MINE SOIL MAPPING, CLASSIFICATION, AND
CHARACTERIZATION IN ILLINOIS

S. M. Wiesbrook®
R.G. Darmody?
Department of Natural Resources and Environmental Sciences
University of Illinois

Abstract

Surface mining for coal completely disturbs the soils and geologic materials overlying the coal. The soils and
landscapes | eft after surface mining are aresult of what the miners did with the materials they encountered. At one
time, the spoil was|eft as it was deposited by the mining activities, but through the years, increasing attempts have
been made to purposely place material sto accommodate reclamation requirements. If mined areasareto be used, asoil
survey is needed to describe the landscape to guide wise land use decisions. Existing mine soil series and map units
in lllinois, as elsewhere, are insufficient to describe their diversity adequately. Most of these soil series were
devel oped before reclamation requirements took full effect and others were too broadly defined. The official series
descriptionsdid not adequately recognize soil attributes, such ascompaction, produced by new techniquesof material
handling and placement. The purpose of this study wasto address these shortcomings by devel oping new soil series
and by refining existing soil series. Proposed soil series were characterized in the field and existing series were
redefined to reflect field conditions better. Standard soil survey techniques were used. In addition, depth to
compaction was estimated with a recording cone penetrometer. Alterations of existing soil series were proposed to
restrict them to a better range of sod properties and recognize important soil features. The descriptions, along with
the existing mine soil series, will be used as a guide to map reclaimed mine sodsin Illinois.

Introduction

Surface mining for coal entirely disrupts alandscape, sometimesto adepth asgreat as 170 feet. While many surface
mines are not that deep, they all disturb the entire soil profile and the portion of the underlying geol ogic profile above
the coal regardless of depth. Reclamation methods used in Illinois range from none at al, to avariety in response to
"intermediate” legislation, to the standards in place today, under which a reclaimed soil must have equal or greater
productivity than the pre soil. Mined lands need an accurate soil survey to guide post mining land use decisions.
However, soil series descriptionshave not kept pace with the strides madein reclamation technology. Consequently,
many mine soils are mapped improperly, if at al. Thereisaneed for amore refined system of mine soil classification
and mapping in Illinois as el sewhere today to rectify these problems.

History of Surface Coal Mining and Reclamation

Surfacemining for coal over thelast one hundred fifty years has affected approximately 257,000 acresin forty counties
inlllinois (Table 1, Fig. 1) (IDMM 1995). The distribution throughout the state clearly indicates the geol ogic spoon
shaped Illinois coal basin. Surface mines are confined to the margins where the coa is shallow. Deep mines occupy
the center of the basin. Slightly over two-fifths of the surface mined areawas never reclaimed and the remainder was
reclaimed to meet the regulation standards of the day (Table 1). Regulations have changed a great deal over time;
consequently, so have the post-mine soils. Both reclaimed and nonreclaimed mine soils present problems to a soil
classifierand mapper. Over theyears, surface mined land has undergone more careful consideration, but the mapping
and classification of mine soils has not been conducted with the care given to unmined areas.

Coal mine reclamation in Illinois has taken on many forms over the years. Mine soil reclamation in Illinois is now
conducted to meet the standards set forth in the Surface Mining Control and Reclamation Act (SMCRA, PL 95-87)
(United States, 1977). This act mandates the replacement of aminimum of four feet of soil after mining. Thisincludes
all of the original topsoil to aminimum of 6 in. of surface soil, and arooting media of equal or better quality than the
original subsoil. The methods by which these soil materials are placed can create large differences in the post-mine
soils.
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Compaction is a common consequence of soil placement. Soil materials placed with scrapers or end-dump trucks
driving on the surface become densely compacted (Jansen, 1982). This greatly reduces the exploitable root volume
for plants, leading to reduced nutrient and moisture availability. This method of replacement was common for years
in llinois, causing many acres of compacted soils that are not recognized in the existing series. Compaction can be
avoided or ameliorated by more careful material handling methods or theuse of deeptillage (Dunker et al., 1995). Deep
tillage of compacted reclaimed soilscanresult in corn and soybean yieldsequal to native soils(McSweeney et al., 1987,
Dunkerand Jansen, 1987). Soilsthat havebeen carefully placed or deep-tilled areal so not accounted for by the current
soil series.

History of Mine Soil Classification and Mapping

Soil maps have not shown much detail m areasthat have been surface mined. Originally, mined areaswereidentify ed
as MD (MineDump), SM (SurfaceMine), or NE (Made Land) (Table 2). Fromabout 1960 through 1982, mine soilswere
mapped with the generic Orthent or Udorthent Iabels. Ironically, inthe quest to apply ataxonomic nameto these soils,
the counties mapping them as Orthents lumped them with other disturbed soilsaswell asnatural Orthents. Valuable
information about the soils’ formation that the strip mine label indicated waslost. Beginning in 198 1, five soil series
were used to describe mine soils. Inlllinoisthere are two seriesinto which an unreclaimed surface mined soil may be
placed, Lenzburgand Morrisstown. Therearecurrently threesoil series, Swanwick, Schuline, and Rapatee, which may
beusedin Illincisto identify reclaimed surface mined soils.

Thesefive soils are all classified into mixed, mesic families of Entisols. However, there has been debate about the
higher categoriesintowhichthesesoilsshould beplaced. Lenzburgand Morristown arewell drained and areclassified
as Typic Udorthents. They are composed of cast overburden with no or minimal reclamation (Fig. 2). The main
difference between these two soilsis at the family level; Morristown isloamy-skeletal, while Lenzburg is fine-loamy.
Thethree seriesrepresenting reclaimed mine soilsdiffer mainly intermsof soil materialsreplaced. Theparent materials
for Schuline aretopsoil replaced over cast overburden. Thereisno root mediareplaced, as Schulineisanintermediate
reclamation law soil. Swanwick and Rapatee both have root media and topsoil replaced. Rapatee soils have a dark
colored surface horizon, while Swanwick and Schutine soils have alight colored epipedon. Schuline and Rapatee are
both classified as Typic Udorthents, while Swanwick is classified asan Oxyaquic Udorthent. Swanwick and Rapatee
arein thefine-silty family, and Schuline isin the fine-loamy family.

Mapping and classification of these soils are difficult. Mine soils are inherently heterogeneous which complicates
classification and mapping. In addition, thereis no natural soil-landscape model which onecan apply acrossamined
landscape asis done to map natural soils. Premine soil(s), mining method(s), reclamation method(s), and the premine
geologic column must be used to map these soils (Indorante and Jansen, 1984). Thefield researcher must be careful
to determine whether a particular soil property is inherited from the premine soil, or is an actual indicator of
pedogenesis experienced by the soil inplace. Thisisespecially important wheninterpreting subsurface colors. There
may be relict materials and colors that would lead a researcher to believe there were reduction-oxidation processes
associated with excessivewetnessin the soil. These soilsalso may not exhibit the natural trend of decreasing organic
matter with increasing depth, dueto relict concentrations of organic matter (Ammonsand Sencindiver, 1990). Perhaps
the most easily identifiable feature of these soilsisthe erratic nature of curves plotted from physical datafor the soils.

Reclaimed soils present unique challengesto classification aswell. They may retain the materials from their original
horizons, but without their original structure, which is a very important physical property of asoil. They also may
show layering effects and abrupt boundaries that are due to placement of the materials. The physical property of
compaction and the disturbance of the entire profile are reasons enough to warrant new series for these soils.

ProblemsWith Existing Soil Series

The existing soil series are extremely broad in scopeand do not adequately describethediversity of minesoils. There
are somevery different soilsthat must be included in the same mapping unit because of the l[imited suite of soil series
from which to choose. In southern Illinois, reclaimed mine soils with light colored surface horizons must be mapped
as Swanwick if root mediawasreplaced; if not, they must be mapped as Schuline. Currently, reclaimed mine soilswith
dark surface horizons must be mapped as Rapatee. Alternatively, a new soil series must be developed to allow for
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additional soils. When comparing profile descriptions from one county to another, it becomes evident that very
different soils have been mapped the same because of lack of alternatives (Elmer and Zwicker, 1996; Walker, 1992;
Windhom, 1986).

Thereisaneed for soil seriesthat will include more recent reclamation techniques and recognize the materials used.
M odemreclamation placestopsoil on root mediaon graded cast overburden (Fig. 2). Topsoil and root mediaaretaken
from the premining soil A horizon and the B or C horizons and are of Pleistocene age. Cast overburdenis generaly
Pennsylvanian in age, although it can be any material removed in the process of mining, dumped, then leveled.
Replacing 48 in. of root media on top of graded cast overburden often greatly increases the volume of soil available
for root exploitation and water storage. Thispracticeisrequired for all reclamation since the SMCRA took effect, but
only two of the current soil series recognizethis.

Unrecognized in existing soil series is compaction. Compacted soils, or soils with densic layers, have massive
structure, high soil strength, and high bulk density. Compaction slows water flow, and root growth is restricted to
fractures between large fragments of compacted soil. This causes poor crop growth. A penetrometer can be used to
detect densic soil layers (Fig. 3). These devices measure the resistance of a soil to penetration. Densic layers
occurring within 50 cm of the surface can be detected with ahand-held penetrometer; deeper ones require atractor or
truck mounted penetrometer. Densic layers are now recognized in soil taxonomy (Soil Survey Staff, 1996) as Cd
horizons. Thelabel Cdwasnot availablewhen the existing reclaimed minesoil serieswereestablished. Consequently,
the official series descriptions for these soils do not include Cd horizons, although compaction was indicated by the
consistent descriptions.

Another shortcoming of the existing soil seriesliesinthelack of recognition of lithologic discontinuities. Thetopsoil
and underlying root media are of Pleistocene age, while the cast overburden is a mixture of predominantly
Pennsylvanian age materials. The Pleistocene materials are typically neutral to slightly acidic and lack coarse
fragments; the Pennsylvanian materials are typically calcareous and contain alarge percentage of coarse fragments.
ThePennsylvanian age cast overburden should berecogni zed asasecond parent material andindicatedwithan Arabic
number two (2) in front of the horizon designation (Soil Survey Staff, 1996).

Mine Soil Char acterization

Characterization of these soilsinvolves studying the soil propertiesthat make them unique. These soilsusually have
very similar chemical characteristicsto the premine soils, since they are usually madefromthem (Snarski etal., 1981).
Reclaimed mine soils differ from premine soils primarily in physical properties. Structureisdestroyed during material
handling, and a dense, massive structure may be imparted during material replacement (Thomas and Jansen, 1985;
Dunker, et al., 1995). These dense layers have high soil strength.

Soil Strength

Sail strength isan important property of mine soils. Roots cannot enter soilswith excessive strength, and crop yields
consequently suffer (Dunker et al., 1995). Thereare many measurements of soil strength, including bulk density, shear
strength, compressive strength, and resistance to penetration, among others. Bulk density is the most commonly
reported measurement, but it does not adequately describe the strength of reclaimed mine soils.

We sampled selected horizons at seven locations to determine bulk density by the coated clod method (Blake and
Hartge, 1986). Included were samples from densic Cd horizons and non-densic C horizons (Soil Survey, Staff, 1996).
Clod bulk densities werenot consistently higher inthe Cd horizons (Table 3). Field differentiation between densic and
non-densic horizons was based, in part, on ped size. Horizons labeled densic were composed of large, dense clods
of replaced compacted soil. The non-densic horizons originally were similar, but were modified by deep tillage that
shattered the clodsinto smaller pieces. Theresult of deeptillageisthat rootsare ableto penetrate between the smaller
pieces to a greater depth and extent than through the original material, even though the clod bulk density of the
material was not altered.
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Based on these findings, we believe that clod bulk density should not be used to separate densic (Cd) horizons from
non-densic C horizons in reclaimed mine soils. We feel that a much better indicator of root penetration is the
penetrometer. Penetrometer resistance can be used to determine depth of tillage and is correlated with crop yieldson
reclaimed minesoils(Dunker et al., 1995; Thompson et al., 1987). Penetrometer resi stance can al so be used to determine
topsoil this root media thickness, or depth to cast overburden (Fig. 3). Cast overburden is composed mainly of
impenetrable shale fragments that increase penetrometer resistance.

Proposed and Revised Series

New soil series are needed to encompassthe diversity of minesoilsin Illinocissufficiently (Indoranteet al., 1992). We
have refined existing soil series and proposed five new series to accommodate reclaimed mine soils now found in
[llinois.

Unreclaimed mine soils are adequately covered by the existing soil series with the exception of wet Lenzburg soils.
Lenzburg is defined as awell-drained soil; however, they include areas that are not well drained. These have been
mapped as inclusionswithin the Lenzburg map unit. There needsto be awet phase of Lenzburg recognized for these
areas. They have similar profilesto atypical Lenzburg, but occupy landscape positions that cause poor drainage.

Changes are also needed in the existing reclaimed mine soil series official descriptions to narrow their range in
characteristics. Because of root mediaand topsoil replacement, Rapatee soilshaveavery denselayer starting at about
18 in. (Windhorn, 1986). Swanwick soils have a very hard layer starting at 27 in. (Miles, 1988). These should be
recognized asCd horizons. Recognition of these Cd horizonswill separatetheearly, non deep-tilled soilsfromthemore
recent, carefully placed or deep-tilled sails.

Proposed mine soil seriesincludethree soilswith light colored surface horizons: Pyatts, Burningstar, and Captain (Fig.
4). These soilswere formed in areas where Alfisols were the dominant premine soils. Inthese soils, the original light
colored surface horizons have been replaced over root mediafor atotal of 48 in. of replaced material. Two of themdo
not have densic contacts within the top 50 cm. They are the fine-silty Captain and the fine-loamy Burningstar. The
third proposed light colored surface soil is Pyatts, which has afine-loamy texture with a densic contact. Pyattsisa
loamy anal ogue of Swanwick.

There are also two proposed soilswith dark colored surface horizons (Fig. 4). These soilswereformed in areaswhere
Mollisols were the dominant premine soil type. Theoriginal dark colored surface horizons have been replaced, al most
re-creating amollic epipedon. Thesetwo soilsboth havefine-silty textures. Fairview isaproposed seriesthatissimilar
in most respectsto Rapatee, although it also does not have a densic contact within 50 cm, because of better material
placement methods ordeeptillage. Ruppisanintermediate-la* sod, similar to Schuline, but with adark colored surface
replaced directly on top of cast overburden. Soilsthat meet thecriteriafor Rupp have been mappedin Stark and Peoria
counties as Rapatee (Elmer and Zwicker, 1996; Walker, 1992).

Futureof IllinoisMine Soil Mapping

There is still much work to be completed before mine soilsin Ilinois are mapped adequately. The five soil seriesand
revisionsto existing seriesproposed will allow much greater accuracy in assigning soil seriesto these disturbed lands.
Soilswill be classified more accurately than they are by the five existing soil series, but there are still limitations.

Counties will need to re-map areasthat have already been mined. Aspart of thisobjective, more studieswill be needed
to determine approximate crop yields for both the proposed series and the revised existing ones. This could have a
significant effect on the tax base for the more effectively reclaimed sites whose productivity should befar superior to
that of the earlier attempts at reclamation. As areas of compacted mine soils, such as Rapatee, are deep tilled to
improve crop yields, re-mapping of the areas, as Fairview, will be necessary. Deep tillageisan expensive, high energy
input event with persistent effects (Dunker et al., 1995). It permanently and significantly changes soil properties
throughout the solum.

Soil scientistswill need to use a penetrometer to detect densic contacts to identify compacted soils. One possibility
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is to mount a penetrometer on an all-terrain vehicle to assist the mapper. There are also hand-held constant rate
recording cone penetrometersthat are suitable for detecting densic contacts within 50 cm. Mapperswill also need to
become accustomed to the fact that unlike natural soils, many mine soil mapping units will have regular boundaries
asadirect result of the reclamation methods and mining permit boundaries.

Conclusion

Surface coal mining dramatically alters soils and landscapes. Some areas were reclaimed to various extent over the
years, while others were not. There is a need for more soil series to describe the variability found in mine soils
adequately. New technology and approaches, such asmeasurement of penetration resistance, will aidin detecting soil
compaction, the most important crop yield limiting property of mine soils. Soils already mapped will need to be
reexamined to place them into the most suitable series. More work needs to be done to characterize specific soil
properties of mine soil seriesin lllinois.
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Table 1. Acreage disturbed by surface coal mining in lllinois.

Acreage Affected Area Acres

Priorto | 1/1/62- % Affecte in
County ‘62Law | 6/30/93 | PreLaw | Total d County
Adams 177 51 78 228 0.04 556,160
Brown 19 761 2 780 040 196,480
Bureau 2,910 225 93 3,135 0.56 558,720
Clark 3 0 100 3 0.00 322,560
Crawford 4 17 19 21 0.01 282.830
Edgar 51 450 10 501 017 296,160
Fulton 25293 28,016 47 53,309 953 559,360
Gdlatin 208 3,460 6 3,668 174 211,200
Greene 50 6 89 56 0.02 349,440
Grundy 6,162 1,128 85 7.290 266 273.920
Hancock 101 0 100 101 0.02 510,080
Henry 2676 0 100 2676 0.51 528,640
Jackson 4,080 5,168 14 9,248 240 385,920
Jefferson 72 3435 2 3.507 094 373,120
Jersey 1 0 100 1 0.00 241,280
Johnson 1 81 1 82 0.04 220,800
Kankakee 2097 63 97 2160 0.49 437,760
Knox 11434 10,359 52 21,793 473 460,800
LaSdle 1213 0 100 1213 0.16 737,920
Livingston 46 0 100 46 001 663,800
Madison 7 0 100 7 0.00 476,160
Marshall 1 0 100 1 0.00 255,360
McDonough 6 2,057 0 2,063 0.55 372,480
Menard 0 6 0 6 0.00 202,240
Mercer 25 0 100 25 001 364,160
Morgan 4 0 100 4 0.00 366,080
Peoria 1,265 8413 13 9,678 240 403,840
Perry 13,084 37,506 26 50,590 17.84 283,520
Pke 1 0 100 1 0.00 540,160
Pope 0 53 0 53 0.02 238,080
Randolph 2,387 12,913 16 15,300 3.96 386,560
S. Clair 5948 8330 42 14,278 324 440,960
Sdline 5584 12,032 32 17,616 711 247,680
Scott 1 0 100 1 0.00 161,280
Schuyler 1327 3,039 30 4,366 157 277,760
Stark 239 2447 9 2,686 145 184,960
Vermilion 4,208 1,152 79 5.360 0.93 575,360
Wabash 6 4 60 10 001 145,280
Will 4,698 1,624 74 6,322 117 540,800
Williamson 7792 11,377 41 19,169 6.79 282,240
Total 103181 154172 40 257,353

Source: Illinois Department of Mines and Minerals, 1995 Annual Report.
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Table 2. Soil map used on Illinois mine soils.

Map Unit
Number Name Established Texture Reaction Classification
MD, ML, SM Strip Mine Pre 1978 Undifferentiated strip mined and other made land
801 Orthents 1978 silty - Udorthent
802 Orthents 1978 loamy - Typic Udorthent
803 Orthents 1978 - non-acid Udorthent
804 Orthents, acid 1978 |oamy-skel etal acid Udorthent
821 Morristown 1978 |oamy-skel etal (calcareous) Typic Udorthent
871 Lenzburg 1981 fine-loamy (calcareous) Typic Udorthent
823 Schuline 1983 fine-loamy (calcareous) Typic Udorthent
824 Swanwick 1983 fine-silty non-acid Oxyaquic Udorthent
872 Rapatee 1983 fine-silty non-acid Typic Udorthent
806 Orthents 1988 clayey-skeletal - Udorthent
825 L enzburg 1938 871, Acid sub-stratum phase Typic Udorthent

Note: All taxa are members of mixed, mesic families of their respective subgroups.

Table 3. Bulk density of selected horizons of Illinois mine soils.

Bulk
Pedon Horizon Depth (cm) Density
(g/ce)
S72 C 17-49 208
S72 Cd1 49-100 214
S72 2Cd2 100-110+ 200
S74 c2 3575 197
S74 Cd1 75-107 197
S74 2Cd2 107-112+ 199
S75 c2 46-80 200
S75 Cd4 138-160+ 205
S76 C1 21-51 208
S76 Cd1 91-121 195
S77 C 2574 195
S77 Cd1 74-122 190
S77 2Cd2 122-140+ 207
S78 Cd1 56-99 208
S79 C1 18-68 175
Mean Cd 202t
Mean C 197

TNo difference at =0.05
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Surface Mining
in Illinois

Reclaimed

State Total = 257,353 Acres

Number of Acres Mined*

\
506-533
T 143218
7 5497
21-44

2-12

* In Hundreds of acres
Note: Open circle indicates <200 acres

Source: IL Dept. of Mines & Minerals: Annual Report FY94.

Figure 1. Distribution of surface mining in Ilinois.
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Soil mapping unit names
MD, ML, SM Schuline Rapatee Burningstar*
Orthents Rupp* Swanwick Captain*
Lenzburg Pyatts* Fairview*
Morristown * Proposed.
Replaced Replaced Replaced
Topsoil Topsoil Topsoil
...... Densic
Cast Contact Replaced
as Root Media
Overburden c Replaced
ast
Root Medi
Overburden /T{/ /_\/
Cast Cast
Overburden Overburden
”——-\\\ ’v ’—_§\\\ ‘— ’_—‘\\\ ’J ’_—§\\
A B

D
Figure 2. Idealized post-mine material placement profiles showing soil mapping unit names.
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Figure 3. Penetration resistance ina soil

mapped as Rapatee, 30 cm topsoil replaced
over rocky cast overburden. This soil meets
the guidelines for the proposed Rupp series.
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Topsoil
Replaced

Topsoil
Color

Root Media
Replaced

Densic
Contact

[Texture
Family

Rapatee+
Rupp* Fairview*

Morristown

. Lenzburg+ Pyatts* Burningstar*

Soil . . .
Schuline Swanwick+ Captain*

Series
Name

Abbreviations: L-S = loamy-skeletal, F-L = fine-loamy, F-S = fine-silty
* = Proposed series, + = Revised series.

Figure 4. Key for Illinois minesoils including proposed and revised series.
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