/8), sand with common, coarse, distinct, strong 
brown (7.5YR 5/8) bodies; moderate medium platy structure; firm to very firm 
consistence; moderately few fine to very fine roots; wavy smooth boundary. 

^C2--  32 – 59 cm; yellowish brown (10YR 5/8), fine sand with common, coarse, distinct, 
strong brown (7.5YR 5/8) common, coarse, distinct, brownish yellow (10YR 6/8), 
common, coarse, distinct, strong brown (7.5YR 5/8), and common, coarse, distinct, 
olive yellow (2.5Y 6/6) bodies; structureless, massive; very friable; moderately few 
fine to very fine roots; 1 % gravelly coarse fragments; clear abrupt boundary. 

^C3--  59 – 95 cm; brownish yellow (10YR 6/8), coarse sand with clay banding with 
common, coarse, distinct, strong brown (7.5YR 5/8) common, coarse, distinct, brown 
(10YR 4/3) bands and common, very coarse, distinct, very pale brown (10YR 7/4) 
banding; structureless, massive; very friable; less than 7 % gravelly coarse fragments; 
clear smooth boundary. 

^C4 --  95 – 200+ cm; brownish yellow (10YR 6/8), sandy loam; structureless, massive; firm 
to friable in places; less than 5 % gravelly coarse fragments. 

 
Notes: 

• ^Ap layer: Decaying, woody material evident throughout horizon. Layer is 
uncharacteristically loose--difficult to obtain bulk density samples. 

• ^Bw layer:  Few, coarse chunks of woody material evident.  Overall, layer is denser layer 
than ^Ap.   

• ^C1 layer:  Layer is very dense in places--possible traffic pan.  Layer is discontinuous 
and tapers off to a few cm on the right side of the West pit face.  Roots are plastered 
along West pit face only.   

• ^C2 layer:  Accumulation of very coarse (5 cm) red clay aggregates. 
• ^C3 layer:  Overall color is variegated with light, fine, sand more prominent within upper 

5 cm of horizon.  Dark heavy mineral sand bands, and a thin, (1 to 2 cm) red clay band, 
located at 90 cm depth, evident from deposition of tailings material.  HMS and clay 
banding are discontinuous and non-existent on left side of West pit face.  Strong clay 
leaching evident--see redder sand color.   
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• ^C4 layer:  Increase in clay content with depth, with redder clay accumulating at bottom 
and softer, strong brown, clay located at upper 5 cm of layer.  Heavy mineral sand bands 
occur along West pit face only.   

 
Location:  Pit EC 5-2 [None—Adjacent to a Topsoil Plot] (Pit 17) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;   
Described by K. Meredith and M. Nester 08/09/06. 
 
^Ap--  0 – 14 cm; brownish yellow (10YR 4/6) sandy loam; moderate medium granular to 

weak subangular blocky; friable; moderately few to common fine to very fine roots; 1 
% gravelly coarse fragments; clear smooth boundary. 

^Cd--  14 – 27 cm; dark yellowish brown (10YR 3/6) sandy loam with common, medium, 
distinct, dark grayish (10YR 4/2) bodies; moderate medium platy structure; friable; 
moderately few fine to very fine roots; clear smooth boundary. 

^C1--  27 – 65 cm; strong brown (7.5YR 4/6) sandy clay loam with few, fine, distinct, gray 
(10YR 5/1) fragments of an A horizon; structureless, massive; firm to extremely firm; 
abrupt smooth boundary. 

^C2--  65 – 150+ cm; reddish yellow (7.5YR 6/6) medium sand with common, coarse, 
distinct, yellow (10YR 7/6) bodies; structureless, massive; friable; less than 2 % 
coarse fragments.  

 
Notes: 

• ^Ap layer:  Few chunks of woody material evident. 
• ^Cd layer:  Very dense layer--as noted platy structure. Much denser than ^Ap horizon. 

Very few, fine to medium, woody material nodules apparent.   
• ^C1 layer:  Very dense, very hard, brittle layer--as if harden clay texture.  Few, coarse, 

light topsoil-colored nodules apparent.    
• ^C2 layer:  The ^C2 layer bands of clay, lighter sand and HMS from tailings deposition, 

clay is red and brittle, sand is medium, few patches of light brown smooth clay, general  
is reddish sand (most likely due to clay leaching). 
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Location:  Pit EC 7-2 [None—Adjacent to a Control Plot] (Pit 18) 
 
Vegetation:  Soybeans;  
Parent Material:  Stratified Mineral sands mining tailings and slimes derived from stratified 
Upper Coastal Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and M. Nester 08/09/06. 
 
^Ap--  0 – 6 cm; brown (7.5YR 5/4) sandy loam; weak very fine to fine subangular blocky to 

moderate medium granular structure; friable; moderately few fine to very fine roots; 
clear smooth boundary; less than 2 % gravelly coarse fragments.  

^Cd--   6 – 24 cm; strong brown (7.5YR 5/6) sandy loam to sandy clay loam with common, 
coarse to very coarse, distinct, dark yellowish brown (10YR 4/4) fragments of an A 
horizon; weak medium to coarse subangular blocky structure; very firm; moderately 
few fine to very fine roots. 

^C1--  24 – 67 cm; strong brown (7.5YR 5/6) sandy clay loam; structureless, massive; firm 
to extremely firm in places; moderately few fine to very fine roots; less than 3 % 
gravelly coarse fragments; abrupt smooth boundary. 

^C2--  67 – 153 cm; brownish yellow (10YR 6/8), sand with common, fine, faint, brownish 
yellow (10YR 6/6) common, fine, distinct, very dark grayish brown (10YR 3/2), and 
common, fine, prominent, pale yellow (2.5Y 7/3) bodies; structureless, massive; 
friable; abrupt smooth boundary. 

^C3--  153 – 200+ cm; strong brown (7.5YR 5/8) sand with common, fine to medium, 
distinct, brownish yellow (10YR 6/6), and common, medium, distinct, yellowish 
brown (10YR 5/8) bodies; structureless, massive; friable.   

 
Notes: 

• ^Ap layer: Few, small chunks and flakes of woody debris--most likely roots from 
previous row crops evident.    

• ^Cd layer: Very dense layer with few roots.  A thin (2 to 6 cm), discontinuous band of 
topsoil material occurs at 20 cm.   

• ^C1 layer: Large increase in clay content towards bottom 10 cm of horizon.  
• ^C2 layer: Is multicolored sands--variegated colors from deposition of tailings material; 

white, heavy mineral sand material--thin bands of brown, red, and yellow sands.  Few, 
fine (< 1mm), smooth, silty, clay bands prominent. 

• ^C3 layer: Very red sand with few heavy mineral sands banding from deposition of 
tailings material and light brown sand lithochromic mottles. 

 
Additional Notes: 
Pit slowly filled in with water, from lower left side of West pit face. 
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Location:  Pit EC 11-2 [None—Adjacent to a Topsoil Plot] (Pit 19) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m; 
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and M. Nester 08/10/06. 
 
^Ap--  0 – 13 cm; strong brown (7.5YR 5/6) sandy loam; weak fine granular to moderate 

medium subangular blocky structure; very friable; moderately few fine to very fine 
roots; gradual smooth boundary. 

^Cd--  13 – 41 cm; strong brown (7.5YR 5/8), sandy clay loam with an increase in clay 
towards bottom of horizon with common, medium to coarse, distinct, yellowish red 
(5YR 5/6) clay bodies; structureless, massive; firm; very few fine to very fine roots; 
abrupt smooth boundary. 

^C1--  41 – 67 cm; yellowish brown (10YR 5/8), sandy loam with common, coarse, faint, 
brownish yellow (10YR 6/8), bodies, and common, fine, faint, yellowish brown 
(10YR 5/8), common, fine, faint, brownish yellow (10YR 6/6) and common, fine, 
prominent, yellowish red (5YR 5/8) clay slime bodies, and common, fine, distinct, 
very dark grayish brown (10YR 3/2) heavy mineral sand strata; structureless, 
massive; clay is firm, sand is friable; very few fine to very fine roots at top of horizon 
only; abrupt wavy boundary. 

^C2--  67 – 92 cm; yellowish brown (10YR 5/8), sand with few, fine to medium, faint, 
brownish yellow (10YR 6/8) clay slime bodies, and many, fine, distinct, brown 
(10YR 4/3) heavy mineral sand strata; structureless, massive; friable; abrupt smooth 
boundary. 

^C3--  92 – 200+ cm; yellowish brown (10YR 5/8), sandy loam to loamy sand with 
common, coarse, distinct, dark brown (10YR 3/3) heavy mineral sand strata and 
common, coarse, distinct, brownish yellow (10YR 6/6) sand bodies; structureless, 
massive; firm. 

 
Notes: 

• ^Ap layer:  Few, medium to coarse chunks of woody material prominent at upper 5 cm of 
horizon.   

• ^Cd layer:  Significant increase in clay especially towards bottom 10 cm of horizon--
possible traffic pan.  Layer is very dense--exhibits strong densic properties.   

• ^C1 layer:  Discontinuous band of medium sand--tapers off towards the right side of the 
West pit face.  Sand is multicolored with redder material more prominent in the upper 10 
cm and lighter tan material more prominent towards bottom– red material most likely a 
result of clay leaching from ^C1 horizon.  Overall texture varies between sand and clay 
due to clay slimes.  Within the upper 4 cm of the horizon, texture is pure sand tailings and 
not a mixture of sandy clay. 

• ^C2 layer:  Layers of heavy mineral bands present from deposition of tailings material.  
Sand is predominately two colors--light tan and reddish brown with the redder color 
possibly due to clay leaching.  Sand is coarser than sand found in ^C2 layer.   
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• ^C3 layer:  Intermitted bands of soft, brown, clay material mixed together with bands of 
heavy mineral sands from deposition of tailings material.  Increase in soft clay towards 
bottom of horizon.  Sand inclusions are fine than sands found in ^C2 and ^C1 layers. 

 
Location:  Pit EC 12-2 [None—Adjacent to a Control Plot] (Pit 20) 
 
Vegetation:  Soybeans;  
Parent Material:  Mineral sands mining tailings and slimes derived from stratified Upper Coastal 
Plain fluviomarine sediments and soils; 
Physiography:  Reconstructed ridge summit; Relief:  5 m;  
Elevation:  65 m; Slope:  2 %;  
Described by K. Meredith and M. Nester 08/10/06. 
 
^Ap--  0 – 15 cm; strong brown (7.5YR 5/6) sandy loam; weak thin platy to weak fine 

granular structure, brittle; moderately few fine to very fine roots; clear smooth 
boundary.  

^C1--  15 – 53 cm; brownish yellow (10YR 6/8) fine sand, with common, coarse, faint, 
brownish yellow (10YR 6/6) sand bodies, and common, coarse to very coarse, brown 
(10YR 4/3) heavy mineral sand bands; structureless, massive; friable; very few fine to 
very fine roots; clear smooth boundary.  

2^C2--  53 – 62 cm; strong brown (7.5YR 5/6) clay loam to sandy clay loam with common, 
coarse, distinct, brownish yellow (10YR 6/8) sand bodies and common, coarse, 
distinct, yellowish red (5YR 5/6) clay aggregates; structureless, massive; firm in 
place, friable; clear smooth boundary. 

2^C3--  62 – 150+ cm; brownish yellow (10YR 6/6) sand with few, coarse, distinct, strong 
brown (7.5YR 5/6) clay slime fragments, common, fine, distinct, brown (10YR 5/3) 
heavy mineral sand bands, and common, medium to coarse, distinct, light yellowish 
brown (2.5Y 6/4) sand bodies; structureless, massive; friable. 

 
Notes:   

• ^Ap layer:  Has a granular structure in the upper 3 to 4 cm, followed closely by a hard 
platy structure--possible traffic pan. 

• ^C1 layer:  Bands of heavy mineral sands evident from deposition of tailings material.  
HMS layers are flat and have not been altered/convoluted by bull dozers.  Very few, 
small (< 2 cm) strong brown (7.5YR 5/8) clay aggregates.  Leaching of 5Ap horizon 
evident in upper 2 to 5 cm.  

• 2^C2 layer:  Thin clay layer with few sand inclusions.  Layer is discontinuous--occurs 
over West and North pit faces only.  Overall texture is smooth, soft clay with few hard, 
dark red, brittle, clay nodules mixed in. 

• 2^C3 layer:  Bands of heavy mineral sands evident from deposition of tailings material.  
A thin, (< 2 cm) clay band occurs at 88 cm.   

 
Additional Notes: 
Pit filled with water at a slow rate. 
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VITA 

A wonderful yet unplanned ‘bundle of joy,’ I, Kelly Robyn Meredith, was born in a small 

hospital in Warrenton, Virginia to a Mr. and Mrs. Billy and Betty Meredith.  

Irish/English/French and Native American ancestry, make up the bulk of my lineage.  As a child, 

I grew up in rural Culpeper, Virginia.  Over the years, I watched my rural hometown slowly 

grow more and more suburban thanks to Northern Virginia Sprawl.  After graduating Culpeper 

County High School with an advanced degree, I set my sights on attending college.  I fell in love 

with Virginia Polytechnic Institute and State University upon my first visit and decided to study, 

of all things, Mining engineering, during my Undergraduate tenure.  After summer internships 

focusing on the various aspects of the mineral processing part of mining, I vowed to correct my 

mistake and set my sites on a more environment friendly area of research -- land reclamation.  

Considering that I was not yet ready to leave the beauty that is Virginia Tech, I decided to see 

what graduate opportunities the school had to offer.  Here I met Dr. W. Lee Daniels, a prominent 

professor in Crop and Soils and Environmental Sciences.  I was lucky enough to garner an 

assistantship with him, and after a summer internship at a prominent mining company coupled 

with excursions of soil sampling for Dr. Daniels, I was ready to begin my graduate career.  Three 

years, one wonderful and encouraging boyfriend, a cast of incredibly supporting family and 

friends, and a Masters degree later, I am still searching for that one career opportunity that will 

not only allow me to preserve and help our Mother Earth, but will give me that feeling of a job 

well done!             
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