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Abstract

The Knoblock coal bed in the Otter Creek EMRIA (Energy Minerals
Rehabilitation Inventory and Analysis) site--an area of about 1,177
acres (476 hectares)--contains estimated identified coal resources of
about 126 million short tons (114 million metric tons). The area around
and including the Otter Creek EMRIA site--an area of about 2,975 acres
(1,204 hectares)--contains estimated identified coal resources of about
318 million short tons (289 million metric tons). All estimated coal
resources in the Knoblock bed are categorized as measured and indicated
resources, and all but about 62 million tons (56 million metric tons)
are at depths of less than 200 feet (60 metres). The average thickness
of the Knoblock is about 61 feet (18.6 metres) and the overall relationship
of quantity of overburden to tons of coal in the area with 200 feet (60
metres) or less of overburden is about 2 cubic yards (1.5 cubic metres)
of overburden per ton of coal.

The coal is subbituminous C in rank, has an average sulfur content
of less than 0.2 percent, and has an average ash content of about 5.5
percent. The major and minor element composition of coal, coal-ash, and
rock samples from the area is similar to the average composition of other
coals of the Northern Great Plains and to the average rock composition
of the Earth's crust. Only the selenium content of the Knoblock coal
is more than an order of magnitude higher than that in the continental

crust.
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Introduction

This report was prepared as a contribution to a study of the
‘reclamation potential of an area in the northern part of the Powder
River Basin, about six miles southeast of the town of Ashland, Powder
River County, Mont. The area was selected for investigation by the
EMRIA (Energy Minerals Rehabilitation Inventory and Analysis) program
of the Bureau of Land Management. The Bureau of Reclamation was the
principal investigator and had the assistance of the U.S. Geological
Survey in parts of the program of study.

The area selected for intensive study--the EMRIA site proper--is
about 1,177 acres (476 hectares). A logical contiguous area surrounding
and including the EMRIA site proper—-an area of about 2,975 acres (1,204
hectares)--was also geologically mapped and studied. The coal resources
of the major, thick, strippable coal bed in the area were estimated using
information derived from geologic mapping and core-drilling. Samples of
the coal and of the rock sequence that would be disturbed during recovery
of the coal by mining were analyzed to determine the major and minor

element composition.



Geologic Setting

The Otter Creek EMRIA site (figure 1) and surrounding area are
largely underlain by sandstone, siltstone, shale, and coal that compose
several hundred feet of the lower part of the Tongue River Member of the
Fort Union Formation of Paleocene age. The valleys of Home, Otter, and
Threemile Creeks contain alluvium made up of sand, silt, clay, and gravel.

The coal beds in the Tongue River Member, particularly the 60-foot-
plus-thick (18 metre) Knoblock bed, have burned over large areas and baked
and fused the overlying rocks. The baked material, called “clinker," is
more than 100 feet (30 metres) thick in parts of the Otter Creek EMRIA site.

The drill program was specifically designed to yield samples of the
rocks above the Knoblock coal bed, the Knoblock coal bed itself, and the
rocks within 20 to 30 feet (6 to 9 metres) below the base of the Knoblock
bed. In addition, several of the drill holes were deepened about 150 feet
(46 metres) to allow coring of the rock sequence between the Knoblock bed
and the Flowers—Goodale coal bed, the Flowers-Goodale coal, and as much as
35 feet (11 metres) of the rock sequence beneath the Flowers-Goodale bed.
Other coal beds are present in the Tongue River but are generally thin,
lenticular, and nonpersistent.

The strata of the Tongue River Member are nearly flat-lying except
around the edges of the areas where the coal beds have burned. Near the
clinker areas, the otherwise flat or gently-dipping strata have slumped and

collapsed.
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Figure 1.--Geologic map of part of Willow Crossing quadrangle showing
EMRIA site (secs. 26, 34, T. 3 S., sec. 2, T. 4 S., R. 45 E.)
and location of Bureau of Reclamation drill holes.
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Explanation for Figure 1

Qal ALLUVIUM (HOLOCENE)--Unconsolidated silt and sand on

streams and larger tribufaries

Tfut FORT UNION FORMATION (PALEOCENE)

- Tongue River Member--Light-gray and very light
jellowish gray slabby very fine grained sandstone
and siltstone, medium-gray mudstone and claystone,

brown and black carbonaceous shale, and coal

Sawyeril Outcrop of coal bed--Drawn on base of coal.
2.2 Number shows thickness of coal, in feet.
e L < Clinker above burned Knoblock coal

BurRec 74—101cj§:> Bureau of Reclamation drill hole--Circled figure
shows thickness of Knoblock coal Bed, in feet.
Lithologic loés of drill holes are shown on

Plate 1
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Coal
Origin
Coal has been defined as "a readily combustible rock containing
more than 50 percent by weight and more than 70 percent by volume
of carbonaceous material, formed from compaction or induration of
variously altered plant remains similar to those of peaty deposits.
Differences in the kinds of plant materials (type), in degree of
metamorphism (rank), and range of impurity (grade), are characteristics
of the varieties of coal" (Schopf, 1956). Inherent in the definition
is the specification that coal originated as a mixture of plant remains
and inorganic mineral matter that accumulated in a manner similar to
that in which modern-day peat deposits are formed. The peat then
underwent a long, extremely complex process called "coalification,”
during which diverse physical and chemical changes occurred as the peat
changed to coal, and the coal assumed the characteristics by which
members of the series are differentiated from each other. The factors
that affect the composition of coals have been summarized by Francis
(1961, p. 2) as follows:
1) The mode of accumulation and burial of the plant debris forming
the deposits.
2) The age of the deposits and theilr geographical distribution.
3) The structure of the coal-forming plant, particularly details of
structure that affect chemical composition or resistance to decay.
4) The chemical composition of the coal-forming debris and its
resistance to decay.
5) The nature and intensity of the plant-decaying agencies.

6) The subsequent geological history of the residual products of

decay of the plant debris forming the deposits.
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For extended discussions of these factors, the reader is referred
to such standard works as Moore (1940), Lowry (1945), Tomkeieff (1954),
Francis (1961), and Lowry (1963).

Classification

Coals can be classified in many ways (Tomkeieff, 1954, p. 9;
Moore, 1940, p. 113; Francis, 1961, p. 361), but the classification by
rank--that is, by degree of metamorphism in the progressive series that
begiQs with peat and ends with graphocite (Schopf, 1966)--is the most
commonly used system. Classification by type of plant materials is
cqmmonly used as a descriptive adjunct to rank classification when
sufficient megascopic and microscopic information is available, and
classification by type and quantity of impurities (grade) is frequently
used when utilization of the coal 1is being considered. Other categorizations
are possible and are commonly employed in discussion of coal resources:
such factors as the weight (specific gravity) of the coal, the thickness
and areal extent of the individual coal beds, and the thickness of

overburden are generally considered.



Rank of coal

The designation of a coal within the metamorphic series, which
begins with peat and ends with graphocite, is dependent upon the
temperature and pressure to which the coal has been subjected and the
duration of time of subjection. Because coal is largely derived from
plant material, it is mostly composed of carbon, hydrogen, and oxygen,
along with smaller quantities of nitrogen, sulfur, and other elements.
The increase in rank of coal as it undergoes progressive metamorphism
is indicated by changes in the proportions of the major coal constituents:
the higher rank coals have more carbon and less hydrogen and oxygen than
the lower ranks.

Two standarized forms of coal analyses--the proximate analysis and

the ultimate analysis--are generally made, though sometimes only the

less complicated and less expensive proximate analysis is made. The

analyses are described as follows (U.S. Bureau of Mines, 1965, p. 121-122):

"The proximate analysis of coal involves the determination of

four constituents: (1) water, called moisture; (2) mineral
impurity, called ash, left when the coal is.completely burned;

(3) volatile matter, consisting of gases or vapors driven out
when coal is heated to certain temperatures; and (4) fixed carbon,
the solid or cakelike residue that burns at higher temperatures

after volatile matter has been drived off. Ultimate analysis

involves the determination of carbon and hydrogen as found in
the gaseous products of combustion, the determination of sulfur,
nitrogen, and ash in the material as a whole, and the estimation

of oxygen by difference."



Most coals are burned to produce heat energy, so the heating value
.of the coal is an important property. The heating value (calorific
value) is commonly expressed in British thermal units (Btu) per pound:
1 Btu is the amount of heat required to raise the temperature of 1 1lb
of water 1°F (1 Btu equals 0.252 kilogram-calories). Additional tests
are sometimes made, particularly to determine caking, coking, and other
properties, such as tar yleld, that affect classification or utilization.

Figure 2 compares in histogram form the heating value, and the

e

moisture, volatile matter, and fixed carbon contents of coals of
different ranks.

Various schemes for classifying coals by rank have been proposed
and used, but the one most commonly employed in the United States is
the "Standard specifications for classification of coals by rank,"
adopted by the ASTM (American Society for Testing and Materials, 1974;

table 1).
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Figure 2.--Comparison on moist, mineral-matter-free
of coal of different
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The ASTM classification system differentiates coals into classes
.and g;oups on the basis of mineral-matter-free fixed carbon.or
volatile matter, and the heating value supplemented by determination
of agglomerating (caking) characteristics. "Coals which in the
volatile matter determination produce either an agglomerate button
that will support a 500-g weight without pulverizing, or a button
showing swelling or cell structure, shall be considered agglomerating
from the standpoint of classification" (ASTM, 1974, p. 56).

As pointed out by the ASTM (1974, p. 55), a standard rank determination
cannot be made unless the samples were obtained in accordance with
standardized sampling procedures (Snyder, 1950; Schopf, 1960). However,
nonstandard samples may be used for comparative purposes through
determinations designated as "apparent rank".

The proximate, ultimate, Btu, and forms-of-sulfur analyses of samples
of the Otter Creek coals are presented in table 2. The analyses indicate
that the Otter Creek coals have an apparent rank of subbituminous C.
Twenty-four samples of the Knoblock have an average of 8,110 Btu (2,044

kilogram-calories) as received.
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Type of coal
Classification of coals by type-—-that is, according to the types
of plant materials present--takes many forms, such as the "rational
' analysis" of Francis (1961) or the semicommercial "type" classification
commonly used in the coal fields of the eastern United States (U.S.
Bureau of Mines, 1965, p. 123). However, most of the type classifications
are based on the same or similar gross distinctions in plant material

used by Tomkeieff (1954, table II and p. 9), who divided the coals into

—

three series; humic coals, humic-sapropelic coals, and sapropelic coals,
based upon the nature of the original plant materials. The humic coals

are largely composed of the remains of the woody parts of plants, and
the sapropelic coals are largely composed of the more resistant waxy,
fatty and resinous parts of plants, such as cell walls, spore-coatings,
pollen, and resin particles, and coals composed mainly of algal material.
Most coals fall into the humic series, with some coals being mixtures of
humic and sapropelic eléments and, therefore, falling into the
humic-sapropelic series. The sapropelic series is quantitatively
insignificant and when found is commonly regarded as an organic curiosity.
In common with most coals of the United States, the Otter Creek

coals fall largely in the humic series.
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Table 3 --Estimated identified coal resources in the Knoblock bed in the area
around and including the Otter Creek EMRIA site

[In thousands of short tons, one short ton equals 0.9078 metric tons]

Measured resources Indicated resources Totals

EMRIA site —— 88,652 37,210 125,862
(sec. 2, T. 4 S., R. 45 E.,

and secs. 26 and 34,

T. 3 S., R. 45 E.)

Area surrounding EMRIA sitel- = ——eean _ 192,422 192,422

Total identified resources--- 88,652 229,632 318,284

lArea bounded by Home Creek, Three Mile Creek, and 106° 7 1/2' W. long.
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Grade of coal

Classification of coal by grade, or quality, is based largely
on the content of ash, sulfur, and other constituen&s that adversely
affect utilization. Most detailed coal resource evaluations of the
past do not categorize known coal resources by grade, but coals of
the United States have been classified by sulfur content in a gross
way (DeCarlo and others, 1966).

The range and average of the ash and sulfur contents of 642
coal samples from all parts of the United States were determined by
Fieldner, Rice, and Moran (1942). Ash and sulfur contents of these

U.S. coals as received were as follows:

Number Ash, percent Sulfur, percent
of

samples Range Average Range Average
642 2.5 ~ 32.6 8.9 0.2 - 7.7 1.9

The coal in the Otter Creek area is slightly below average in
ash content and considerably below averége in sulfur content. The
average ash content as received of Knoblock coal in five drill holes
is 5.5 percent and that of Flowers—Goodale coal in three drill holes
is 8.2 percent. Average sulfur content in the Knoblock is 0.15 percent;

in the Flowers-Goodale--0.46 percent.

17



Estimation and Classification of Coal Resources
Preparation of a coal resource estimate involves certain procedures
and definitions that have been established in an attempt to standardize,
insofar as possible, coal resource appraisals in the United States. As
used in this report, the term "coal resource" designates the estimated
quantity of coal in the ground.
Tabulation of estimated coal resources

Table 3 summarizes the estimated coal resources in the Knoblock coal

——

bed in the Otter Creek EMRIA site and the surrounding area. In accordance
with conventions adopted by the U.S. Geological Survey and the U.S. Bureau
of Mines, the resources in the Otter Creek EMRIA site are classed as
"identified-subeconomic resources"; that is, specific bodies of coal
whose location, quality, and quantity are known from geologic evidence
supported by engineering measurements with respect to the demonstrated
category, and that are presently classed as subeconomic because the
estimated tonnage of coal is in beds that are not presently classed as
reserves, but may become so as a result of changes in economic and legal
conditions.

No estimates are presented for the Flowers-Goodale bed in the area,
because the focus of the present study is on coal resources that are

potentially recoverable by surface-mining methods.
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All of the estimated identified coal resources shown in table 3

fall into a category called Reserve Base, which is defined as that

portion of the identified coal resource from which reserves are
calculated. Reserves in the strict sense used here are defined as
"that portion of the identified coal resource that can be economically
and legally mined at the time of determination--also referred to as

Recoverable Reserve. The reserve 1s derived by applying a recoverability

factor to that component of the identified coal resource designated

as the Reserve Base."

Recoverability
The recoverability factor is '"'the percentage of total tons of
coal producible from a given area in relation to the total tonnage

estimated to be in place in the ground."
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Recoverability determinations can be made (1) by using mine
maps, (2) by using production versus reserve base estimates, or (3) by
using an average recoverability factor based on past experience. All
coal remaining in the ground after mining is completed is considered
as lost in mining and includes coal that is (1) left to support mine
roofs, (2) too thin to mine, (3) left unmined beneath rivers, lakes,
highways, and legal reservations, (4) left unmined around oil, gas,
water, and disposal wells, (5) left:ﬁpmined as barrier pillars adjacent
to mine or property boundaries, and (6) left unmined because of
environmental, safety, quality, or hydrologic considerations. Coal
losses incurred during cleaning and preparation are not considered
when determining recoverability. Recoverability determined in existing
mined areas can be projected to similar unmined sreas, assuming other
conditions are equal, to calculate recoverable reserves from reserve
base. In the United States, recoverability in underground mining ranges
from 10 to 80 percent, depending on variables such as the thickness
of coal bed, security of roof and floor rock, operator, and mining methods,
and probably averages about 50 percent. Recoverability for strip mining
is locally as great as 90 percent, but studies indicate that nationally f
also averages about 50 percent owing to barriers left to protect mine
boundaries, to restrictions on highwalls, and to festrictions about

mining near lakes, streams, railroads, highways, and farmed areas.

20



- Resources categorized by degree of geologic assurance

Two categories according to degree of geologic assurance were
used in the present study.

Méasured - Tonnage of coal for which estimates of the quality
and quantity have been computed, within a margin of
error of less than 20 percent, from sample analyses
and measurements from closely spaced and geologically

- -well-known sample sites.

Indicated - Tonnage of coal for which estimates of the quality
and quantity have been computed partly from sample
analyses and measurements and partly from reasonable
geologic projections.

The measured resources estimated for the Otter Creek ERMIA site
and adjoining area are within 1/4 mile (0.4 kilometres) of points of
information; the indicated resources are contained in bodies whose
inner limits are 1/4 mile (0.4 kilometres) from points of information

and whose outer limits are within 3/4 mile (1.2 kilometres) of points

of information.
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Characteristics used in resource evaluation

The coal characteristics that are commonly used in classifying coal
resources are the rank, grade, and weight of the coal, the thickness
and areal extent of the coal beds, and the thickness of the overburden.
The rank and grade of the coal sampled as part of this study have been
discussed previously.

Weight

The weight of coal ranges considerably with differences in rank and
ash content. In areas such as the Otter Creek area, where specific
gravities of the coals have not been determined, an average specific
gravity value based on many determinations 1n other areas is used to
express the weight of the coal for resource calculations. The average
weight of subbituminous coal is taken as 1,770 short tons per acre-foot
(1,607 metric tons)--a specific gravity of 1.30.

Thickness of beds

Because of the important relation of coal-bed thickness to
utilization potential, most coal resource estimates parepared by the
U.S. Geological Survey are tabulated according to three thickness
categories. For subbituminous coal the categories are thin--2.5 to 5
feet (0.75 to 1.5 metres); intermediate--5 to 10 feet (1.5 to 3 metres);
and thick--more than 10 feet (3 metres). In the EMRIA site and surrounding
area, all of the estimated resources in the Knoblock bed are in the

thick category.
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Thickness of overburden

Coal resources are commonly divided into categories based on the
thickness of overburden, in feet, as follows: 0-1,000 (0 to 300 metres), .
1,000-2,000 (300 to 600 metres), and 2,000-3,000 (600 to 900 metres).
For estimates of total resources and undiscovered resources--for example,
an estimate f;r a complete coal basinal area--a depth of 6,000 feet (1,800
metres) may be used. However, most of the coal in the Knoblock bed in
the Otter Creek EMRIA site and surrounding area is overlain by 200 feet
(60 metres) or less of overburden and can be recovered by surface mining
methods. Table 4 shows detailed and aggregate volume of overburden in
the EMRIA site. Comparison of tables 3 and 4 indicates that the ratio of
cubic yards of overburden to total estimated coal resources with less

than 200 feet (60 metres) of overburden in the Otter Creek EMRIA site

is about 2 cubic yards (1.5 cubic metres) of overburden per ton of coal.
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Summary of resources

The Kpoblock coal bed in the area around and including the Otter
Creek EMRIA site--an area of about 2,975 acres (4.6 square miles and
1,204 hectares)--contains estimated identified coal resources of about
318 million tons (289 million metric tons). The Otter Creek EMRIA
site itself--an area of about 1,177 acres (1.7 square miles and 476
hectares)--contains estimated identified coal resources of about 126
million tons (114 million metric tons), All estimated coal resources
in the Knoblock bed are cétegorized as measured and indicated resources,
and all but about 62 million tons (56 million metric tons) are at depths
of less than 200 feet (60 metres). The overall ratio of cubic yards of
overburden to tons of coal in the area with 200 feet (60 metres) or less
of overburden is about 2 cubic yards (1.5 cubic metres) of overburden

per ton of coal.
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Chemical Composition
Twenty-eight core samples of the Knoblock and Flowers-Goodale
coal beds and 39 core samples of the rock sequence above and below the
Knoblock were analyzed for the following constituents (following the
procedure shown on figure 3):

1. Proximate analysis for percent moisture, volatile matter,
fixed carbon, and ash; ultimate analysis for percent hydrogen,
carbon, nitrogen, oxygen, and sulfur; and forms-of-sulfur
analysis for percent sulfate-sulfur, pyritic sulfur, and
organic sulfur.

2. Major composition of the ash of coal--percent ash, SiOz, Al

273

Nazo, K,.0, Ca0, MgO, Fe,O0,, P 05, Cl, MnO, T102, and SO

2 273’ "2

3. Trace element composition of coal

3.

a. Individual quantitative determinations--ppm As, Cd, Cu, F,
Hg, Li, Pb, Sb, Se, Th, U, and Zn.
b. Semiquantitative spectrographic analysis——ppm of 20-30 elements
detected by this method.
Results of the analytical determinations are listed in tables 5, 6,

7, and 8.
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Table 8 compares analyses of 24 samples of the Knoblock coal bed in
the Otter Creek area to 67 samples of subbituminous coals from 7 mines
and 12 drill holes in the Powder River Basin of Wyoming and Montana
(Swanson and others, 1974). The lower heat value (Btu), greater moisture
and oxygen content, and smaller fixed carbon content of the Knoblock coal
as compared to the average of subbituminous coals in the Powder River Basin
are a direct reflection of the lower rank (lesser degree of metamorphism)
of the Knoblock coal. No other significant differences are shown by the
comparison in table 8.

Table 9 shows the range of and average elemental content, on the
whole~coal basis, of those constituents commonly regarded as being of
importance from the standpoint of coal utilization. Some of the elements,
such as mercury and arsenic, are of interest because of the environmental
problems that might occur if they are present in inordinate amounts; others,
such as thorium and uranium, are of interest because they could be recovered
from coal ash if they are present in sufficently large quantities. On
the basis of the 5.5 percent average ash content of the Knoblock coal,
trace elements such as thorium and uranium will be enriched in the ash

approximately 18 times their whole-coal values.

37

\
\



Table 8.--Comparison of composition of Knoblock with composition of
the subbituminous coals of the Northorn Great Plains

Knoblock coal 'NGP gubbituminous
(24 samples) coals (67 samplesl)
Btu 8,110 9,000

in percent

Moisture (as received) : 30 20
Fixed carbon (as received) 35 38
Oxygen (as received) 39 30
SiO2 (in ash) 38 25
NaZO (in ash) 4 - .5
Ca0 (in ash) 16 15
Mg0 (in ash) 4 4

in parts per million

As (whole coal) 2 2

B (whole coal) 70 50

Ba (whole coal) 300 200

Hg (whole coal) .05 .08

Pb (whole coal) 6.4 6

Se (whole coal) .4 .8 (51 samples)
U (whole coal) .8 7 LA
Zn (whole coal) 13 7

ISwanson, V. E., and others, 1974.
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Table ‘9.--Elements that can affect potential utilization of coals--
content in 24 samples from Otter Creek area in parts per million

Concentration in Knoblock bed Average, continental crust
(Taylor, 1964)

Element Range Average

As l1-12 2 1.8
Cd <1l-.1 .1 2
Cu 3.2 - 12 6.4 55

F 25 - 85 48 625
Hg .01 - .32 So.05. .08
Li 2.5 - 13 6.7 20

Pb 2.6 - 35 6.4 12.5
Sb 1-.7 .4 .2
Se .1-1.0 .4 .05
Th <2.0 - 7.3 3.0 ) 9.6
[4) <.1 - 1.6 .8 2.7
Zn 4.7 - 90 13 70
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Analyses of overburden rocks

Thirty-nine samples, believed to be representative of the lithology
(plate 1) overlying and underlying the Knoblock coal bed, have been
analyzed in detail (table 10). The sequence for analysis of rock samples
is similar to that shown on figure 3, except for the Bureau of Mines
analyses and the addition of Analyses for percent total sulfur and percents
total carbon, mineral carboﬁ, and organic carbon. Their composition was
found to be similar to that of limy sandstones, siltstones, and claystones
occurring in other parts of the United States.

The analyses show that three-quarters of the rock is composed of
8ilica and alumina, and the remainder is composed mostly of oxides of
calcium, magnesium, potassium, iron, and sodium.

The analyses of trace elements, some of which are potentially toxic,
show that none of these elements are present in abnormally higher amounts
than are present in similar rocks in the United States. A few samples
with high values have little significance when averaged with analyses of

other samples from the same core.

40



T01°

10t°
g
1ot
a0t’
101

101"
101°
70t°
101°
not®

s B

'cs
‘te
‘ts
‘ts
-n‘

‘a9
31
‘o
.ﬂ.
's9

‘ot
'09
‘e
000
1]

‘os
1L
‘L9
'89

000
*¢s
sy
‘ot
‘e9

‘29
‘v9
‘29
'es
‘TL

‘t9
‘ss
‘s
‘sS
‘o9

[ uoum

syvAIs3uy a7dzes puw T 237 uo UMOYS SI¥ $3[OY TIFIP JO SUOTIEDOT
3 w3ep d7ydeadoaldeds 9yl jo uwoysydead eyy

101°
101°
01°

(384

Ly
101°

0¢°
20%°

10t
not’
101°
qot’
70t°

q01°

91°
10t°
101°

~ O NN® QN o~ @
« o o @ e o 8
NN M NN NN NN

.

.

O O
.
AN N

.

O o
.« o e
~N NN

..
NN meanm®

M~ O0oOd .20 O~
. e e e 4 e

Lol I -2
NN NN

os s 0

~

~

-
- N - )
M AMN™N

o o e
T TP

RO~ O QOoOWVvwnm™m
.

. - .
NN ™ AN

-

A~ T O D
. B

ete s
- T NN

VDONA VNDID® O@OONN
. “ s e 4
Lala B 0= 2K 4

0 N s oW

O <P o4 1D OO
® & o o & e @ o o &
ML DN MOAMAN €M

e @ o o »

[ -2 NN e~~~

~ O
o o o

OO - O M e D
« a a & - & & o o
NN™m NS "™ e

-

N MmN
~ O O\ @

-

O AO™N
. .
@ Wy ¥ O N

-~ OO
~resno A~ DO

.

® 2O

™
« s e e
T AN

o

NN NOO @

. -
NO OO~

O W ed O
.
D@D O T N

€7

024 % 0%

-4

‘st
A
‘el

x folyy

Tyte - €o62¢
(°6TC = L°66T
T°68T =~ L°9€7
L°9eT ~ 6°212
6°217 = 102

T°%07 - 1°T02
L°B6T = %°761
9°T6T - 2°S81
T°921 ~ ¢°011
L°0T1 = £°g8
L1°88 - L°€T
e - et
T - 91
91 = §°¢
$'c-0

$°L0% - S T0%
§°10% = v°g8L
8°TLie
[ 2811 3l 2 1 4%

T°T1C - 0°70¢
0°Z0€ = L 662
L°867 - L°987
%8 ~ 77092
T°09T = 7°6ST

°86T - 891
69T ~ 9°%91
9°991 - 7°6¢1
2°SeY - 6°61T
T9IT - 0°7L

(33) 2o®3ans
wox3 yadaqg

0~-201-%¢
K=T01-%¢
R=20T1=-%¢
T-201=-%¢
A-T01-%¢

r=-201-%¢
1-201-7¢
H=-201-%¢
9-201-%¢
3-007-%¢

a-701-7¢
a-201-7¢
2-201-%¢
g=-201-%¢
Y-201-%¢

$=121-%1
3-101-%¢
O-1CT-%¢
a-131-%¢

0-101-%¢
N=101-%¢
R=101-%¢
1-T10T-%¢
A-101-%L

r=101-%¢
I-T01-%¢
H-T10T=-%¢
0=-101-%¢
3-101-7¢

3-10T-%¢
a-101-%¢
2-101-2L
€-101~-%L
V-T01-7¢L

"ON P1212

[T.93®1d vwo uAoys davw
*30UIPTJUCO JUSDINA-GH IV $19A2BIq Om3 10 Iuadred-gg I® I9NIBIQ suo AT23vapxoidde

*939 1°0 'ST°0 ‘Z°0 ‘€£°0 ‘S0 ‘L0 ‘0°T ‘sievdeaq vsoyl jo s3jujod-pyu sv ATyieiIrqae peizodaa

21 Ing *°339 *ZT°0 °ST’0 ‘9Z°0 ‘€C°0.°95°0 ‘€E'0 ‘I°I ®a® 83faspunoq asoym $19)0BIq DFIAIAM0aB YITAM PITFTIUSPT eq 03 BAw $ITnsI3 ITydwifoildads Wy
*o3sdyvur O7ydwi2013d9ds sajavajiuenbiaes Lq pIUTWIIIIP SEA PIISTL INTEA Y3 IBYI SUEIW ITITI IUIWITS BYJ 1933 §

. Y 13pA0g 'e9a® %931)
39330 943l WOIJ p3q (V0D YO0{qOUY 943 AO[3q PUW DAOQE 93003 JO SS{CUSS 3103 pe3I}80QWOI ¢ JO UOTIFSOWOD JUAWSTI 3JWII PuUs IPIXO JOUTR pus Jolel--‘Ql ¥1qel

*pIUTWIIIVP J0U sueam g PUs ‘pIiTvII
_ 30U sTEIR ) ‘UAOYS INTEA SYJ URYJ SSUYT SUNIW INTEA ® 193¢ 7 “UCTITFE 19d saawd 10 Juadaad 19YIFP UF 91w sonTvy °sarduvs jo LZoroyayy 103 9 *3yy ves]

*JUOW YA3Uno) AAT

0sLs9ta
6 (6910
Y6910
Lreesla
9rLevig

cYLeetq
Yri6910
fre69tq
Tyiegta
Iv(e9%q

0%¢s9tq
6€149%Q
8iLesTa
ttLevtag
9tLsvta

6S(é91a
8SLé9tQ
Lsce9tg
#SL6910Q

$SL691Q
PSL691Q
£SL691Q
ESLs914q
15L631@

stisyto
Y€L6210
ECLeylg
TeLe9tg
1€Ls91g

0tLe9tla
6ZL831¢
8Z(691a
LTL691g
L1913

£3 €43 T

i
~



(1Y) os ‘s 1'se ‘ze ‘o 1 1s° 101° 9t* o0ste9tg
00¢ os “tsg 1ce ‘82 ‘vz 1t sy To1°* 0v0° © o e%L691Q
00§ 0s ‘os sz ‘vz ‘oz ¢ vy’ 101° " gyo’ 8YL491¢
00§ oL ‘g 1'¢r ‘ot ‘o¢ Tt zs® 10v° ceo’ LyLe9se
oo¢ os ‘g n°se ‘oe 1°01 1" Let T01° zzo* 9¥L691q
00¢ 0s ‘ort 1z ‘og ‘st Tt ts® T01° 1020° SvLeeta |
oo¢ 0s ‘o9 1'sz ‘oz ‘92 'y 9%° 101° %50° YeL691Q ¢
00¢ 0L ‘os 1'se ‘ze ‘v 1t Ls' 10t 9%0° Ere69t%g
00§ oL ‘ot 1'sz ‘ot *ne 1t zs’ 101° 950° Zre69ta
0o0¢ oL ‘ot 1's2 ‘og 's2 7't 9»° 08 899° IvLe9tq
oo¢ 0g ‘e 1'sz ‘22 1'0% 1t ov' 101° 620° ’ 0%(6910
0oL ot ‘ad 162 ‘vy ‘92 n'y Ly’ T01° €1 6€(69%q
00¢€ 0§ 'z9 162 ‘v ‘et 1t " T01° 220° ecL6910
00§ 0L ‘9r 1'¢2 R ‘v 1 Ly 101" 1ot LLLE9T0
oo¢ L A3 T3 1°'s2 ‘9t 101 Yy LzY 101 . Swp° $ELEYIQ
00s oL ‘ot 1°se ‘ze 3 1t 8b° - 101 060’ 6st69°%Q
oo¢ os ‘v 16y ‘e 701 1t 8e* 1017 1020° 85L4910
006 0s ‘g¢ LAY ‘s2 ‘st 1% LT Tot° %0’ LsLé9%a
008§ 0s ‘os 1'se ‘ez ‘yi 1 s’ T01° v€0° 95(¢310
00¢ oL ‘ge st ‘re 1 11 9g° 101°* 890°* SeL4910
00t oL ‘s 16z ‘e ‘o¢ T ss°’ To1°* 2790° t3.6910
09¢ ot ‘T8 ‘sz K13 ‘oz 7' 6v° To1* . w90’ £524910
00§ os ‘96 16z ‘sz 3 11 "I 101° TEN Zste9ta
LYY 0L Y 16z ‘zy ‘gg 1* 69° 81 vz 0! TeL69ta
00§ oL ‘ty 1°¢2 ‘oy ‘g2 1t Ly’ 101* vL0® $€L69%0
oog - 0s ‘1 1'sz 'y °91 7't e’ 101" 090° tEL691%Q
ooz oL "0y 152 ‘a1 101 n'g e 201° 679° €EL691Q
oot 0s ‘o9 1 ‘ot 92 1's 05’ 101° . 890" 2€L6970
00§t 1 o ‘29 152 ‘ot p1 1% 6t’ T01° L20° - 18L691a
oot os 14 ‘2y ‘9¢ 1t ve* .ot 050’ 0cL69ta
0008 oL 1°¢e ‘9y A 't L5’ T08° 8¢0° 62.691¢g
oot ot 1'¢2 ‘9y K13 1°s Ls’ 101 280° 8ZL691a
oos oS 1's2 ‘92 ‘st 1 £y’ 01" 870° L5310
ool ot 1°¢e ‘ot ‘9¢ 1 16°0 101°0 €80°0 92.$91@
gendd °t Sendd @ Wdd Y2 Wdd ad Hdd 11 Wdd "C Hdd PO yZors v So¥: L OuR a1duvg

PaNUYIU0)-~-* U0 *A3unoc) AVATY 1Ipaod Teaav Yeaa)
13330 %43 w02 paq [v0d yoorqouy 343 AOT8q puv 3aoqe Bx501 Jo B3TdwEe 3102 paIyeodues 6 30 UoTiysodwod JUITITE $IWAI puv 9PIAC Jouyw puw

ToT¥H~="01 o1qv1

42



ost
oot
st
ost
[ 13

oot
0L
0L
ot
oot

(13
oot
(23
oot
ost

ost
0¢

(A

oot

a9t
08t
ost
oS
oL

oL
03¢t
0L
0L
ool

oot
00¢
(1]
oot
oot

geoude S

2 T A

DI RR

R o mama 5 3z oa

ot
ol
01
[ 4

ot
ot
ot

st
ot

ot
(A}
ot
[ 2]
11}

ot

0t
ot

st
st
(3}
ot
ot

Sendd 3%

st
ot
-4
st
ot

ot
ot
st
st
st

7 01
T
T 01
st
7 01

ot
7 o1
ot
1 0

ot
st
st
st
ot

“st
st
ot
st
(14

ot
0¢
o€
ot
1

SeHdd TN

38330 943 Wo3) peq [vad yooiqouy eI

TXEZT zxzaz 2ZIIZTET ZZxZZE

Q3333 aAzZTTZ gazzz

ot

zEmZTZX

"~

.00
~ e

[~
~N
zTz2ZTZ ZELE

14
114

'14

ot
ot

ot
|

Sendd W S=Hdd °H

ZZ23d ZXZZRE zpzxzz ZZZ2
~re~

PINUTIUON~="TUOK 'AJUNOY JBATY A9PA0] 'veav Ra91)
AOT9q pu¥ SAOQW 93501 JO SI[dUES 910D PaIJsodmod Gf O UOJIJS0JUOI JUIWA[@ 9OPA3 PU¥ PpPJXO IOUJE PUW JO[ETR~~"OT O1QVL

0L
oL

ZEZZE pzzmzz ZZRZITEXZ BEIZR

0L
ol

ZZA3 TETZIXZ 203X 2ZTZTE RZZZX

0k

z.

N

1T 0¢L

T 0L
oL

0L
oL
oL
oL
0L

ZTZZZ2 ZZZZZ zxzZ =

Sendd ®1 Senad 99

st
01
ST
ST
0T

0t
st
St
[
st

ot
0T
0t
0t
01

St
0t
0t
01

ST
0?
ST
0t
0t

[ 8
0t
01
ST
ST

0t
0z
0z
ST
St

S-Hdd ¥9

‘ot

os
¢
oS
oL
1Y

[ IR I B
NOMPSMN

.

oL

0t

0s

oS

ot !

-1
oo~V
- e -

24
0s
(14
0S

~r~o
-y

~

0s
(124
(1%
(24

~r~
Z2BRX zrem 2 EZEZEEZ ZTZTIX

S N I

oS
oL
0s
ot
oL

0%
ot
oz N
ot 1t
oL 0
oL st
oL st
0s st
ot T4

0s ot

22
e~~~
-t

oo
-t ot
Tz EZZ ZTZTEZ=X WHZERZ R

S*Hdd I S*nad 99 .SoNdd *¢

0sc69t0
6208910
Ey(69taQ
Lee%91Q
9vL69%Q

SYL69%0
i 60ia
€yee9te
Ive693Q
1y (691%Q

cyis9tQ
§€L49Q
s€t631Q
LELesta
9tL691¢

65(8930
8scs9te
Lsee9ta
9546934

s$st69%4Q
*SLs91aQ
€5L6930
25L49%4
15L69tQ

S€Leyta
PELESTS
€gLsste
Teeesta
TELsstg

ocLée9to
ezLe9ta
8ZLeytQ
LI(g913
92:591C

atdoes



@ W e e~
> o o 00
-e

OO0 ~ D00

e ot o

- e e
o o ® o0
-

-

O Mm@ moe
- o & & @

L BN N ]
-

e ®» & @
-t

~~~0

- oo

T NP @® OO D
. ® o o o
O™

® ®» o o o
OO®D® e
hadir™}

OMNe ~womn

L 4]

.

~ Mo
-0 oo

OO el
" a0 @0
") o0 ot we

~ e et
e e a s o
-t ot ot e 0¥

W MmM® O
®» o o o
-t e ot ou

wdd ™

‘it
‘ozs
*stes
‘026
sy

‘09¢
‘ses
Yoasg
‘ozt
*S69

‘00§
'5€6
‘st
‘o¢e
‘s6v

11
‘ogy
‘0ts
*09¢g

‘sse
‘oLt
*9¢ ¢
*ves
‘o108

K11
*0vg
‘08y
‘Siy
13

01
‘sotL
113
*oLs
‘otL

Wayg d

oot
ost
0o}l
oL

oSt

0S%
o1
oot
0st
0st

0s1
"yt
ast
0s1
00%

0ot
0s?t
ooz
0ot

ootV
00t
0ot
0§}
06T

051%
0st
oot
0s1
0s?t

002
ust
0s?V
0s§1
0§t

Sehdd a2

3

3

23

NNNME A oo AR Nmam

PINUTIVOY-="JU0} ' AJUno) uw>«¢ aapmod ‘waam A291)

0z
102
107
(24
114

ot
0z
0z
0z
o€
1 07
o€
0z
o€
107

1 0z
1.0
107
102

(14
14
(4
1 02
0z

o€
0Z
1 0L
oz
T 0T

S MmN mMaceN™

(11
0z
ot
0Z
o¢

MOV

gendd 1A

Sepndd X

0L
114
oL
oL
oS

oL
s
04
0L
0L

0t
0ot
111
0L
0o¢

0s
ot
0s
°s

0L
oL
0¢
0s
oL

0L
0L
0s
0L
0L

0s!?
0s?t
00"
oL
0L

SenNdd A

0sL69t4d
srL43%Q
§¥L69%Q
Lrioyte
9ri69tC

sviL6ete
ytLe9t0
tressta
Ly(691a
TeLeqta

0yL6910
6€L65%C
BELe9%0
Leesyic
9€4539%Q

6sL691Q
8¢.49'a
LseL691a
9516510

$51691C
y6Le91a
€516910
TsLe9lq
tsL69%a

SELs9ta
'PCL69°Q
geLsvlc
ZeL693@
teLs9ta

0LL691Q
6ZLL9la
82¢6910
LTesta
$TLenia

ajaces

39330 943 B03j paq [P0I ROO1qOUY Y3 AOTSQ PUV SAOQY S83J0J JO So[duws 9107 PIITeOdWOI f JO UOFITUOJWOI JUIWI[® I3 puv IPJXO JOUTWE Puv A0]CH——"QT 1qeL

44



vo® £e
et ot
(1

€0’
o, 66°T
r" eeLe o1 .
vy o'y o feos H
. §9°7 00°2 oy m.n R
iv* oe’ - 69°y «.n 6918310
€0°* %6°Y s6'2 o.- uvhowam
: " ot 8'z LYL591¢Q
€0’ 8L 0z 4 : vt
£o0* 80°Z o8, ot .c.n
. $9°Z og’ peet e i
10° ] . oe’. se.z o.n frien
’ i K a.n €YL691¢
110° 62°C 0t nn s
110° . etz os* e . iarte
n50°* [ 14 o B n.m
€Sy 101° e i st
i i 1.2 n.n 6€Ls91C
60° sLve . o % i
T10° 9Lt o1l " e
©T0° 8ty 3N b o
Lotz 101° 9t b T |
2% Tot* 992 * i Q.hoona
90° 06°z e i hvnmona
1y’ zete oL " am»uo#o
50° L 101° orie ane
zo® $6°1 01" 4N s n
g1 or® 12y ¥ wmnoonn
vo® Ny sit e nmhoo«o
10° 8Y°C " i NMhao_o
110° 80°¢ oc' ” _uhoo«c
zo* L2 LN bor¢ s
20 9z 01 f0'¢t ot K
, 0z o1’ . zL'e beE omnmw~o
LE® 0z 95'2 5.¢ mnnooﬁo
Ly* TH 06" $°¢ quoodo
e 8Z°1 00'2 ' «m»o¢ao
€0’ 91 0¥l Y o
11°0 62 oz’ 89,2 R i
L€°7 T0t* se0 e ' tehs
A ) A ts T B il
st et BZ(6910
Lt tTLeitg
TLeat
3

AS 1vl0L
80 INYY¥D
8D INDUO 2 vy
(s23 L]
44 0 L]
jdues

13310 943 wo RO 03 Ll
3} paq (w09
No01qouy »
S ponugauo
Puv 2, . :
AOQW 63202 jO -oﬂwu->u==oo L
9109 paijjso sow mm m“»u- e
U0F3I760Jw0d
VWIS a0¥
3 pu® #pIX0
Jouss pue Jo
‘0T @
Te%1

45



The average concentration of trace elements in the Knoblock bed
of the Otter Creek area is shown in table 10 to be generally less than
the average concentration of these elements in the continental crust.
Only selenium (average concentration in the Knoblock bed 0.4 ppm,
compared to 0.05 ppm average crustal abundance) is higher, and even

this amount is relatively low.
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Conclusion
The tentative conclusion, based on inspection of analyses in this
report, is that little variation in composition of coal and overburden
occurs from one drill hole to another. If this conclusion is valid,
then it can be assumed that composition of reclaimed overburden rock is

a constant factor among other parameters used in soil studies..
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