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INTRODUCTION

Prior to the Federal Surface Mining Control and Reclamation

Act of 1977, the typical contour mining operation in Virginia in-

volved blasting and stockpiling of overburden, extraction of the

coal and burial of the carbonaceous and presumably pyritic over-

burden beneath the non-carbonaceous rock or soil from the stock-

Piles. After regrading on the benches, the excess overburden was

bulldozed over the outslope and a highwall of varying heights re-

mained. Revegetation was often difficult because of erosion, low

pH's and nutrients, stoniness and the poor moisture holding capacity

of the spoil. The outslope was usually very stony, droughty and

subject to severe erosion and slumping. According to the new federal

regulations materials may no longer be bulldozed over the outslope

and the original contour of the land must be re—established. This

law, however, is currently under litigation after a federal judge in

Big Stone Gap, Virginia suspended enforcement of the act with an

injunction that challenges its constitutionality because it infringes

on the state's powers reserved by the Tenth Amendment.

Special regulatory agencies of federal and state governments are

responsible for the inspection of surface mining and reclamation

activities. The federal government and private operators sponsor

research pertaining to the properties of mine spoils for four main

reasons: 1) Federal and state legislation mandates revegetation of

l
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mine spoils and reclamation measures; 2) Concern over the environmen-

tal impact of surface mining; 3) Interest in the potential agricul-

tural and urban uses of large acreages of disturbed land where level

areas are created in an otherwise rugged terrain; and 4) The mine

spoils are so variable in their properties that they need on—site

inspection and special testing to determine proper placement of over-

burden, amendents and plants suitable for revegetation.

The mine spoils need on—site inspection because of the varia-

bility in the coal-bearing rocks, both stratigraphically and geo-

graphically, and the way they are incorporated along with soil and

carbonaceous material into the spoils. Previous workers have re-

ported that standard geologic and soil test methods can be carefully

applied directly or with little modification to studies of the

physical, chemical and mineralogical properties of mine spoils. Some

researchers believe that characterization of overburdens prior to

initiation of mining can identify materials that can be blended by

the mine operators to maximize soil formation and attain the optimum

medium for plant growth, and that in some cases the regarded rock

fragments in the spoils can be superior to the naturally occurring

soils of a locality. While this may be true, many areas already exist

where spoils were regarded in a haphazard manner. In any case, study

of the spoils requires study of its individual components, that is, the

various rock types at the site, before the complex mixtures in the

spoils can be assessed.
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The purpose of this study was to investigate the physical,

chemical and mineralogical properties of the existing mine spoils at

Virginia Energy Company, a surface mining operation near Hurley,

Buchanan County, Virginia. The objectives were four-fold:

1) Identify physical properties of the spoils which are bene-

ficial and those which should be avoided during regrading.

2) Identify the source and status of essential plant nutrients.

3) Investigate the weathering rates of the spoils.

4) Determine which materials in the study area can be blended

to maximize soil formation and attain the optimum medium for

plant growth and environmental quality.



LITERATURE

Geology

The Pennsylvanian rocks of Buchanan County, Virginia including

strata assigned to the Wise Formation have previously been mapped by

Hinds (1918) and Butts (1941). Most of the early Appalachian strati-

graphic paleobotany was done by I. C. White (1902, 1903, 1908) and

David White (1900, 1905, 1913), however, much of their work and correla-

tions are reported by their contemporaries. Campbell (1893) did much

of the early mapping in southwest Virginia and gave most of the coal-

bearing rocks formal formation names. A lot of his mapping was done ·

before or during the first topographic map surveys by the U.S.G.S.

The mapping of Buchanan County by Hinds was done at a time when few

roads were in existence and at the same time the first topographic map

survey was made.

Moore et al. (1944) published an extensive correlation chart of

the Pennsylvanian formations of North America. Other notable treatises

on the Pennsylvanian formations of North America are those of Wanless

(1946) and Branson et al. (1962). Carboniferous floral provinces and

zones have recently been reviewed by Read and Mamay (1964). Francis

and Woodland (1964) discuss worldwide correlations with special re-

gards to the current radiometrically defined geologic time scale.

The Pennsylvanian System is subdivided into the Pottsville,

Allegheny, Conemaugh and Monongahela Groups. The Pottsville Group in

Virginia is comprised of the Lee, Norton and Wise Formations and in

4
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West Virginia of the Pocahontas, New River and Kanawha Formations

(Moore et al., 1944). A recent description of the type P¤CCSVill€ in

Pennsylvania is that of Meckel (1967) who concludes that a new type

locality should perhaps be established along the Kanawha River in

Kanawha County, West Virginia. The non-marine Pottsville correlates

with the marine Springerian, Morrowan and Atokan of the interior United

States and the upper Namurian B and C zones and the A and B zones of

the lower Wesphalian type Carboniferous of western Europe (Francis and

Woodland, 1964).

The structural evolution of the Appalachians has been the subject

of voluminous literature and overviews can be found in Eardley (1951),

Kay (1951), King (1959) and Lowry (1974). The subsurface structure of

Buchanan County has been studied by Bowen (1963) and Miller (1974),

and Hinds (1918) briefly describes the surface structure of the county.

The geologic structure of most of Buchanan County is that of a simple

homocline dipping gently northwestward. The dip is greatest in the

southern and southeastern parts of the county. The average dip be-

tween Hanger and Grundy is about 16 meters per kilometer; between

Grundy and Big Rock the dip is about 10 meters per kilometer (Hinds,

1918). Majorfaults occur in the southern parts of the county, but

none have been recognized to the north.

Carboniferous clastics spread over the foreland as the main de-

positional trough of the Appalachian geosyncline migrated westward to

the present site of the Appalachian Coal Basin. Paleogeographically,
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the Carboniferous sediments formed a continental shelf bordering the

rising Appalachians to the east and shallow epicontinental seas to

the west. Deformation of the miogeosyncline and foreland occurred at

various times throughout the Carboniferous depending on locality as

part of a protracted series of diastrophic movements which constitute

the Appalachian Orogeny (Eardley, 1951; King, 1959; Lowry, 1974).

Gradually the seas were expelled from the interior as the basins were

filled to above sea level and uplifted. Pennsylvanian rocks of the

Appalachian region are predominantly non-marine; westward the sections

display marked cyclicity with numerous thin marine elements.

As originally defined by Campbell (1893) the Lee, Norton and Wise

Formations comprised the Pottsville Group of Virginia. The Lee in-

cluded all the strata from the top of the Mississippian Pennington

Shale up to the top of the massive, conglomeratic Bee Rock Sandstone

at Big Stone Gap, Virginia. The Norton was defined at Norton, Virginia

as the strata from the top of the Lee Formation to the base of the

Gladeville Sandstone. The Wise Formation at its type locality in

Wise, Virginia was defined as the strata between the Gladeville Sand-

stone and the Harlan Sandstone.

The Pottsville nomenclature of southwestern Virginia is being re-

vised. It has been found that the Pocahontas Formation is unconform-

ably overlain by the Lee Formation (Englund and Delaney, 1966, 1971;

Miller, 1972, 1973; Miller and Meissner, 1973). Miller (1974) sub-

divided the Lee Formation into three quartz arenite members, one of

which is the Bee Rock Sandstone of Campbell (1893) and each of which
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pinches Out to the southeast. He found that Campbell had misidenti—

fied the Bee Rock Sandstone. The pinchouts determine which strata be-

come defined as the Norton Formation; hence the Norton thickens to the

southeast as the quartz arenites successively pinchout. According to

the redefinition, the Lee includes portions of the Norton and

essentially all of the New River Formation. To the east and north

the Norton grows to include much of what was previously ascribed to

the Lee Formation and nearly all of the New River Formation.

Miller (1969) studied the Wise Formation at its type locality and

redefined the unit as the strata between the base of the Gladeville

Sandstone and the top of the High Splint (No. 12) Coal. He subdivided

the Wise Formation into four laterally discontinuous sandstone mem-

bers which are traceable only for about 10 kilometers in any direction.

Hinds (1918) noted that the Gladeville Sandstone is difficult to

recognize in northern Buchanan County. Miller (1969) found that the

Gladeville sandstone pinches Out away from its type locality at Wise,

Virginia which leaves the top of the Norton and the base of the Wise

Formation undefined. He describes two marker beds in the Wise Forma-

tion, the Kendrick Shale of Jillson (1928) and the Magoffin Beds of

Morse (1931). The Kendrick occurs very near the middle of the Wise

and is characterized by about 2-3 meters of dark gray to black,

brachiopod—bearing calcareous shale and silty shale. The Kendrick

contains large oval limestone concretions with well developed cone-in-

cone structure. The Magoffin beds are characterized by a 1/2 meter

thick bed of black, dense, hard limestone with abundant brachiopods,
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distinctly white in the black limestone matrix. The unit may occur in

association with calcareous shale, siltstone or sandstone. He noted

additional calcareous zones in the Wise Formation, some of which bear

marine fossils and most of which occur in the middle and upper parts

of the formation.

In Ohio, marine limestones occur at five or more horizons in the

Conemaugh; three occur in the Allegheny and four in the Pottsville.

The beds are pure, commonly only 10 meters apart and generally readily

defined lithologically, stratigraphically and faunally. In the

Kanawha Valley, West Virginia, there are less marine horizons in the

Allegheny and more in the Pottsville than in Ohio, however, the lime-

stones are commonly impure, discontinuous, generally more than 30

meters apart and harder to differentiate. The principal horizons are

the: Kanawha Black Flint, Buffalo Creek Limestone, Winifrede Lime-

stone, Dingess Limestone, Seth Limestone, Campbell Creek Limestone,

Cannelton and Eagle Limestones. In eastern Kentucky the prinicpal

horizons are the: Flint Ridge Flint, Lost Creek Limestone, Salt Lick

Beds, Magoffin Beds, Elkin Fork Shale, Kendrick Shale and Devale Shale.

The Limestone beds contain freshwater, brackish, and a few contain open

marine, mostly molluscan faunas (Wanless, 1946).

Miller (1969) reported an approximate thickness of 813 meters for

the Wise Formation in eastern Lee and western Wise Counties, Virginia.

In central Lee County, near the western edge of the Lee Couty coal

fields where the Gladeville Sandstone has pinched Out, the Wise Forma-

tion is about 650 meters thick which suggests that the Wise thins
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appreciably to the west before disappearing into the subsurface.

Hennen and Gawthrop (1915) reported a thickness of 610 meters for the

Kanawha Formation in Wyoming and McDowe1l Counties, West Virginia and

each of the Pottsville formations thin to the west in West Virginia

and to the north to about 82-113 meters for the entire Pottsville

Group in northern West Virginia, Ohio and Pennsylvania (Arkle and

Latimer, 1961).

The regional isopach and lithofacies maps of Stearns and Mitchum

(1962) suggest progressive onlap from Pocahontas to New River time in

accordance with Miller's interpretation of the Lee quartz arenites

representing onlap. The isopachs show a westward shifting of deposi-

tion during Kanawha time. The Pottsville Group forms a pattern of

progressive overlap away from the axis of the Appalachian geosynclinal

trough. The Pocahontas Group occurs only in the axial portion of the

trough and represents the earliest Pennsylvanian sediments. The

thick early Pottsville forms a wedge of sediments which thins and dis-

appears to the northwest because of nondeposition. It is overlapped

by the New River Group which is the oldest Pennsylvanian in eastern

Ohio, northwest West Virginia and southwestern Pennsylvania. The group

thins and pinches out to be overlapped by the Kanawha group. These

Early—Middle Pennsylvanian rocks are widespread along the margins of

the geosyncline. The Allegheny Group overlying the Pottsville has much

more restricted occurrence. The Allegheny, Conemaugh and Monogahela

Groups which constitute the Middle and Upper Pennsylvania occur only
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in northwest West Virginia, southwest Pennsylvania and southeastern

Ohi¤,thaCis, in the Dunkard Basin. The rocks of the Dunkard Basin

grow progressively more continental during Pennsylvanian time. The

Monongahela and Dunkard Groups are almost wholly non—marine with a few

freshwater limestones.

Soils

There are no published soil survey reports for Buchanan County.

Most of the surrounding counties have been surveyed since 1916, how-

ever, there are no progressive surveys that have been completed or are

in progress in any of the coal mining counties of southwestern Virginia,

nor are reports available for neighboring counties in West Virginia

or Kentucky. A reconnaissance soil survey of fourteen counties in

eastern Kentucky included Pike Couty which borders Buchanan County

on the west. Eight soil associations composed of about 30 soil series

were recognized (McDonald and Blevins, 1965). Twenty—six soil series

were mapped in Raleigh and Fayette Counties, West Virginia (Gorman

and Espy, 1975). Five major soil associations were recognized and

soil series classified according to the 1969 soil classification system

of the USDA—SCS. Mine spoils were delineated on the maps, but were not

interpreted as to land use capability. The information should be

applicable to Buchanan County since some of the soils in these counties

are formed from the Wise Formation or its stratigraphic equivalent,

the Kanawha Formation.
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The soils mapped in West Virginia were members of the Orders of

Ultisols, Alfisols, Entisols, lnceptisols and Mollisols. Most of the

soils are members of fine-loamy, mixed, mesic families. Since the

terrain of the coal basin is so deeply dissected with narrow ridges

and vertical or very steeply sloping sideslopes, many of the soils

are thin and eroded. Heavy lumbering and burning has also contributed

to extensive erosion. The valleys are narrow and soils of the foot-

slopes and floodplains are commonly wet and subject to severe flooding.

Land use is limited by a lack of flat land, thin and wet soils, stoni-

ness and flooding. Soils of the footslopes often contain a fragipan.

The soils of the Calvin-Gilpin association are moderately deep,

well drained, medium-textured soils which occur on the sloping to steep

uplands and mountains. Soils of the Calvin Series are Typic Dys-

trochrepts and commonly belong to capability groups Vlls or Vlle.

Soils of the Gilpin Series are Typic Hapludults (IIIe, IVe).

Soils of the Dekalb-Gilpin-Ernest association are moderately deep,

well drained, moderately coarse-textured and medium-textured soils

which occur on the steep to very steep slopes of the dissected up-

lands; and deep, moderately well drained soils which occur on the

moderately to steeply sloping footslopes. Soils of the Dekalb Series

are Typic Dystrochrepts (IIIe, IVe); those of the Ernest Series are

Aquic Fragiudults (Ile, llle). The Dekalb Series occurs on the side-

slopes, while the Ernest Series occurs on the footslopes.
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The soils of the Muskingum-Shelocta association are moderately

deep, well drained, medium-textured soils on the very steep slopes of

the strongly dissected uplands; and deep well drained soils on the

sloping to steep footslopes. The Muskingum soils are Typic Dys-

trochrepts; those of the Shelocta are Typic Hapludults. Erosin again

limits the use of these soils. This association occurs in the western

part of Raleigh and Fayette Couties where the Kanawha Formation is

the surface formation.

The soils of the Atkins-Lickdale-Brinkerton association are the

deep, poorly drained, mediu—textured polypedons on nearly level flood-

plains and the deep, poorly and very poorly drained soils of the flood-

plain and gently sloping to nearly level footslopes. Soils of the

Atkins Series are Typic Fluvaquents; those of the Lickdale are Humic . —

Haplaquepts; those of the Brinkerton are Typic Fragiaqualfs. These

soils are limited by wetness and belong to capability groups Ilw and

IVw .

The Alfisols and soils of the Landes Series (Fluventic Hapludoll)

occur on floodplains and footslopes where runoff from calcareous source

rocks give them a high base status, and poor drainage, a high organic

matter content. Where wetness is not seriously restricting, these soils

may be highly productive.

In general the soils of the Appalachian Coal Basin are subject to

abrupt changes in texture due to the abrupt facies changes in the non-

marine coal-bearing rocks. The soils are mediu-or coarse—textured
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where sandstones comprise the bulk of stratigraphic intervals. Soils

are locally very silty in areas where siltstones are preponderant.

Where shales and fine—textured beds tend to be thin, they contribute

little to the majority of the soils which occur. The ridges are

typically capped by sandstones so that the upland soils are thin, well

drained, medium- and coarse—textured soils. Because of the steep

sideslopes, soils in these positions are usually thin; in the narrow

valleys, the soils are usually poorly drained. Some of the thicker

soils are those in colluvial positions along footslopes and on the

broader ridgetops. Since some of the rocks are relatively weakly

cemented, some of the ridges are capped by thick saprolites. The

soils commonly have inherited their micaceous and calcareous pro-

perties from the parent rocks.

Mine Spoils

A substantial amount of literature is available on various aspects

of strip mining and reclamation. The studies involve methods of re-

establishing the original contour of the disturbed land, spoil-bank

stablization, drainage and erosion control, applications of geologic

and pedologic methods to studies of rock, soil and water, and agronomic

and horticultural methods to study revegetation. It was recognized

early that a major problem involves managing acid mine drainage and

on this subject there is voluminous literature. Second perhaps to

none, is the problem of severe erosion which has been meliorated by

revegetation and settling ponds.
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Most of this literature is beyond the scope of this study and

there are no published studies on mine spoils derived from the Wise

Formation of Buchanan County, or any other strata in southwest Virginia,

that give detailed information on the physical, chemical and mineralo-

gical properties of the spoils and overburdens. Relevant publications

concern materials derived from other Pennsylvanian Strata and from

stratigraphic equivalents of the Wise Formation in West Virginia (Smith

et al., 1974, 1976; Plass and Vogel, 1973; Sencindiver, 1977) and

Kentucky (Barnhisel and Massey, 1969).

The detailed study of Smith et al. (1974) deals with mine spoils

of West Virginia where physical, chemical and mineralogical data,

modified techniques for analyzing spoils, and results of some simu-

lated weathering experiments are reported. They found that numerous

geologic and soil test methods could be applied directly or with

slight modification to mine spoils and that low levels of nutrients,

pH and moisture holding capacity were the primary causes for the

persistent inability to revegetate many spoil banks. Their findings

may be summarized as followsz an acid-base accounting method is use-

ful in intentional placement of regarded overburden; liming of acid

spoils reduces the rate of pyrite oxidation and sulfate formation by

reducing bacterial activity; low pH and nutrient levels were the prime

causes of a persistent lack of volunteer Vegetation; slaking and

petrographic analysis permits prediction of spoil textures upon

weathering; many areas of coal—bearing bedrock were oxidized to depth
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of 7 meters; many areas have overburden which contain sufficient levels

of carbonates to neutralize the acidity associated with the spoils;

carbonaceous rocks which give a dark streak are likely to be highly

acidic, while those with a light streak are not; highwalls contribute

to a break in slope which decreases surface erosion; acidity can be

satisfactorily characterized by potentiometric titrations; available

phosphorous is best determined by sodiu bicarbonate extraction and

neutralization potential by acid extraction of carbonates.

Smith et al. (1976) published extensively on properties of mine

spoils from 10 states of the Appalachian region and the midwest. Their

findings may be summarized as follows: in the humid U.S. above perma-

nent water tables, pyritic materials have been oxidized and destroyed

to depths on the order of 7 meters or deeper in highly fractured rocks,

and a Munsell color chroma greater than 2 is an excellent clue that

the pyrite has been destroyed; the acid-base accounting method has

wide application for insuring proper placement of overburdens to pre-

vent acidity as defined by three parameters: pH, total pyritic sulfur

and calcium carbonate content; coal partings tend to be high i¤

pyrite; pyrite contents tend to be high where materials are also

highly calcareous so that many areas have sufficient neutralization

potential already contained in the rocks; conversely some rocks are

so low in acidity that the absence of carbonates is not consequential;

carbonaceous beds are not necessarily pyritic and non-carbonaceous

materials are not necessarily non-pyritic; coarse fragments may be



16

desirable in the spoils due to their stabilizing influence; excessive

compaction by machinery during regrading can severaly limit root

penetration and water infiltration. The results of their study suggest

that after determination of acidity it may be found that there is

little pyrite and sufficient carbonate in the rocks to neutralize any

acidity that may be present. In such a case it would not be necessary

or even desirable to bury the carbonaceous materials which could in

fact serve as important nutrient sources, particularly phosphorous.

It may be foud that some mine spoils are better than the natural

soils in terms of nutrients and plant growth if the overburden

materials are blended properly together. Hence, depending on the

nature of the locality one can enumerate two positive results from

strip mining: that flat land is being created in an otherwise rugged

terrain, and that a properly blended mine spoil may be superior to the

naturally occurring already highly weathered and leached soils of the

locality.

Plass and Vogel (1973) surveyed 39 surface mine sites in southern

West Virginia and found that most of the spoils had a pH of 5.0 or

higher and that many have sufficient soil-sized material (37% av. by

wgt.) to retain sufficient moisture for plant growth. The major prob-

lem they recognized as a limiting factor for plant growth was a

deficiency of essential plant nutrients. Addition of nitrogen and

phosphorous resulted in dramatic increases in plant growth. Addition

of potassium, on the other hand, did not result in an increase, but a

decrease in plant growth which was interpreted to mean that potassium
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was not deficient in the spoils although its status was not assessed

by soil test. In spite of the fact that an acid extracting solution

was used, levels of available phosphorous were found to be low to very

low. Locally, low pH's and high levels of exchangeable aluminum were

found to be limiting plant growth. The determinations of acidity were

found to be highly variable for the Pottsville strata. The upper part

of the Kanawha Formation was found to be very low in phosphorous.

Barnhisel and Massey (1969) studied the Breathitt Formation of

eastern Kentucky and reported on the physical, chemical and mineralogi-

cal properties of the mine spoil. High levels of acidity were foud to

be associated with a high salt content and physical and chemical pro-

perties tended to be highly variable, while the clay-sized minerals of

the samples tended to be similar. They foud discrepancies between

measurements of exchangeable cations and CEC. In the highly acid

materials heavy metals were present in toxic levels.

Mineralogy

Although there are no published reports on the petrography of

the Wise Formation per se, Miller (1974) published micrographs of

Pottsville rocks from Southwest Virginia up through the Norton Forma-

tion and gives detailed descriptions of the rocks. Smith et al. (1974)

published micrographs of Pennsylvanian rocks from West Virginia and

report a petrographic investigation of the rocks, particularly sand-

stones, from the standpoint of weathering of mine spoils.
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The Pocahontas Formation of Virginia, according to Miller, is

about 60-65% quartz. These are poorly sorted lithic graywackes which

consist of poorly sorted quartz, rock fragments and feldspar in a fine

matrix. Some quartzose beds occur in the formation, but the numerous

rock fragments and the matrix is atypical of the clean quartz arenites

of the Lee Formation.

The Lee Formation to the west is composed mainly of clean quartz

arenites which are prominent ridge formers. The silica-cemented quartz

arenites are composed of more than 90% quartz, less than SZ rock frag-

. ments and matrix, and less than 1% feldspar. The finer materials be-

tween the quartz grains consist of mica, calcite, sericite and silt-

sized and finer quartz. Rarely chert or chalcedony occurs between the

grains. Rock fragments include sandstone, slate, phyllite, schist,

shale, siltstone and quartzite. Minor amounts of tourmaline and zircon

occur and locally the rocks may contain ilmenite and leucoxene. K-spar

and plagioclase are very limited and muscovite is the dominant mica.

The rocks are mainly cemented by secondary overgrowths on the quartz

grains, but where there is significant matrix, secondary cementation

by silica is limited.

In the field of basal contacts of the Lee quartz arenites are

sharp, undulating and disconformable. Upper contacts tend to be

gradational. Thin beds of basal conglomerate are comon while the

upper intervals are finer grained. Stylolites are common in the forma-

tion.
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To the west where the quartz arenites members are well developed,

only about one third of the Lee consists of finer grained beds. The

finer grained nonresistant and nondistinct intervals of shale, silt-

stone, sandstone, coal and underclay which separate the massive quartz

arenites are generally thin and lack the lateral continuity of the

arenites. To the east, southeast and south, where the quartz arenites

tongue out, the finer grained beds become thicker. The shales and

siltstones are gray to dark gray, generally micaceous and rarely

carbonaceous. Sandstones are gray to light gray, fine to coarse-

grained, poorly sorted, with less quartz than the quartz arenites to

the west. Coals of the Lee are thin and impure to the northwest and

thicker and better developed to the southeast. The relatively less

quartzose beds are typical continental sediments with no perceptible

order of recurrence of characteristic persistence over large areas.

The Norton Formation is mostly comprised of shale and siltstone

with lesser amounts of sandstone, coal and clay. The shales and silt-

stones are gray to dark gray, locally carbonaceous and sideritic,

thinly laminated and comonly littered with plant fossils. The sand-

stones are gray to light gray, fine to medium—grained, commonly clayey,

silty, micaceous and locally feldspathic and weakly cemented. The

sandstones are usually laterally discontinuous units less than 8

meters thick.

Smith et al. (1974) analyzed rocks, mainly sandstones from the

Pottsville, Allegheny, Conemaugh and Monongahela Groups from West

Virginia. Most of the lower Pennsylvanian rocks they describe are
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quartz arenites and sublitharenites. The upper Pennsylvanian rocks

are more argillaceous, tending towards graywackes.

The petrography of the whole Pennsylvanian based on the literature

available appears to be basically the same in terms of the main mineral

species composing the rocks. Although the coal measure rocks have been

described in the past as a monotonous sequence of sandstones, shales

and siltstones the rocks are actually extremely variable in composi-

tion in a very subtle way. This is mainly due to the model of genesis

of the rocks in that continental and non—marine deposits in general

are laterally discontinuous, leached, weakly metamorphosed and com-

posed of poorly sorted materials derived from nearby terrestrial

source areas. The rocks vary widely in pyrite, carbonate, clay, Fe-

- oxide and carbon content as well as porosity. Although the basic

components stay relatively constant the various proportions of the

different components can vary extensively in any 15-30 meter interval

or less.

With regard to weathering, Smith et al. (1974) found that the rate

of breakdown of the rocks is highly variable due to differences in

original lithology, cementation and compaction. Their important

findings may be summarized as follows: porosities ranged from 4-132;

blasting may effectively loosen grains, facilitating disintegration;

rocks with other cementing agents and matrix prevent further silica

cementation and weakens the rocks comparatively; where clay is abundant

as a cement, wetting and drying may effect disintegration since no

mineralogical changes could be observed between unbroken and
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disintegrated specimens; secondary porosity is due to dissolution of

carbonate and feldspar; the clay is in part primary and in part due

to secondary alterations such as feldspar dissolution; if carbonate

forms up to 20% of the framework of a quartz cemented sandstone, voids

will develop in the rock with weathering but the rock will normally

remain intact; in very highly calcareous sandstones, waters become

readily neutralized so that the rocks may not break down readily; clean

sandstones which are found to be friable are not thought to be due to

silica dissolution, but a second generation of pressure solution which

destroyed some of the overgrcwths; argillaceous rocks break down

readily according to the amout of alteration of the argillaceous

materials prior to excavation; the spacing of boreholes can be used

to control the amount of disintegration depending on the use to which

the rocks are intended, closely spaced boreholes encourages breakdown,

widely spaced boreholes can be used if materials are needed for rip rap

or gravel.

According to the present system of soil classification, soils are

siliceous or mixed mineralogically if there are less than 10% weather-

able minerals and less than 40% of any one species present respec-

tively. Sencindiver (1977), in adapting a classification system for

mine spoils, found that most spoils he studied had a mixed mineralogy

by this definition although a few were siliceous.

There is little information on the clay—sized minerals of

Pennsylvanian rocks. Smith et al. (1974) published some information

and other data is available from Barnhisel and Massey (1969).
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Smith et al. (1974) found that the rocks typically contain only

a few per cent clay. The matrix consists mostly of kaolinite, mica

and vermiculite with lesser amounts of illite and chlorite, A de-

crease in the amount of vermiculite and an increase in the amount of

mica with depth in the spoils Sugg€StS the formation of vermiculite

from mica. Barnhisel and Massey (1969) found that their spoils in

eastern Kentucky had a clay fraction which consisted of kaolinite,

mica, illite or randomly interstratified mica and vermiculite, quartz

and chlorite. Kaolinite, mica—vermicu1ite and quartz occurred in

approximately equal amounts although quartz tended to be absent from

the fine clay fraction. Preliminary mineralogical analyses by

Sweeneyl (1979, pers. comm.) indicates that spoils derived from the

New River Formation near Beckley, West Virginia had approximately the

same composition with interstratified mica—vermiculite, mica and

kaolinite predominating over chlorite and quartz.

Chemistry

Nutrient Status and Cation Exchange Capacity

Where the mine spoils are derived from sandstones they tend to

be droughty and low in nutrients and cation exchange capacity and

where they have been covered with soil, the low nutrient status is

lGraduate Research Assistant, Dept. of Agrn., Virginia Polytechnic
Institute and State University, Blacksburg, Virginia.
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derived from the highly leached nature of the soils. If the spoils

are entirely regarded rock, the spoils contain little if any organic

matter other than the carbonaceous rock fragments. The spoils there-

fore are almost always initially deficient in N and often many other

nutrients.

Smith et al. (1974, 1976) reported that low nutrient status caused

persistent problems in spoils of the Appalachian region, especially in

the very acid spoils. They found that levels of Ca, Mg and P are

generally low or very low and that K is low or medium. Micronutrient

and S deficiencies, ou the other hand, were generally not believed to

be a problem. The micaceous nature of the parent materials was taken

to imply that a source of K would probably not be a problem although

the K would be only slowly available.

Plass and Vogel (1973) reported that N and P deficiencies in

spoils from southern West Virginia were a major problem that could be

corrected by fertilization. They found dramatic responses to addition

of P and N in sericea and fescue, but addition of K decreased yields

which was taken to imply that K was not deficient in the spoils.

Barnhisel and Massey (1969) foud that oxidation of pyrite yielded

spoils with high levels of salts, Fe, Mn, Cu, Ni, Mg, Al and S04. The

high levels of these elements and the low levels of Ca, K, P and N

result in sparse plant stands and retarded growth. Most of the spoils

they examined were acid to very acid. They found that relationships

between measured CEC and summation of cations were unclear and that



24

free salts may account for higher summations than measured CEC's.

cEc'S were rather consistently about 9-ll meq/100 gms.

Element Release

Element release to solution depends on a complex combination of

soil factors, but is perhaps most dependent on the solubilities of

the various organic and inorganic materials which occur. Solubilities

in turn are very dependent on the pH and Eh of the chemical environ-

ment. The mobility of Fe depending on pH and especially Eh has been

known for many years and the literature on the subject is voluminous.

An overview can be found in Krauskopf (1967). The control of drainage

on Eh in particular is largely responsible for the status of Fe in

its many amorphous and crystalline forms.-

Struthers (1964) studied chemical changes in Ohio mine spoils

subjected to natural weathering processes. Mine spoil was placed in

lysimeters which were buried in the ground and the leachates analyzed.

It was found that seasonal variations in rainfall affected leachate

and salt yields. In the moderately acid, non-toxic spoils, Ca was the

major cationic component of the salts obtained. Ca exceeded Mg and

other cations and levels of A1, Mn and Fe were very low. Plants were

grown successfully in these spoils. In the highly acid, toxic spoils,

on the other hand, the total salt contents were much greater, Ca was

exceeded by Mg and K was relatively low. Fe, Al and M were produced

in toxic amounts and with time, there was a marked increase in these

metals as the basic cations neared depletion from the spoils. Most
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of the strip mine salts are sulfates although appreciable amouts of

carbonates and bicarbonates also occur in the leachates. It was

determined that large quantities of sulfate salts were produced in

the top four feet of spoils during the first year. Quantities

measured ranged from 180 kg to more than 46.8 megagrams per year per

hectare. The highest salt concentrations were reported in late

sumer and fall and were lowest in the spring related to seasonal

variations in rainfall. The results corroborate field observations

that most spoils improve with time, but some become more toxic during

the first few years. Salt production decreased in most of the spoils

after the first year, but continued to increase for three years in

the very acid spoils. Salt production was not related to pH in either

the toxic or non-toxic spoils. Toxic spoils are characterized by high

acidity and pH's below 3.0, very high salt contents, limited and

quiCkly·dep1ggedamounts of Ca and Mg with low Ca/Mg ratios and high

levels of soluble Al, Fe and M. Plant establishment has been ob-

served to be more successful during the spring than the other seasons

probably due to the lower salt contents after leaching by spring rains.

The spoils, therefore, should be regraded so as to maximize drainage

and leaching. Depleted nutrients can usually be replaced by moderate

liming after the spoils have equilibrated.

Patrick and Khalid (1974) found that poorly drained soils re-

leased more P to soil solution low in soluble P, and sorbed more P from

solution high in soluble P, than did well drained aerobic soils.



26

Further studies by Khalid et al. (1977) showed that more P was re-

leased under reducing than oxidizing conditions and the increase in

soluble P under reducing conditions was significantly related to Bray

no. 2 extractable P, clay content and oxalate Fe. At high levels of

added P (500 mgP/g) more P was also sorbed under reducing conditions

than under oxidizing conditions in most of the soils. A close relation-

ship between sorbed P and oxalate Fe under reducing condition was

interpreted to mean that poorly crystalline and amorphous oxides and

hydroxides of Fe play an important role in P retention by flooded

soils and sediments due to surface area considerations and specific

adsorption.

The literature, therefore, suggests that drainage considerations

are of primary importance in reclamation from the standpoint of salts,

Fe, P and other elements. In spoils containing free acids, salts are

present in toxic levels and mineral dissolution and H-saturation of

clays yields high levels of elements to solution where they are de-

pleted from the spoils as they are carried away by surface and ground

waters.

Potassium Adsorption Isotherms

The ability of a soil to supply a particular nutrient is governed

by the amount of nutrient present and the energy level at which it is

supplied (Schuffelen and Bolt, 1958). A parameter of thermodynamic

significance must be used to characterize the energy level. This para-

meter is the electorchemical potential of the ion which in the solid
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state represents the free energy per gram equivalent so far as this

is governed by its amount and form of combination. It includes the

contribution to the free energy arising from the electric field of

the clay double layer defined by the equation:

MM = uM+ + RTlnA + ZFW

where

MM = chemical potential of ion M

R = gas law constant

T = absolute temperature

A = activity of ion

Z = valency of ion

F = Faraday constant

W = surface potential

relative to a reference condition.

Most soil K which is available to plants is held in the diffuse

double layer surrounding the exchange complex. The chemical potential

of exchangeable K in the double layer (MKex) dictates the activity or

chemical potential of K in the soil solution. W is commonly not known

or measurable and even at equilibrium W will differ between the soil

solution where the activity of K may be determined, and the inner parts

of the double layer where most labile cations are retained and from

which their free energies in the soil are controlled (Beckett, 1972).

Even if a soil contains a constant quantity of some labile cation in

the exchange phase with a constant activity, activities measured in
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the equilibrium solution will fluctuate with any change in the amount

of electrolyte which will alter the AW between the free solution and

the double layer. Hence, except under special conditions or with

special assumptions, it is not possible to measure the chemical po-

tential of a single ion.

The problem of W can be avoided by using the activity ratio of

two ions in the soil solution which is proportional to the difference

in their chemical potential on the exchange phase and which is constant

in all parts of the solution, double layer and solid phases that are

at equilibrium (Beckett, l964a). At equilibrium, the ratio of K/Ca

in solution is the same as the ratio of K/Ca on the exchange complex

which is not to say that they have the same chemical potential. If

the activity ratio of K/Ca (aK / (EE;) is greater in the solution than

in the soil, the soil will adsorb K and vice versa. At some ratio

there will be neither adsorption nor desorption of K. Hence, the

activity ratio of K/Ca may be used as a measure of uKex.

The quantity of aK / JE}; is a measure of the free energy of

exchange of K and Ca and, hence, is a measure of the availability of

K. The availability of K is determined by the chemical potentials of

both K and Ca. The ability of a soil to supply a crop with a particu-

lar nutrient is governed both by the amount present and its degree of

availability so it is essential to obtain some measure of the relation

between these two parameters. Beckett (l964a and b) proposed a tech-

nique based on the fact that the activity ratio of K/Ca in solution

at equilibrium with a soil gives a satisfactory measure of the
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potential or availability of K. Similarity in the exchange properties

of Ca and Mg justifies use or the ratio aK / /;E;;§; which is referred

to as the ARK or ARKe (Schofield and Taylor, 1955; Beckett, 1964a).

Over a wide range of solution concentrations the magnitude of ARKe for

all solutions in equilibrium with a particular soil, with a particular

complement of exchangeable cations, is constant and independent of

solution concentration. The ARK may be considered as the K activity or

intensity as is related to the degree of K available provided it is not

used to comare soils of widely different Ca and Mg status or a few

soils for which the activity ratio is not independent of solution

concentration (Beckett, 1964a).

Although ARKe is a measure of the availability of labile K in the

soil, it is not a measure of the capacity of the soil to release K to

the plant since different soils having similar ARKe's do not necessarily

contain the same quantity of labile K. The relation of the amount of

exchangeable K to ARK must be specified to fully describe the K status

of a soil (Beckett, l964b). Removal of the same amount of exchangeable

K by plant roots from various soils with initially the same value of

ARK may result in different final values of ARK due to differences in

the soils' capacity to maintain a given ARK. The relation may be

determined by the quantity—intensity (Q/I) curve (Beckett, 196Aa and

b).

The Q/I relation can be determined by equilibration of soil with

solutions containing a constant amount of CaCl2 and increasing amounts

of KCl. The soil either loses or gains K in order to achieve the
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characteristic ARK of the soil except at equilibrium when the soil is

neither losing nor gaining K. The ARK of the equilibrium solution

can be plotted against the gain or loss of K from the solution, de-

termined by atomic absorption spectroscopy (AK) which gives the Q/I

curve. The ARK, when AK = 0, is a measure of the intensity or degree

of availability of K at equilibrium (termed ARKQ). The value of

AK when ARK = O is a measure of the quantity of labile K present in

the soil (AKO). The slope of the linear portion of the curve gives

the potential buffering capacity of the soil for K (PBCK) and is pro-

portional to cation exchange capacity (CEC). The number of specific

sites for K (kx) is determined from the difference between AK° and

the point where the curved portion of the curve intersects the y—axis.

Beckett (l964a) showed that Schofield's ratio law held for most . -

soils so that the activity ratio of K/Ca was a measure of the chemical

potential of exchangeable K. He defined the immediate Q/I relation

as relating to amounts of K added or lost from the soil over periods

of time short enought not to involve significant amouts of non-

labile or slowly available K. Forms of the Q/I curves remain almost

unchanged by large K additions, a high degree of K fixation or by

depletion of labile and some fixed K (Beckett, l96&bc, Beckett and

Nafody, l967a). The linear portion of the Q/I curve conforms to the

Gapon exchange equation while the curved portion conforms to the

Langmuir distribution related to specific sites for K adsorption. A

selectivity coefficient can be calculated by the equation:
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K sorbed _ K (solution
KG = ........ ... ............

Ca sorbed ° ‘/Ea_(Eolution

The influence of lime on K availability has been reported as

both harmful and beneficial. K can become more or less available de-

pending on the amount of lime added, degree of weathering, parent

material, mineralogy, particle size, horizon, 02-content, moisture

content, climate and cropping, and fertilization history. Hence, there

is no simple relation between lime added and K availability. Each

case must be handled more or less separately depending on the particu-

lar combination of soil factors.

The influence of lime and pH on K availability has been the sub-

ject of much controversy among soil scientists for many years. Addi-

tions of lime have been reported to either increase or decrease the

concentration of K in solution, K losses by leaching and K uptake by

plants (Maclntire et al., 1919, 1923, 1930, 1936; Gaver, 1943; Pierre

and Baver, 1943; Mehlich and Reed, 1945; York et al., 1953; MacLean,

-1956). Adding a soluble Ca—sale usually increases these quantities

(Shedd, 1926; Pierre and Baver, 1943; York et al., 1953). Peech and

Bradfield (1943) resolved the paradox as follows. In most cases,

adding lime to a neutral or calcareous soil will not substantially

affect Kex or increase (Ca+Mg)ex, although the concentration of Ca in

solution may increase. The ARä is, therefore, essentially unaltered

and the increase in aCa requires an increase in aK to maintain the AR:.

Addition of Ca-salt would have the same effect. In contrast, when

lime is added to acid soil or one high in exchangeable Al or polymeric
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Al, neutralization of A1 will be accompanied by an increase in

(Ca+Mg)ex and a consequent reduction of AR§ and available K.

Beckett and Nafody (1967b) experimentally related the linear

portion of the Q/I curve to planar surfaces of clays and the curved

portion to edge sites. The linear portion conforms to the GaP¤¤

exchange equation. The curved portion conforms follows a Langmuir

distribution and is, therefore, related to specific adsorption sites.

Rich and Black (1964) and Rich (1964) further related K availability

to wedge sites within tactoids which are specific adsorption sites for

K. Muscovite has been shown to weather from the edges inward (Jackson,

1964) to form wedge zones (Rich and Black, 1964; Rich, 1964), which

affect K selectivity (Rich, 1960; Rich and Black, 1964; Rich, 1964;

Murdock and Rich, 1965). The evidence supports the claim that Ca and
•

Mg cannot replace K held in such Positions. Murdock and Rich (1965)

found that in a limed soil containing abundant muscovite, but con-

taining little NH4 or H, a severe K deficiency occurred in oats.

Additions of NHA or lower pH greatly improved K uptake.

The importance of interlayer A1, pH and cation size (K=H30=NHA)

on K fixation has been stressed (0benshain and Rich, 1955; Rich,

1960). Polymeric A1 can effectively block collapse of clay lamellae

and NH4 and H because of their small size are effective in displacing

non-exchangeable K from wedge zones.

Martin et al. (1946) found no K fixation at pH values up to 2.5;

between pH 2.5-5.5 the amount of K fixed increased rapidly; above pH

5.5, K fixation increased more slowly. The phenomenon has been
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interpreted as follows: at pH values above 5.5, Al ions are pre-

cipitated as polymeric (Thomas, 1960). Below pH 3.5, H ions become

important (Coleman and Harward, 1957). The increase in fixation below

pH 5.5 is attributed to a decrease in polymeric Al which can effec-

tively block collapse of interlayers. At lower pH's, H can effec-

tively displace K from wedge sites. In soils containing large amounts

of chloritized vermiculite, liming decreases K availability because

of a decrease in H and there is a consequent increase in K fixation

(Murdock and Rich, 1965). Hence, in a soil low in Al, addition of

lime will lead to an increase of K in solution due to displacement of

K from exchange sites. Addition of lime to an acid soil high in

exchangeable Al, removes Al from competition with K and frees blocked

exchange sites which K can compete with Ca for so that more K can be

held by the soil and the amout on solution decreases.

The selectivity of certain clay mineral species for K is an im-

portant mineralogic factor influencing K availability and constitutes

a subject that has received a great deal of attention by soil scien-

tists. Most of the research has indicated that micaceous minerals are

the most selective, vermiculite somewhat less and montmorillonite the

least selective (Rich, 1968). Also, depending on charge density,

montmorillonites may vary in selectivity among themselves. Selec-

tivity appears to be closely related to surface charge density (Mort-

land et al., 1958; DeMumbrum, 1963; Cook and Rich, 1963). Carson and

Dixon (1972) confirmed the relation of charge density to selectivity

and found higher selectivity in the coarser rather than the finer clay
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fractions. They found that dioctahedral mica and vermiculite con-

trolled K selectivity of the soil in the low K—saturation range,

which commonly occurs in montmorillonitic soils even with very small

amouuts of mica and vermiculite present. These results emphasize the

role of particle size and suggest that K availability may be con-

trolled by clays which are not the dominating mineral species in the

soil. Reichenbach and Rich (1969) reported more K being released from

the coarser fractions of muscovite because of "mechanical" stresses

associated with large tactoids rather than smaller particles.

Schwertmann (1962) and Rich and Black (1964) showed that as the per-

centage of K saturation decreased, K selectivity increased. Varia-

tions in K availability, therefore, reflect a combination of many

factors such as texture, leaching and mineralogy. Organic matter has

a low affinity for K compared to Ca or Mg so that organic matter is

not selective for K (Mehlich, 1946; Spencer, 1954).

Phosphorous Fract ionation

In the original procedure (Chang and Jackson, 1957) and in the

modified procedure (Peterson and Corey, 1966) Al- and Fe—bound P in

soils were differentiated by a selective dissolution procedure based

on the stronger complexing affinity of A1 than Fe for F. Later work

indicated that NHAF does not completely separate the two forms com-

pletely because of resorption of the released P by Fe or carbonates

during the extraction (Fife, 1962; Williams et al., 1967). Also,
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exchange reactions between F and Fe-P resulting in release of P into

the NHAF may be more substantial than at first supposed (Williams

et al., 1971). For acid soils the problem concerns separating Al-

from Fe-P. The actual amount of A1—P is difficult to establish and

levels of Fe-P are frequently overestimated. NaOH on the other hand

appears more specific for Fe-P (Barwood,l 1978, unpub. data). Syers

et al. (1971) modified the fractionation scheme for calcareous soils.

The NHAF extraction was omitted. The procedure therefore only gives

Fe+Al-P, but determinations of non-occluded, occluded and Ca—P are

more precise since the resorbance of P, found to be associated with

CaF2 formed by the replacement of CaC03 during the NH4F extraction,

was eliminated.

Geochemical studies have shown that carbonates and phosphates

precipitate under similar conditions. Kazahovz (1937) observed that

the PZO5 content of marine waters reaches a maximum at 30-450 meters

depth (McKelvey, 1953). At shallower depths it is consumed by phyto-

plankton and supersaturation is prevented at greater depths by the

increased partial pressure of CO2. He concluded that phosphate could

be precipitated at depths between 50-200 meters.

Late Tertiary and Quaternary phosphorites characteristically occur

in warm climates mainly on the western coasts of continents. The key

common characteristic is the location on one side of a basin where deep

1H. Barwood, Graduate Research Assistant, Dept. of Agron.,
Virginia Polytechnic Institute and State University, Blacksburg,
Virginia.
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phosphate rich waters upwell adjacent to a shallow shelf or carbonate

bank. The upwelling waters first become saturated with CaCO3 then

CaPO4. Robertson (1966) confirmed that seawater is approximately

saturated with respect to fluorapatite and calcium carbonate. Sedi—

mentary phosphates may form by direct precipitation possible in solid

solution series with carbonates or by metasomatism of calcite (Ames,

1959), however, phosphates do not appear to be forming anywhere at the

present time, which suggests that additional factors are involved. The

average phosphorite is approximately 80% apatite.

"Plant Available Phosphorous"

Plant available phosphorous is that which is present either in the

ionic state in the soil solution (HOP; ', HZPOA') or as electro-

statically adsorbed ions on some solid phase. Phosphorous that is

covalently bonded like that within crystals structure or that bonded

to specific adsorption sites in Fe-oxides is liberated to plants very

reluctantly if at all. An important characteristic governing P avail-

ability is its negative charge. Even the electrostatic adsorption of

anions by the inorganic soil constituents is very specific in terms of

the nature of the absorbant and to the type and concentration of the

particular anionic species in solution. Non—specific anion adsorption

is largely a function of pH since the magnitude and sign of the surface

charge density of organic matter and the broken edges of sheet sili-

cates and oxides depends on protonation. The specific adsorption

forces, however, are independent of pH or concentration. The
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negatively charged constant charged surfaces of clays and oxides so

crucial to cation exchange receive little attention by the anions.

Clays specifically adsorb P strongly, but the specific adsorption

affinity of the oxides for P is so great that at high concentrations

the P reacts with the bulk of the oxide. The oxides decompose and

reprecipitate to form highly insoluble Fe or Al phosphates (Haseman

et al., 1950; Kittrick and Jackson, 1955). Determinations of "plant

available" P using chemical extractants may indicate whether or not

there will be plant response to fertilization, but they do not describe

the availability of P or what must be done to correct a deficiency.

Olsen et al. (1954) used wheat, oats, alfalfa and cotton in field

experiments to establish the relation between NaHCO3 extractable P and

expected yield response to applied fertilizer P. Levels less that 5

ppm indicated a response; between 5-10 ppm a probable response; greater

than 10 ppm a response is unlikely. Similar response levels were ob-

tained by Martin and Mikkelsen (1960). Chapman and Pratt (1961) with

the same crops report levels of NaHCO3 extractable P as: less than

12.5 ppm, a response is likely; 12.5-25 ppm, indicates a probable re-

sponse and greater than 25 ppm a response is unlikely (P as pentoxide).

The NaHCO3 method of Olsen (1954) has given better correlation with

field response in both acid and alkaline soils than many other extract-

ants. Moser et al. (1959) and Grigg (1968) found high correlations

between NaHC03 extractable P and P—uptake by plants.

Smith et al. (1976) found that bicarbonate P was more reliable

than acid extracted P as a measure of P availability over a wide range
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of Appalachian mine spoils. In cases where the mine spoils contained

calcareous materials, the levels of P are overestimated by acid

extractants which dissolve carbonates. Plass and Vogel (1973) found

that most of the mine spoils in southern West Virginia from the base

of the Pottsville up to the base of the Allegheny Group had insufficient

P for rapid establishment and good growth of seeded vegetation in

spite of the fact that an acid extracting solution was used (Bray

no. 1). The values are much lower than those reported by Smith et al.

for West Virginia.

Phosphorous Adsorption Isotherms

Although attempts to measure the availability of phosphate com-

pounds in the soil by chemical extractants could often be correlated

with crop response, agreement between lab tests and field experiments

were often unsatisfactory since extracts commonly extract more P than

can actually be considered labile or readily available. Usually the

availability is measured by a chemical extractant. The procedure is

quick and simple so that a large number of samples may be run in the

soil test labs each year. Ozanne and Shaw (1968) foud that bicarbon-

ate soluble P indicated liklihood of P response however, the interpreta-

tion of values over the range of 2.5-10 ppm required a knowledge of

the potential buffering capacity of the soil phosphate and taken alone

soluble P values do not show what must be done to remedy deficiencies.

The discrepancies can be accounted for by time consuming thermodynamic

analysis.
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The availability of soil P can be characterized in terms of the

chemical potential or "intensity" (I) which is a measure of the energy

necessary to remove P from the soil, and by the rate of decrease of

the chemical potential with P withdrawal which is the soil's capacity

(C) to maintain the chemical potential at sites accessible to the

adsorptive surfaces of plant roots. The quantity (Q) of P in the

system at equilibrium is related to C and I as: Q = CAI or C = Q/AI.

In order to describe the P status of a soil it is necessary to know

the current phosphate potential (I) of the labile pool (ease of

removal) and the way in which this potential depends on the quantity

(Q) present in the pool. This relation is given by the Q/I curve

which is a plot of the quantity of P adsorbed when known amounts are

added, versus the amount left in the equilibriu solution.

Hence it can be seen that chemical extractants measure only part

or all of the quantity (Q) in the labile pool that is associated with

solid phases. The intensity (I) is the amount of P the soil will

release to solution. Since plants continually remove ions from the

soil solution, the measure of the capacity (C) of the soil to main-

tain soil solution P is very important. This is defined by the Q/I

relationship which corresponds to the slope of the Q/I curve. This

l slope is known as the potential buffering capacity (PBC) of the soil

for P.

The description of available soil P must include I, Q and Q/I as

well as rate and diffusion factors. The rate factor is the rate of
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replenishment of soil solution from the solid phase. Diffusion con-

siderations involve the extent of P mobility across a concentration

gradient due to random thermal motion of P (Sutton and Grenary, 1968).

The immediate source of P to plants from the soil is generally

considered to be that provided by the inorganic phosphate ions in the

soil solution. It has been shown that some plants can remove P from

the solid phase (Coleman, 1943; Burd, 1947; Islam, 1955). The validity

of fertilizing to bring the soil solution P concentration to a standard

level rather than making up a deficit based on chemically extractable

P was first demonstrated by Ozanne and Shaw (1968). Standard soil

solution P concentrations or soil test levels ignore the PBC and rate

and diffusion factors. It is important to differentiate between

buffering capacity and adsorption capacity which can be of quite

different magnitudes (Holford, 1976).

Earlier workers presented P adsorption data for soils as relating

to the Freudlich equation (Davis, 1935; Kurtz et al., 1946; Russell

and Low, 1954). This equation generally works well for a wide range

of equilibrium P concentrations and for large amounts of adsorbed P,

but lacks a capacity term, so that it is therefore, not possible to

calculate adsorption maxima. Later workers utilize the Langmuir

equation from which adsorption maxima can be calculated. The Langmuir

equation is only an approximation since it does not consider charged

surfaces. Although Q/I curves and Langmuir isotherms are necessary to

describe the P status of a soil they are not readily adaptable to quick
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soil test methods. Recently, however, it has been shown that Q/I

curves, which are characteristics of each soil series, once the basic

form of the curve is established with multiple point curves, can be

adapted to a soil test method using single point sorption curves

(Jones and Fox, 1977).



METHODS

Approximately 120 hours were spent in the field collecting

samples, measuriug and describing sections and mapping. The identities

of the coal horizons were established using an altimeter and the pub-

lished information of Hinds (1918). Sections were measured and

described noting each major change in lithology and samples collected

at every major change or every (1.5 meters) in the thicker units. Rock

samples were collected from the Splash Dam Coal up through the strata

exposed above the Cedar Grove Coal. Detailed measurements were made

above the Campbell Creek Coal and the rock samples analyzed for

physical, chemical and mineralogical properties were obtained from

these sections. The samples used in most of the chemical analyses

were collected from just above the Campbell Creek Coal. Soil samples

were collected from pits, auger borings and natural and manmade cuts.

Because of the coarseness of the spoils they could not be augered and

samples were collected from manmade cuts and sampled every eight

inches (20 cm) in depth.

Rock samples were analyzed by the Virginia Polytechnic Institute

and State University (VPI & SU) Soil Characterization Lab. pH's were

determined in deionized water using a 1:1 soil-solution ratio and a pH

meter. Phosphorous was extracted with a dilute acid and analyzed by

the molybdate blue method of Murphy and Riley (1962) (Truog P). Basic

42
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cations were extracted with NH4OAc, H with BaC12-TBA, and Al with KCl

then analyzed by atomic absorption. Organic matter was determined by

the Wa1kley—Black method (walkley and Black, 1934).

Thin sections were prepared from the rock samples and mineralogic

compositions were based on grain counts of 500 points per slide.

Calcite was differentiated from dolomite using ARS staining solution.

Carbonate contents were determined using 0.5 §_H2S0A, 10% HC1 and

acetic acid by boiling the <2mm fraction of ground rock for four hours

and determining weight differences on an oven dry weight basis.

Porosities were measured using known volumes of rock that were immersed

in acetone under vacuum and the weight differences determined after

bubbles had ceased to emanate from the samples. The particle size

distributions of the rocks are based on visual estimations from thin

sections and semi-quantitatively by the quantities of silt and clay

obtained after crushing the rocks and fractionating to obtain clay for

x—ray slides. Grain mounts were prepared from the <2mm fractions of

groud sandstones and siltstones to determine the status of rock frag-

ments in the different size fractions. Bearing capacities of the rocks

were determined using a Carver laboratory press.

Mapping units for the mine spoils were based on particle size

distributions mappable at a scale of one inch to 2000 feet on standard

USGS 7.5 minute topographic quadrangles. The distributions shown are

those as of April 1977 and of course are subject to continual expan-

sion and change. Mapping was facilitated by correlating rocks exposed
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in the highwalls with the surface textures of the spoils since the

spoils could not be augered.

Silt and clay were obtained from the <2mm fractions by sieving

and centrifugation. Clay from the rocks was not pretreated for x-ray

diffraction. The soils and the mine spoils were pretreated for re-

moval of soluble salts and carbonates by washing with §_HCl. Organic

matter was removed by heating in H2O2 buffered with NaOAc and Fe-

oxides were removed by the DCB method. The pretreatments are the

standard procedures of Jackson (1956) and Kunze (1965). Oriented

mounts were prepared using the suction on ceramic tile method (Rich,

1969, 1975). Samples from the silt and clay fractions were K-

saturated and x—rayed at 25,110,300 and 550°C and Mg—glycero1 solvated

and x-rayed at 25 and ll0°C. A Diano XRD-8000 diffractometer with a

PDP/8m computer, CuKax—radiation and a graphite monochrometer were

used to measure d-spacings. Clay and silt fractions on oriented mounts

were scanned from 2-32° 20 and the sand and silt fractions of rock

and spoil samples in unoriented powder mounts were scanned from 2-62°

20 to identify non-clay minerals. The quantities of minerals present

wer estimated from peak intensities.

The clay fraction of the soils and an iron nodule were analyzed

by differential scanning colorimetry using a Dupont 990 thermal

analyzer.

Rock samples used in the simulated physical weathering experiment

were collected from the Strata between the Campbell Creek and Pond

Creek seams along the head of Middle Elk Creek and along Buffalo Fork
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of Upper Elk Creek. Different sandstonezsiltstone ratios were used,

but half of the materials were ferruginous and half were non-

ferruginous in each case. The rock mixtures and amendments are

summarized in Table l. The equivalent of 30 inches of annual rainfall

(6 liters) was added to the columns and the columns were frozen and

thawed 6 times for each simulated year of weathering.

Variations in pH were easured (with the aid of a pH meter) using

5 gram samples of soil-sized material mixed with 10 ml of deionized

H20 or KCl and shaken for one hour.

Extractable nutrients and CEC's were determined using the method

of Chapman and Pratt (1961) for calcareous soils. A 33 ml portion of

E Na0Ac was added to a 4 gram sample and shaken for five minutes. The

procedure was repeated three times and the supernatants decanted and

collected for atomic absorption analysis of Ca, Mg and K. The soils

were then washed with three 33 ml portions of 95% alcohol. The ab-

sorbed Na was then displaced with three 33 ml portions of_§ NHA0Ac and

each washing collected. CEC's were then determined by analyzing for

Na by atomic absorption.

The leachates from the lysimeters were analyzed for Ca, Mg, K,

Fe and P. Phosphorous was determined by the molybdate blue method of

Murphy and Riley (1962). For Ca, Mg, K and Fe, samples were dried down

and redissolved in 0.3 §_HNO3 and an appropriate solution added to

eliminate interferences. Levels of Ca, Mg, K and Fe in solution were

then determined by atomic absorption spectrophotometry.
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Table 1

Simulated Physical Weathering Experiment

Time
Treatment 6 months 12 months 18 months 24 months

Sandstone-
Siltstone

75:25 3 replications 3 replications 3 replications 3 replications
50:50 3 replications 3 replications 3 replications 3 replications
25:75 3 replications 3 replications 3 replications 3 replications

Sandstone-
Siltstone
(sawdust in
0—15cm_1ayer)**

50:50 3 replications 3 replications 3 replications 3 replications

Sandstone-
Siltstone
(sawdust in
0-30cm layer)

50:50 3 replications 3 replications 3 replications 3 replications

Sandstone-
Siltstone
(Fescue—
Ladino roots
in 0-15cm layer)

50:50 3 replications 3 replications 3 replications 3 replications

Columns with rock mixtures -36 Sampling zones/column - 4
Columns with sawdust -24 Total sampling zones - 288
Columms with fescue-ladino roots -12 Analyses/sample - 19
Total columns -72 Total analyses - 5472

** Sawdust will be applied at about 450 megagrams per hectare which
will approximate 2% organic matter in the upper 15 cm.
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In the simulated chemical weathering experiment six mine spoils

and five rock samples were used. Total Fe and K was determined by the

HF—total digestion procedure of Bernas (19681. For simulated chemical

weathering, all samples were first ground to pass through a 100 mesh

sieve. For hydrolysis, 0.5 gram of samples were added to plastic

bottles along with 50 ml of pH 5.5 rainwater that was collected in

beakers on the roof of the lab. The samples were then shaken, placed

in a water bath and heated for 30 minutes at 75°C. The samples were

then frozen, thawed, shaken and the filtrates collected. For oxida-

tion, 0.5 gram samples were added to test tubes and placed in a large

covered beaker with an atmosphere of approximately 100% relative

humidity. The samples were then heated in a water bath at 75°C for

30 minutes, frozen, thawed and the filtrates collected. For reduction,

0.5 gram samples were placed in bottles with 50 ml of rainwater. The

Eh of these suspensions was adjusted to approximately -200mv with

0.l_Q NEZSZÜA and the aid of an Eh meter. The samples were heated in

a water for three hours, frozen, thawed, shaken and the filtrates

collected. The control samples were 0.5 gram samples mixed with 50 ml

of rainwater, shaken and the filtrates collected. Elemental contents

were obtained by atomic absorption.

Potassium Q/I curves were obtained using varying amounts of dried

soil (0.2-7.0 grams) weighed into 100 ml centrifuge tubes. To these

samples were added 50 ml of solutions which are 0.002 Q with respect

to CaCl2 and from O to 0.002_Q with respect to KC1. Ten samples were

obtained (Table 2). The samples were then shaken for 20 hours at
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Table 2

Procedure for Determining Potassium

Quantity/Intensity Curves

Eguilibrating Solution
Sample Number Sample Weight Solution Number KCl CaC12

1 0.2 I 0 0.002

2 0.5 I 0 0.002

3 1.5 I 0 0.002

4 4.5 I 0 0.002

5 7.0 I O 0.002

6 7.0 II 0.0002 0.002

7 7.0 III 0.0005 0.002

8 7.0 IV 0.0008 0.002
h -

9 7.0 V 0.0010 0.002

10 7.0 VI 0.0020 0.002
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constant laboratory temperature, and the supernatants collected for

analysis of K by atomic absorption.

K is computed from the difference between the K in the initial

and equilibriu solutions normalized to maq/100 gms. ARR values are

computed from the measured concentrations of K, Ca and Mg corrected

to their appropriate activities by the Debye-Huckle equation:

- -A 2+ 2* JI
1 + aß /1

where

Yi = mean activity coefficient of the electrolyte

A = assume 0.502 at 20 C

Z+ = valency of the cation -

Z- = valency of anion

a -
2.5 X 10-8 cm

6 = 3.29 x 107

aß = 1.0

I = ionic strength = Ck·+ CNa + 3CCa + 3CMg where C =

concentration and all anions are assumed to be Cl.

The values of the ARk were computed from the following equation:

ARR = ak ck x (YKCl)2
X (YCaCl2)3/2

with units of (m¤1es/11¤er>l/2.
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The fractionation of inorganic soil phosphates was performed

according to the modified Chang and Jackson procedure of Peterson and

Corey (1966) which is based on the differential solubilities of the

various phosphates in selected extracting solutions. The inorganic

fractions obtained, in order of extractions, are: H20-soluble P

(soluble in §_NH4Cl); Al—P (0.5 E NHAF at pH 8.2); Fe-P (0.1 §

NaOH); reductant soluble P (0.3 M Na3C6H4O7 · ZHQO and NEZSZÜ4);

occluded P (0.1 y NaOH); and Ca-P (0.5 y HZSOA). Excess reagents from

each extraction were removed by two washings with saturated NaCl

solution. A 1-gram sample was used in all cases after being

thoroughly ground and mixed. Calcareous samples were run in the same

manner except that the water soluble and Al—P tests were omitted.

Phosphorous was analyzed by the molybdate blue method of Murphy and

Riley (1962). Excess F was neutralized with 0.8_M boric acid and

pH's adjusted to pH 2.5-3.0 in order to obtain color development.

Total P was attempted by the HF total digestion procedure of Bernas

(1968), but color development was never attained. Organic P was

determined on the coal and carbonaceous shale by the difference in

combined HZSOA-Na0H extraction with and without organic removal by

ignition in a muffle furnace at 6500C. The samples did not contain

any organic P by this method. Total phosphorous was reported as the

summation of the inorganic forms. After having determined that most of

the P in the rocks was present in the Ca-P fraction, additional samples

were run with just the HZSOA extraction to determine variability in

the rocks. Carbonate contents were determined from these samples by
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weight difference before and after Ca-P removal on an oven dry basis.

The error due to the presence of soluble salts is thought to be small.

Plant available P based on chemical extractants was determined

using the Bray no. 2, dilute double acid and NaHC03 extracting solu-

tions. One gram samples of ground materials were used except in the

dilute double acid test which was performed by the VPI soil test lab.

For the Bray test, 14 ml of 0.03 §_NH4F and 0.025 §_HC1 were added to

1 gram samples, shaken for l minute and filtered. For NaHC03, 25 ml

of 0.5 E NaHC03 adjusted to pH 8.5 was added to 1 gram samples along

with 200 mg of charcoal, shaken for 30 minutes and filtered. Boric

acid was added to neutralize excess F and P determined by the method

of Murphy and Riley (1962).

Phosphorous Q/I curves were obtained using thoroughly ground and

mixed 1.5 gram samples to which were added 50 ml of solutions that

were 0.01 M with respect to CaC12 and which contained
l,‘5,

10, 30,

50 and 100 ppm of P. The samples were equilibrated for 6 days during

which time they were shaken periodically. The supernatants were

collected after centrifugation and P determined by the molybdate blue

method.



RESULTS AND DISCUSSION

Geomorphic Setting

The study area is a surface mine operation owned and operated by

Virginia Energy Company. It is located in the northernmost tip of

Buchanan County near the junction of the state boundaries of Virginia,

West Virginia and Kentucky (Figure l). The area is bordered by Pike

County, Kentucky and Mingo and McDowell Counties, West Virginia and

encompasses about l8 square miles. It lies along the eastern border

of the Appalachian Coal Basin where the terrain is a deeply dissected

plateau consisting of narrow sinuous ridges and valleys and slopes

which are commonly 70-80%. The study area lies in the four corners

region of the Hurley, Majestic, Panther and Wharncliffe USGS 7.5 min.

topographic quadrangles. Maximum local relief is 303 meters; maximum

relief in BuchananCounty is 876 meters.

All of the drainage of Buchanan County is tributary to the Big

Sandy River through its three main branches: Russell Fork, Levista

Fork and Tug Fork. The Big Sandy flows northward to the Ohio River

and drainage is ultimately to the Gulf of Mexico by way of the

Mississippi River. Most of the Tug Fork basin is tributary to Knox

Creek whose chief branches are Pawpaw, Upper Elk, Middle Elk and Lower

Elk Creeks. Greenbrier Creek and Long Branch flow directly into Tug

Fork.

The uppermost portion of the Norton Formation and the lower and

middle portions of the Wise Formation are exposed above local drainage

52
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base. These rocks are members of the Pottsville Group of Upper-Lower

Pennsylvanian age. Exposure by stripping involve only the Wise

Formation which is approximately 276 meters thick at this locality.

The Wise Formation is about 606 meters thick where it is well developed

in other areas of the Appalachian Coal Basin.

Superimposed on the locally rugged terrain are the manifold

terraces or benches produced during strip and auger mining for bituminous

coal. Elven major seams occur at this localityz the Splash Dam,

Hagy, Glamorgan, Blair, Eagle, Clintwood, Campbell Creek, Little Alma

(Pond Creek), Alma, Lower Cedar Grove and Cedar Grove Coalsz although

the slopes typically are cut by only three or four benches. During

the mining operation, overburden is blasted and stockpiled, the coal

is extracted, and then the dark colored and carbonaceous overburden

is buried beneath 1-2 meters of regraded non-carbonaceous overburden

from the stockpiles. The remaining overburden was bulldozed over the

outslope.* Because of the excessively steep slopes, the natural

soils of the area are too thin to stockpile for regrading on the

benches. The mine operators therefore, are dependent entirely on the

quality of the regraded rock fragments as a medium for plant growth.

They must post bond monies until the benches have been revegetated as

required by state and federal laws. The oldest mine spoils at this

locality were only about two years in age at the time field work was

done and, therefore, they are only very slightly weathered.

*Before the Federal Surface Mining Control and Reclamation Act
of 1977 went into effect.
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Geology

Hinds (1918) first mapped the rocks in the study area. His

mapping was done at the same time as the first topographic survey by

the USGS when few roads were in existence and the rocks were poorly

exposed beneath heavy covers of soil and vegetation. His studies

focus on the assessment of the economic potential of the coals in the

region rather than the properties of the coal—bearing rocks them-

selves. The elevations of the various coal beds were obtained using

aneroid barometers corrected for diurnal changes in barometric pressure.

Identifications and correlations of the coals were made by tracing the

coal seams laterally from their type localities. Accurate correla-

tions are difficult because of extensive erosion; because the major

coal horizons vary in elevation and thickness; and because the coals

are often represented by multiple seams. Hinds recognized 10 coals in

the Norton Formation and 8 in the Wise Formation. The Pennsylvanian

rocks of Buchanan County dip gently northwestward which brings pro-

gressively younger strata to the surface. In the southern parts of

the county only the Norton is exposed above drainage base. To the

north, in the central part of the county, the ridgetops have thin

cappings of the lowermost portion of the Wise Formation which grows in

thickness so that in the northern part of the county the Norton is

exposed only in the deeper drainageways and most of the rocks exposed

belong to the Wise Formation. Correlations with eastern Kentucky and

southeastern West Virginia are found in Hinds (1918) and Butts (1941).
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Since regional correlations are beyond the scope of this study and

since there is no other information available, the coal horizons used

in this report are those of Hinds.

In the study area, the rocks above the Campbell Creek Coal are

well exposed by stripping. The Cedar Grove Coal outcrops just below

the ridgetops indicating that the upper part of the Wise Formation and

perhaps youngerstrataeither were never deposited or else have been

eroded away. A traverse was made from the confluence of Knox Creek

and Upper Elk Creek near the Kentucky border, southeast and east along

Upper Elk Creek, and then up thespurbetween Upper and Middle Elk

Creeks to the ridgetop at the head of Long Branch from which a

generalized stratigraphic section was constructed (Figure 2). The

upper Norton and the lower Wise are largely composed of fining—upward

sequences suggestive of fluvial deposition, however, the actual three-

dimensional geometries of these rocks bodies is not known. Fining-

upward cycles occur throughout the Wise Formation, but are more promi-

nent lower in the section. The calcareous portions above the Campbell

Creek Coal seem to be more laterally persistent and these carbonate

bearing rocks may be marine or marginal marine. No fossils or lime-

stone beds have been found to suggest that the carbonate beds are not

freshwater deposits.

Lithologically the Wise and Norton Formations appear similar,

however, the rocks of the Norton are generally dark to dirty gray and

non—calcareous while those of the Wise Formation are quite often very
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light—colored, almost white, and dolomitic. The calcareous nature of

the Wise Formation can go undetected. Few of the specimens fizz with

HC1 since dolomite is the dominant carbonate. This portion of the

Wise Formation, which is the middle portion of the unit as a whole, is

very similar in appearance to Sttata of the Kanawha Formation I have

observed in western Fayette County, West Virginia which suggests lateral

continuity more indicative of marine strata.

Hinds noted that the Gladeville Sandstone which defines the base

of the Wise Formation is difficult to recognize in northern Buchanan

County. He described it as a brownish-red sandstone that is commonly

15-30 meters thick with considerable mica and other minerals in

addition to the more common quartz grains. According to Hinds, the

uppermost Norton is a drab yellow shale that is commonly 30 meters

thick and, unlike the other shales of the unit, is not very sandy. A

brownish-red lithic arenite was observed by the writer just above a

thick shale unit in the Norton about 104 meters above the Splash Dam

Coal along Upper Elk Creek. This red sandstone occurs approximately

at the lowest calcareous zone encoutered. Since no calcareous zones

were detected in the Norton above the Splash Dam Coal at this locality,

the base of the Wise Formation was placed at this horizon by the

writer.

Vertical sections were measured and described along the man-made

exposures at the mine and facies changes traced laterally along the

highwalls. Many of the beds are very discontinuous and not mappable

at any practical scale. The occurrence of multiple seams and the
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changes in the number and altitude of the coals makes identifications

of the seams difficult especially in terms of long range correlations.

Geologic sections were selected to show the basic lithologic changes

and the locations of samples collected for petrographic analysis (see

Appendix).

The Wise Formation at this locality consists of a heterogeneous

group of strata characterized by more or less abrupt lithologic and

geochemical facies changes involving calcareous and ferruginous sand-

stones and siltstones, shales, mudstones, conglomerates and coals.

The portion of the Wise Formation which is exposed at this locality

consists of about 70% sandstone, 20% siltstone and 10% shale, mudstone,

conglomerate and coal. The conglomerates, shales, mudstones and a

number of coals are laterally discontinuous. The major coal horizons

described in the literature are generally represented, but commonly

by two seams, one of which can usually be observed to pinch out within

a short distance. Coal stringers are abundant throughout the section.

Roughly half of the sandstones and siltstones which comprise the bulk,

of the formation are moderately to highly ferruginous and are buff

to dark brown; the other half are much less ferruginous and have a

grayish or whitish appearance. Near the major coal horizons the

rocks often become finer grained and carbonaceous. Although the coals

are typically underlain by a shale or mudstone they can be foud over-

lying any rock type. Roof rocks also may be any lithology although

lenses of conglomerate and massive sandstones are most comon as roof

rocks (see Plates l-26).
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The strata of the Wise Formation have basically the same

mineralogic composition and differ mainly in grain size and the rela-

tive proportions of the various mineral species present. Sandstones

and siltstones overlie coals with a sharp, undulating, disconformable

contacts and often grade stratigraphically upwards into finer grained,

more argillaceous and carbonaceous beds as they approach the overlying

coal seam. The cleaner rocks are composed primarily of medium to

fine sand and silt-sized quartz (70-80%) with lesser amounts of rock

fragments (shale, slate, phyllite, quartzite and chert), K—spar, albite

and oligoclase, muscovite, biotite, chlorite, calcite, dolomite,

zircon, tourmaline, and epidote (Tables 3 and 4). The clay and silt

fractions were analyzed by grinding fresh rocks and fractionating the

silt and clay fractions from the less than 2 mm material. The sand-

stones and siltstones were found to contain 2-5% clay or less (Table

S). Because of the grinding it is not possible to say which of the

atypical clay minerals are actually present in the clay fraction and

which are artifacts. The more typical clay minerals are montmorillo-

nite, well—crystallized kaolinite, vermiculite, interstratified

muscovite-vermiculite i_montmorillonite and possibly muscovite. The

silt fraction consists largely of the same minerals as the sand

fraction with additional amounts of kaolinite and interstratified

clay (Tables 6 and 7). Other minerals in the clay fraction which may

or may not be artifacts include quartz, chlorite, feldspar, Fe-oxides,

carbonates, anatase and diaspore. The amount of amorphous material

in the rocks was not determined, but is probably small. The

.A
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Tableä. Summary of petrographic analysis of sandstones, siltstones
and conglomerates from the Wise Formation.

Mineral Sgecies L Mineral Soecies L

Quartz 70-80 Dolomite 1-10

Rock fragments 5-15 Calcite O-10

Muscovite 2-10 Goethite 2-10

Chlorite 2-10 Hematite 0-10

Albite-oligoclase 1-5 Zircon _j 1

K-spar 1-2 Epidote j l

Chart 1-2 Tourmaline _i 1
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Table 6;

Silt—sized Minerals in Sandstones and
Siltstones from the Wise Formation

Mineral Calcareous Calcareous Goethitic Goethitic
Species Sandstoue Siltstone Sandstone Siltstone

Quartz 50 45 40 50

Interstratified 20 15 20 20

Chlorite 0-2 10 O 5

Muscovite 5 10 20 10

Kaolinite 5 5 5 O

Albite 5 5 5 5

K-spar O-2 0-2 0-2 0-2

Goethite 0-2 0-2 2-5 2-5

Hemacice 0-2 0-2 0-2 0-2

Carbonate 0-5 O-5 0-5 0-5
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Table 7.

Clay—sized Minerals in Sandstones and Siltstones
from the Wise Formation

Calcareous Calcareous
Mineral Calcareous Calcareous Goethitic Goethitic
Species Sandstone Siltstone Sandstone Siltstone

Muscovite 45 30 30 50

Montmorillonite 10 5 40 5

Vermiculite 15 15 20 15

Interstratified 15 30 0 15

Kaolinite 10 10 10 15

Chlorite 5 10 0 0
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mineralogy of the shales and mudstones was not examined in detail, but

probably consists of the same minerals as the clay fraction of the

coarser grained rocks. The mudstones may contain more kaolinite and

the shales which are highly calcareous and possibly of marine origin

may contain substantially more montmorillonite. Locally the shales

and mudstones are ferruginous, calcareous and carbonaceous.

The sandstones are medium to fine—grained, light gray to grayish

white and speckled black and rock fragments and silver with muscovite

grains. Some hand specimens are tinted green where chlorite is

abundant. The sands change widely in color depending on clay, Fe-

oxide and carbon content. Where Fe—oxides are abudant they have

imparted a buff, dark—brown, yellowish-brown or red color to the

rocks. Some of the sandstones contain carbonaceous plant debris,

others contain ferruginous plant fossils, some of which are quite

large, embedded in a relatively clean sand. The bulk of the sand-

stones are white, gray or dark brown. Lesser amounts of yellowish-

brown and red sandstones occur, largely in the Gladeville interval

and the uppermost portion of the Wise Formation exposed at this

locality.

The siltstones are usually very thinly bedded or laminated,

bluish gray, very dark gray to black and commonly micaceous. Those

containing Fe-oxides are buff to dark brown. Many hand specimens are

highly fossiliferous and show finely developed festoon cross—bedding.

Some siltstones are highly calcareous and are coated with reprecipi-

tated calcite (travertine). Other contain nodules and beds of
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goethite or plant fossils which have been completely replaced by

goethite. Thick beds of siltstones occur between the Campbell Creek

and Pond Creek Coals and in association with the Cedar Grove Coal.

Since the rocks consist primarily of quartz with rock fragments

predominating over feldspar, they are classified petrographically as

sublitharenites and lithic siltstones (Pettijohn, 1972). The rocks,

however, may vary widely in clay content, carbonate and Fe—oxide con-

tents, all of which may serve as effective cementing agents.

Locally lithic graywackes, graywackes, calcareous sands and silts

and ironstone may be recognized and some quartz arenites are entirely

cemented by silica. Silica cements most of the rocks to some degree.

Many of the sandstones have fractured quartz grains which are thought

to be the result of the closely spaced 2 meter blast hole grid used

in the mining operation. Primary or secondary porosity is readily

apparent in many samples. The sheet silicate components, either as

individual grains or as rock fragments, tend to be oriented parallel

to bedding planes thus forming planes of weakness in the rocks and

hazardous mining conditions. Crenulated muscovite grains are either

due to primary foliation or compaction.

It was determined by x-ray diffraction and differential scanning

colorimetry that the dominant Fe-oxide in the rocks is goethite, how-

ever, the goethite is also present as an admixture with magnetite and

hematite (Table 8). The individual goethite crystals are very fine

silt—sized particles, which in some cases appear to be pseudomorphic
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Table 8.

Mineralogy of an Iron Nodule

from the Wise Formation

Mineral

SgeciesGoethite 50

Hematite 20

Quartz 10

Dolomite 10

Albite Q5

K—spar 5 ,
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after carbonates, both calcite and particularly dolomite. In other

cases the goethite is associated with oxidized sheet silicates, The

goethite occurs as nodules, beds, and as clasts in the conglomeratic

beds. It also forms an effective cementing agent in the sandstones,

siltstones and probably other rocks. The clasts in the conglomerates

appear to be very similar to typical carbonate intraclasts many of

which bear stylolitic seams. These were the only stylolites observed

in the Wise Formation. The goethitic intraclasts Suggest that car-

bonate and goethite formed contemporaneously with sedimentation as

with wetting and drying in a tidal flat environment. Secondary enrich-

ment of the sediments with Fe resulted in goethite-coated carbonates

and goethite pseudomorphs as well as the goethitic phase of cementa-

tion. A buff—colored goethitic siltstone contained 2.5% free Fe and

a goethite nodule was found to consist of 25% free Fe, however, these

values are only for a single dithionite extraction and the sediments

may contain more Fe that would come out with a second extraction. The

sediments in general vary widely in Fe content, from the less ferrugin-

ous buff colored rocks to the dark brown highly ferruginous ones, and

many of the rocks are highly ferruginous due to the presence of abundant

plant debris that have been completely replaced by goethite and other

oxides.

Most ferruginous sedimentary rocks contain substantial quantities

of Fe-oxides and silicates, however, James (1966) called those con-

taining over 15%, Fe-rich. The Fe—rich sedimentary rocks by this
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definition have a wide range in physical and chemical properties partly

because of gradations into the more typical sedimentary rocks and partly

because of the wide range of Fe—minerals possible. Typical Fe-

minerals include: "1imonite," goethite, hematite and magnetite;

siderite with a wide range in the amount of Mh, Mg and Ca in solid

solution; chamosite, greenalite and glauconite, the latter of which

may be converted thuringite and other chlorite minerals with slight

metamorphism; minnesotaite and stilpnomelane; and pyrite and marcasite.

Many of these minerals are preceeded by metastable species of uncertain

status (James, 1966).

Traditionally in the geologic literature the non-cherty, commonly

oolitic Fe—rich rocks, most of which are of post-Precambrian age are

referred to as ironstone. The cherty, banded ferruginous rocks which

are mostly of Precambrian age are called iron formations. Ironstones

and iron formations occur periodically throught the geologic record

from early Precambrian to Pliocene and contain the world's largest

reserves of Fe-ore. Ironstones and iron formations may be divided into

four major geochemical facies——oxide, carbonate, silicate and sulfide,

on the basis of the dominant Fe-mineral (James, 1954, 1966; Borchert,

1960). This facies classification has a theoretical basis in that the

distribution of the stability fields of the Fe-minerals can be ex-

pressed in terms of oxidation—reduction potential (Eh) and H—ion con-

centration (pH). Stability field diagrams show that at given anion

concentrations almost any combination of Fe—minera1 species can stably

coexist under geologically reasonable conditions, however, the dominant



97

aspect is that of a sequential appearance of the stability fields for

oxide, carbonate, and sulfide with a decrease in Eh (Castano and

Garrels, 1950; Huber, 1958; Krauskopf, 1967). In an idealized basin

where the ferruginous sediments are forming, these facies are a direct

representation of depositional environment. Paleogeographically these

facies have been found to parallel paleoshorelines (Gruner, 1922;

James, 1954; Borchert, 1960).

Although the Fe—rich sedimentary rocks appear to fall into

natural categories, and while Eh—pH phase diagrams are useful for

interpreting the natural significance of these facies, a number of

factors seriously restricts direct application to geologic problems.

As stated by James (1966):

Chief among these are that the compounds used in the
thermodynamic calculations do not correspond exactly to the
natural phases and that metastable phases are not accounted
for. Natural siderite in the sedimentary ores is not FeCO3;
it is the complex (Fe, Mm, Mg, Ca)——bearing carbonate. The
silicate is not FeSiO3; it is the far more complex chamosite,
greenalite or glauconite. The original oxide is not Fe2O3;
it is limonite or some more primitive hydrate. The primary
sulfide may not be pyrite, but a metastable phase such as
tetragonal FeS. The natural occurrence of these phases
indicates that they have larger stability (or metastability)
fields than do the compounds being considered. Furthermore,
the thermodynamic analysis indicated only theoretical phases;
whether or not a particular phase will form may depend on
other factors——the presence of a catalyst, for example.

Geochemical facies in the Carboniferous rocks of the Appalachian Coal

Basin are, therefore, a reflection of a complex array of environmental

conditions. At the seaward margin of the Carboniferous clastic wedge-

alluvial plain, organic matter accumulated heavily along the shore-

lines in lagoons, estuaries, tidal flats and backswamps associated
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with fluvial—deltaic and marginal marine sedimentation. Organic matter

thus made it possible for strongly reducing conditions to develop, and

together with the details of the geometry of the basin and water

circulation, accounts for the wide variety of geochemical facies

changes observed in the rocks. Fe was mobilized under reducing condi-

tions and immobilized and reprecipitated uder oxidizing conditions,

but the mineral species formed are rarely pure minerals, rather they

are chemically complex solid solution series.

The carbonates in the rocks are apparently present in many forms.

The sandstones and siltstones contain dolomite as the dominant carbon-

ate, however, calcite is also comon and sometimes preponderant. The

carbonates occur as void fillings, and where locally abundant, form a

major cementing agent in the rocks. The calcite-cemented siltstone

in Plates 9 and lO shows three phases of cementation which I believe

sums up the cementing history of this interval of the Wise Formation.

First it is the carbonate phase of cementation observed as a sort of

matrix between the majority of the grains. The calcite is coated with

goethite which also occurs as a cement between some grains, hence the

second, goethitic phase of cementation. Lastly it can be seen that

some of the quartz grains are welded together by silica overgrowths so

that silica represents the third and final phase of cementation. The

relative amounts of each of these various cements is highly variable

in the formation as a whole so that locally any of these cements may

predominate. The calcareous sandstone in Plates 3 and 4 is cemented

mainly by silica. Fe-oxides are present and scattered voids contain
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dolomite. Where Fe-oxides and carbonates were able to get in early,

a more thorough, probably diagenetic phase of silic cementation was

prevented. Thus some of the rocks are weakly cemented in the sense

that had there not been the previous phases of oxide and carbonate

cementation, a more thorough phase of silica-cementation could have

developed. In this sense those rocks with Fe-oxide cements are more

resistant to physical and chemical weathering under oxidizing condi-

tions than are those with carbonate cements.

X-ray diffraction and chemical analyses suggest that the carbonates

are present as chemically complex solid solution species or as a com-

plex mixture of minerals. The carbonates are probably complex (Fe,

Mn, Ca, Mg, Zn) phosphatic carbonates. Chemical analysis of the sand-

stones and siltstones shows that the rocks are calcareous and phosphatic

(Table 9). Stratigraphically the carbonates tend to be highest in

the roof rocks, then increase away from the major coal seams. This

is reflected in the values of NH4OAc—extractable Ca and Mg, pH, base

saturation and extractable P. The average organic matter content is

0.52 and levels of H and Al are also low except for the argillaceous

rocks. Note the vertical stratigraphic Variation among calcareous

siltstones, for example, sample I—4 contained 36.4 pp extractable P

while the specimen O.7 feet below it (I-5) contained 68.4 ppm. X—ray

peaks for calcite, dolomite, ankerite, siderite, magnesite and apatite

can occasionally be detected suggesting that a complex mixture of

minerals may be present.
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The pure end member minerals may be overshadowed by solid solu-

tion minerals of uncertain status. No pyrite or other sulfide

minerals have been detected in the sandstones or siltstones, but

similar to the carbonates, complex sulfates have been detected. It

can be seen in Plate 18 that this outcrop of calcareous siltstone is

coated with a white powdery substance. X-ray diffraction of this

material shows that the material is gypsum and alum or a complex

(Ca, Mg) sulfate. This material was also found to form a precipitate

(BaSO4) when excess BaCl2 was added, thus confirming the presence of

S04.

The highly irregular distribution of the Fe—oxides, carbonates,

phosphates and sulfates are believed to be the result of the mode of

genesis of the rocks in terms of the depositional environment. The

geochemical facies changes in the rocks are most readily apparent on

a macroscopic scale in the distribution of the Fe-oxides (Plates 24 and

25) staining the outcrops and often forming ornate liesegang banding.

Although the Wise Formation and its stratigraphic equivalents in other

localities to the west contain an occasional limestone bed or a

fossiliferous marine bed, the Wise Formation at this and other lo-

calities to the east lack the marine beds and contain only impure

carbonate—bearing sands, silts and clays. Galloway (1972) attributed

the lack of fossils to dissolution of marine fossils which were once

present, to leaching by groundwaters. The writer favors this interpre-

tation and the genesis of the rocks may be explained as follows. The
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Wise Formation at this locality probably contained more limy beds or

beds bearing calcareous marine or freshwater fossils, as well as

pyrite, than are now present. Groundwaters, containing dissolved

oxygen, flowed through the sediments contemporaneously or penecon-

temporaneously with sedimentation and oxidized the pyrite. The

oxidation was accompanied by liberation of Fe and sulfuric acid which

dissolved the carbonates and was neutralized to form sulfates. This

accounts for the lack of pyrite and calcareous fossils, the presence

of secondary porosity and sulfates formed from the dissolution of

carbonates, and the irregular distribution of the carbonates and Fe-

oxides. The presence of the goethite-carbonate intraclasts, as well

as other intraformational clasts of reworked partially consolidated

sediments, suggests that materials were formed and reworked contem-

poraneously with sedimentation. The progradation of fluvial, deltaic

or tidal flat deposits over pyritic carbonaceous sediments would

account for a change from reducing to oxidizing conditions as a

normal sedimentary process. As the porous outcrops of the Wise Forma-

tion are now wetted, the sulfates enter solution and evaporate on the

surfaces of the outcrops and mine spoils.

Conglomerates were observed in places above the Campbell Creek,

Alma and Lower Cedar Grove Coals (Plates 19 and 20). The beds con-

tain quartzite pebbles up to 2.5 cm in diameter, but most of the

clasts are on the order of 0.5-1.0 cm in diameter. The clasts are

well rounded to subrounded and the conglomerates may be likened to
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coarse grained sandstones except for the abundance of goethite clasts.

The Fe-oxide clasts in the conglomerates are angular to subrounded

and elongated up to 5 cm in length. Most of the clasts are goethite

except for the hematite clasts in the conglomerates above the Lower

Cedar Grove Coal where hematitic sandstones also cap the ridges. The

conglomeratic beds form the basal unit overlying a coal, but the beds

themselves are very laterally discontinuous. As noted above the

conglomerates have the same mineralogic composition as the sands and

silts with the exception of the carbonate intraclasts.

Shales and mudstones occur throughout the section. Some of the

beds are massive, variegated brown, yellowish brown to reddish or

orange brown argillaceous underclays bearing Stiggäria, which indi-

cates that these beds were "swamp soils." Many of the plant fragments

in these clay beds are buff or brightly colored rather than black.

Most of the shales are very dark gray to black, highly fossiliferous

and carbonaceous occurring as underclays,partingsand roof rocks. Some

of the shales are highly calcareous and phosphatic. The distribution

of the pyritic materials in these rocks was not studied in detail,

however, no obvious occurrences were noted in either the carbonaceous

or non—carbonaceous beds in general perhaps due to the small particle

size of the authigenic and detrital pyrite.

Sulfurous exudates were noted in several coal outcrops. Pyrite

was generally not obvious in the coals, however, the pyrite lamellae

in the specimen of the Campbell Creek Coal in Plate 22 is striking.
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Unlike most of the coals in the Pottsville below the Wise Formation in

Buchanan County which thin to the north and northwest before passing

into the subsurface, the Wise coals do not thin appreciably to the

northwest until one is well into West Virginia and Kentucky. The

tendency of the coals to thin to the northwest combined with the

gentle dip in that direction results in the restriction of the thickest

deposits to the higher parts of the ridges throughout most of Buchanan

County. The coals in the study area are bituminous and notable for

their reasonably high rank, high heat value, low ash and sulfur con-

tents. Coals to the west tend to be of higher rank, but tend to be

more impure and brecciated (Hinds, 1918).

In the field the outcrops of the sandstones, siltstones and the

argillaceous rocks may be either thin-bedded or massive. The majority

of the sands are massive although thin- or medium-bedded sands also

occur in a few places. The siltstones are mostly thin-bedded and

laminated. Contacts are generally sharp between the coals and the

overlying beds and then gradational upwards into the overlying under-

clays. Contacts between beds may be sharp or gradational in either a

lateral or vertical direction. The contacts between geochemical

facies are extremely abrupt, highly irregular and generally unmappable

at any reasonable scale.

Sedimentary structures are few and far between at this locality.

Sedimentary slump structures were observed in a talus boulder on the

Lower Cedar Grove bench although no specimens were observed in place.

Festoon and tabular cross-bedding are present here and there, mainly
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in siltstones, throughout the section, but well developed, large scale

structures such as those in the quartz arenite members of the Lee

Formation were not observed. Some plant remains show evidence of

transport, however, paleocurrent measurements were not attempted. No

sole marks or ripple marks were observed whereas clastic dikes are

fairly common. The lack of sedimentary structures may indicate upper

flow regime and these sediments are considered by the writer to

generally represent fluvial and mainly deltaic sedimentation.

Fossils were noted essentially throughout the section.

Lepidodendron, Sigillaria and Calamites are particularly abundant

often showing signs of transport. Calamites commonly occur in roof

rocks in essentially upright positions. Seed ferns are particularly

abundant in association with the Eagle and Cedar Grove Coals, but

generally with all coal horizons especially in underclays. Stigmäria

are common in under clays associated with the Pond Creek and other

seams. Neuropteris tenufolia is a commonly observed fossil in the

beds of the Wise Formation at this locality.

Based on a somewhat limited number of samples, the data Suggests

that systematic stratigraphic variations in porosity occur. The rocks

between the Alma and Lower Cedar Grove Coals appeared overall less

porous than those between the Campbell Creek and Pond Creek seams and

those rocks above the Lower Cedar Grove Coal (Table 10). The rocks

above the Cedar Grove Coal were especially porous, possibly due to more

recent subaerial weathering. Overall the rocks were rather porous and
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highly variable in porosity which is attributed to the mode of genesis

of the rocks as described above.

The geologic map of the study area shows the outcrops of the

Norton Formation confined to the deeper stream—cut valleys. The bulk

of the strata exposed belong to the Wise Formation. The facies changes

in the Wise and the Gladeville Sandstone are really too thin to show

especially because of the monoclinal attitude of the rocks. The

general nature of the facies changes can be seen from the outcrops

of mine spoil (Figure 3). In the southwest portion of the area most

of the strata above the Lower Cedar Grove Coal are interbedded sand-

stones and siltstones whereas to the northeast this interval is repre-

sented mainly by sandstones. The rocks between the Campbell Creek

and Pond Creek seams are mainly siltstones in both areas, however,

this thick siltstone interval was observed to pinchout to the east

along Buffalo Fork of Upper Elk Creek (Plate 26). The strata between

the Alma and Lower Cedar Grove seams were persistently sandstones

throughout the area. Just below the Campbell Creek Coal was a rather

persistent 15-30 meter section of shale. Below this shale was the

cyclothemic interval which extends approximately to the base of the

Wise Formation. This interval was not examined in the northeastern

area.

Soils

Geomorphically, the study area is located in the eastern part of

the strongly dissected Cumberland Plateau, where the terrain consists
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of narrow sinuous ridges and valleys and vertical or very steeply

sloping side—slopes. This is due to the ¤¤if¤Ym downwasting of groups

of relatively homogeneous strata, which are flat lying or very gently

dipping. This topography has strongly controlled the development of

the local soils. The thickest accumulations of regolith occur on the

broader ridges, as alluvial valley fill, and along the footslopes of

the mountains. Thick saprolites have been observed along the crest

of the ridge at the head of Middle Elk Creek. The sola of the soils

are generally thin due to erosion and regolith may be essentially ab-

sent on ridgetops held up by the cleaner, more resistant sandstones.

In terms of reclamation, this means that the natural soils are too thin

to stockpile for regrading on the benches and revegetation depends on

the quality of the regraded spoil, which is generally freshly blasted

rock.

The natural upland soils at the site are members of the Sub-

groups of Typic Hapludults and Typic Dystrochrepts (Table ll). Typic

Dystrochrepts generally represent the soils on the sideslopes. Aquic

Fragiudults, Typic Fragiaqualfs and Typic Hapludults are the colluvial

soils which occur along the footslopes. The soils on the nearly level

floodplains, which have developed from alluvium are Typic Fluvaquents,

Fluventic Dystrochrepts and Alfisols and Mollisols in areas where

there is calcareous bedrock. The soils on the higher, convex portions

of the sideslopes are usually very thin and consist of A-C profiles.

These are generally Entisols. The soils on the lower concave portions
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of the sideslopes, i.e., the colluvial positions along the footslopes,

can be moderately thick. They comonly contain a fragipan and are

Inceptisols and Hapludults.

Regionally, the soils are subject to the same abrupt changes in

texture observed in the parent rocks. Since the strata are flat lying

there may also be abrupt changes in texture with depth in any profile.

The ridges are generally held up by sandstones which are the most

resistant lithology so that the soils on the ridgetops are mainly

those with sandy textures. The lower uplands along spurs may, on the

other hand, be formed on the siltstones and possibly shales with

soils of corresponding texture. lt is also not uncommon to find

weathered, but recognizable coal seams within soil profiles. The

textures of the colluvial and alluvial soils are highly variable and

mainly related to the predominating texture of the nearby source

rocks.

A traverse was made down the spur between the Right and Left

Forks of Lower Elk Creek to collect soil profile descriptions and

samples (Amosl and Van Dyne,2 1976, unpub. data). The upland and

colluvial soils that were collected and analyzed contained from 15-

30% clay and varying amouts of sand and silt, depending on parent

material. The thicker residual and colluvial soils were

1D. F. Amos, Associate Professor of Agronomy, VPI & SU, Blacks-
burg, Virginia.

2Van Dyne, Soil Scientist, Soil Conservation Service, Washington,
D.C.
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characteristically low in pH and available nutrients as are the

thinner eroded soils, with the possible exception of Mg.

Additional samples were collected by the author of saprolite and

the B—horizon of a residual soil developed from silty shale on a

gently sloping spur near the Campbell Creek Coal horizon and of a

colluvial soil developed from a mixture of sandstone, siltstone and

agrillaceous shale near the head of Long Branch. The colluvium and

the saprolite have very nearly the same clay mineralogy, while the

residual B-horizon was more highly weathered. The residual B—horizon

contained more vermiculite, poorly cyrstalline kaolinite and inter-

stratified clay, and less muscovite and feldspar than the other

soils (Table 12). The interstratified clay is apparently weathered

muscovite and possibly chlorite, which has gone to form vermiculite.

Compared to the parent rocks, the soils contain less muscovite,

chlorite and kaolinite. In view of the presence of carbonates and

the high silica and low aluminum contents of the rocks, the stability

of montmorillonite and vermiculite and the instability of kaolinite

is understandable (see Jackson, 1964). Just considering the residual

soil, the composition of the saprolite suggests that more montmorillon-

ite and vermiculite has formed from the bedrock while kaolinite has

been depleted. Similarly, there is less muscovite and chlorite and

more interstratified material in the saprolite. With time, as shown

by the B-horizon, muscovite, chlorite and montomorillonite are de-

pleted at the expense of forming vermiculite, kaolinite and
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Table 12.

C1ay—sized Minerals and Nutrients in

Soils Derived from the Wise Formation

Mineral 30" below surface Saprolite B—horizon
Sgecies Colluvium Residual Soil Residual Soil

Z Z Z

Muscovite 15 15 10

Montmorillonite 35 40 5

Vermiculite 30 30 45

Interstratified 15 15 30

Kaolinite 0 tr 5

Chlorite 0 0 O

Quartz 5 tr tr

Feldspar 5 tr 0

Nutrie¤ts— dlluce double acid extract. k?/h@CCaY@

Ca L+ L- L-
974 235 269

Mg VH M- M+
398 159 231

K L+ L L+

87 63 86

P L- L L
2 9 11

pH 5.5 4.7 4.7
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interstratified material. The interstratified mineral is probably

weathered mica in the form of a mixture of muscovite, chlorite,

vermiculite and kaolinite.

Mine Spoils

Physical Properties

The mine spoils from the study area consist of pebbles and

cobbles, generally less than 15 cm in length, embedded in a matrix

of finer rock fragments and soil-sized materials. Between 60-80%

of the spoil is greater than 2 mm in size. The soil-sized fraction

is about 10-20% clay-sized material (Amos,l 1976, unpublished data).

Hence only about 5-10% of the entire spoil is clay—sized; the majority

of the spoil is sand or silt depending on the locally predominating

rock type. The spoil particle size distributions correlate well with

the rock types that can be observed in the high wall exposures

adjacent to the spoil. The surface textures of the spoils usually

stand out as being predominantly sandy or silty. The sandy spoils

tend to be droughty. The silty spoils usually have crusted surfaces,

which may lead to ponding. Until revegetated they cause excessive

dust when they are dry. The stratigraphic interval exposed by

stripping generally lacks thick shales, but locally where there are

relatively thick underclays, the spoils are more clayey. The spoils at

1D. F. Amos, Associate Professor of Agronomy, VPI & SU, Blacks-
burg, Virginia.
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this locality are generally influenced by the thicker sandstone and

siltstone beds. Particle sizes of Pennsylvanian spoils in general are

highly variable in particle size both stratigraphically and geo-

graphically due to the abrupt facies changes of the non—marine coal

bearing strata (Smith et al., 1976; Plass and Vogel, 1973; Barnhisel

and Massey, 1969). Spoils from the Allegheny Group were much higher

in coarse fragment content and spoils from the Monongahela Group higher

in clay content than the spoils here (Smith et al., 1976). Spoils from

the Pottsville Group of southern West Virginia contain comparable

amounts of soil-sized materials (Plass and Vogel, 1973)-

Since mine operators make an effort to bury the dark—co1ored

rocks, and since the natural soils are too thin to stockpile for

regrading on the benches, the regraded spoil consists mostly of

freshly blasted rock fragments of varying lithologies, sizes and

shapes. In some areas the dark-colored rocks have been regraded and

fragments of soil and carbonaceous materials are generally scattered

throughout the spoils. In cuts, the spoil profiles show no differentia—

tion with depth other than random features produced during regrading.

There is very little evidence of pedogenesis. Little if any eluvia-

tion of fines or other signs of horizonation have taken place with

the possible exception of weakly developed structure in the surface

horizon. The spoils contain some peds or aggregates which are clods

that are cementedby weak electrostatic forces and are, therefore,

not water stable. Large voids can occasionally be observed in the

profiles, but a matrix resembling a structureless soil tends to be
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omnipresent. Some of the spoils, especially the surface layers, have

been excessively compacted by machinery during excavation and regrading.

The morphological properties of the spoils in general are analogous to

recently deposited, poorly sorted, gravelly alluvium or colluvium.

It is hard to discuss the physical properties of the spoils and

how they relate to weathering without also discussing their chemical

properties and chemical weathering, but at least three properties can

be relegated essentially to the physical realm: bedding, fracturing

of grains by blasting and primary or secondary rock porosity. These

features are of obvious consequence in weathering since they constitute

areas of weakness in the rocks that permit easy entrance of water, the

essential component in physical (and chemical) weathering. Wet-dry

and freeze-thaw cycles are effective forces causing physical disintegra—

tion. On many of the spoils there are rock fragments in various

stages of disintegration. The finer grained rocks tend to be thin

bedded and break down readily, but some of the coarser grained rocks

can also be observed in a friable state lying within or on the sur-

faces of the spoils. The friable sandstones are believed to be those

that were fractured by blasting or cemented by clay. These rocks are

disarticulated by repeated wetting, drying, freezing and thawing.

Similar features were reported by Smith et al. (1976).

Unlike the weathering of natural rock outcrops, the mine spoils

have been formed by blasting. The outcrops have been broken into

smaller fragments and much of the material has been comminuted to a

fine size. Although weathering of the mine spoils also begins at the
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ground surface, the spoils are more permeable and have more surface

area of fresh rock exposed than would most natural outcrops of massive

rock. The mine spoils are like alluvium and colluvium in this re-

spect. Since the rocks have been weakened by blasting and more surface

area is exposed, the spoils are subject to accelerated physical and

chemical weathering. After all of the rocks weakened by the blast

have disintegrated, and as the decomposing rocks become coated with

the insoluble residues of chemical weathering, the rates of weathering

are greatly slowed.

Field observations of rocks derived from the Wise Formation in

colluvium, stream gravel and slightly weathered spoils suggests the

following weathering sequence: sandstone < siltstone < shale. This

is attributed to the presence of bedding or lamination, particle size

and type and degree of cementation. Shales with their bedding planes

disintegrate most readily. The massive mudstones disintegrate nearly

as readily, but somewhat less due to the absence of bedding. Silt—

stones with bedding and lamination disintegrate readily, but less so

than the shales because of particle size (surface area) and the

presence of additional more resistant cements. Massive sandstones

are the most resistent lithology at the site although bedded sand-

stones tend to disintegrate more readily than the massive units,

The weathering sequence can be seen in freshly blasted materials

in highwall exposures where the bedded, fine—grained materials form

talus slopes and rubble composed of a prolific amount of weakly
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indurated, small angular fragments which sharply contrast with the

indurated coarse-grained rocks that form pebbles, cobbles and boulders,

The weathering sequence is most obvious from the fact that the sand-

stones of the Wise Formation are ridge—formers while the shales and

siltstones form the valleys. The absence of shale clasts in the older

colluvial soils and in stream gravels attests to their weatherability.

Siltstone clasts can sometimes be observed in colluvium, but rarely in

the fluvial deposits. Most of the clasts in the local colluvium and

fluvial deposits are grayish—white sandstones and brown ferruginous

sandstones. The sandstones are more resistant because of the lack of

bedding and the presence of strong cements.

In order to quantify rock strength or bearing capacity, samples

of fresh rock were subjected to loads of known magnitude until failure

was attained. The results show that the rocks have superior strength

perpendicular to bedding as a 2-10 fold difference in each case

(Table 13). The more goethitic sandstones and siltstones tended to

have less strength than the less ferruginous ones, especially per-

pendicular to bedding. This conforms with the observation that the

influence of the Fe-oxides is such that a more thorough phase of

silica cementation occurs in their absence which leads to the greater

strength of the non-goethitic rocks. The sandstones tended to have

more strength than the siltstones, especially perpendicular to bedding;

which may be due to the presence of larger quartz overgrowths on sand-

sized quartz grains. The bearing capacities of the rocks, therefore,
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show the effect of bedding, particle size and type of cementation on

rock strength.

In terms of chemical weathering, the physical properties of the

spoils are important from the standpoint of drainage. Where there is

the carbonate of Fe—oxide phase of cementation, or where there is

abundant clay matrix, a more thorough phase of silica—cementation was

apparently restricted. The rocks with Fe-oxide cements are more

resistant to chemical weathering under oxidizing conditions than are

those with carbonate cements because of the insolubility of the oxides

and the solubility of the carbonates. The reverse would probably be

true under reducing conditions since Fe is mobilized under such condi-

tions. The more thoroughly silica—cemented rocks are probably the

most stable in either case. Stream pebbles and cobbles of white sand-

stones bear weathering rinds, and these sandstones appear to be

transforming into materials resembling the fresh, brown sandstones

under the present oxidizing weathering regime. This active process

of ferrugination illustrates how weathering is slowed due to the

accumulation of the insoluble products of chemical weathering and how

the proportion of these residues in a soil increases with time and

weathering. Hence the soils from the Wise Formation seem destined to

be highly ferruginous in view of the ferruginous nature of the parent

materials.

The presence of porosity, bedding and jointing in the rocks is

apparently promoting the active depletion of carbonate, sulfate and
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iron. Evidence for these processes are the sulfate-, travertine-

and limonite—coated outcrops in the study area. Some of the materials

released may represent active chemical reactions while others may be

the leached remants of previous episodes of weathering, contempor-

aneous or penecontemporaneous with sedimentation.

Physical weathering was simulated in the lab using lysimeters

(Table 1). The materials appear to have changed little after three
I)

simulated years of weathering. Several rock fragments showed surficial

signs of disintegration similar to the rocks in the field. This is

attributed to the presence of clay cement and the initial weakening

of the rocks by blasting. The influence of wet—dry-freeze—thaw

cycles to effect disintegration of some specimens, either in the lab

or in the field, apparently requires a remarkably short time.

It was also noted that there was a striking difference in the

rates of infiltration between the columns depending on the amendments.

As the columms were watered, the water ponded above the surfaces

where organic matter had not been added, but percolated readily into

those to which sawdust and fescue roots were added. Analogous observa-

tions can be noted in the field with similar amendments. At the mine,

silty spoils often crust and form ponds, many of which continued to

grow over the 2 1/2 years of field work. The crusting is generally

thought to be due to silt mobilized by the impact of raindrops, there-

by clogging the voids at the surface.
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Mineralogical Composition

The mine spoils are so little weathered that their mineralogic

composition is inherited from the parent rocks. In areas of pre-

dominantly sandy soil, the sand fraction consists of grains of individ-

ual minerals, but where the spoils have been derived from siltstones,

the sand fraction consists of sand-sized rock fragments. The clay

fractions of the spoils are composed mainly of clay minerals, however,

blasting and grinding by machinery has broken sand grains of muscovite,

quartz and feldspar into smaller silt- or clay-sized particles.

The clay fraction of the spoils consists of the same minerals,

and in approximately the same proportions, as in the fresh rock (Table

14). It is not possible to assess how much of the mica, quartz and

feldspar was actually present in the clay fraction and how much is an

artifact due to grinding. These minerals are not normally expected

to occur in the clay fraction of an unweathered soil.

The particle size distribution of the spoils in sandy areas is

approximately 70% sand, 20% silt and 10% clay and in silty areas,

about 70% silt, 20% sand and 10% clay. Based on petrographic analyses,

the sand fraction of the rocks consists of about 70% quartz, 10%

rock fragments, 10% mica and 10% carbonates, oxides and accessory

minerals. Based on x-ray diffraction, the silt fractions of ground

rocks contained about 50% quartz, 20% interstratified mica, 10% mica,

10% accessory minerals, 5% kaolinite and 5% feldspar. Using these

proportions, one can calculate an approximate total composition for
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the sandy and silty spoils (Tables 15 and 16). The sandy spoils

consist mostly of quartz and mica with the remaining 25% of the spoil

composed of the other species. The various species of clay minerals

are present in very small amounts. The silty spoils consists mostly

of quartz, rock fragments and fresh and weathered mica with the re-

maining 15% composed of the other mineral species. Hence, the silty

spoils contain more rock fragments in the sand fraction and sub-

stantially more mica, particularly muscovite, much of which is

weathered to some extent.

The mineral suite of the spoils from the Wise Formation are

similar to those reported by other workers for the coal-bearing

Pennsylvanian rocks. The Wise Formation differs from some other units

in being more calcareous. The clay fraction of the spoils is similar

to those reported by other workers for the Pennsylvanian rocks (Smith

et al., 1976;Barnhise1 and Massey, 1969) except that the spoils from

the Wise Formation apparently contain more montmorillonite.

Areal Distribution

Mapping units for the mine spoils were based on particle size.

The particle size distributions in the spoils were found to be in-

herited from the rock types observed in the highwall exposures adja-

cent to the spoils. This facilitated mapping since the spoil composi-

tions could be predicted by observing the highwalls and tracing

facies changes laterally along the benches. This is due to the fact

that the mine spoil is rarely transported over 1 kilometer from the
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Table 16.

Mineralogical Composition of Mine Spoil Derived from the
Wise Formation by Size Fraction

Mineral Species % Composition of Spoil

Quartz 49
Rock fragments 7 70% sand
Mica 7
Accessories 7

Quartz 10 Sandy
Interstratified 4 20% silt Spoil
Mica 2
Accessories 2
Kaolinite 1
Feldspar 1

Muscovite 3
Montmorillonite 1

. Vermiculite 1.5
Interstratified 1.5 10% clay
Kaolinite 1.5
Quartz 1 . —

Feldspar 0.5

Quartz 14
Rock fragments 2 20% sand
Mica 2
Accessories 2

Quartz 35 $11gy
Interstratified 14 70% silt Spoil
Mica 7
Accessories 7.0
Kaolinite 3.5
Feldspar 3.5

Muscovite 3
Mbntmorillonite 1
Vermiculite 1.5
Interstratified 1.5 10% clay
Kaolinite 1.5
Quartz 1
Feldspar 0.5

accessories = carbonates, oxides and heavy minerals
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blast site during mining operations and regrading. Talus from an

overlying bench may locally become admixed with materials on the lower

benches. Although the Wise Formation is characterized by abrupt

lithologic facies changes, the dominant lithologies exposed in the

highwalls were persistent enough along the benches to be mappable on

standard USGS 7.5 minute quadrangles.

The mapping uits were based on the relative proportions of sand-

stones and siltstones in the mine spoil. lt was assumed that the basic

mineralogic composition of the stratigraphic interval was uniform,

that the irregular distributions of Fe-oxides and carbonates were

characteristic of the entire area and that the particle size distribu-

tion of the coarse fragments was also characteristic of the area

surveyed. The highly irregular variations in Fe—oxides, carbonates,

rock porosities and cementing agents were not mappable features even

at very large scales.

The geologic map (Figure 3) shows a large area of spoil to the

southwest separated from a large area to the northeast corresponding

to the two highest ridges in the area. The tops of these ridges have

been largely removed by the mountaintop removal method of mining. The

southern area contains three major benches while only two are generally

present to the north. The bench at the Campbell Creek Coal horizon

is by far the most widespread. To the south this bench is covered

with silty spoil derived from the silty Sttata between the Campbell

Creek and Pond Creek seams, but becomes sandy to the east along Buffalo

Fork, corresponding to lithologic changes observed in the highwall
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(Plate 26). The overlying bench is cut on the Alma Coal and the

spoil is sandy throughout the area correlated with the persistent

sandstone unit between the Alma and Lower Cedar Grove Coals. The

Cedar Grove Coal only outcrops on the highest ridges in the area.

The spoils in the southern part of the study area are a rather

heterogeneous mixture of lithologies, mainly sandstones and silt-

stones. The overburden above the Cedar Grove to the north is pre-

dominantly sandstone yielding sandy spoils.

The distribution of the mine spoils in a general way also show

‘ the major facies changes observed in the Wise Formation at this

locality. The justification for using particle size as the main

criteria for mapping units stems from the agronomic and engineering

properties associated with texture. Sandy spoils tend to be droughty

and highly leached while the silty spoils crust and pond and cause

hazards such as piping and heaving.

Chemical Properties

Variations in pH

Soil acidity is a complex and controversial subject. It has been

known for many years that the pH of a soil suspension differs from that

of the supernatant and that leaching a soil with KCl or NaCl produces

extracts with titratable acidity. After Low (1955) demonstrated that

potentiometric and conductometric titration curves could measure and

differentiate between adsorbed H and Al from bentonite, Dewan and
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Rich (1970) foud that there was no H in soils examined by potentio-

metric and conductometric titrations except in soils with free acids,

such as cat clays formed through oxidation of sulfides. This led to

the now widely accepted belief in Al- and Fe-generated acidity by

hydrolysis, which is the acidity measured with a pH electrode. As

stated by Yuan (1963):

A pH value may be the result of a number of factors,
such as the amount of H-ions dissociated from the soil
complex at various degrees and the extent of hydrolysis of
some acid-producing ions such as Ai, Fe, M and possibly
others. The pH value does not, however, measure the
acidity of the A1, Fe and M ions themselves. This has
been illustrated by the close relationship between soil
pH measured either in water or in §_KC1 and the H—ion
content in the KC1 extract. Since the acidity of the acid-
producing ions is not shown in the pH measurement as long
as the ions stay unhydrolyzed, soils with the same H-ion
activity and different amounts of unhydrolyzed A1 ions
may have the same pH. Soil pH, therefore, by no means
indicates the acidity which a soil may have, and it may
not show the amount of lime needs for crop production.

Proton formation through hydrolysis of non—exchangeable acidity

has been demonstrated with clay minerals (Jackson, 1963; Kaddah and

Coleman, 1967) and soils (Kissel and Thomas, 1969; Dewan and Rich,

1970; Kissel et al., 1971) and could account for the H-ion concentra-

tions measured in the neutral salt extracts of soils. Exchangeable

acidity has come to be defined as that from_§ KCl extract and exchange-

able H can be detected in these extracts, however, there may be no

evidence of H occurring in the soils when titrated potentiometrically

or conductometrically. The H in the extract therefore is assumed not

to be exchangeable, but was produced with the extraction procedure

due to hydrolysis of a portion of the exchangeable A1 and partially
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neutralized hydroxy—A1 polymers which were exchangeable by the E KC1

(Dewan and Rich, 1970; Rich, 1970: Kissel et al., 1971; Zelazny and

Fiskell, 1971). The lack of good correlation between exchangeable Al

and H would, therefore, indicate that the hydrolysis reaction was

not dependent on the total exchangeable Al, but on additional factors

such as type and amount of clay or Al—organic matter complexes.

Equilibrium pH measurements for materials derived from the Wise

Formation are given in Table 17. Reference samples of carbonate

(CaCO3) and goethite indicate that the carbonate had a higher suspen-

sion pH than supernatant pH while the reverse was true of the goethite.

In addition the carbonate had a higher or nearly equivalent pH in

KC1 and water. The goethite, on the other hand, had a significantly

lower pH in KC1 than in water. These differences suggest that the

influence of each component may be qualitatively differentiated. The

lower pH of the goethite in the KC1 is interpreted as due to minor

H-ion production by hydrolysis of a portion of the exchangeable Fe

and partially neutralized hydroxy—Fe polymers.

The non—ferruginous calcareous rocks follow the same trends as

the carbonate while the ferruginous rocks follow the goethite trends

which qualitatively illustrates the influence of the Fe and the

ferruginous materials' capacity for acidity, however, the amount of

acidity generated by these materials is minor since the Fe is in an

oxidized state. These results suggest that the Fe in the rocks could

be a problem under certain conditions. If the mine spoils become

poorly drained and the Fe in the spoils is reduced, the Fe may be
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mobilized and enter solution in levels high enough to be toxic to many

plants. Furthermore, if the reduced spoils are subsequently exposed to

oxidizing conditions, the reduced Fe could hydrolyze to generate sub-

stantial quantities of acidity. Hence, a source of acidity other than

the common pyrite—generated acidity can be recognized. It would seem

that the maintenance of a well drained spoil is essential to prevent

Fe—generated toxicity and acidity.

The chemical properties of mine spoils at most only two years in

age are shown in Table 18. The pH values of the younger spoils is

essentially the same as the fresh rock although it appears that pH's

may have dropped about a pH unit over the two years of subaerial

weathering. There are no apparent trends in the distribution of

nutrients either with time or depth. It is important to note that

the soluble salt contents of the two year old spoil is high enough

to be toxic to many plants. There is no evidence that there has

been leaching of salts after two years. The pH drops could indicate

an accumulation of salts during the first few years of weathering.

The rocks are known to contain a significant quantity of carbonates

which in general accounts for the high pH values observed. The rocks

and spoils typically contain from 2-10% carbonate by weight. The

potential neutralization of the rocks was calculated by the method of

Smith et al. (1974). The results indicate that most of the rocks con-

tain sufficient neutralization potential to neutralize the acidity

contained in the spoils except for the argillaceous shales which

require 1-3 tons (900-2700 kg) of carbonate or lime for neutralization
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(Table 19). It should be noted, however, that the calculations are

based on BaClg-TEA extractable H which, as discussed above, may not

indicate the acidity which a soil or spoil may have as long as some

acid-producing ions remain unhydrolyzed. The acidity and lime require-

ments of the spoils cannot be adequately evaluated without further

study by potentiometric and conductometric titration procedures.

Extractable Nutrients and Cation Exchange Capacity

When measuring extractable bases and cation exchange capacity,

different methods must be used for acid and calcareous soils. Acid

extractants overestimate extractable bases in a soil containing free

carbonates or salts which are soluble in an acidic medium.

The extractable bases from rocks derived from the Wise Formation

were measured using two extracting solutions. Carbonates are much

less soluble in NaOAc than in NH40Ac. Bases were first measured

using NH40Ac at pH 7.0 and then with NaOAc at pH 8.2. More bases were

extracted with the NaOAc, however, which suggests that additional

factors are involved. It was also found that the summation of cations

were greater than the measured CEC (Tables 9 and 20). This is attri-

buted to the presence of soluble salts which cause an overestimation

of exchangeable bases.

Several significant trends are evident. The very high exchange

capacity of the shale is notable. It can also be seen that the silty

materials cqngisggnglyhad higher exchange capacities than the sandy

ones, as would be expected from surface area considerations. The
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Table 19.

Estimated Lime Requirements of Rocks from the

Wise Formation

kg of lime for
Samgle Lithologx kg H+/megagram of sgoil neutralization

1-1 Sandstone 7.2 342
1-2 Claystone 32.4 1620
1-3 Siltstone 0.0 0
1-4 Siltstone 0 0
1-5 Siltstone O 0
1-6 Siltstone 0 0
1-7 Siltstone 3.6 189
1-8 Siltstone 2.2 112
11-1 Siltstone 5.4 266
11-2 Sandstone O 0
11-3 Siltstone 0 0
11-4 Sandstone 0 O
11-5 Siltstone 0 0
11-6 Siltstone 5.4 266
11-7 Sandstone 0 0
11-8 Sandstone 0 0
11-9 Sandstone 0 0
11-10 Sandstone 0 0
11-11 Sandstone 0 0
111-1 Sandstone 7.2 342
111-2 Claystone 55.8 2781
111-3 Shale 22.5 1103
111-5 Claystone 31.5 1557
111-7 Siltstone 14.4 725
111-8 Sandstone 0 0
111-9 Sandstone 0 0
111-10 Sandstone 0 0
111-11 Sandstone 0 Ü

Based on the method of Smith et al. (1974):

meq H+/100g. X 9.0 = kg H+/ megagram of material.
900 kg of H requires 45 megagrams equivalent CaC03 for neutralization.
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exchange capacity of the goethite is noteworthy. The ferruginous

materials consistentlyhad higher CEC's than the non—ferruginous

materials. Since the measurements were made at high pH's, all of the

pH—dependent CEC is included. This is not unlike field conditions

where pH's are 7.0 and above. The pH—dependent CEC of the oxides,

therefore, appears to make a significant contribution to the CEC of

the whole spoil.

Smith et al. (1976) measured cEc's of spoils by five different

methods. The spoils, however, were very acid and the CEC's comparable

low to those reported here. Their results did not vary greatly among

methods except for the overestimation of exchangeable acidity by

BaCl2-TEA which resulted in anomalously high values. With regards

to calcareous overburdens, the authors suggested the use of NaHCO3 as

an extracting solution for assessing the nutrient status of spoils

since carbonates are not dissolved and since the extracting solution

works well on both acid and calcareous spoils.

Barnhisel and Massey (1969) studied moderately acid spoils and

reported that cations extracted by NH4OAc and KCl were highly variable

and that there was no clear relationship between summation of cations

and measured CEC. They attributed discrepancies where cations ex-

ceeded CEC to the presence of free salts. Their results are comparable

to the results reported here. It would seem, therefore, that the

presence of free salts may be compensated for by an initial washing and

that an extracting solution should be used such as KCl or NaHC03 in

which carbonates are not appreciably soluble.
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Element Release

The leachate solutions from the lysimeters used in the simulated

physical weathering experiment were analyzed for elemental content

after 6, 18, 36, and 42 liters of water had passed through the columns

(Tables 21-24). The levels in solution after 6 liters of distilled

water had passed through the columns were highest all cases. After

18 liters, it can be seen that the levels in solution have declined

dramatically and have stabilized at approximately the same levels in

each case. After 36 liters have passed through the columms, the

levels continue to decrease, but at a lower rate than during the

initial stages of leaching. The data suggests that the levels in

solution initially are high, but decrease quickly and stabilize as

equilibrium is attained between the solid components of the spoil

and the solution. In order of decreasing abundance the following

hierarchy of elements was established: Ca > Mg > K > Fe > P. The

elements are present in relatively high levels even after 42_liters

of "rainfall" with the possible exception of phosphorous. Thus it is

apparent that there is a substantial water soluble component to the

rocks. The rocks also appear to have the potential to maintain the

levels in solution as the materials are leached. The effect of plant

removal, however, cannot be evaluated without further study.

The source of the nutrients is uncertain, however, it must be a

readily soluble form. One possibility is the sulfate salts which have

been detected in the rocks and spoils which could easily account for
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Table 21. Calcium content of leachates from mine spoil derived
from the Wise Formation. ____

Liters of distilled water added- Sandstone:Si1tstone
Sample 6 18 36 42 Ratios

——-—-----——ppm P in solution—-—-——

1 35.0 30.4 0.1 11.1
2 38.0 12.7 12.7 11.4
4 23.0 14.5 8.3 9.2
6 33.0 12.2 —- 8.3 75:25
8 23.0 12.6 9.3 9.7
12 32.0 12.7 13.2 11.7
averages 30.7 15.9 8.7 10.2 16.4 = mean
13 42.0 32.1 11.6 13.2
16 34.0 26.3 11.2 12.5
18 43.0 21.3 11.4 11.0
20 59.0 19.4 9.4 10.9 25:75
22 45.0 22.6 11.5 14.4
24 25.0 18.8 13.7 15.1
averages 41.3 23.4 11.5 12.9 22.3 = mean
25 65.0 30.9 12.3 13.4
28 38.0 15.5 9.3 8.9
30 29.0 15.2 9.9 9.6 50:50
33 25.0 16.0 12.3 12.0
34 29.0 15.8 9.3 9.4
35 33.0 12.3 8.3 11.5
averages 36.5 17.6 10.2 10.8 18.8 = mean
37 27.0 13.8 12.3 16.6
38 23.0 12.2 13.4 11.5
42 34.0 14.8 12.4 15.4 50:50 sawdust
44 36.0 17.7 18.8 18.5 in top
46 50.0 12.2 10.4 16.1 15 cm
48 53.0 19.8 23.3 21.0
averages 37.2 15.1 15.1 16.5
49 60.0 22.0 21.9 22.4
50 50.0 25.3 24.5 24.0
52 49.0 18.0 28.0 26,9
54 70.0 19.5 25.2 25.0 50:50 sawdust
56 64.0 15.6 22.2 22.8 in top
60 45.0 16.2 34.0 22.8 30 cm
averages 56.3 19.4 26.0 24.0 mean = 31.4
61 140.0 25.9 25.0 24.7
64 270.0 18.6 16.5 18.2
65 110.0 13.9 17.7 18.6 50:50 fescue
66 100.0 16.0 20.1 20.2 roots
67 100.0 29.5 18.1 18.0 in top
72 390.0 18.4 20.3 16.6 15 cm
averages 185.0 20.4 19.6 19.4 mean = 19.5
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Table 22. Magnesium content of leachates from mine spoil derived
from the Wise Formation.

Liters of distilled water added Sandstone:Siltstone
Sample 6 ° 18 ' 36 42 Ratios

-——-———— ppm P in solution -——-

1 11.8 9.3 2.3 4.5
2 10.8 4.0 3.0 3.0 75:25
4 6.3 5.3 3.0 3.8
6 9.0 4.0 -—- 3.3
8 6.8 5.8 3.3 6.3
12 11.3 3.8 2.8 4.1
averages 9.3 5.4 2.9 4.2 5.5 = mean
13 21.8 13.5 3.0 4.8
16 24.0 10.0 3.8 4.8
18 26.3 9.0 3.0 4.5 25:75
20 35.8 8.3 2.5 4.3
22 20.8 13.0 2.6 5.3
24 23.0 6.8 3.0 5.0
averages 25.3 10.1 3.0 4.8 10.8 = mean
25 42.8 11.3 4.3 4.5
28 22.0 7.3 5.5 3.3
30 15.5 6.3 6.0 3.8 50:50
33 15.8 4.5 5.2 4.0
34 13.0 4.0 6.5 3.3 .
35 14.3 4.3 11.5 4.5 '
averages 20.6 6.3 6.5 3.9 9.3 = mean
37 15.8 4.8 11.5 7.1
38 13.3 4.0 9.0 4.8 50:50 sawdust
42 16.8 4.8 7.5 5.3 in top
44 17.5 7.4 11.3 6.3 15 cm
46 7,5 4.3 9.0 5.3
48 16.5 5.0 9.0 6.3
averages 14.6 5.0 9.6

l
5.9 8.8 = mean

49 22.5 9.3 11.5 7.8
50 20.3 10.3 10.5 7.8 50:50 sawdust
52 19.5 7.5 13.5 7.9 in top
54 24.3 6.8 11.3 9.3 30 cm
56 21.5 5.5 11.8 7.3
60 12.8 7.8 19.5 10.6
averages 20.2 7.9 13.0 8.5 12.4 = mean

gi 25.0 6.3 11.5 6.0
43.0 , _ 6.0 .—

65 66.6 S3 S.? ..6 5090 ßjjgge
66 21.8 4.5 9.5 6.6 in tov67 24.5 8.8 7.5 4.8 ls Cm·72 28.8 6.8 10.8 6.6
averages 27.6 6,3 9,4 6_3 l2_& = mean
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Table 23. Potassium content of leachates from mine spoil derived
from the Wise Formation.

Liters of distilled water added Sandstone:Si1tstone
Sample 6 18 36 42 Ratios

-———--—— ppm P in solution —--——

1 ——— 2.1 1.8 1.3
2 3.6 1.4 1.7 1.3 75:25
4 4.2 1.9 ——— 1.3
6 4.3 1.7 —-— 1.2
8 4.0 --- 2.3 1.6
10 3.9 1.5 1.6 1.1
averages 4.0 1.7 1.9 1.3 2.2 = mean
13 5.5 2.7 ——— 1.5
16 5.7 2.9 2.4 2.0 25:75
18 6.3 3.6 2.5 1.9
20 10.9 3.3 ——— 1.7
22 5.7 2.7 2.5 1.5
24 5.9 2.9 2.7 1.6
averages 6.7 3.0 2.5 1.7 3.5 = mean
25 4.5 2.7 2.0 1.9
28 6.0 2.3 1.9 1.5
30 4.5 1.5 1.4 1.3 50:50
33 4.2 2.7 2.0 1.7
34 3.8 2.1 2.0 1.4
35 1.7 3.6 1.7 1.3
averages 4.1 2.5 1.8 1.5 2.5 = mean
37 2.4 2.9 1.4 1.3
38 2.7 3.0 1.1 1.1 50:50 sawdust
42 2.2 2.6 1.1 1.2 in top
44 2.5 2.8 1.3 1.1 15 cm
46 2.3 2.5 1.7 1.3
48 2.3 0.3 1.3 1.3
averages 2.4 2.4 1.3 1.2 1.8 = mean
49 2.9 2.7 1.3 ——-
50 3.3 3.2 2.4 1.6
52 2.7 2.9 2.1 1.4 50:50 sawdust
54 3.3 3.0 2.1 1.6 in top
56 3.4 2.5 2.2 1.6 30 cm
60 2.3 2.6 1.3 1.4
averages 3.0 2.8 1.9 1.5 2.3 = mean
61 3.6 2.5 2.2 1,3
64 4*7 2*4 2-2 l-5 50:50 fescue

66 4.1 2.8 1.3 1,4 in [gp
67 ·—·* 3.2 2,3 ]__3

15 Cm
72 6.3 2.2 2,1 l_4
averages 4.4 2.5 2.0 1,4 2.6 = mean
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Table 24. Iron content of leachates from mine spoil derived
from the Wise Formation.

Liters of distilled water added Sandstone:Si1tstone
Sample 6 42 Ratios

——-—--—— ppm P in solution ————
1 19.6 0.4
2 29.6 0.3
4 21.9 ——— 75:25
6 —-- 0.4
8 15.0 0.1
12 14.0 0.4

13 16.9 0.3
16 35.1 1.0
18 9.2 0.2 25:75
20 18.4 5.8
22 20.7 0.4
24 27.6 0.7

25 94.4 0.8
28 15.0 1.7
30 15.0 0.2 50:50
33 24.6 0.7
34 8.6 1.2
35 18.8 0.4

37 51.1 0.1
38 11.1 0.3
42 22.3 0.2 50:50 sawdust
44 16.9 0.2 in top
46 23.4 0.8 15 cm
48 13.8 0.2

49 12.7 0.2
50 43.4 0.4
52 16.9 0.2 50:50 sawdust
54 15.0 0.1 in top
S6 35.3 0.2 30 cm
60 53.8 2.8

61 22.7 0
64 100.2 0
65 51.6 0.2 50:50 fescue
66 32.6 O roots
67 ——- 0.1 in top
72 18.4 0 15 cm
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the levels of Ca and Mg as well as some of the other elements. There

may also be an amorphous compenent to the rocks which could account

for all the elements with the possible exception of K. The K and

other elements could simply have been weakly held on the exchange sites

of the clays and oxides, and perhaps the carbonates. The elements are

probably derived from a combination of the above possible sources.

The basic cations are most likely derived from the soluble salts since

dissolution of the carbonates at high pH's, such as those in the

spoils, even after 42 liters of water is unlikely. The effect of the

wet-dry-freeze—thaw cycles to which the spoils were subjected is

difficult to evaluate, but probably accounts at least in part for the

spoils' ability to maintain the levels of nutrients in solution.

Element release to solution under a variety of chemical condi-

tions was examined by way of a simulated weathering experiment. The

mine spoils and rock samples were first characterized for total ele-

mental Fe and K, extractable Ca, Mg, K and P, carbonate content, pH

and soluble salts (Table 25). The high levels of total Fe are attri-

buted to the goethite and the K to abundant muscovite and other K-

bearing clay minerals which are present in smaller quantities. The

high levels of Ca, Mg and P are attributed to the presence of

carbonates which also account for the high pH values of the materials.

The high levels of soluble salts are noteworthy. Although one may

expect the levels of salts to decrease in the spoils with time, the

low salt content of some of the rocks initially implies that the low
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salt contents of some of the spoils may be inherited from parent

materials.

The samples were exposed to treatments simulating hydrolysis and

oxidizing and reducing conditions. The levels of Fe, K and Mg re-

leased were highest in all cases under reducing conditions (Table

26). The levels of Zn and Al tended to be low except under reducing

conditions. Release to solution is most clearly and consistently

evident under reducing conditions. With oxidation, K seems to have

been consistently released to solution. With hydrolysis, Mg and Fe

tended to show more consistent release to solution while Zn tended to

be released reluctantly or to have been removed from solution. Al-

though the actual reactions which are taking place cannot be assessed

without further detailed study, the results show that a substantial

quantity of most of the elements were released to solution with only

a minimum amount of "weathering." The levels released under reducing

conditions, furthermore, are quite dramatic particularly with respect

to Fe where fully 10% of the total Fe in the rocks was released with

only a minimum amount of treatment.

Fe and Al were released in high levels under reducing conditions

and once in solution hydrolyzed to generate protons which resulted in

the lower pH's measured after treatment. By contrast, with hydrolysis

and oxidation (which both really represent oxidizing conditions with

varying amounts of water being present) the pH's actually tended to

increase. Although the actual source of the OH is not known, the data

shows that Fe was prevented from entering solution in amounts high
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enough to affect a major decrease in pH. That which was released was

apparently neutralized quickly, with additional OH remaining to

effect an increase in pH.

Although the results of the simulated chemical weathering and

element release do not quantitatively demonstrate what sorts of re-

actions are occurring in the spoils or what the kinetics of the re-

actions may be, they do show that a variety of elements are released

relatively rapidly to solution and in amounts depending on the chemical

environment to which they are exposed. Under reducing conditions

large amounts of all species particularly the Fe from the ferruginous

rocks are released to solution. The levels of K in the samples are

high due to the abundance of muscovite. The levels released to solu-

tion are low and lower for the fresher materials than the spoils which

have undergone some leaching and wet—dry—freeze-thaw cycles in the

field. The levels of extractable K is in all cases, rock, soil and

spoil, are low.

The data serves to emphasize the role of Fe in the mine spoils.

Its behavior is dramatically different depending on whether the pre-

dominating environment is an oxidizing or a reducing one. That Fe

is very mobile under reducing conditions is well established (see

Krauskopf, 1967). As shown above all element species were released

in the largest quantities under reducing conditions. whether an

environment is chemically oxidizing or reducing is very dependent on

drainage. In poorly drained areas organic matter accumulates since

there is little or no oxygen available to effect oxidation. The
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organic matter in turn promotes the development of reducing conditions.

On the benches covered with the silty spoils, there is a tendency to

have crusting which restricts water percolation and results in ponding

on the benches. These areas become readily vegetated and as organic

matter and the water itself accumulates, reducing conditions develop.

In these areas Fe can be expected to be mobilized along with most

other elements. If these reduced spoils are ever subsequently ex-

posed to oxidizing conditions, or if the solutions should ever reach

the groundwater, these spoils will be depleted of essentially all

nutrients and will yield substantial Fe to the groundwater and surface

runoff. The Fe probably will also hydrolyze to produce acid condi-

tions. The mine spoils were found to contain about 2% free Fe. The

more ferruginous rocks and especially the highly ferruginous ones

which bear goethite nodules, beds or fossils contain much more up to

25% or even more free Fe by weight. The spoils, therefore, contain

large reserves of Fe toxicity even in the absence of pyrite and other

sulfides. The drainage considerations of the spoils should, therefore,

always be considered and maintenance of well drained spoils is

essential for revegetation and preservation of environmental quality.

Potassium Adsorption Isotherms

The micaceous nature of the Wise Formation accounts for the very

high total potassium content of the rock and spoil and petrographic

and x—ray analyses show that the rocks and soils contain abundant
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K—bearing minerals--vermiculite, muscovite and weathered muscovite.

Levels of extractable K, however, are consistently low to very low by

any method especially in the soils. Although many factors affect K-

availability, the selectivity of certain clay minerals for potassium

is an important mineralogic factor influencing the availability of K

to plants. Previous research has shown that micaceous minerals are

the most selective, vermiculite somewhat less and montmorillonites the

least selective depending on surface charge density (Cook and Rich,

1963; Rich, 1968). The effect of lime and Ca—salts on K—availabi1ity

depends largely on mineralogy* which in turn is usually a fuction of

weathering.

The potassium status of rock and soil derived from the Wise

Formation was assessed by potassium Q/I curves (Figure 4). The AR§
·

values, which indicate the degree of K—availability, are low in all

cases, but slightly higher for the non—ferruginous calcareous silt—

stone. The curves for the soils differ from those of the rocks in

their degree of curvature which indicates a greater number of specific

adsorption sites in the soils. This implies that the low K—status of

the soils is due to high K-selectivity. This is reasonable in view

of the presence of weathered muscovite and vermiculite. The more

highly weathered residual soil contained the greatest number of

specific sites which correlates with greater weathering and a larger

quantity of vermiculite. Chemically, the exchange complexes in the

soils are dominated by Ca and particularly Mg. During pedogenesis,

with carbonate dissolution, K that have been present could have been
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displaced from exchange complexes because of the high levels of Ca

and Mg released into solution and removed by plants and leaching.

The slopes of the curves show the potential buffering capacity

for K and are proportional to CEC. There is good correlation with

measured CEC and the slopes are largely a function of clay and

goethite content. Potassium from the rocks is not available since

the K is in an unavailable form as part of the crystal structure of

unweathered muscovite. The low K status of the rocks may be due at

least in part to the mode of genesis of the rocks. Because of intra-

stratal solution accompanied by carbonate dissolution and the forma-

tion of sulfates, the exchange complexes are dominated by Ca, Mg and

probably Fe. K which was present was probably displaced from the

exchange complexes and leached or perhaps resorbed by vermiculite as
l

a result of intrastratal solution.

The K isotherms show that, unlike the naturally occurring soils

of the locality, there is no serious problem with specific adsorp-
‘

tion or K-fixation in the spoils. The abundant muscovite in the rocks

should provide a slowly available source of K for plants upon

weathering, however, it is also a mineral which is highly selective

for K.

Phosphorous Fractionation

Although the source of the iron and the potassium in the rocks is

readily identified by petrographic and x-ray methods, the source of
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the phosphorous could not be readily determined. The rocks contain

substantial quantities of Fe—oxides and carbonates which could con-

ceivably contain P, therefore, the form(s) of occurrence of P was

equivocal. Hence, the selective dissolution procedure was used to

determine the form of P in the rocks and spoils and compared with the

forms of occurrence in the natural soils.

An Al—P component was not found in any of the samples. It was

detemined that the bulk of the P in the rocks (and therefore the

spoils) was extracted by 0.5 Q HZSO4 (Table 27) which implies that

the P is associated with a phosphate or carbonate mineral. The P is

most likely associated with calcite and particularly dolomite. P04

can substitute for CO3 in the carbonate lattices as a solid solution

series (Hurlbut, 1959) and geochemical studies have been shown that

phosphate and carbonate précipitaté under approximately the same

conditions (Ames, 1959; Robertson, 1966). The carbonates in the rocks

are probably a complex mixture of carbonates or complex (Fe, M, Zn,

Ca, Mg) (CO4, PO4) minerals as noted by James (1966). The levels of

P associated with the Fe—oxides are much lower, being highest in the

goethite and ferruginous rocks. The goethite contained much lower

levels of P than the rock samples and again the bulk was extracted

with HZSOA implying a carbonate-phosphate rather than an Fe—P phase.

These results suggest that the P originally entered the rocks during

the carbonate phase of cementation or else was associated with the

carbonates before intrastratal solution removed portions of the

carbonates which were present. The fate of the P released during
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dissolution of the carbonates is not known. Little apparently was

resorbed by the Fe-oxides which entered later and which probably did

not crystallize until much later.

The argillaceous shale contained much less P than might be

expected for a typical shale, however, this shale is a Paleozoic

underclay which was probably weathered and leached of P while it was

being deposited. The carbonaceous shale, on the other hand, con-

tained the most P of any sample as Ca-P. This is a calcareous shale,

perhaps of marine origin, and is more akin to the rocks while the

argillaceous shale is more like the natural soils.

In sharp contrast to the rocks, the P in the soils is associated

with Fe-oxides. The lower levels of sumed total P compared to the

parent rocks may be due to removal of P by leaching and plants and

specific adsorption of P by Fe—oxides, in which case more P could

Cggceivably bg found with a second extraction. In any case, the P

is in a very insoluble form which accouts for the low levels of

available P consistently measured in the soils. The fractionation

shows that P is originally associated with the carbonates which are

dissolved during weathering. The P that is released can have many

fates, but the end result has been a severe restriction of P as a

plant nutrient.

Variscite and strengite are generally believed to be the pre-

dominating end products of inorganic P formed during soil genesis and

with P—fertilization (Kittrick and Jackson, 1956; Taylor et a1., 1963).
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Soil test correlations indicate that in acid upland soils the P from

the Al—P fraction, as determined by the Chang and Jackson procedure,

is more available to crops than from the Fe—P fraction which is more

available than from the Ca—P fraction (Chang and Juo, 1963; Payne and

Hanna, 1965). Availability also probably decreases with increasing

development of crystallinity with time (Lindsay and DeMent, 1961).

Soluble P applied to acid upland soils or dissolution of Ca—P during

chemical weathering generates soluble P that is believed to precipitate

rapidly to form colloidal A1- and Fe-phosphates. Because of their

small particle size, greater surface area and amorphous forms, these

forms are readily available to plants. These colloidal phosphates

crystallize into variscite and strengite with time so that the rate

of crystallizationcontrols availability. Since strengite crystallizes

faster it is less available than P from the Al-P fraction. When both

forms have fully crystallized, specific surface area and crystal

structure (lattice energies) may become important in controlling P

availability (Juo and Ellis, 1967).
·

Phosphate reacts with oxides to precipitate as insoluble Fe and

Al-phosphates only at high concentrations. In dilute solutions,

phosphate ions are adsorbed by clays and oxides by chemisorption or

specific adsorption. The specific adsorption of P by Fe—oxides is

independent of pH or concentration, as discussed below. Hence in

terms of the weathering of the Wise Formation and its spoils the

fractionation suggests that P released by carbonates during chemical

weathering has been specifically adsorbed by the Fe—oxides. During
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soil genesis the relative proportion of Fe—oxides increase with time

(Jackson, 1956) and in view of the inherently ferruginous nature of the

Wise Formation and the fact that the soils seem destined to become

highly ferruginous, one can foresee a phosphorous fixation problem in

the spoils from both a short and long term standpoint. Since most

spoils in general are highly ferruginous, phosphorous fixation by

Fe-oxides seems a formidable problem facing reclamation and revegeta—

tion.

Extractable Phosphorous

Plant available phosphorous is that which is present either in

the ionic state in soil solution or as electrostatically adsorbed

ions on some solid phase. Plant available phosphorous is comonly

reported as that which is extractable by one of anumber of extracting

solutions. As is discussed elsewhere in this report the extractants

do not describe what the actual status of the nutrient is, and may or

may not indicate whether a crop response to fertilization is likely.

Different extracting solutions must be used on calcareous soils and

highly weathered acid soils. pH is an important consideration when

the extraction is made, and the extractions should be made at a pH

that is comparable to the field pH.

Chemically extractable P was determined using the same samples as

those in the phosphorous fractionation. A Bray no. 2 extracting solu-

tion and the Olsen (NaHCO3) method was used which corresponds to the
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acid and calcareous soil test methods respectively (Table 27). The

acidic Bray extractant removed more P in all cases than did the NaHCO3

because the phosphate—bearing carbonates (and apatites) are soluble

in the acidic medium. The Bray extractant therefore, gives an un-

realistic measure of the available P. The high level of Bray P com-

pared to the summed total P by the fractionation may be due to a more

successful extraction of Al—P by the Bray extracting solution. Poor

correlations are observed between the extractants, levels of Ca-P

and Z carbonates which may reflect the inherent variability of the

rocks.

Plant available P was determined on numerous samples during the

course of this research. The levels attained by each of the various

_ extracting solutions used are shown in Table 28. The values are

collected from many different samples; not the same samples in each

case. The results show values for commonly occurring rocks from the

Wise Formation, mostly sandstones and siltstones. The ranges for

the samples by each method show increasing levels of P measured with

extracting solutions of increasing strength and decreasing pH.

Carbonates, of course, are appreciably soluble in all of the extract-

ants except NaHCO3. The NaHCO3 gives the most realistic view of the

P status of the spoils since the carbonates are not dissolved and the

pH at which the extraction was made isverycomparable to field pH's.

The NaHCO3 method of Olsen et al. (1954) has given better correlation

with field response on both acid and alkaline soils. The bicarbonate
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Table Q8. Comparison of Available Phosphorous Determined
by Various Methods*.

PH 1.0 pH 1.2 pH 3.2 pH 7.0 pH 8.2
HZSOA Dilute Bray NH&0Ac NaHCO3

Double no.2
Acid

—-—-—-——-———-- micrograms P per gram of sample -——--——

250 1.0 49.0 26.4 12.5
380 5.5 56.0 36.4 10.0
510 17.0 61.6 68.4 14.0
500 127.5 47.6 37.2 7.0

80 137.5 44.8 22.4 8.0
550 62.0 42.0 32.0 6.5
355 127.5 45.5 38.4 7.5

15 27.5 42.0 25.0 4.5
180 . 280.0 38.0 3.0
300 332.0 33.2
200 . -
480 ~
790

* Based on various commonly occurring rocks from”
the Wise Formation.
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extractable P levels measured for the rocks derived from the Wise

Formation show that a response to P fertilization is likely. A re-

sponse to P fertilization was in fact found in forages grown on spoil

from the Wise Formation at its type locality (Wo1f,l 1977, pers.

Phosphorous Adsorption Isotherms

The availability of soil P can be characterized by the quantity-

intensity relation given by the Q/I curve, although rate and diffusion

factors theoretically must also be taken into account. Adsorption

maxima can be calculated using the Langmuir equation and a plot of the

amounts of P added versus the amount remaining in the equilibrium

solution gives the amount of fertilizer that theoretically must be

added to attain solution levels for maximum plant growth. The ability

of a soil to maintain the levels in solution are given by the slope of

the Q/I curve.

The Q/I curves for materials derived from the Wise Formation are

shown in Figure 5 as a plot of the equilibrium P concentration in

solution (I) in ugP/ml versus the quantity adsorbed (Q) in ugP/g of

sample. The intercepts along the Y-axis are a measure of the number

of specific adsorption sites for P and the slope of the Q/I curve

gives the potential buffering capacity of the soil for P.

1D.
Wolf, Assoc. Professor of Agronomy, VPI & SU, Blacksburg,

Virginia.
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The goethite curve stands out as the curve with the greatest

number of specific adsorption sites for P and the greatest adsorp-

tion capacity. The soils approached the capacity of the goethite to

some extent and far exceeded the rock samples in adsorption capacity

and number of specific adsorption sites. Since the proportion of

Fe—oxides in a soil increases with weathering and time, the number of

specific adsorption sites and adsorption capacity appears to be

directly related to Fe—oxide content. Even the ferruginous rock

sample had a slightly greater nuber of specific adsorption sites

than did the non—ferruginous rock. The goethite with its strong

specific adsorption affinity for phosphorous clearly adsorbs extra-

vagant quantities of P (Table 29) and this mineral component surely

exerts its influence on the rock, soil and spoil derived from the Wise

Formation.

It can be seen that specific adsorption in general is greatest

at low concentrations. Theoretically, the slopes of the curves in-

dicate the PBC or the ability to maintain levels of solution P, how-

ever, the slopes of the curves, especially in the low concentration

range, are meaningless due to specific adsorption. The rock samples

can be compared and the ferruginous rock had a slightly higher PBC

than the non—ferruginous rock.

The data was replotted in terms of the Langmuir equation in its

linear form: c/x/m = l/kb + c/b where x/m = moles of P adsorbed per

gram of soil} b = the adsorption maxima; c = the equilibrium P con-

centration in m/l; and k is a coefficient related to the bonding energy
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of the absorbant. The samples from the Wise Formation were all found

to conform to the Langmuiy equation for monolayer adsorption (Figure

6) from which values for the adsorption capacity, q (= slope), the

adsorption affinity, k (= 1/intercept x q) and adsorption maxima

(1/q) were calculated (Table 30). The calculated adsorption maxima

were compared with the observed maxima after 100 ppm of P was added

which showed that all the samples had approached their adsorption

capacity.

In dilute solutions (< 10'3_M P or 31 ppm P), phosphate ions are

generally considered to be adsorbed by Fe—oxides and clay minerals

by chemisorption or specific adsorption (Olsen and Wanatabe, 1957;

Hsu, 1964; Muljadi et al., 1966; Kingston et al., 1967, 1968, 1970) and

most authors have foud their adsorption data to conform to normal

(one step) Langmuir isotherms (Olsen and Wanatabe, 1957; Kingston

et al., 1967, 1968, 1970) or to composite Langmuir isotherms (DeHaan,

1965; Muljadi et al., 1966) such as those reported here. The differ-

ences can often be explained by the fact that many workers only worked

at low concentrations. At higher concentrations (31-3100 ppm) satura—

tion was usually not attained which led to the postulation of precipi-

tation reactions (Bache, 1964). At concentrations above 3100 ppm,

phosphate reacts with oxides to precipitate as Fe- and A1—phosphates

(Haseman et al., 1950; Kittrick and Jackson, 1955; Taylor et al.,

1964). Much debate followed, yet to be resolved, as to whether Lang-

muir denotes adsorption, precipitation or both. My analyses over the

range of 31-100 ppm showed that a composite Langmuir isotherm was
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followed. Whether or not this denotes precipitation, the important

point is that adsorption and precipitation reactions are very im-

portant in controlling phosphorous availability.

From the plot in Figure 7 of ppm P added versus P in the equili-

brium solution one can theoretically obtain the amounts of P necessary

with fertilization in order to obtain solution concentration for opti-

mum plant growth depending on species. The following regression

equations were obtained for the calcareous sandstone, the calcareous

goethitic sandstone and the goethite, respectively:

1--ppm added = 1.629 (ppm in solution) + 0.625

2--ppm added = 2.001 (PPm in solution) + 0.642

3--ppm added = 6.670 (ppm in solution) + 10.0

For solution concentrations over the range for maximum growth of many

plants (0.03 — 0.3 ppm) the levels of P to be added are, respectively:

0.674 - 1.11, 0.70 - 1.24 and 10.2 - 12.0 ppm. These rates may apply

to controlled experiments where a single component is used, but in the

field the mine spoils are complex mixtures of materials most of which

contain goethite. The actual rates necessary for field applications

must be determined from field plots.
l

The levels of P in spoil solution were measured in the leachates

from the columns after the equivalent of 6 and 18 liters of "rainfa1l"

had passed through the lysimeters. The levels attained after 6 liters

varied considerably, but were generally adequate for optimum plant

growth (Table 31). After 18 liters, however, levels in solution had
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declined greatly and all seemed to adjust to a more or less common

level. These levels are in the range of poor to moderate growth. This

highly labile, water-soluble component of P is probably that which

is weakly held on the exchange sites of clays and other solid phases.

This P is depleted rapidly. Adsorption isotherm data shows that if

the solid phases released l ppm to solution, 0.035 ppm would remain in

solution if the adsorbant was a goethitic sandstone, and 0.17 ppm

would remain if a non-ferruginous sandstone was present. An average

value, therefore, for solution P would be 0.1 ppm. The observed

value of spoil solution P after 18 literas was 0.06 ppm. This

demonstrates the magnitude of P that must be released by the solid

phases at low concentrations in order to provide the spoil solution

with sufficient levels of P for plant growth. The pool of weakly
·

held P will be depleted rapidly by leaching and plant uptake. Sub-

sequently, any P entering solution must come from fertilizer or de-

composing carbonates.

Adsortpion isotherm data shows that adsorption is pronounced at

low concentrations. If the rate of P release was such that 1 ppm was

continuously released to solution, the goethite has the ability to

adsorb all of this P up to its calculated adsorption capacity of 65

ug P/graulßfgoethite. The voracity of goethite for P can be more

fully appreciated by noting that the goethite adsorbed 65.52 of the

added equivalent of 200 kg P/hectare. One could argue that since the

fresh rocks contain the equivalent of 500-100 kg/H total P that the
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total amount released would be sufficient to saturate all of the

goethite and still have some left over. This clearly is not the case

as shown by the very low P status of the natural soils. Even though

the parent rocks are moderately phosphatic, phosphate released to

solution is depleted by leaching and plant uptake and that which is

not depleted by these forces is adsorbed by the Fe- and Al-oxides or

is precipitated as some insoluble phosphate.



SUMARY AND CONCLUSIONS

The mine spoil in the study area is derived from fluvial-deltaic

facies of the Pennsylvanian Wise Formation which consists of a

heterogeneous group of strata characterized by abrupt lithologic and

geochemical facies changes involving micaceous, calcareous and

ferruginous sandstones and siltstones, shales, mudstones, conglomer-

ates and coals. The portions of the Wise Formation exposed at this

locality, which are the lower and middle portions of the formation as

a whole, consist of about 70% sandstone, 20% siltstone and 10% shale,

mudstone, conglomerate and coal. The thicker sandstones and silt-

stones are composed primarily of medium to fine sand and silt-sized

quartz (70-80%) with lesser amounts of rock fragments, feldspar, mica,

Fe-oxides, carbonates, clay and accessory minerals. Goethite is the

dominant Fe—oxide and the dominant mica in the rocks is muscovite.

The carbonates are a complex mixture of species or complex (Fe, Mn,

Ca, Mg, Zn) phosphatic carbonates or carbonate apatites. Most of the

rocks are moderately porous and sulfate-bearing.

Mine spoil derived from the Wise Formation consists of rock

fragments embedded in a matrix of soil—sized material. The spoils

are low in clay, have low cation exchange capacities, and sandy or

silty textures depending on the locally predominating rock types.

They inherit their mineralogical composition directly from the rocks

through blasting which fractures grains and creates friable rock

173
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fragments. The clay fractions are composed mainly of vermiculite,

montmorillonite and interstratified mica—vermiculite, however, blasting

and grinding by machinery has broken sand-sized grains of muscovite,

quartz and feldspar into smaller silt— and clay—sized particles.

Physical disintegration of the rocks is promoted by the closely

spaced blast—hole grid used in the mining operation which fractures

and weakens the rocks. Wet-dry-freeze—thaw forces are effective in

causing disarticulation of the weakened rocks in 6 months or less.

Physical disintegration also depends on type of cement and bedding.

The thinly bedded rocks and those cemented by clay are most readily

disintegrated. Until revegetated, the silty spoils cause excessive

dust when dry and are often crusted or excessively compacted by

machinery which in turn promotes ponding on the benches. Application

of organic amendments to the spoils promotes infiltration and drainage

and decreases erosion.

Some of the rocks and spoils contain sulfate salts in concentra-

tions high enough to seriously retard the growth of non—tolerant

plant species. The salts cause an overestimation of exchangeable

bases, but provide a readily available source of basic nutrients.

Potassium is low in the spoils, but adsorption isotherms indicate

that, unlike the naturally occurring soils of the locality, there is

no serious problem with specific adsorption or K—fixation in the

spoils. The abundant muscovite in the rocks should provide a slowly

available source of K upon weathering, but is also a mineral which is

highly selective for K. Sodium bicarbonate gives the most accurate
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measure of the P status of the spoils and indicates that a response

to P-fertilization is likely. Adsorption isotherms, furthermore,

Suggest that there may be a problem with P—fixation by the goethitic

rocks.

Investigation of the spoils indicates no measurable pedogenic

activity after two years of weathering other than the physical

disintegration of rock fragments and weakly developed structure in

the surface layers of two year old spoil. Measurements of pedogenic

activity are confounded in part by the inherent variability of the

rocks. There is no evidence that soluble salts or carbonates have

been leached from the spoils after two years of weathering and pH

drops over this period could indicatesalt-enrichment of the surface

layers of the spoils.

When regrading the spoils on the benches, maintenance of adequate

drainage is essential to prevent nutrient depletion, Fe-generated

toxicity and acidity and the toxic accumulation of salts. A mixture

of 70% sandstone, 20% siltstone and 10% shale or mudstone should

yield a well drained sandy loam spoil upon weathering. The ferruginous

and silty rocks should be regraded well below the surface whenever

possible. This should limit P—fixation by the ferruginious materials,

promote drainage and limit the excessive dust from the silty materials.
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APPENDIX

Selected Measured Stratigraphic Sections
Virginia Energy Company

Buchanan County, Virginia

Geologic Section 1: Wise Formation between Campbell Creek and Pond
Creek Seams along Buffalo Fork of Upper Elk
Creek.

(Feet)
thickness

Wise Formation (this portion) 66

1. Interbedded lithic sandstone, siltstone, claystone.

Sublitharenite, light-grayish brown, fine grained,
massive, micaceous, indurated. Siltstone, brownish
gray, massive, ferruginous yellow-brown-orange
stained, abundant organic matter and plant remains,
friable. 13.5

2. Pond Creek Coal .8-1.2

3. Claystone, dark gray, massive, friable,
ferruginous stains carbonaceous stringers,
abundant plant remains. 7

Sample 1-2: claystone, 1.8 ft. below Pond Creek Coal.

4. Siltstone, dark gray, thin bedded with massive
intercalatious, friable abundant plant remains;
some micaceous horizons; some massive units are well
indurated; thin bedded units are friable. 45

Sample 1-3: Siltstone at 7 ft. below Pond Creek Coal
Sample I-4: Siltstone at 12 ft. below Pond Creek Coal
Sample 1-5: Siltstone at 12.7 ft. below Pond Creek Coal
Sample 1-6: Siltstone at 26.6 ft. below Pond Creek Coal
Sample 1-7: Siltstone at 29 ft. below Pond Creek Coal
Sample 1-8: Siltstone at 41.8 ft. below Pond Creek Coal

5. Campbell Creek Coal
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Geologic Section I1: Wise Formation between Alma and Lower Cedar
Grove Seams along the head of Middle Elk Creek.

(Feet)
thickness

Wise Formation (this portion) 76.6

1. Siltstone, dark gray to black, laminated, crenu-
lated, micaceous, indurated; contains stringers of
organic rich, fine grained quartz arenite. 7.8

Sample 11-6: Siltstone at 72.8 above Alma
Sample 11-7: Siltstone at 71.8 above Alma

2. Alternating brown and gray sublitharenites with
some thin bedded intercolated, cross-bedded
carbonaceous siltstones. The massive units tend
to be indurated whereas thin bedded units are
friable. Fe-nodules characterize some lower units. 67.5

Sublitharenites, grayish-brown, very fine grained,
massive, indurated, micaceous; contains some
organic material; grades upward into black
carbonaceous siltstone.

Siltstone, dark grayish-brown, laminated, indurated
to weakly cemented, micaceous; contains abundant
plant fragments; grades upwards into fine grained
sublitharenite.

Sample 11-4: Sublitharenite at 69 ft. above Alma
Sample 11-3: Sublitharenite at 67.5 ft. above Alma
Sample 11-2: Sublitharenite at 64.6 ft. above Alma
Sample 11-1: Sublitharenite at 63.5 ft. above Alma
Sample 11-7: Sublitharenite at 50 ft. above Alma
Sample 11-8: Sublitharenite at 40 ft. above Alma
Sample 11-9: Sublitharenite at 30 ft. above Alma
Sample 11-10: Sublitharenite at 20 ft. above Alma

' Sample 11-11: Sublitharenite at 10 ft. above Alma

3. Alma Coal 1.3
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Geologic Section III: Wise Formation between Alma and Lower Cedar
Grove Seams along the head of Lower Elk Creek.

(Feet)
thickness

Wise Formation (this portion) 61

1. Sublitharenite, brownish-orange, fine—grained,
massive, slightly micaceous; weakly cemented to
indurated, contains carbonaceous stringers. 4.5

Sample III-l: Sublitharenite at 4 ft. 3 in. above
Lower Cedar Grove

2. Interbedded claystone and shale with a continuous
2 in. seam 1.5 ft. above Lower Cedar Grove 3.5

Sample III-3: Shale at 3 ft. above Lower Cedar
Grove

Sample III—2: Claystone at 5 in. above Lower
Cedar Grove

Shale, light brownish gray, thin bedded, friable;
contains abundant plant fragments. Claystone, light
brownish gray, massive, friable, abundant plant
fragments; some orange ferruginous stains.

3. Lower Cedar Grove Coal Parting 2

4. Claystone, white-gray-orange—brown, massive,
friable outer 6 in., abundant plant fragments 3

Sample III-5: Claystone at 3 ft. below top of
Lower Cedar Grove

5. Lower Cedar Grove Coal Parting l

6. Siltstone, grayish brown, medium to thin bedded,
micaceous, abundant plant debris, root penetra-
tions; coarsens and grades downward into a gray,
fine grained sublitharenite and contains
carbonaceous stringers. 3.5

Sample III-7: Siltstone at 2 ft. below bottom
of Lower Cedar Grove
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7. Irregularly interlayered siltstone and sublitharenite
with some carbonaceous stringer. Massive with some
thin bedded siltstone units; irregular lateral extents;
both well cemented. Siltstone mostly confined to
upper four feet below bottom of the lower Cedar Grove.
The section contains 5 inches of dark gray claystone
with carbonaceous stringers. The claystone is irregular
in lateral extent and is l ft. 8 in. above the top of
the Alma Coal. It is underlain by 1 ft. 4 in. of dark
gray siltstone. 43.5
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Sublitharenites are gray or brown, fine—grained, massive and
indurated. There are some micaceous and carbonaceous horizons.

Samle III—8: Sublitharenite at 6 ft. below bottom of
Lower Cedar Grove

Sample III-9: Sublitharenite at ll ft. below bottom of
Lower Cedar Grove

Sample III—lO: Sublitharenite at 18 ft. below bottom of
Lower Cedar Grove

Sample III—ll: Sublitharenite at 28.5 ft. below bottom of
Lower Cedar Grove

Sample III-12: Sublitharenite at 33.5 ft. below bottom of
Lower Cedar Grove

Sample III-13: Sublitharenite at 41.5 ft. below bottom of
Lower Cedar Grove

Sample III-14: Shale at 43 ft. below bottom of Lower
Cedar Grove
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Geologic Section V: Wise Formation between Campbell Creek Coal and
Pond Creek Coal near VPI & SU Horticulture garden
along the head of Middle Elk Creek.

(Feet)
thickness

Wise Formation (thin portion) 88.1

1. Shale, grayish black to greenish brown; grades
down into coal 5

2. Pond Creek Coal 1.6

3. Claystones gray to green, grades down into
tan to gray silty claystone 30

4. Sublitharenite, brown, medium grained;
grades down into brownhish gray siltstone 9

5. Coal 1

6 . Shale , grayish-black 4

7. Coal .5

8. Shale, green 2

9. Siltstone, brown to gray, cross bedded 1O

10. Shale, greenish—brown 5

ll. Siltstone, grayish-brown: Sample 5-1 20

12. Campbell Creek Coal covered
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Geologic Section VI: Wise Formation at Cedar Grove Coal and Above
along the head of Long Branch

(Feet)
thickness

Wise Formation (this portion) 99.5

l. Sublitharenite, brown to gray with large plant fossils 20

2. Siltstone, green-brown—yellow, grades up into and
interbedded with sublitharenite 40

3. Black shale discontinuous 3

4. Coal discontinuous 3.5

5. Interbedded siltstone, dark to black „
shale, dark gray to black, very fossiliferous 30

6. Cedar Grove Coal 2

7. Shale Black l





PHYSICAL, CHEMICAL AND MINERALOGICAL PROPERTIES OF

MINE SPOIL DERIVED FROM THE WISE FORMATION,

BUCHANAN COUNTY, VIRGINIA

by

Jeffrey Lynn Howard

(ABSTRACT)

Physical disintegration of the rocks is promoted by the closely

spaced blast-hole grid used in the mining operation. Wet-dry-

freeze—thaw forces are effective in causing disarticulation of the

weakened rocks in 6 months or less. The silty spoils cause exces-

sive dust, are crusted and support ponds. Application of organic

amendments promotes infiltration.

Some of the spoils contain enough salts to seriously retard

growth of non-tolerant plant species. Exchangeable bases are over-

estimated, but the salts are a nutrient source. K is low, but

adsorption isotherms indicate that, unlike the naturally occurring

soils of the locality, there is no serious problem of K—fixation in

the spoils. NaHCO3 gives the most accurate measure of spoil P. A

response to fertilization is likely. Adsorption isotherms suggest

a problem with P—fixation by the goethitic rocks.

There was no measurable pedogenic activity in the spoils after

two years of weathering other than physical disintegration of rock

fragments and weakly developed structure in some spoil surface



layers. There was no evidence of leaching of salts during this

period.

When regrading the spoils on the benches, maintenance of adequate

drainage is essential to prevent nutrient depletion, Fe—generated

toxicity and acidity and toxic accumulations of salts. A mixture

of 70% sandstone, 20% siltstone and 10% shale should yield a well

drained sandy loam spoil upon weathering. The ferruginous and silty

rocks should be regraded well below the surface.




