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by

William E. Hole, Jr., President
American Aggregate Company, Greenville, Ohio

Abstract

The theme of the 70's will be the envirorment.

The construction

aggregates industry, already in difficulty with local zoning control,

will be further affected by the requirements of the "new thing".

How~

ever, it may well be that proposed legislation could be the vehicle
which not only satisfies the wants of the environmentalist but also
recognizes the need for a viable construction aggregates industry.

At the beginning of each new decade,
wise men attempt to forecast the highlights
of the upcoming ten years. In the past, there
has been a lack of consensus upon the part of
this honored group. However, there seems to
be a general agreement upon the part of the
prognosticating community this year that the
"Theme of the 70's" will be the environment.

The actions of the Federal govermment
generally reflect the concerns of the public
body. Seldom has our govermment realigned
itself so dramatically as it has with respect
to this particular appeal. The "white hats"
in Washington today are those who champion
this cause.

years the Federal govern-
fields of water and air

In the past two
ment has entered the

pollution. There is pending before the Con-
gress at this time a "Surface Mining Reclama-
tion Act". With the enactment of this legis-

lation, the Federal government will be
involved in the control of air, water and
land -- and this is the enviromment.

The construction aggregate industry is
involved in all three of these envirommental
areas. With respect to air and water pollu-
tion, however, the solutions are finite and,
although burdensome, should not threaten our
existence. In the area of land environmental
problems, a totally different situation exists
for the extraction process is in direct con-
flict with the basic precepts of the environ-
mentalist. It is in this area that I wish
to direct my remarks.

The management of American Aggregates
Corporation has no quarrel with the basic
objectives of the environmentalists. It is
our belief that it is each man's duty to make
this world a better place in which to live.
For the past fifty years our company has been
recognized as the leader in the sand and gra-
vel industry on the reclamation of worked-
out lands. I should add that our "Project
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Parklands', the name we use to describe our
reclamation efforts, is not purely motivated
by our desire to be good neighbors. For

over this period of fifty years we have found
out that the reclamation business can be a
profitable business.

In most of the construction aggregate
industries, this fact should be true. Due to
the heavy nature of our product, it is essen-
tial that production facilities be located as
close as possible to the consuming market.
Transportation costs double the cost of our
product to the user every twenty miles that
the commodity must be hauled. Therefore,
most producing plants are located within
metropolitan areas.

Due to the rapid urbanization of our
country which will be further accelerated by
the current population explosion, there exists
a ready market for the lands excavated and
properly reclaimed by the construction aggre-
gate industry.

Furthermore, lakeside residential lots
command twice the selling price per acre as
lots located elsewhere. We have a commercial
development overlooking a large lake in North
Columbus, Ohio, where an acre lot to accommo-
date the district office of a major oil com-
pany was sold for a price of $150,000. This
payment represented twice the original cost of
the total tract which encompassed 150 acres.

It would be foolhardy to think that every
reclamation project will generate such rewards.
But at some date in the future, all projects
will have greater value than if our operations
had not taken place. Furthermore, to be eco-
nomic, reclamation must be done as an integral
part of the excavation process. So when
active operations have ceased, the land is
completely rehabilitated.

One might think that with such a record
our company would have no problems obtaining



from zoning boards the right to excavate on
gravel-bearing lands which we may purchase.
This is not the case.

When the public hears the words ''sand
and gravel', it does not think of "Project
Parklands". Instead, it thinks of all the
abandoned pits which dot the countryside.
Generally, we can convince the neighbors that
when our operations are completed, their pro-
perty values will be enhanced. But the word
"when" suggests a time factor, and, as
Shakespeare stated, "Aye there's the rub'".

In order to generate low-cost material
for the construction market, one important
factor is sufficient life over which to amor-
tize developmental and plant costs. At a
minimum a ten-year life is necessary and a
twenty-year life is preferable.

Those neighbors who recognize the future
benefits to their own property are generally
unwilling to wait the 10 to 20 years until
such gains could be realized. So through the
expedient of local politics, zoning boards
are induced to refuse to grant the right to
excavate construction materials.

The construction aggregate industry is
seeking relief from the failure of local zon-
ing to make available sources for present and
future needs. However, I feel that before
our industry deserves such relief, it must
first take a long hard look at itself and see
what it might do to become a little more com-—
patible with this impatient world.

It is often said that ''necessity is the
mother of invention'". How true this state-
ment is - and sometimes, I feel - how unfor-
tunate. Let me illustrate.

Our people initially felt that we had
run into a stone wall when we first encount-
ered the "time" argument. An analysis of the
factual situation showed that historically
operators in our industry have selected plant
sites (hopefully removed from existing near-
by homes) and then conducted the operations
outbound from this site to the boundaries of
the properties. There seemed to be no reason
to consider any other mode of operation.

On the other hand, consider the situation
enjoyed by the neighbors. Initially, the
operations are distant and therefore seem to
be relatively innocuous. However, every year
the mining operations get closer and closer
-~ the neighbors become more and more unhappy
as time passes. It isn't until the operator
has reached the limits of the property, if he
is that lucky, that he finally reclaims the
area which enhances the value of the adjoining
properties.
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It should have been evident years ago
that, considering the cost of working the
whole property, the total cost of working the
property was essentially the same whether the
operator started at the plant and worked out-
bound or started at the perimeter and worked
plantward.

Furthermore, I have already pointed out
how valuable these lands become after reclama-
tion. Through experience our company has
learned that when working outbound we could
not dispose of any reclaimed lands until the
whole operation was completed. If we worked
from the perimeter inward, we could release
reclaimed lands as fast as we desired, there-
by permitting our company to realize the po-
tential value much sooner.

Psycholegists tell us that the human body
can stand intense pain as long as the individ-
ual knows that relief is not far away. On the
other hand, that same body will tolerate a
much lower level of pain if the individual
feels that it is going to get worse. 1 feel
that this description is analogous to the
relative effects upon the neighbor of the in-
bound and outbound operating techniques.

As a result of our difficulties in ob-
taining neighborhood acceptance and thereby
the right from a local zoning board to oper-—
ate, we have changed out pit operating proce-
dures in such a way that we complete operations
along our boundaries first. Because we have
made this change, we can realize the potential
gains in reclaimed properties much sooner.

I am convinced that there are other
changes in operating procedures which could
make our industry more acceptable to the ur-
ban areas in which we must exist. Despite
this fact, I am also convinced that, even if
all such changes were made, the construction
aggregate industry will not be afforded a fair
hearing at the local zoning level.

It is almost axiomatic that the only
landowner who views a sand and gravel or
stone operation in his neighborhood as a

leasing his land for that purpose.

It is our belief that, to assure an eco-
nomical source of construction aggregate to
any consuming market, the granting of the
right to produce such materials and the regu-
lation of operating techniques and reclamation
procedures must be removed as far as possible
from the "backyard philosophy" of local zoning.
Preferably this power should be vested in the
state.

I have been voicing this opinion for over
ten years. During this period of time, I have
had the opportunity to discuss my feelings
with many planners. Their reaction to my



story ten years ago was completely negative.
However, a softening in the planners' atti-
tude has occurred during this period of time
which is occasioned by their inability to
handle adequately the problem of surface
mining.

The professional planner today recognizes
the fact that it is an essential part of the
planning process to provide for sources of
construction aggregates in such a way that
materials will be economically available to
carry forward the balance of his plan. How-
ever, particularly where there is township
zoning, the recommendations of the profession-
al planner have been turned down at the board
level.

There are some areas today where it is
virtually impossible to obtain the right to
excavate and process construction aggregates.
Recently, in some of these areas, operators
have appealed to the courts for relief. The
only plea possible is that the zoning resolu-
tion, as it applies to their property and the
needs of the area, is arbitrary and capri-
cious. The court, recognizing that construc-
tion aggregate must be available from some
point within the affected area, has ruled in
several cases in favor of the operator.

An unusual situation then exists. Usual-
ly the only regulatory body which requires
reclamation by construction aggregate produc-
ers is the zoning authority. The court is
unable to say that only part of the zoning
resolution is arbitrary and capricious and
the part which enforces reclamation provisions
still applies. So the land under question
ends up with no regulation of any type. This
is a situation which could lead to more pub~-
lic indignation toward our industry.

To combat this problem, some forward-
thinking planners are actively promoting State
Surface Mining Reclamation Laws. A group of
construction aggregates producers, including
our company, was recently invited to attend
a meeting with a group representing the
planners, conservationists and land developers.
The purpose of the meeting was to convince
the producers that they should be willing tc
go along with a State Reclamation Law. The
arguments cited by the propoments of the bill
included the description just reported and
other devices used by unscrupulous operators
to bypass the control of local zoning. For-
tunately, at this meeting there was a will-
ingness to reason together. It was finally
agreed that the suggested approach was in
effect just treating a symptom; the basic
problem was the inability of the planner to
carry out his duty of providing areas from
which construction aggregates could be
removed. As a result of these discussions,
it was mutually agreed to move ahead in the
development of a State Law which would include

both reclamation and regulation of the con-
struction aggregates industry.

What are the advantages of the suggested
approach? Paramount to our industry must, of
course, be the opportunity to have a fair
hearing. But there are advantages to the
public which are equally important. As I
have already pointed out, a problem within
our industry is to develop, disseminate and
enforce operating techniques which will make
our operations more acceptable within urban
areas. To put upon the planning community
the burden of solving this problem would be
asking a profession with what I consider to
be an almost impossible task to do the abso-
lutely impossible.

An agency of the state could develop
such expertise. Furthermore, an agency of the
state would be sufficiently removed from the
pressures of local politics to weigh objec-
tively the economic advantages to the public
at large when considering a request to ex-
tract natural resources.

There remains but one problem and that
is to coordinate the state-controlled reclama-
tion and regulation with the comprehensive
plan of the local planner. I believe that
there is no way to set aside all natural re-
sources for future exploitation. So if we
are to think in terms of where sufficient
reserves should be set aside to satisfy the
demands of even the next fifty years, not
only do I not know how much to set aside but
where to select the sites. A realistic
approach is to define all areas where natural
resources may occur and to designate these on
a comprehensive map, thereby indicating to
any developer that the state may at some date
grant a temporary permit for the utilization
of such resources.

The planner can then develop his plan on
the basis of ultimate uses of the land, and
the state can require the operator to reclaim
his property in such a way that it conforms
to that predetermined plan.

There is a need for action on this matter
as quickly as possible.

A recent survey by the National Sand and
Gravel Association of its member companies
showed that their total zoned reserves, if
consumed at current rates, would support 15
years of demand. In my opinion, a calculation
of zoned reserve life for the entire industry
would be fewer than 15 years.

Recent studies by various govermmental
agencies show that in the next 20 years de-
mand for comstruction aggregates will double.
Tf these demands are to be supplied with con-
struction aggregates at costs reasonably com-
parable to those experienced in the past,



some level of government must intervene in
the public interest to assure that construc—
tion aggregate bearing lands can be utilized
where needed.

This is my story. I feel that I have
related a tale that not only vitally affects
the construction aggregates industry but
yourselves and your futures as well. I so-
licit your help in carrying the story of this
dilemma to the public.

I have heard throughout my listening life
the statement made that 'things will change'.
Without a doubt over that period, things have
changed, but I believe that we are on the
threshold of the era of the fastest rate of
change that has ever occurred. Gentlemen,
each of us should be involving ourselves in
these realignments so that the end result is
a better society for all.
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POTENTIAL USE OF
OHIO LIMESTONES AND DOLOMITES
FOR ARCHITECTURAL AGGREGATE

by

David A. Stith

Abstract

The expanding use of exposed-aggregate concrete in architectural surfaces has caused an
increase in requests for suitable stone. A literature survey was initiated to determine the require-
ments for architectural aggregate. A set of 18 carbonate rock samples was collected from various
quarries in Obio, providing a wide geographic and stratigraphic coverage of the State. The samples
were subjected to physical tests for absorption, soundness, and bardness, as were two silica sam-

ples collected for comparison.

Good results were obtained in two cases, a Guelph Dolomite sample

and a Niagaran sample (Huntington, restricted). Fair results were obtained in four other cases, two
Cedarville Dolomite samples, a Columbus Formation sample, and a Niagaran sample.

INTRODUCTION

The use of exposed-aggregate surfaces has become
quite common in architectural design. These surfaces
create patterns different in appearance and texture by
using a great variety of colors and physical shapes of
aggregate. Such surfaces are both precast and cast in
place, with the decorative aggregate either dispersed
throughout the concrete or concentrated in a facing layer.

In recent years the Ohio Division of Geological
Survey has received a number of requests for sources of
aggregate having specific colors for use in exposed-
aggregate concrete. Consequently, a study was under-
taken to determine the suitability of various aggregates
produced in Ohio for use in architectural concrete. The
study consisted of two phases, a review of the physical
requirements for architectural aggregate and the selection
and physical testing of a set of carbonate and silicate
rocks from the State.

PHYSICAL REQUIREMENTS

The literature review on architectural aggregate
gave a large number of physical properties and specifi-
cations. Many of these were similar (hardness, tough-
ness, and durability) or were vague (“*meet the specifica-
tions for high quality portland cement concrete aggre-
gate’”). In general, the most important properties were
found to be color, hardness, soundness and absorption,
particle shape and size distribution, and impurities.
General designations or measurements are adequate for
color, size, and absorption, but the other properties,
hardness, soundness, and impurities, require specific
numerical limits.

Ionio Geo logical Survey
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Color

Color is usually the main specification for any
particular application of architectural aggregate. The
required color is determined by the architect or builder
in accordance with the desired appearance of the fin-
ished surface. The color of the stone used should be
uniform and relatively permanent.

Hardness

Hardness is a rather ambiguous term in the stone
industry. It can refer to the stone’s resistance to abra-
sion, to impact, to compression, or, in general, to any
physical deformation. The methods of hardness evalua-
tion most commonly used for concrete aggregate are the
Los Angeles and Deval tests, which evaluate aggregate
resistance to impact and abrasion.

While aggregate in a wall is not subject to much
abrasion, the overall strength of the concrete should be
equal to or greater than the strength of that used for
roadmaking because of the difficulty and expense in re-
pairing large structures. It is important, therefore, to
ascertain that the aggregate is not so brittle or soft that
it breaks up in handling and mixing to the point that the
percentage of fines increases enough to reduce the over-
all strength of the concrete. A specification of 50 per-
cent maximum loss by the Los Angeles test has been
suggested for architectural aggregate. This study used
a different test, designed by the American Society for
Testing and Materials. This ASTM test differs from the
Los Angeles and Deval tests in that it determines re-
sistance to impact more than to abrasion. The specifi-
cation of 20 percent maximum loss in this test is used
here for architectural aggregate.



Soundness

Perhaps the most critical property of architectural
aggregate is its soundness. This is an approximation of
an aggregate’s resistance to mechanical weathering and
is evaluated by several different tests involving freezing
and thawing or solution and crystallization of a salt. In
addition to economic and structural considerations, the
different weathering conditions to which the aggregate in
standard concrete and in exposed-aggregate concrete are
subjected necessitate different specifications. Aggregate
in 2 highway is surrounded by concrete but the surface
layer of aggregate in an architectural panel is exposed to
the elements. Each particle in such panels may have as
much as one-half of its surface area exposed and is thus
subjected directly to both wet-dry and warm-cold cycling.
Consequently, the soundness specifications for architec-
tural aggregate should be higher than those for standard
concrete aggregate.

Soundness can be evaluated in a number of ways:
by repeated soaking in Na,SO, or MgSO, solution and
drying in air; by slow or rapid freezing and thawing in
air, water, or brine; by observation of the weathering
characteristics of natural and manmade outcrops; and by
study of the past performance record of an aggregate.
This study used limits of 5 percent loss in 5 cycles of
Na,SO, testing and 3 percent loss in 50 cycles of rapid
freezing and thawing in water.

One of the factors influencing soundness is water
absorption. It is rather difficult to assess the effects of
absorption alone on the performance of an aggregate and
no specific limits have been set for architectural aggre-
gate. In general, the absorption should be low since high
absorption promotes weathering and staining. Research
in Great Britain has indicated that aggregate with greater
than 1.5 percent absorption was generally less sound
than aggregate with less than 1.5 percent absorption
(Shergold, 1954). Other work (Lewis and others, 1953;
Verbeck and Landgren, 1960; and Yedlosky and Dean,
1961) has shown that the size of the average pore space
and the percentage of saturation have an influence as
great as or greater than absorption on the soundness of
aggregate. Rocks with submicroscopic or capillary pores
would be more susceptible to weathering than rocks with
higher total absorption but with coarser pores through
which the water could migrate. Also, rocks that easily
become completely saturated on exposure to the elements
would tend to be less sound than those which become
only 90 to 95 percent saturated or less.

Particle Shape and Size Distribution

The shape and size of the aggregate particles are,
to a large degree, not as critical as some of the other
properties. The shape should be roughly equidimension-
al; an excess of thin or platy particles should be avoided.
Each particle should be fairly rough and angular to pro-
mote adherence of the cement. Foremost consideration
of size is the avoidance of an excess of dust and fine
particles which lower the strength of the concrete. Usa-
ble sizes range from sand to cobble as well as flagstone
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but are usually restricted to one or two narrow ranges.
If very coarse aggregate is used, sand-sized particles,
of either an appropriately colored aggregate or normal
quartz, should be included in the blend to assure ade-
quate concrete strength.

Impurities

Finally, the aggregate should be free from any im-
purities that could damage either the appearance or the
strength of the concrete. Shale, clay, pyrite, chert, gyp-
sum, iron minerals, bituminous material, or any other re-
active material present in amounts greater than 1 percent
is considered excessive and disqualifies the aggregate.

PROCEDURE

Samples

Quarries were selected in 18 different counties in
Ohio. Samples collected from these quarries were 18 car-
bonate rock samples ranging in age from Silurian to Penn-
sylvanian, a Mississippian age sandstone, and a Pennsyl-
vanian age conglomerate.

Stockpiles were sampled at all selected quarries
for gross samples ranging from 50 to 100 pounds, depend-
ing on maximum particle size. Where available, ASTM
aggregate sizes #4 (% to 1% inches) or #467 (%, to 1%
inches) were sampled in order to obtain the maximum
amount of the sizes (between % and 1% inches) required
for the projected tests with the minimum amount of lab-
oratory crushing and waste.

Each gross sample was reduced by splitting to a
laboratory sample of 18 to 26 pounds. Material greater
than 1% inches was removed, crushed to minus 1% inches,
and returned to the laboratory samples, which were then
sieved on 1-, ¥%-, %-, and %-inch sieves. Samples for the
physical tests were prepared from the different size frac-
tions of each laboratory sample.

Physical Tests
Hardness Test

To provide a measure of the handling hardness of
the samples, ASTM D 1865-61T, “*Hardness of Mineral
Aggregate for Use on Built-Up Roofs,”” was modified as
follows: the diameter of the test pipe was increased from
2 to 4 inches; the sample used was 500 grams of %- to %-
inch aggregate instead of 225 grams of %- to %-inch ag-
gregate; the test sieve used was a Y%-inch instead of a #6
sieve.



The apparatus consisted of a pipe, 4 feet long by
4 inches in diameter, mounted to permit 360-degree rota-
tion about an axis perpendicular to the length. The ends
of the pipe were covered by removable threaded caps.
Each sample was placed in the pipe and rotated for 200
revolutions (400 half-turns). The pipe was stopped in a
vertical position at each half-turn to allow the sample to
drop cleanly to the other end of the pipe. At the end of
the test the sample was sieved on %- and %-inch sieves.
Loss was determined by subtracting the amount retained
above the Y%-inch sieve from the original weight.

Absorption Test

Absorption testing was performed according to
ASTM C 127-59. The test samples, each consisting of
approximately five kilograms, were washed, dried at 100°
to 110°C, and weighed. Each sample was soaked in water
for 24 hours, then dried on towels in such a manner that
only the particle surfaces were dry and evaporation was
held to a minimum. The saturated, surface-dry weights
were obtained and then each sample was dried to constant
weight and the absorption calculated from the saturated
and second dry weights.

Na,SO, Soundness Test

Soundness testing followed the procedures outlined
in ASTM C88-61T. A saturated solution was prepared
from sufficient anhydrous Na,SO, to maintain an excess
of crystals. This solution was kept at 20° to 22°C during
testing. Each sample consisted of two size ranges of
particles, where sufficient material was present in each
size fraction. The coarse sample contained approximate-
ly 1,000 grams of 1- to 1%-inch aggregate and 500 grams
of %- to 1-inch aggregate and the fine sample was com-
posed of approximately 670 grams of %- to %-inch aggre-
gate and 300 grams of %- to %-inch aggregate. The sam-
ples were washed free of dust, dried, weighed, immersed
in the solution for 16 to 18 hours, drained for 15 minutes,
and oven dried at 100° to 110°C. The cycle of soaking,
draining, and drying was performed five times for each
sample. At the completion of the fifth cycle the samples
were washed free of sulfate (determined by test with
BaCl,), dried, and sieved. The coarse sample was sieved
on a %-inch sieve and the fine on a %,inch sieve. Loss
was determined by subtracting the amount retained on the
test sieve from the original sample weight.

Freeze-Thaw Soundness Test

The freeze-thaw procedure was devised by the
writer and patterned after tests outlined by Cutcliffe and
Dunn (1967) and Huang (1959). The samples were com-
posed of approximately 1,000 grams of 1- to 1%-inch ag-
gregate and 500 grams of %- to l-inch aggregate in the
coarse size and approximately 200 grams of %- to %-inch
aggregate and 100 grams of %- to %-inch aggregate in the
fine size. The samples were washed free of dust, dried
at 100° to 110°C, and weighed. They were then placed in
copper pans, covered with approximately % inch of water,
and placed in the freeze-thaw machine.
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A Logan (or Utah) freeze-thaw machine was used
for this test. It consisted of a chest-type insulated con-
tainer with a horizontal freczer plate. The copper pans
were placed on the freezer plate, separated from each
other by electric strip heaters. A felt pad saturated with
water was placed between the sample pans and the freez-
er plate for increased conductivity.

Both cycle control and temperature recording were
automatic. The cycle controls were set for limits of 0°
and 40°F and the temperature was recorded continually
against time on a seven-day recording thermometer. A
dummy sample of limestone aggregate contained separate
thermocouples for cycle control and recording thermome-
ter. Each set of samples was tested for 50 cycles. The
cycles varied slightly from 4 to 4% hours and temperature
ranged from 1° to 4°F minimum and 42° to 44°F maximum.
However, cycle time and temperature limits stayed fairly
constant for each run and changed only when the machine
was turned off and on.

At the end of 50 cycles the samples were dried at
100° to 110°C, sieved over the original base sieve (%- ot
%-inch), and weighed. The loss was determined by sub-
traction of the tested sieve weight from the original
weight.

Munsell Color Determination

Color was determined by separating the five-kilo-
gram absorption samples into distinct color groups and
comparing these groups with the 1954 Munsell soil color
charts.

RESULTS

Hardness

Only three samples exceeded the specification of
the hardness test used. The Berea Sandstone (2041),
which is very friable, had a substantial loss of 51.8 per-
cent. The two Cedarville Dolomite samples (2028 and
2043B), with losses of 20.7 percent and 22.2 percent,
could be considered marginal in hardness. All of the
remaining samples were well below the suggested maxi-
mum 20 percent loss.

Absorption

Absorption results for the carbonate rock samples
ranged from 0.5 to 3.0 percent. The quartz pebbles of
the Sharon Conglomerate (2040) had the lowest absorp-
tion at 0.4 percent and the Berea Sandstone (2041) the
highest at 5.9 percent. Of the 20 samples tested, 6 had
absorption of less than 1.5 percent.



Na,SO, Soundness

Ten samples failed the Na, SO, soundness test but
three of these could be considered marginal. Correlation
of the soundness results with the absorption data is fair.
Four of the samples with less than 1.5 percent absorption
had acceptable soundness losses and the remaining two
were marginal. Six of the samples with greater than 1.5
percent absorption passed, and eight failed, although one
of those failing was marginal. However, of the six pass-
ing samples with greater than 1.5 percent absorption, five
were dolomites exhibiting macroporosity: Cedarville Dol-
omite (2028 and 2043B), Guelph Dolomite (2032), and un-
differentiated Niagaran dolomite (2034 and 2044). The
remaining sample was a dolomite with normal intergranu-
lar porosity: Dundee Formation-Detroit River Group
(2031). It appears that the average pore size in the
coarsely crystalline dolomites was large enough that
crystallization did not disrupt the stone as it did in
rocks with normal porosity or microporosity.

Freeze-Thaw Soundness

Only four samples failed the freeze-thaw soundness
test but one other, at 2.9 percent, was marginal. The
same five samples either failed or were marginal in the
Na,SO, soundness test. All four samples that failed the
freeze-thaw test had greater than 1.5 percent absorption
but the Brassfield Formation (2042), with 2.9 percent
loss, was well below 1.5 percent absorption. The five
coarsely porous dolomites also passed the freeze-thaw
test.

Munsell Color

Over one-half of the samples had colors that were
considered acceptable or fair. The Guelph Dolomite
sample (2032), one Cedarville Dolomite sample (2043B),
and one undifferentiated Niagaran dolomite sample (2034)
were white to very light gray with minimal iron staining
or none at all. The other Cedarville Dolomite sample
(2028) and the two Columbus Formation samples (2030A
and 2035) were slightly grayer but still acceptable in
color. The laboratory sample of the Brassfield Formation
(2042) (handpicked to exclude upper Brassfield and bitum-
inous staining) was white but the gross sample contained
material with red and green colors due to quickly weather-
ing iron oxides and clays as well as the bituminous stain-
ing.

CONCLUSIONS

The samples tested varied widely in their suita-
bility for architectural aggregate. Sharon Conglomerate
(2040) and Berea Sandstone (2041) were included in the
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project only for comparison. The Sharon pebbles, with
a history of use for architectural aggregate, show good
test results. The Berea, however, is totally unsuited
for architectural aggregate although it has given very
satisfactory use as dimension stone since the 1800’s.

Two of the carbonates tested, Guelph Dolomite
(2032) and one of the Niagaran samples (2034), had good
test results as well as acceptable white to light-gray
color. They should be good sources of architectural
aggregate.

The Cedarville Dolomite, with marginal hardness,
could well provide acceptable aggregate material if care
is taken in handling or if the formation has a greater
hardness in locations other than those sampled. The
Columbus Formation has a light color that would be ap-
propriate if it is found in an area where the rock is a
little sounder. Likewise, the very white color charac-
teristic of the lower part of the Brassfield Formation in
the western portion of the State would be highly suitable
if present in an area where the formation has greater
soundness and is free of bituminous staining.

REFERENCES

Americar Society for Testing and Materials, 1961a, Ten-
tative specifications for mineral aggregate for use
on built-up roofs, ASTM D 1863-61T, in 1961 Book
of ASTM standards, pt. 4: Philadelphia, p. 502-
503.

1961b, Tentative specifications for concrete ag-

gregates, ASTM C 33-61T, in 1961 Book of ASTM

standards, pt. 4: Philadelphia, p. 504-509.

1961c, Tentative method of test for hardness of
mineral aggregate for use on built-up roofs,

ASTM D 1865-61T, in 1961 Book of ASTM stand-

ards, pt. 4: Philadelphia, p. 547-548.

1961d, Tentative method of test for soundness

of aggregates by use of sodium sulfate or mag-

nesium sulfate, ASTM C 88-61T, in 1961 Book of

ASTM standards, pt. 4: Philadelphia, p. 599-604.

1961e, Standard method of test for specific
gravity and absorption of coarse aggregate,

ASTM C 127-59, in 1961 Book of ASTM standards,
pt. 4: Philadelphia, p. 605-606.

Bowen, Oliver, Jr., 1957, Recent developments in lime-
stones, dolomites, and cements in California:
Mining Cong. Jour., v. 43, no. 8, p. 79.

Cutcliffe, W. E., and Dunn, J. R., 1967, Evaluation of
coarse aggregate for architectural concrete, in
Forum on geology of industrial minerals, 3rd,
Lawrence, 1967, Proc., A symposium on indus-
trial mineral exploration and development: Kan-
sas Geol. Survey Spec. Distrib. Pub. 34, p. 39-44.

Gay, T. E., Jr., 1957, Stone, crushed and broken, in
Mineral commodities of California: California
Dept. Nat. Res., Div. Mines Bull. 176, p. 565-590.

Harvey, R. D., 1962, Black and brown terrazzo chips
from southern Illinois limestones: Illinois Geol.
Survey Indus. Minerals Notes, no. 15.

Horvath, A. L., and Sparling, Dale, 1967, Silurian geol-
ogy of western Ohio, Guide to the Forty-Second




Annual Field Conference of the Section of Geol-
ogy of the Ohio Academy of Science: University
of Dayton, p. 5.

Huang, E. Y., 1959, Manual of current practice for
design, construction, and maintenance of soil-
aggregate roads: Illinois Univ. Eng. Expt. Sta.
Circ. 67, p- 20, 133-135.

Kessler, D. W., Hockman, A., and Anderson, R. E.,

1943, Physical properties of terrazzo aggregates:

U.S. Natl. Bur. Standards, Bldg. Materials and
Structures Rept. BMS 98.

Key, W. W., 1960, Stone, in Mineral facts and problems:

U.S. Bur. Mines Bull. 585, p. 803-813.

Lewis, D. W., Dolch, W. L., and Woods, K. B., 1953,
Porosity determinations and the significance of
pore characteristics of aggregates: Am. SocC.
Testing Materials Proc., v. 53, p. 949-958.

Munsell Color Company, Inc., 1954, Munsell soil color
charts: Baltimore, 10 charts.

Ohio Department of Industrial Relations, 1967, 1966

Division of Mines report: Columbus, p. 87-101,
141-144.

Portland Cement Association, 1956, Color and texture
in architectural concrete by aggregate transfer,
12 pages.

1966, Exploring color and texture, 29 pages.

Shergold, F. A., 1954, The effect of freezing and thaw-
ing on the properties of roadmaking aggregates:
Roads and Road Construction, v. 32, p. 274-276.

Stith, D. A., 1969, Potential use of Ohio limestones
and dolomites for architectural aggregate: Ohio
Geol. Survey Rept. Inv. 73, 14 p.

Verbeck, George, and Landgren, Robert, 1960, Influence
of physical characteristics of aggregates on frost
resistance of concrete: Am. Soc. Testing Mate-
rials Proc., v. 60, p. 1063-1079.

Yedlosky, R. J., and Dean, J. R., 1961, Petrographic
features of sandstones that affect their suitabil-
ity for road material: Jour. Sed. Petrology, v. 31,
no. 3, p. 372-389.

APPENDIX

TABLE A.—Sampling locations

Ohio coordinate system location

Sample .

designation® Township County

x (ft) y (ft) zone
66-2027 Mifflin Pike 1,779,000 399,000 south
12-2028 Springfield Clark 1,612,000 701,000 south
21-2029 Scioto Delaware 1,821,000 222,000 north
72-2030 York Sandusky 1,903,000 588,000 north
87-2031 Milton Wood 1,621,000 609,000 north
88-2032 Crawford Wyandot 1,760,000 475,000 north
46-2033 Richland Logan 1,655,000 296,000 north
54-2034 Jefferson Mercer 1,401,000 324,000 north
25-2035 Franklin Franklin 1,837,000 727,000 south
60-2036 Newton Muskingum 2,102,000 668,000 south
79-2037 Dover Tuscarawas 2,270,000 306,000 north
85-2038 Franklin Wayne 2,158,000 369,000 north
50-2039 Poland Mahoning 2,642,000 493,000 north
28-2040 Thompson Geauga 2,398,000 736,000 north
47-2041 Amherst Lorain 2,069,500 618,500 north
68-2042 Harrison Preble 1,423,000 85,000 south
57-2043 Madison Montgomery 1,496,000 642,700 south
14-2044 Richland Clinton 1,658,000 539,000 south

1The first two digits of each sample designation are
and refer to the county wher
number and are used alone throughou
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Ohio Division of Geological Survey file numbers

e the sample was collected. The final four digits are the actual sample
t the text and remainder of the appendix.



TABLE B.=Summary of results

Overall

Sample

Formation Remarks
results number
Good 2032 Guelph Dolomite Good test results, good color
2034 Undifferentiated Niagaran rocks Good test results, good color
2040 Sharon Conglomerate Good test results, good color
Fair 2028 Cedarville Dolomite Marginal hardness, good color,
trace of iron staining
2030A Columbus Formation Marginal Na,SO,, good color
2043B Cedarville Dolomite and Marginal hardness, good color,
Springfield Dolomite(?) trace of iron staining
2044 Undifferentiated Niagaran rocks Good test results, fair color
Poor 2027 Tymochtee Formation and Good test results, poor color
Greenfield Dolomite
2029 Delaware Limestone Marginal Na,SO,, poor color,
trace of bituminous staining
2030B Columbus Formation and Failed Na,SO,; fair color
Detroit River Group
2031 Dundee Formation and Good test results, fair color;
Detroit River Group pyrite
2033 Tymochtee Formation Failed Na,SO,; poor color; >1
percent bituminous staining
2035 Columbus Formation Failed Na,SO,; good color
2036 Maxville Limestone Failed Na,SO, and freeze-thaw;
fair color; minor shale
2037 Vanport limestone Failed Na,SO, and freeze-thaw;
poor color; iron staining; siliceous
2038 Putnam Hill limestone Good test results, poor color
2039 Vanport limestone Good test results, poor color
2041 Berea Sandstone Failed Na,SO,, freeze-thaw, and
hardness; good color
2042 Brassfield Formation Marginal Na,SO, and freeze-thaw;
good color; iron and clay minerals;
bituminous staining
2043A Laurel Dolomite, Euphemia Failed Na,SO, and freeze-thaw;
Dolomite, and Springfield fair color
Dolomite
TABLE C.~Physical test results
Sample | Hardness loss | Absorption Na, SO, Freeze-thaw .
number (percent) (percent) soundness soundness Predominant color
loss (percent) | loss (percent)
2027 10.3 1.3 3.0 0.4 gray to light gray
2028 20.7 2.6 1.7 1.6 light gray
2029 10.2 0.8 5.2 1.9 gray to light gray
2030A 13.5 2.3 5.2 1.0 light gray to white
2030B 13.0 3.0 6.6 0.9 light gray
2031 13.6 2.6 2.9 1.2 light gray to light brownish gray
2032 12.4 1.7 3.0 1.0 white to light gray
2033 11.0 1.7 8.8 2.3 light gray to dark gray
2034 12.6 2.2 2.7 0.8 white to light gray
2035 14.2 1.7 9.3 0.7 light gray to white
2036 10.8 1.6 7.4 5.6 light gray to gray
2037 13.2 1.5 10.6 10.2 gray to dark gray
2038 9.6 0.7 1.7 1.0 gray
2039 13.2 0.5 2.1 2.0 gray to dark gray
2040 14.4 0.4 3.4 2.7 milky white
2041 51.8 5.9 13.7 5.4 white
2042 14.7 0.8 5.6 2.9 white
2043A 14.9 1.5 12.4 6.4 light gray to gray
2043B 22.2 2.3 0.9 0.6 light gray to white
2044 15.4 2.1 3.0 1.1 light gray to gray

86



TRANSPORTATION ADVANTAGE— A UNIFYING FACTOR
IN MINERAL AGGREGATE VALUATION

by
Peter P. Hudec, James R. Dunn, and Severn P. Brown
James R. Dunn & Associates, Inc.
Abstrhact

One 04 the more difficult and yet critical problems fon
producens of mineral aggregates is that of deteaminding the
doflarn value 04 thein mineral neserves. Valuations may diffen
by a factorn of over one hundred depending on the penspective of
the appraisen.

In spite 04 the formidable difflculties, Lt L4 necessany
to make valuations for many purposes, such as eminent domain
takings, minenal nesource planning, and valuations by a company
0f its holdings. For a geologist who is exploring for mineral
aggregate nesounces, such valuations are Lmporntant and always
implied in weighing one deposit against another. This paper re-
views some methods 4in curnent use and suggests a new one: THE
TRANSPORTATION ADVANTAGE METHOD.

The vafue o0f a minenal nesounce o0f Low-Lntrinsic wornth 4is
mosit closely nelated to:

] Engdineening acceptability of the nesource
}  Sdize 04 neserves

) Time o4 minding and rate o4 minding

) Distance fo the marnket

B A

(
{
(
(

The "distance-to-the-manket crniternion always 4s taken into
account by a producen, and although Lt detenmines Lo a Large ex-
tent the profitability o4 the venture, and Zhus the value of zhe
mineral nesounce, it 4is nanely quantified in a meaningful way. A
vafuation formula adaptable to all valfuation methods and including
the trnanspontation method is presented and explained.

INTRODUCTION under it a deposit of usable, accepta-
ble and increasingly scarce mineral
aggregate. There you have the motive

The Department of Highways is and the object of the struggle. How
straightening a curve or building a much is that mineral deposit worth?
branch of the interstate system of How can this worth be established so
four lane highways. The Corps of that it will be acceptable to both
Engineers is building a large multiple- sides?
use reservoir. A town board, feeling
the population pressure, has rezoned The problem is much more difficult
certain areas from industrial to resi- than it appears. Estimates of the worth
dential. Neapolitano Ready Mix Corpo- of an aggregate deposit, as seen in some
ration has decided to purchase the ad- recent court contests, can vary by a
joining 30 acres of land for a mineral factor of over 100, depending on the
reserve. point of view. There is no single uni-

fying, acceptable method for arriving

The scenarioc is set. The protago- at the present worth of a low-value,
nists have been introduced, and the transportation-sensitive aggregate de-
antagonist, though not necessarily the posit.
villain of the piece, is the person or

corporate entity owning the land which
the protagonists desire. The land has



SIX HOWS

There are six basic questions that
must be asked about a deposit in order
to provide basic building blocks of

valuation. They are:

(1) How good? ...the quality of the
deposit

(2) How much? ...the size of the re-
serves, tons per acre

{3) How scarce? ...market demand,
price of aggregate

(4) How soon? ...will it be mined,
i.e., time of mining

(5) How fast? ...will it be mined,
i.e., rate of mining

(6) How far? ...is it from the market-

transportation cost
The questions will be discussed in
turn.

How good? Most areas contain
earth materials that may have some use
under the right circumstances. However,
the value of a commercial aggregate
deposit lies in its quality, that is,
in a practical sense, its ability to
pass a battery of engineering tests to
determine how well it may behave in
concrete, bituminous mix, brick ovens,
or any other specialized use. The
quality of an aggregate affects its
selling price, thus is a factor in
valuation. However, for purposes of
this paper the possible quality factor
is not considered.

How much? How much aggregate a
deposit contains is obviously impor-
tant. Fortunately the size of the re-
reserves is relatively simple to deter-
mine, and figures rarely differ by more
than a factor or two although confusion
may arise when operators consider the
Mohorovicic discontinuity as the base
level of their reserves. Standard re-
serve calculations must take into
account areas of usable material,
bounding berms, slopes of stability
(in the case of sand and gravel), prac-
tical depth of mining or dredging,
crushing loss, and gradation loss. Sand
and gravel, perhaps more than stone, in-
volve a number of special considerations
which, in themselves, could form a basis
of an extended discussion.
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How scarce? Part of the value of
an aggregate is dependent on supply and
demand considerations. An undeveloped
deposit out in the country and close to
an established producer with large re-
serves has less value than an available
deposit found a mile from the site of a
proposed World's Fair or major inter-
state intersection. The abundance or
scarcity of aggregate sources in a
given area will determine to some ex-
tent the prevailing price of the aggre-
gate, the prevailing royalty, and the
prevailing profits of the operators.

How soon a deposit will
its present

How soon?
be mined has a bearing on

value. A dollar in hand now is worth
$10 in hand 20 years from now at a 12%
interest rate. And conversely, $10 in

20 years has a present worth of only

$1.00. Therefore, in valuing a deposit
it is important to determine:
a. When the mining will begin.
b. How long it will take to
mine out the deposit.
The latter, of course, will depend on

the size of the deposit and on the
speed of removal.

How fast? The present per ton
value of the deposit is greater the
faster the rate of mining. At a 12%
discount rate, the value of stone or
sand and gravel left inthe ground de-
creases by half approximately every
six years. In one sense, therefore,
it is to the advantage of the opera-
tor to extract and sell the aggregate
at an accelerated rate.

How far? Since aggregates are
high bulk-low value commodities, their
value is sensitive to transportation
distances. The location of the de-
posit is of paramount importance in
valuing its profitability and even
viability in a given market. Since,
through competition, the price of an
aggregate at the market center is often
fixed, the profit margin is severely
affectedby the haul distance. Thus,
the transportation advantage of a de-
posit has to be figured into every
valuation method.

Having answered these basic ques-
tions, let us attempt to assign some
dollar values to the deposit. Three



be discussed
be pro-

general methods will
first and afourth one will
posed.

VALUATION METHODS

The three methods reviewed are:
(1) Comparable sales
(2) Discounted cash flow
(3) Royalty income
A fourth method that takes into acc-
ount an often overlooked cost factor=—
the distance to market— is proposed

and called the Transportation Advan-
tage Method.

Comparable Sales. The comparable

sales approach is the simplest to apply.

Basically, the question is: For how
much did a similar resource sell in
the immediate past? The inherent
trouble lies in defining "similar re-
source.' Like finger prints, no two
resources are exactly alike. They
differ in all the six "Hows'' previous-
ly outlined and, therefore, cannot be
compared directly. In short, there is
rarely such a thing as a ''comparable
sale."

Discounted Cash Flow. A standard
appraisal method in valuing an income-
producing property is to capitalize
that income or cash flow over the ex-
pected life of the income [reviewed by
Colby and Brooks, 1968]. Although the
method is accepted in real estate and
base metal mine evaluation, it has not
found favor in courts when applied to
an aggregate resource. Capitalization
of income from aggregate production is
considered too speculative.

The developed resource, i.e., an
established producer with a functional
plant and an established market, is
readily valued by the capitalization
of income method, since a record of
several years' production costs and
sales exists. However, an undevel-
oped resource is somewhat more diffi-
cult— a number of assumptions must be
made. These are:

a. Cost of the plant
(capital expenditure)
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b. Size of the plant
{(capacity)

c. Size of reserves

d. Expected annual sales

The expected income from an un-
developed resource is understandably
uncertain, depending on the assump-
tions made and on the validity of
these assumptions in a given market
area.

Once the most probable cash flow
or income stream from a developed or
an undeveloped resource is determined,
the net income can be capitalized over
the expected life of the deposit and
plant at a chosen rate of interest.
Twelve percent seems to be an accep-
table discount rate for speculative
ventures [Colby and Brooks, 1968].

Royalty Income. The royalty
method of calculating the present
value of mineral resources seems to
find some favor in the courts. Gen-
erally, the prevailing royalty for an
area is taken. However, the royalty
must be viewed as a custom for an area
and not necessarily a value which is
relevant to the deposit to which it is
being applied.

Comparable royalties in an area
are hard to obtain; to use royalties
from geographically widely scattered
areas would be applying the economics
and land values of those areas to the
property in question. |If royalty must
be used, it should be a graduated per-
centage royalty, tied to size of re-
serves, distance to the market, and
time and rate of mining.

Transportation Advantage. Per-
haps the most important consideration,
and one that affects all three of the
foregoing methods, is the transporta-
tion advantage. Because of urbaniza-
tion pressures, the distances to the
market are increasing and the cost of
moving the aggregate to the market is
becoming the single major cost item
at the point of consumption. Depending
on the transportation method, the cost
of getting a ton of material over a
distance of one mile can be from 1 to
5 percent of the sale price. If a
producer is forced to move away from




his market area because of loss of re-
serves through condemnation or zoning,
his profits may be reduced, or he may
be forced out of business.

VALUATION FORMULA

Regardless of which method is
used (except the comparable sales
method), the present value of a min-
eral resource under question still has
to be determined. The present value
is the amount of money an investor is
willing to pay for future income de-
rived from the aggregate resource.
Simplified even further, the present

value is the worth of a thing now as
compared to its worth at some later
date.

The simplified valuation formula
we suggest to calculate the present
value is as follows:

Where

Present value of the
resource over the life
of the resource

Expected net income from
whatever method. Income
tax may be subtracted for
some purposes {Colby and
Brooks, 1968]

Annual interest on capital
invested

Value of plant, land,
capital invested

inwood annuity coefficient
or Hoskold sinking fund
coefficient™ at n years

ap =

The equation can be expanded
readily to determine other values; for
example, the present cost and future
value of the land after rehabilitation.
This. is discussed in greater detail
by Dunn, Hudec and Brown [1970].

YThese coefficients are tabulated in
Parnks (1967) and the Inwood annuity
coefficient, the present value 04 one
paid overn a number of years, L8 also
available in any appraisern's handbook.
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Because we consider the transpor-
tation advantage method of resource
valuation very important, we will en-
large upon some of the concepts and
fortify them with a few examples.

Example 1 - Aligned Resources

Several possible resources may
exist along a valley, along a major
interstate route, or along a waterway,
and can be considered to be aligned.
The one closest to the market will

have the greater advantage, all other
conditions being equal. Assume that
the producer at "A' is 20 miles closer
to the market than the producer at “C."
Assuming barging costs of $0.01 per-
ton-mile (excluding loading and unload-
ing costs), the producer at "A'" has a

20¢ per ton advantage over the produ-
cer at ''c."

Assuming that both producers mine
at a rate of 200,000 tons a year, and
both deposits have a 20-year life, the
present value of the transportation
advantage of producer at '"A'' over pro-
ducer at ''C' is:

.20) x 7.469 =
$298,760

Vv =

b (200,000 x

This gives the present amount of
greater value which deposit A" enjoys
over deposit 'C" considered over a
20-year period.

Example |1-Sharing of Central Market

A common situation is that of a
central market area surrounded or semi-
surrounded by competing producers.
Figure 1 shows an idealized situation,
with four producers equidistant from
the market center. The consumption
of stone in the market area is indi-
cated by concentric slices. This
simulates a situation where the con-
sumption is greatest at the''core” and
decreases toward the periphery of the
market area, where the producers are
located.

A1l conditions being equal, each
of the producers has an equal share of
the market, supplying it from compa-
rable deposits. Assuming that the
annual consumption of aggregate was
spread evenly, the volume or tonnage
of the material delivered by each
producer might represent a pie-shaped
slice, as illustrated in Figure 2.
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The three-dimensional share can
be translated into a two-dimensional
graph representing the tonnage and
distance from the market [Figure 3].
Although the greatest consumption den-
sity per unit area is in the core
center, the weighted market center
falls four miles outside the center of
the core.

Let us consider what might happen
if a producer at '"B'" is forced to move
four miles further out from his present

position to position "B!." The new
deposit at "B'" is in all respects
similar to the deposit just left. The

producer, because of this move, will

be affected in two ways:
(1) His transportation costs
will increase if he is to
retain all of his former
~markets.
(2) He may lose some of his
markets ,because he may be-
come locally non-competitive
[Figure 1]. The market lost
is not figured in the
following calculation.
As an example, assume:
""B' operator share of market-
915,000 tons/year (deter-
mined from Figure 3)

Value of transportation advan-
tage lost- 20¢/ton

value of transpor-
lost-
$183,000

annual
tation advantage
915,000 x .20 =

Total

lost transpor-
life
12%

Present value of
tation advantage over
of property (20 years)
interest rate

v = $1,366,800

b 183,000 x 7.469 =

The foregoing example illustrates
a rather simple possibility. In actu-
ality, a weighted market center will
have to be determined for each produ-
cer, and the haul distance to this
calculated market center established,
first from the original operation site,
then from the new operation site. The
difference will be the transportation
advantage lost or gained by the move.

It should be stressed that the
calculation of the transportation ad-
vantage, in detail, may be very com-
plex.
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CONCLUSION

An attempt has been made to re-
view very quickly some common valuation
methods and how and when they can be
used to give a dollar value to an agg-
regate deposit. The transportation
method, although often implied in
valuation, was illustrated and shown
to play an important role in deter-
mining the value of reserves lost or
the value of deposits being considered
for development.

The valuation of aggregate deposits
need not be the rather haphazard,
individualistic affair it seems to be
at the moment, where too often random
figures are claimed as true value of
the deposit. By following a few simple,
standard rules, and intelligently con-
sidering and applying the variables to
each deposit, the disparity in claimed
value can be brought down from an ex-
treme of over 100 to | to a more realis-
tic value based on the real market worth.
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EVALUATION OF THREE GRAVEL SAMPLING METHODS
by

T. A. Herbert and N. E. Wingard 1

Abstract

Three sampling methods: auger boring, channeling, and grab sampling are compared on the
basis of their ability to detect natural variations within a gravel deposit. Often, these methods
have been used for sampling when too little information has been known about the bias imparted
by subsurface conditions and sampling techniques. This has lead to serious errors in the evalua-

tion of deposits.

Uncased auger boring is used extensively for soil sampling but usually for qualitative infor-
mation only. Channeling is the accepted method of sampling, but it is usually limited to fresh
excavations, and is generally a cumbersome technique. Grab sampling is another method some~
times used by geologists to sample both sedimentary formations and hard rock. However, grab
sampling by sedimentation unit is not widely accepted in the gravel industry for commercial

evaluations.

In the study, 32 uncased auger, 14 channel, and 128 grab samples from a small area in one
gravel pit were examined on the basis of the size-frequency distributions for each sample so as
to compare the three methods and assign confidence levels to each method. An analysis of
variance statistical treatment of the median grain size and sorting coefficient data established
that auger boring is sufficiently representative where sizes below one inch are considered, and
where the lift recovery method is used. Grab samples provide a representative sample where
bank exposures are available and all particle sizes are considered. Channel samples were found
to be less reliable and subject to larger sample error due to inconsistent sample size than either

auger boring or grab sampling.

INTRODUCTION
Purpose

This investigation examines the variables that
affect a sample of unconsolidated sand and gravel!
obtained by uncased auger boring, channeling, and
grab sampling. These three methods have been used
in the past to evaluate gravel deposits but often the
samples obtained were biased by unknown geologi=-
cal and mechanical factors. The specific problem
is, therefore, to examine and compare the results
from several different sampling methods so that the
most representative sample can be obtained and
degrees of confidence assigned to the other methods.

IMichigan Dept. State Highways
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Reason _fg’ Sfudy

The size distribution or grading and the total
usable reserves within the boundary of a depositare
the two most important factors in evaluating a gravel
deposit. Accurate reserves of a property can only
be calculated after information about the natural
variability among samples is determined. To do this,
representative samples must be taken from the de-
posit, the samples analyzed by sieving, and the
size distribution calculated. In order to be reason-
ably sure that a representative sample is being ob-
tained, sampling along the face of a deposit should
provide statistically significant differences between
sample sites which,. by visual observation, are
known to be slightly different. Geological factors



such as changes in stratigraphy, grading, pellicular
water, and position of ground water table are a few
of the more obvious factors that could reasonably
be expected to bias samples from the same deposit.
An understanding of comparisons and relations be-
tween samples which do detect natural variations
will allow more confidence to be placed upon each
of these sampling methods and correspondingly a
better estimate of the grading and total reserves
will be made.

Cased test holes provide the necessary informa-
tion for an evaluation but their use is often limited
because of high cost. Vertical channeling of a pit
face is the accepted method but several problems
occur when sampling in this manner that may affect
the final evaluation to some degree. For example,
caving of bank material, and the inability to main-
tain a constant width and depth of channel, cause
the size~frequency distributions of several adjacent
channel samples to have a wide range in values.
Sample bias introduced in the laboratory by splitting
the large, cumbersome channel sample also reduces
confidence in this method.

Grab samples taken from a vertical nested pat-
tern provide more information about size-frequency
distributions within a deposit than the other methods.
Grab sampling, however, has been slow to gain
acceptance in the sand and gravel industry because
of adherance to ASTM procedures.

The factor thought to contribute most to bias
when sampling with the uncased auger was selective-
ly introduced by the drilling equipment or technique.
It was thought that by studying one gravel pit with
near uniform stratigraphy and by using a uniform
drilling procedure, an evaluation of selectivity
could be made.

PROCEDURE

Samples were obtained from a large gravel de-
posit which had essentially uniform stratigraphy and
ground water conditions along the working face.
Four auger bore samples were taken at each of eight
sample sites adjacent to the working face. A stan=-
dardized drilling technique was used for all test
holes. Two channel samples were dug from the face
opposite the four bore holes at seven of the eight
bore hole sites. Grab samples from a nested grid
sample pattern were taken in the same position as
each of the channels. (Fig. 1)
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The data from three hundred mechanical analyses
were used to plot cumulative size-frequency distri=
bution curves. Statistical moments determined from
the graphical data were then used to determine the
between-site variability and the reliability of the
three sampling methods. The percentage of fine ag-
gregate, or more specifically, the material passing
the 3/8-inch sieve for each sample was used in an
attempt to relate the stratigraphic variability indicat-
ed by the three sampling methods.

Support

This project was supported by the Michigan De-
partment of State Highways, Testing and Research
Division, as a supplementary phase of Research Pro-
ject number 63 A-21, "Evaluation of Aggregate
Sources of Glacial Origin."

Geology of the Deposit

The deposit is located on a well drained upper
level terrace of the Kalamazoo River near Cooper,
Michigan. The deposit used for the study is operated
by the American Aggregates Corporation. Approxi-
mately eighty feet of vertical exposure is found along
the 1/4 mile of pit face below the soil horizon which
has been stripped off as overburden because of its
high clay content. There are four strata exposed in
the working area where the sample sites were located;
they are, from top to bottom:

Bed 1 -~ 4 to 6 feet of cobbles, pebbles, and
sand, cross-bedded at the bottom, transitonal to
Bed 2.

Bed 2 -- 10 to 16 feet of cross=bedded coarse
sand, with a few pebbles and cobbles.

Bed 3 ~- 4 to 6 feet of cross—bedded cobbles

and pebbles, well sorted.

Bed 4 ~- 40 to 60 feet of well sorted, medium to
fine sand extending to bottom of pit (not included in
samples). All textural terms are based on the Went-~
worth grade scale.

Channel Method

Channel samples were obtained at seven sites
along the near vertical face at the deposit. Two
channels were excavated at each sample site with a
separation between them of from four feet to eight



feet (Fig. 1). The ASTM method of bottom to top
vertical channeling was used.
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Figure 1. Sampling positions for each method.

Since stratigraphic variation was apparent over
the short distance between the two channels at one
site, the "sample " was considered to be the entire
amount of material removed from one 8=inch by 4~
inch by 21-feet excavation. However, the samples
were analyzed on the basis of the individual bags,
seven for each channel, and then combined
arithmetically.

Grab Method

Krumbein and Graybill (1966) define a grab sample
as a relatively small fixed volume of material. Grab
samples are usually taken from a predetermined grid
in either a regular or random pattern and may be
either single or nested. The selection of the sampl-
ing plan is usually determined by the complexity of
the deposit and the information desired.

Grab samples, in this study, were obtained from
a regular, nested grid sampling plan. The sampling
plan is illustrated in Figure 1. Two samples were
taken at eight vertical positions at each of eight
sample sites, a total of 128 individual samples were
obtained from the eight sites.
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The regular grid pattern was used so that the grab
samples would be adjacent to the channels in order
to compare grab and channel samples. The nested,
two-sample design was used to check the small-scale
variations between the two samples taken from the
same vertical position. The position of the eight
vertical samples was determined by the thickness of
the sedimentation unit at the sample site.

Samples from each bed were obtained in a ratio
in rough proportion to the thickness of each bed in
feet. All samples were of approximately the same
bulk weight (8 to 10 lbs).

Auger Method

Opposite each channel position two auger holes
were bored and a portion of the material brought to
the surface was taken as the sample. A total of 36
bore holes were drilled to a depth of 21 feet. Figure
1 illustrates the relation between auger holes and the
grab samples and channels.

The auger boring equipment and operator were
furnished by the Department of State Highways,
Soils Division, District 7. The drilling rig, a Mobile
Drill Model B-52 was mounted on a four-wheel drive
truck. Standard é-inch diameter construction augers
which have an actual diameter of 5-1/2 inches, a
pitch of 5 inches, and a length of 5 feet were used.

The slowest feed rate was used to minimize dis-
ruption of the material, when a depth of 21 feet was
reached, the auger string was lifted slowly from the
hole and the material adhering to the auger flutes
was removed. A sample was split from this material
and put into canvas sample bags. Because the sample
was mixed to some degree by the augering action and
no clear=-cut sedimentation unit boundaries were ob-
served, no attempt was made to separate the sedimen-
tation units.

LABORATORY ANALYSIS

The laboratory phase of this project involved a
total of 600 sieve analyses; 300 each of material
larger and smaller than 3/8 inch diameter. The
samples were brought in from the field and allowed
to air dry for three weeks.



Analysis of the Channel and Auger Samples

Both the channel and auger samples were 300-
400 |bs. insiz e. A composite sample this large
cannot be sieved at one time. In order to avoid
splitting the sample and introducing possible errors
in the large size fraction (The ASTM Standard re-
commends 300 lbs. of sample for 3~inch diameter
maximum size) each bag was sieved separately and
the results combined arithmetically.

Each bag, representing three feet of vertical
exposure, was first sieved through the 2=, 1/1/2-,
1-, 3/4-, 1/2-, and 3/8-inch screens. The material
passing the 3/8-inch screen (the fine aggregate)was
then split to from 400 to 800 grams (1 to 2 Ibs.) for
fine sieve analysis. The fine screens included the
U. S. Standard Numbers 5, 10, 18, 35, 60, and
120 which correspond to =2, =1, 1, 2, and 3 units
on the Phi Scale. This allowed the cumulative size-
frequency distributions to be plotted on rectangular
coordinate paper so that the statistical moments
could than be taken from the frequency curves dir-
ectly in phi unit. Phi units are defined as the nega-
tive logarithm to the base 2 of the sieve opening
in millimeters.

Analysis of the Grab Samples

The grab samples ranged in weight from 3000-
4000 grams (6 to 10 Ibs). A slightly different mech-
anical analysis procedure was used due to the smaller
sample size. The coarse fraction was separated by
hand sieving through 10=inch diameter sleeves.

Then the fine fraction was split to 400-800 grams
(1 to 2 lbs) and sieved in the same nammer as the
channel and auger samples.

STATISTICAL ANALYSIS

Mechanical analysis data provides quantitative
i nformation about the size distributions or grading
within a deposit. In order to proceed from raw data
to refined data which could be used in statistical
comparisons, weight percentages were calculafed.
The Michigan Department of State Highways Bur-
roughs B5500 computer was used in all calculations
except for the analysis of variance (AOV) routine
which was run at Michigan State University.

In order to examine the selectivity factors of
size and mechanical dislodgement in the auger
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boring method; the mechanical analysis data was
treated by calculating weight percentages for the
samples in the following five ways:

1. A complete distribution for the twelve sieve
sizes from 2 inches to .0049 inches with the plus 3/8
inch and minus 3/8 inch percentages adjusted to plot
on the same frequency curve.

2. A size-frequency distribution for the minus
3/8 inch sizes only to eliminate bias due to oversize
material not included in the auger samples.

3. Complete adjusted distributions with 2 inch
size deleted from calculation.

4. Complete adjusted distributions with 2 inch
and 1-1/2 inch size deleted.

5. Complete adjusted distribution with 2 inch,
1-1/2, and 1 inch sizes deleted.

According to Krumbein and Pettijohn (1938)
perhaps the most important statistical measure is that
of central tendency. Measures of central tendency
would include such diverse measures as the arithmetic
mean size, median size, modal size, and the geo-
metric mean size. The most readily available of
these, at least from the cumulative frequency curves,
is the median size. The median size is the Y inter-
cept at the Q2 or 50 percent level on a size~fre-
quency distribution curve.

The sorting coefficient was used for the auger
and channel samples where less data were available
and it was felt that the addition of this data would
provide more specific information about the shape
of the frequency curves.

The sorting coefficient as defined by Trask (1932)
is the square root of the quotient of Q3 and Q7 which
represent the size values of the Y intercept at the 75
percent and 25 percent levels, respectively.

In order to determine which sampling method is
most reliable in detecting the stratigraphic variation
within the deposit, the sample data were analyzed
using an analysis of variance (AOV) computer routine.
The grab sample median grain size data of the minus
3/8 fraction for vertical positions at each site were
fed into the computer to calculate the significance
of: (1) repetition of sample, (2) vertical position,
and (3) site. Both median grain size and sorting
coefficient were used in the analysis of the channel
and auger data.

AQV of Grab Sample Data

The median grab size data in Table 1 was tested
in two different ways. First, the nested data was



tested to check the repeatability of the sampling
method. AQV of this data established that the
method was providing a statistically similar set of
values for each position in the grid. Second, the
data was used to check the significance of sites in
the horizontal direction. The AOV routine estab-
lished that the data was statistically unique for each
site. In other words, a measure of the natural be-
tween-site variability was being detected. Both
site and position had significance at the 0.99 level
(Table 2).

TABLE 1
MEDIAN GRAIN SIZE DATA FOR GRAB SAMPLES
AT EACH SITE AND POSITION, MINUS 3/8-IN, FRACTION

EXPRESSED IN PHI UNITS
Position Sample Site
No. 11 10 ® 7 6 5 3 2
. -0.71 | -1.27 | -1.57 | -0.28 -0.85 | -0.81 —0.05 | 0.7
S0.87 | -vos | o-lan | —oog0 | -1.04 | coosw 1 o—oier | 1.0
R 6,08 | -0.19 0.42 | -l.w2 | -1.11 | -1.76 0.76 0. 06
- 0.34 | -0.38 0.38 | -1.77 -1.40 } -1.77 [ I b
S i 1 _ i —
j
5 -0.44 | -0.01 | -1.63 : -0.14 -0.58 | 1.62 | 0.77 0,90
: -0.32 0.07 S1.51 | -0.03 -0.59 | 1.63 0.92 l 0.92
. 0.14 0.06 0.31 | =013 . 0,08 0.30 © -0.03 ' 0,52
0.16 0,09 0.46 | =0.19 0,07 0.39 0.03 0.66
. 0.23 0.84 | -0.10 | -0.27 -0.14 | -0.72 0.78 1 0.90
B 0.21 0.90 | -0.32 | -0.57 6.02 | -0.62
) 0.30 1 0.93 0.26 | 0.59 0.78 03
’ 0.78 1.00 0.57 0.19 0.66 51
-0.83 0.59 | -l.14 | -0.33 0.36 ¢ -1.97 - -1.K0
7 -0.63 0.60 1 -1.14 —0.27 1 -0.20 1 -1.99  -1.%n
-1.78 | -0.68 | -1.14 | -0.48 0.60 1.87 1 -1.92 | -1.50
8 -1.96 | -0.76 | -0.96 | -0.21 0.74 I
TABLE 2
AOV RESULTS FOR THE GRAB SAMPLE MEDIAN
GRAIN SIZE DATA, MINUS 3/8-IN. FRACTION
s v Sum of Degrees of Mean ¥
ource ol Variance Squares Freedom Square Ratio
Position 33.71503393 6 5.61917232 320,97
Site 3. 63913929 7 0.51987704 29. 7%
Position x Site 45.32912321 42 1. 07926484 61,67
Repetition of Samples™’ 0.00965714 1
Position x Repetition'™ 0.08910536 6
Site x Repetition®’ 0.13517143 7 0.01751'
Position x Site x Repetition®’ 0.74696607 42
Remaining Error 0. 00000001 0

) Effects pooled for error estimate
! significant at 0.99 level

Y' Mean square error

AOV of Auger Sample Data

The analysis determined that there was no sig-
nificant difference between the four auger holes
within a site (Table 3). Neither the median size
nor the sorting coefficient data showed significant
differences between paired auger holes at any one
site at the 0.95 level. The auger method, however,
was effective in determining between site variability.
Both the median grain size and sorting coefficient
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data indicated significant difference at the 0.99 level
of confidence.

AQV of Channel Sample Data

The channel method proved less reliable in de=
tecting between site variation than either auger bor-
ing or grab sampling. Neither the median grain size
data nor the sorting coefficient data indicated a sig-
nificant difference between sites at the 0.99 level.
The difference between two channels at one site was
not significant. The F ratio was tested at the 0.95
level for both the median grain size data and the sort-
ing coefficient data. The sorting coefficient data
provied significant at the 0.95 level but the median
grain size values were not.

TABLE 3
AOV RESULTS FOR THE SORTING COEFFICIENTS
AND MEDIAN GRAIN SIZE DATA FOR THE CHANNEL
AND AUGER METHODS, MINUS 3/8-IN. FRACTION

Source of Sum of Degrees of Mean F
Variance Squares Freedom Square Ratio
[$%]
] Hole 0.08623 3 0.02874 1.9314
% Site 2.22480 0.31783  21.3595®
=
g| & | Holex Site  0.31253 21 0.01488 —_—-
LY
@ @ —
S| <| TOTAL 2. 62355 31
AN
©
=
S| Bl channel 0.02161 1 0.02161 0.8511%
gl =
=2 Site 0.37337 6 0.06223 2.4510%
¢ [Channel x Site  0.15234 6 0.02539 -—-
= —
o
S| TOTAL 0.54732 13
NN
>
g Hole 0.05294 3 0.01765 1.6016
=
E’ site 1.25954 7 0.17993  16.3276%®
€| %] Hole x Site 0.23151 21 0.01102 ———
s| % - —_
R ]
&1 <| TOTAL 1.54399 31
S\
ol
Ll Channel 0.01086 1 0.01086 0.3731¢%
- =
8 ,’g site 0.90869 6 0.15145 5.2027
g [Channel x Site  0.17469 6 0.02911 ———-
a
£ —_
£| ToraL 1.09424 13
A

W Not significant at 0.95 level

@ Significant at 0. 99 level

@) Significant at 0. 95 level

Examination of the Factors Which Bias Auger Samples

In order to evaluate the auger boring method of



sampling, the factors that contribute to bias must be
examined. Two factors were thought to influence
the sample: size selectivity due to the physical di-
mensions of the auger tool and sample loss due to
mechanical vibrations during recovery of the sample.

In order to study the effects of size selectivity
and sample loss the original weight percentages
were recalculated deleting the larger sized material
(2 inch and 1=1/2 inch) from the channel samples
and the calculated composite grab samples. Vertical
positions 7 and 8 (Fig. 1) which were used in the
calculation of the composite grab sample were de-
leted and the weight percentages recalculated.
Table 4 lists the comparisons between methods of
sampling.

It was thought that if the average percentages
for the recalculated channel and composite grab
samples approached the values obtained for the auger
samples, there would be an indication of the degree
of bias imparted to the auger samples by the two
factors of sample loss and size selectivity. The
thirty-two auger holes had an average value of 88.5
percent fine aggregate (minus 3/8 inch) while the
fourteen channel samples averaged 77.6 percent
and the calculated composite of the grab samples
averaged 80.6 percent. The minus 3/8 inch per-
centages were calculated from the cased test hole
data supplied by the American Aggregates Corpora-
tion and were found to be 80.6 percent fine aggre-
gate for five test holes located in the vicinity of
the sample sites for this study.

The recalculated average values for the channel
method with the 2 inch and the combined 2 inch
and 1-1/2 inch sizes deleted increased to 82.7 per-
cent and 84.0 percent, respectively (Table 4).

The channel samples included the lower three to
four feet of coarse gravel which was lost in part
with auger boring. It is possible that a portion of
the 1 inch size was also selectively "missed” by the
auger tool so that the 84.0 percent value for 2 inch
and 1-1/2 inch deleted would be increased even
more, approaching the 88.5 percent value of the
auger samples.

The calculated composite grab samples were
also used to reconstruct and examine the selectivity
of the auger method. The average composite grab
sample fine aggregate percentage, was 80.6 percent,
which is in agreement with the 77 .6 percent value
of the channel method and the 80.6 percent value
of the cased test hole samples. Deletion of vertical
positions 7 and 8 (Fig. 1) which were from the coarse
aggregate horizon increased the percentage of fine
aggregate to 83. 1 percent. The additional deletion
of the 2 inch size and 2 inch and 1-1/2 inch sizes
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combined produced values of 84.5 percent and 85.4
percent, respectively (Table 4).

The fine aggregate percentages for the channel
and grab sample methods approach the auger value to
within four percent which is still a significant value.
The four percent difference possibility can be explain-
ed by the fact that the horizontal distance between
the samples taken from the bank-face and the chan-
nels was only approximately eight feet apart at the
edge of the pit, but due to the slope of the pit face,
the bottom of the channel and the bottom of the auger
holes were up to 20 feet apart. It was shown from
the analysis of variance that sites were significantly
different while the between sample differences at one
site were insignificant. However, when considering
the four percent difference in fine aggregate between
the auger samples and the channel and composite grab
samples, it must be noted that the separation between
the auger holes and the channel was often as great
as between sample sites. [f there is a significant
difference between sample sites 20 to 30 feet apart,
it would be reasonable to assume that there might be
significant difference between the auger and channel
samples separated by 10 to 20 feet.

While the normal pit variation explains the dif-
ferences to some degree there are no doubt additional
variables which cannot be attributed to any one fac-
tor. The sample error among all the samples is de-
pendent not only on the natural variation but also on
the personal bias involved when sampling by either
of the three methods.

CONCLUSIONS

Auger Method

Where visual inspection of a deposit is not pos-
sible, auger samples obtained using the six-inch
diameter auger are shown to be sufficiently represen-
tative for commercial evaluation provided particle
sizes smaller than one inch are considered. In order
to be reasonably certain of the validity, however,
an exposure such as a trench or pit should be dug so
visual inspection of the subsurface conditions can be
made. Once the subsurface conditions are known the
uncased auger can be used to complete the reconais-
sance. Likewise where cased holes are used the un-
cased auger can be used to fill-in the sample spacing.
Where visual inspection of a working cut is possible,
auger boring provides a more representative sample
for evaluating size variations than the channel met-
hod and one comparable to grab sampling.



TABLE 4
COMPARISONS BETWEEN THE THREE SAMPLING METHODS ON THE PASIS OF THE
MINUS 3/8-IN. FRACTION, VALUES ARE PERCENT PASSING THE 3/8-IN. SIEVE

poit Channel Samples » Position| Caleulated Calculated Composite of Grab Samples
Sample Cfsmon Channel Paired | Auger of | Composite 7 & 8 plus
Site No. of Samples | 2 inch Dia 1’v1/2 an.d Auger Test Paired of 7& 8 7 & 8 plu.s 1-1/2 &
Channels Deleted | 2 inch Dial Holes | Holes Grab Grab Deleted 2inch Dia | 5 i10h Dia
Deleted Samples| Samples Deleted Deleted
1
1 81.0 84.1 85.9 . 90.0 1 N. 8. N. S N. S. N. S.
1 2 89.7
1 89.6 .
2 81.0 86.4 88.1 — Z v. S. N. S. N N
5 806 2 N. S N. S N. S. N. S.
N 1 R7.6
1 ¥3.8 89.6 90. 4 7.0 1 86.3 86.5 87.8 88.4
9 o 2 92.8
- 1 89.1
2 78.5 84.5 86,0 - s
5 3 86,5 2 87.5 88.3 88.3 89.6
. - 1 88. 4
1 79.6 83.9 85.2 1 79.5 .
\ )v 3 9.9 9 >77AF 79.5 82.3 84.5
1 89.9
2 76.1 83.4 84.0 —--- Y K
5 91.0 2 81.2 83.9 83.7 85.1
. 1 87.6
1 74.2 80.3 81.¢ 1 83. .
. 5 2 8.6 3.2 87.4 87.4 87.8
1 84.4
2 77.8 82.2 83.9 z .1
5 514 2 81 86.9 88.4 88.4
1 86. 4
1 76.2 83.0 84.2 1 75.6 77.5 77.8 80.7
8 2 87.7
1 85.4
2 81.9 85.5 86. 4 ——
5 86,1 2 79.3 80.3 81.5 82.6
1 N. S.
1 74.7 80.6 81.5 5 1 72.3 81.0 81.0 82.3
7 2 N. S.
1 N. S.
2 70.8 72.9 74.9 R 2 74.5 .
2 N. S. > 81.0 81.9 81.9
1 90.1
1 74.4 80.7 82.5 3 = 1 84.3 86.2 87.2 87.5
g 88.5
1 89.8
2 77.0 81.0 82.3
2 89.1 2 84.3 87.3 88.2 88.2
. . ; 1 0.0
1 N. S. N. S. N. 8. - 9 1 84.1 83.5 85.4 85. 4
10 2 88.8
1 88.8
2 N. S. N. S. N. S. : 2 78.
5 553 8.0 79.9 82.1 84.1
. 1 87.3
1 N. 8. N. S. N. 8. —— 1 8.
u N B 86.5 78.3 80.9 84.2 85.4
. 1 85.4
2 N. S. N. S. N. S. 2 . 5
2 381 76.8 80.5 84.5 84.5
Average Values 77.6 82.7 84.0 88.5 80.6 83.1 84.5 85.4

Near-surface ground water conditions, while
not a factor in this study will limit the usefulness
of the uncased auger. Saturated materials from be-
low the water table may be dislodged more easily
than less moist material from above the water table.
Conversely, extremely dry conditions also may dis-
rupt auger sampling. The best time of the year for
auger boring is probably when pellicular water is
at maximum. Auger sampling may become difficult
when "tight" clay or large cobbles or boulders are
encountered. At this time the skill of the rig
operator becomes important.

Channel Method

The channel method remains a good technique
for sampling bank exposures. However, the diffi-
culties in excavating channels and in performing
the laboratory analysis indicates that a nested grab
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be used alternatively with
information gained from the
reduction in the total time

sampling method could
both an increase in the
resulting samples and a
and energy expended.

Grab Method

The grab sample method is as reliable as the auger
method in its ability to detect natural sedimentary
variation within a deposit. The total amount of time
involved in any evaluation is critical not only for the
recipient of the study in terms of cost but also in
terms of efficiency and validity of the method. The
grab sample method provides a sample much smaller
in size, eliminating extra handling while it provides
more valuable information about the deposit with
correspondingly reduced sample error.
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A STUDY OF THE SAND AND GRAVEL DEPOSITS
OF THE MAUMEE RIVER ESTUARY, OHIO

Charles E. Herdendorf and Lawrence L. BraidechZ

Abstract

A study of the sand and gravel resources of the lower Maumee River betueen Toledo and
Perrysburg was initiated in 1964 by the Obio Division of Geological Survey. Thirty test borings
were made in river-bed sediments by the hydraulic jetting method and cores were taken with a hand-
driven check-valve sampler. Samples were mechanically analyzed for grain size by hydrometer and
sieve methods. Surface samples consisted of 21 percent silt and clay-sized particles, 54 percent
sand, and 25 percent gravel. Subsurface samples from the northern portion of the study areqd and
from areas nearest the banks contained more silty material than did samples from other areas.

The best graded sand for concrete aggregate was found in the midstream deposits adjacent to
Delaware and Clark Islands. The jetting method was found to be unsatisfactory for penetrating
a compact gravel layer which underlies much of the river bed ai depths of approximately 23-26
feet below water level. A recording water-level gage was operated for three months in 1965 at
Rossford, near the center of the study area. Gage records indicated that the lower Maumee River
is, in actuality, an estuary of Lake Erie, with its level being controlled by the lake. During the
period of record the average level at Rossford was 0.52 foot above Low Water Datum for Lake
Erie; the corresponding level from the U.S. Army Corps of Engineers gage at the Toledo harbor
entrance was 0.51 foot, a difference of only 0.01 foot. During the period 1948-1969, an average
of slightly less than 150,000 cubic yards of material per year was removed from the Maumee
River estuary. Based upon this rate of removal, a 110-year reserve is available.

INTRODUCTION

In January 1967 the State of Ohio designated a por-
tion of the lower Maumee River in Lucas and Wood Coun-
ties as an area available for commercial dredging of sand
and gravel. The Maumee-Toledo Dredging Corridor, as it
is called, is located between Toledo and Perrysburg, from
about 6 to 13 miles upstream from Maumee Bay (fig. 1).
The corridor is approximately 7.3 miles long, and has an
average width of 1,100 feet and an area of 1.53 square
miles (approximately 1,000 acres). A more detailed de-
scription of the corridor with reference to dredging re-
strictions can be found in the following section of this
report.

Section 123.03 of the Ohio Revised Code declares:
. .. the waters of Lake Erie consisting of the territory
within the boundaries of the state, extending from the
southerly shore of Lake Erie to the international bound-
ary line between the United States and Canada, together
with the soil beneath and their contents, do now and have
always, since the organization of the state of Ohio, be-
longed to the state as proprietor in trust for the people of
the state, for the public uses to which it may be adapted,
subject to the powers of the United States government,
to the public rights of navigation, water commerce and
fishery, and further subject to the property rights of lit-
toral owners, including the right to made reasonable use
of the waters in front of or flowing past their lands.”

Geologic and hydrologic studies of the lower Mau-
mee River have shown that this reach is, in actuality, an

Ionio Geological Survey
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estuary of Lake Erie. Water levels in the estuary are
controlled by Lake Erie as far south as the rapids at

Perrysburg, where the true mouth of the Maumee River
is located.

Section 1505.07 of the Ohio Revised Code states:
. the chief of the Division of Geological Survey with
the approval of the director of Natural Resources, the
Attorney General, and the Governor, may issue permits
and make leases to parties making application, for per-
mission to take and remove sand, gravel, stone, gas, oil,
and other minerals or other substances from and under
the bed of Lake Erie, either upon a royalty or rental
basis, as he deems best for the state . . . . Such taking
and removal shall be within certain fixed boundaries
that do not conflict with the rights of littoral owners.”’

tt

The objectives of this study were (1) to map the
sand and gravel deposits of the lower Maumee River,
(2) to estimate the quantity of commercial sand available,
and (3) to ascertain the quality and potential uses of the
sand and gravel lying within the Maumee-Toledo Dredg-
ing Corridor.

DESCRIPTION OF MAUMEE-TOLEDO
DREDGING CORRIDOR

The Maumee-Toledo Dredging Corridor extends up-
stream from the centerline of the abandoned Fassett
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Street bridge (1,100 feet south of the Penn Central RR.
bridge) to a line that is the projection (N. 30* W.) of

Rte. 23 (Louisiana Avenue) in Perrysburg. The edges

of the corridor are defined by lines 200 feet from the
shore of the mainland or the islands (fig. 2). The pas-
sages between the mainland and the islands are excluded
from the dredging corridor.

River crossings or manmade structures in the river
will be given clearance as shown on navigation charts
and as described below:

Commercial dredging activity is prohibited in the
area bounded by the east edge of the turning basin and
a direct northerly extension of this line approximately
500 feet east of the pipeline crossing and by a line 200
feet west of the Interstate 75 Highway bridge.

A 200-foot zone is reserved for the water pipeline
crossing between Rossford and the end of Stebbins Ave-
nue across Corbutt Island about 10,700 feet south and
west of the Penn Central RR. bridge. The zone is
marked by the wall on the east side of the Rossford
Marina. The pipeline is located on the centerline of the
restricted area.

An area 200 feet by 500 feet off the southern part
of Clark Island is reserved by the City of Toledo. The
corridor line in this area lies approximately 400 feet off-
shore (southeast) from Clark Island.

A zone 200 feet wide is reserved for the cable
crossing approximately 15,700 feet south and west of the
Penn Central RR. bridge and is located between the
Eagle Point shore and Walbridge Park. The cable occu-
pies the centerline of this prohibited zone.

The area in the vicinity of the water intake struc-
ture of the River Road filtration plant is restricted. It

104

is about 20,500 feet south and west of the Penn Central
RR. bridge. Commercial dredging is prohibited within
200 feet of the bridges of the Toledo Terminal RR. and
the Ohio Turnpike.

METHODS OF INVESTIGATION

Field investigations were conducted in August and
September 1964, May 1965, May and November 1967, April
1968, and September 1969.

The 1964 study included bottom profiling, sampling,
and test boring. An 8,000-foot baseline was set up along
the southeast shore, from Mid-States Terminal to the vi-
cinity of Corbutt Island. From this baseline, perpendic-
ular profile sections were run from shore to shore at in-
tervals of 500 feet. The bottom depths were recorded
with a Raytheon portable fathometer mounted in a small
outboard motorboat. Horizontal control for the profile
lines was obtained by stretching a tag line, marked every
10 feet, across the section being profiled. Vertical con-
trol was achieved by relating all depths to feet below
Low Water Datum (568.6 feet above mean water level at
Father Point, Quebec, International Great Lakes Datum,
1955). Water levels during the study period were ob-
tained from a recording water-level gage located at the
Toledo office of the U.S. Army, Corps of Engineers, in
Bay View Park.

Bottom samples were taken at 500-foot intervals
along each profile line. Samples were taken with a 100-
cubic-inch capacity La Fond-Dietz type snapper sampler.

Three test borings (MR-1 through MR-3) were made
during the 1964 study. Additional borings were subse-
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quently made in the study area, 2 in 1965 (MR-4 and
MR-5) and 25 in 1967 (MR-6 through MR-30). The test
borings were made by the hydraulic jetting method. This
operation consists of jetting water under 40 pounds per
square inch pressure through 2-inch, I-inch, or %-inch
aluminum pipe. The 2-inch pipe generally penctrates un-
consolidated silt, clay, sand, and fine gravel; but in
many cases it meets refusal in compact clay, medium
gravel, and glacial till. The 1-inch or Y%-inch pipe is
then used inside the larger pipe. The smaller diameter
pipe can usually penetrate clay, till, and medium gravel
but meets refusal in coarser material. Samples are taken
with a hollow-tube check-valve sampler driven into the
subsurface material by hand. Cores up to 3 feet in length
are obtained by this procedure. Samples of the subsur-
face material are normally taken at S-foot intervals.
Wash samples, which often come to the surface between
the 2-inch and smaller diameter pipe, and the resistance
to penetration also give valuable information on the
character of the material being penetrated.

In May 1965 a Stevens A-35 recording water-level
gage was installed at the Rossford Municipal Dock in
order (1) to correlate water levels in the study area with
those recorded by the Corps of Engineers at the Harbor
entrance and (2) to provide vertical control for bottom

deposirt investigations.

In April 1968 and September 1969 current veloci-
ties were measured in the river at three stations with a
Hydro Products model 460/465 current meter. Measure-
ments were taken at 5-foot depth intervals from surface
to bottom to determine the sediment-carrying capacity of
the river. The sand and gravel deposits on Ewing Island
were also investigated in April 1968.

RESULTS OF INVESTIGATION

Bottom Samples and Borings

Samples were mechanically analyzed for grain size
by the hydrometer method. Selected sand fractions from
the hydrometer tests were retained and passed through a
series of sieves. The sieve grouping used for the size
analyses is that used by the Ohio Highway Testing Lab-
oratory for construction aggregate analyses (fig. 3). A
conversion table from sieve numbers to millimeters and
phi units is given in figure 4. The results of the sieve
analyses for all samples are given in terms of phi median
(¢m) and Trask sorting coefficient (So).

The Trask sorting coefficient (So) is a measure of
the uniformity of particle sizes in a sediment sample.
It is based on the statistical spread of the first and
third quartiles on the percent passing curve (Krumbein
and Pettijohn, 1938). These quartiles lie on each side
of the median particle diameter (¢m) or 50 percent pass-
ing and correspond to 25 and 75 percent passing. A
sediment that is perfectly uniform in particle diameter
has a sorting coefficient of 1.0. As this number in-
creases the sediment is more poorly sorted. The follow-
ing classification is useful in describing uniformity of
diameters in the sand and gravel ranges:

Sorting coefficient Classification

1.0-1.5 well sorted
1.5-2.5 medium sorted
>2.5 poorly sorted

Sieve Size Phi Total Percent Passing
Number Grade Units
; Portland Mortar Asphalt Sand
‘ Cement & Grout Concretle Cover
Yg" 100 - 100 100
-3
4 Pebbles 95-100 100 90-100 9G-1C0
-2
8 70-95 95-100 65-100 65-100
-1
16 45-80 85~100 40-85 40-85
Coarse
Sand (o}
30 o 25-60 - 20-60 20-60
i 1
50 M 10-30 - 7-40 7-40
2
100 1-10 0-10 0-20 0-20
Fine
Sand 3
200 0-4 0-4 0-10 0-10
Silt 4

FIGURE 3.-State of Ohio Department of Highways aggregate specifications
(“*Construction and Materials Specifications,’”” 1969 edition).
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Phi Median
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Contour interval 20 feet

FIGURE 6.—Depth to bedrock in the vicinity of the Maumee-Toledo
Dredging Corridor (modified from Forsyth, 1968).
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FIGURE 10.-Triangular diagram for sand samples.

(1) the composition of material forming the island, (2)
the potential use of the mineral resources on the island,
and (3) the geologic origin of the island. Samples of the
island material were collected and analyzed optically
for grain size and mineral composition.

The material forming the surface of the island was
found to be river-deposited alluvium ranging in size from
silt to large gravel. Large cobbles and boulders were
found mixed with sand at the south (upstream) terminus
of the island. The deposited sediment graded to finer
sand and silt toward the north (downstream) end of the

island.

The island appears to have been formed by the dep-
osition of material carried by a rapidly moving stream as
it flowed into the quiet water of the drowned river mouth.
Evidence on the island, such as recently deposited
coarse material, indicates that this process is continuing
to build the island at the present time. Because the sand
is mixed with abundant amounts of gravel and silt its ex-
traction would demand an elaborate screening operation.
The smaller downstream islands contain smaller amounts
of coarse gravel and are considered better sources of

commercial sand.
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FIGURE 4.—Grain-size conversion table.

In general, Maumee River surface sand deposits are medi-
um or well sorted.

Surface samples from the 30 test borings, which
were taken at various times of the year throughout the
study area, show the following grade distribution:

Percent
Mud (silt and clay sizes) 21
Sand 54
Gravel 25

Generalized graphic logs of the 30 test borings are
shown in figure 5. Detailed descriptions of test borings
are given in table A of the Appendix. Eighty-two sam-
ples were retrieved from the test boring cores. Samples
containing predominantly fine material were analyzed by
the hydrometer method and the coarser samples were
tested by sieving. The coarse samples were washed to
remove any silt and clay and screened to remove gravel
larger than % inch in diameter before sieving. The anal-
yses results are given in tables A and B of the Appendix.

Data from test borings MR-1 through MR-13 have
been used to construct a cross section of the dredging
corridor (fig. 2). The cross section generally follows
the centerline of the corridor. Figure 2 shows that com-
mercially usable sand deposits extend from the north limit
of the dredging area southwest to the vicinity of boring
MR-7. Borings MR-8 through MR-10 indicate sand of good

grade but of limited thickness. Bedrock was reached at
shallow depths at the south end of the dredging corridor.

Test borings MR-14 through MR-30 were made near
the shoreward limits of the dredging corridor. Generally
the edge borings indicated considerably more silty mate-
rial than did the central borings. However, in the vicin-
ity of borings MR-25 through MR-28, edge sand deposits
are of good quality.

The jetting method used for these borings is not
satisfactory in gravel. Usable sand and gravel beds
probably extend to depths greater than those reached
during this study. Test data from the construction of the
Interstate 75 bridge over the Maumee River indicate that
sand and gravel deposits may extend as deep as 40 feet
below water level. Forsyth (1968) plotted the depth to
bedrock in the vicinity of the lower Maumee River (fig.
6). Her map shows bedrock ranging from about 10 feet
below water level at the south limit of the dredging cor-
ridor to 115 feet near Walbridge Park to approximately
70 feet at the north limit.

Quality and Potential Uses

Sieve analyses of the test boring samples show
that the surface deposits have a greater range of sizes
than do the subsurface materials (fig. 7). This may be
due to seasonal variations in the velocity and conse-
quent carrying capacity of the stream, as well as to ice-
rafting. The overall degree of sorting is poorest at the
surface and increases with depth of penetration (fig. 8).
This may also be accounted for by the annual variation
of load-carrying capacity. A comparison of phi median
versus sorting (fig. 9) indicates that the best sorting
occurs in the medium sand range (¢m +1 to +2) and the
degree of sorting decreases with an increase in particle
size. All samples shown in figure 9 which exhibit a
degree of sorting (So) greater than 3 are samples from
boring locations which are located nearest the outer
boundaries of the dredging corridor. The median diame-
ter of the test boring samples ranged from 0.1 mm to 7.4
mm and averaged 0.7 mm. Gravel layers were found at
the bases of two-thirds of the test holes. Further anal-
ysis of the boring samples shows fairly even distribution
for all grades of sand-sized particles (fig. 10). Most of
the samples do not exceed 60 percent for any grade size
and the medium sand size ranges mostly between 20 and
60 percent, a grade distribution highly desirable for
pumping and sieving operations. Midriver borings (MR-5
and MR-12) adjacent to Delaware and Clark Islands
yielded the best material for concrete sand. The best
mortar and mason sand was found in samples (MR-1 and
MR-2) from the north limit of the dredging corridor and
north (MR-23) of Burns Island. Good mix and cover sand
was found throughout the corridor.

Island Sand Deposits

Ewing Island, situated below the rapids of the Mau-
mee River at Perrysburg, was investigated to determine



Maumee River Mouth

The geologic mouth of the Maumee River is located

just above the Maumee-Perrysburg bridge. This is the
place where the bed of the river rises above Low Water
Datum for Lake Erie, i.e., where Low Water Datum inter-
sects the shoreline on either side of the river. A line
drawn between these points is the demarcation between
the Maumee River and the estuary of Lake Erie.

The location of the mouth of the Maumee River in
the vicinity of the Maumee-Perrysburg bridge is further
supported by water levels recorded at the Rossford
Marina, which is abreast of Corbutt Island. A compari-
son of water levels recorded at the Rossford gage and
at the U.S. Army Corps of Engineers gage at the harbor
entrance, for September 15, 1965, through November 8,
1965, indicates that the average water level in the
dredging corridor is essentially the same as the average
level of Lake Erie. During the period of record, the
average hourly level at Rossford was 0.52 foot above
Low Water Datum and the corresponding level at the har-
bor entrance was 0.51 foot, a difference of only 0.01
foot.

Crustal movements account for the fact that water
at the level of Lake Erie extends so many miles inland.
These movements have depressed the lower Maumee Riv-
er valley to the point where Lake Erie has encroached
on the valley, forming the drowned river mouth or estuary
that exists today.

Moore (1948) studied crustal movements in the
Great Lakes area. His measurements showed that the
Toledo area was depressed at a rate of 0.72 foot per
century for the period 1877 to 1944. Considering that
Lake Erie has been at its present level for several
thousands of years, significant drowning of the lower
Maumee River valley is understandable.

Current Studies

In the spring of 1968, currents were measured mid-
stream near the Interstate 75 bridge, near the Rossford
Municipal Dock, and between Delaware and Grassy Is-
lands. Current directions at each station were down-
stream and within the northeast quadrant. Velocities
ranged from 0.72 foot per second to 0.17 foot per second.
Surface velocities averaged 0.33 foot per second while
bottom currents averaged 0.28 foot per second. These
velocities are insufficient to erode sand but a velocity
of only 0.23 foot per second is sufficient to transport
particles as large as coarse-grained sand (Hjulstrom,
1939) once the particle is in motion.

Current measurements on September 4, 1969, at
1500 hours yielded quite different results. With wind
velocities of 15 to 20 mph from NNE, the surface cur-
rents near the Rossford Municipal Dock were moving
upstream (210°) at 0.51 foot per second. However, at
depths greater than 5 feet the direction was nearly re-
versed (70°) and the flow was downstream at 0.17 foot
per second. Records for this period show water level
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rising at a rate of 0.23 foot per hour in response to the
wind. By 1600 hours the force of the wind-driven lake
water was apparently strong enough to stop the down-
stream river flow and currents from top to bottom were
moving upstream at an average velocity of 0.23 foot per
second.

RESERVES

The Ohio Department of Natural Resources has
kept records of sand and gravel removal from the Maumee
River since 1948 (fig. 11).
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FIGURE 11.—Annual production of sand and gravel from the
Maumee-Toledo Dredging Corridor, 1948-1969.

The average rate of sand removal is somewhat
under 150,000 cubic yards per year. The average thick-
ness of commercially usable sand throughout the dredg-
ing corridor, based on the 30 test borings, is approxi-
mately 10 feet. This yields a volume of about 16,000,000
cubic yards of sand: a 110-year reserve at the present
rate of removal. Considering the likelihood of usable
deposits below the limits of test borings, sand reserves
could amount to two or three times this figure.

Investigations of Ewing Island and the bottom sur-
face sediments indicate that the sand and gravel re-
sources of the dredging corridor are being added to as a
result of upstream erosion, but only slowly. The recent-
ly deposited material, particularly in the northern limits
of the study area, is much finer than the subsurface de-
posits. Apparently higher stream velocities occurred in
the Maumee River during a low water level stage in
western Lake Erie about 12,000 years ago (Lewis and
others, 1966, and Herdendorf, 1968) and resulted in the
deposition of much of the coarser material found at depth
within the dredging corridor.
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APPENDIX

TABLE A.—logs of Maumee River test borings

Bottom

Boring no. W Sample Pér;};le size (pereent) 1 I)(:'mh and )
Water depth | N - T N eleration | penctration Field description
Dute miri]lx‘r (;ravci ,,;\md Site | Clay ) (f0) !
MR-1 MR-1-1 0.00 35.80{ ¢4.20 | 0.00 4.5 564.1 0.0-0.5 Sand, mixed with olive-gray mud, shells
4.5 ft
8-25-64 MR-1-2 0.00 89.201 10.80 | 0.00 | 7.5 561.1 ] 3.0-3.4 Sand, medium- to coarse-grained
MR-1-3 0.00 14.90] 77.30 ] 7.80 | 12.5 556.1 8.0-8.7 Sand, medium- to fine-grained
14.5 554.1 10.0 No sample, appeared to be gravel layer with
sand below
17.5 551.1 13.0 No sample, appeared to be gravel layer with
sand below
MR-1-4 69.30 G6.44 1 24.18 1 0.08 | 22.5 546.1 | 18.0-18.3 Sand, coarse-grained; with gravel
23.0 545.06 18.5 No sample, refusal in compact sand and gravel
B layer
MR-2 MR-2-1 16.08 65.52 | 18.40 { 0.00 5.0 563.6 0.0-0.5 Sand and gravel, medium- to fine-grained;
5.0 ft mixed with brown mud, shell fragments, and
8-25-64 wood detritus
MR-2+2 1.15 77.95{ 20.90 | 0.00 8.0 560.6 3.0-3.8 Sand, medium- to fine-grained; with shell
fragments
MR-2-3 0.00 89.60 | 10.40 | 0.00 | 13.0 555.6 8.0-8.7 Sand, medium- to finc-grained, with shell
fragments and wood detritus
MR-2-4 1.95 85.65 | 12.40 {0.00 | 18.0 550.6 13.0-13.5 Sand, fine- to coarse-grained; with shell
fragments
22.0 546.6 17.0 No sample, appeared to be compact gravel
layer
MR-2-5 20.35 75.65 4.00 | 0.00 | 23.0 545.6 | 18.0-18.4 Sand, coarse-grained; with pebbles and
shell fragments
25.0 543.6 20.0 No sample, refusal in compact gravel layer
lgﬂ(l)—? MR-3-1 0.00 36.50 | 63.50 {0.00 8.0 560.6 | 0.0-0.5 Mud, gray-brown, silty; with fine-grained sand
.0 fr
8-25-64 MR-3-2 13.0 555.6 | 5.0-6.5 Mud, gray, laminated; with silc and fine-grained

sand, shell fragments

MR-3-3 18.0 550.6 | 10.0-10.5 Mud, gray-brown, silty
MR-3-4 18.5 550.1 | 10.5-11.0 Sand, medium- to coarse-grained
MR-3-5 23.0 547.6 1 15.0-15.4 Sand, medium- to coarse-grained; with clay
material
25.0 543.6 17.0 No sample, appeared to be gravel layer
26.0 542.6 18.0 No sample, refusal in compact gravel layer
?]\ié(gif MR-4-1 0.00 51.90 | 46.70 | 1.40 | 16.0 552.6 | 0.0-0.5 Mud, dark-brown, silty, sandy
.0 fr
5-19-65 MR-4-2 20.0 548.6 4.0-5.0 Mud, dark-brown, silty
20.5 548.1 4.5 No sample, appeared to be sand layer
24.0 544.6 8.0 No sample, appeared to be gravel layer
MR-4-3 24.5 544.1 8.5-8.0 Sand, fine-grained; with pebbles, shell
fragments, and wood detritus
25.0 543.6 9.0 No sample, refusal in compact sand and gravel
layer
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TABLE A.—Logs of Maumee River test borings—Continued

{Soringino.} Sample Particle size (percent) Depth and Ho[ton?
arer de oo et ne Cield descrine
l)nizr GEPYY L Lmber Gravel Sand | Silcand clay o (I“l)”“n pe I‘L([f:?(lon Field desciipeion
MR-5 MR-5-1 0.09 93.19 6.72 8.0 560.6 0.0-0.5 Sand, dark-brown, medium- to fine-grained,
8.0 ft silty; with shells and wood detritus
5-19-65
MR-5-2 7.40 87.12 S.48 13.0 555.6 5.0-5.3 Sand, coarse-graincd; with pebbles and gray-
brown silt
13.5 555.1 5.5 No sample, appeared to be compact clay layer
with sand below
15.0 553.¢6 7.0 No sample, appeared to be compact clay layer
with sand below
MR-5-3 1.70 97.27 1.03 15.5 553.1 7.5-8.0 Sand, medium-grained, silty; with shells
MR-5-4 | 41.35 58.49 0.16 16.0 552.6 | 8.0-8.5 Sand, medium- to coarse-grained; with pebbles
MR-5-5 9.23 86.77 4.00 20.0 548.6 {12.0-12.4 Sand, medium- to coarse-grained, silty; with
pebbles
20.5 548.1 12,5 No sample, appeared to be compact gravel
layer
MR-5-6 5.21 93.39 1.40 21.5 547.1 | 12.5-13.7 Sand, medium- to coarse-grained; with pebbles
and shell fragments
22.0 546.6 14.0 No sample, refusal in compact gravel layer
MR-G6 MR-6-1 2,11 96.61 1.28 8.0 560.6 0.0-0.5 Sand, medium- to fine-grained, silty; shells
8.0 ft
5-3-67 MR-(6-2 50.29 49.12 0.58 10.5 558.1 2.5-3.3 Sand, medium- to coarse-grained; with gravel
and snail shells
11.5 557.1 3.5-5.5 No sample, appeared to be gravel layer
13.5 555.1 5.5 No sample, refusal in compact gravel layer
MR-7 MR-7-1 57.08 42.01 0.91 7.0 561.6 0.0-0.5 Sand, poorly sorted; gravel up to 0.2 ft in
7.0 ft diameter
5-3-67
MR-7-2 1.82 93,03 4.25 10.5 558.1 3.5-4.2 Sand, medium- to fine-grained; shell fragments
11.5 557.1 4.5 No sample, refusal in compact gravel layer
MR-8 MR-8-1 15.49 83.32 1.19 9.5 559.1 0.0-0.5 Sand and gravel, thin layer of brown sand and
9.5 fr gravel over dark-gray mud mixed with sand
5-3-67 and gravel
MR-8-2 | 39.16 60.14 0.70 10.0 558.6 { 0.5-2.0 Sand, medium- to coarse-grained; with gravel
12.0 556.6 2.5 No sample, refusal at bedrock
MR-9 MR-9-1 4.63 94.99 0.38 5.0563.6 | 0.0-0.5 Sand, medium-grained, clean; pebbles
5.0 fr 5.5 563.1 0.5 No sample, refusal at bedrock
5-3-67
MR-10 MR-10-1 2.40 96.96 0.64 8.0 560.6 0.0-0.5 Sand, medium- to coarse-grained; with a few
8.0 ft pebbles
5-3-67 8.5 560.1 0.5 No sample, refusal ar bedrock
MR-11 6.5 562.1 0.0 No sample, bedrock at bottom surface
6.5 ft
5-3-67
MR-12 MR-12-1 5.33 94.17 0.50 11.7 556.9 0.0-0.5 Sand, medium- to coarse-grained; pebbles,
11.7 ft shells
5-3-67 12.3 556.3 0.5-4.5 No sample, appeared to be compact sand and
gravel layer
MR-12-2 | 42.806 56.27 0.87 16.2 552.4| 4.5-5.0 Sand, medium- to coarse-grained; with pebbles
and shells
MR-12-3| 72.20 25.62 2.18 18.7 549.9 7.0-8.0 Sand and gravel; coarse-grained sand and
pebbles
19.7 548.9 8.0 No sample, refusal in compact gravel layer
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TABLE A.—Logs of Maumee River test borings—Continued

Bottom

Boring no. p ‘}‘)Veil'r;icl > size (percent) ABLTIV"I‘ and
Water depth Samgle f o clevation | penctration Field description
Date number | Gravel | Sand | Silc and clay (fo) (ft)
MR-13 MR-13-1| 78.55 21.08 0.37 17.7 550.9 | 0.0-0.5 Mud, gray-brown; mixed with sand, pebbles,
17.7 ft and plant detritus
5-3-67
MR-13-2 | 23.66 75.36 0.98 18.7 549.9 1.0-1.7 Sand, medium- to fine-grained; pebbles
MR-13-3 | 45.62 54.06 0.32 23.7 544.9 | 6.0-6.4 Sand, medium- to coarse-grained; with pebbles
and shells
25.7 542.9 8.0 No sample, refusal in compact gravel layer
MR-14 MR-14-17 30.19 62.59 7.22 7.6 561.0 0.0-0.5 Sand, medium-grained; mixed with silt and
7.6 ft gravel
11-14-67 10.5 558.1 2.9 No sample, appears to be clay
MR-14-2 | 3.39 28.63 67.98 12.0 556.6 | 4.4-5.7 Clay, medium-gray, smooth, sandy
MR-14-3 2.08 97.92 15.0 553.6 7.4-7.7 Glacial till, very hard compact yellow-brown
tll clay
15.6 553.0 8.0 No sample, refusal in hard till clay
MR-15 MR-15-1 3,30 89.41 7.29 8.1 560.5 0.0-0.5 Sand, medium- to fine-grained; silty at surface
8.1 ft
11-15-67 MR-15-2 0.37 44,35 55.28 10.6 558.0 2.5-3.6 Clay, smooth, soft, sandy
MR-15-3 0.41 37.78 61.81 11.7 556.9 3.6-3.8 Sand, silty; with shell fragments
14.7 553.9 6.5 No sample, appeared to be a gravel layer
MR-15-4 | 44.66 48.08 7.26 15.6 553.0 7.5-8.0 Sand and pravel, with shell fragments
18.6 550.0 10.5 No sample, hard layer, appeared to be sand
and gravel
19.4 549.2 11.3 No sample, refusal in compact gravel layer
MR-16 MR-16-11 28.09 67.09 4.82 6.4 562.2 0.0-0.5 Sand, medium- to coarse-grained; with gravel
6.4 ft 11.5 557.1 5.1 No sample, appeared to be coarse sand and
11-15-67 gravel
11.9 556.7 5.5 No sample, refusal in compact gravel layer
MR-17 MR-17-11 44.52 54.41 1.07 6.1 562.5 0.0-0.5 Sand, brown; with pebbles and cobbles
6.1 fr 7.6 561.0 1.5 No samplc, refusal at bedrock
11-15-67
MR-18 MR-18-1 1| 63.10 25.12 11.78 4.3 564.3 | 0.0-0.5 Sand and gravel, mixed with mud
4.3 ft
11-15-67 MR-18-2 | 46.46 43.36 10.18 4.8 563.8 | 0.5-1.0 Sand, with silt and gravel
5.3 563.3 1.0 No sample, refusal at bedrock
MR-19 MR-19-11] 17.78 80.85 1.37 6.6 562.0 0.0-0.5 Sand, medium- to coarse-grained; silty at
6.6 ft surface
11-15-67 9.4 559.2 2.8 No sample, refusal at bedrock
MR-20 MR-20-1} 92.1C 7.13 0.77 3.7 564.9 0.0-0.5 Gravel, pea-sized pebbles with sand and silt
3.7 f 5.2 563.4 1.5 No sample, refusal ar bedrock
11-15-67
MR-21 MR-21-1] 62.62 32.30 5.08 6.5 562.1 0.0-0.5 Gravel, mixed with sand and mud
6.5 ft
11-15-67 MR-21-2 | 14.41 85.14 0.45 12.0 556.6 5.5-5.7 Sand and gravel, medium- to coarse-grained;
with shell fragments
12.2 556.4 5.7 No sample, refusal in compact gravel layer
MR-22 MR-22-1 0.00 28.19 71.81 8.2 560,4 0.0-0.5 Mud and sand, gray-brown, smooth
8.2 ft
11-15-67 MR-22-2 | 37.43 58.78 3,79 11.0 557.6 2.8-5.3 Sand, coarse-grained; with gravel and silt
14.0 554.6 5.8 No sample, refusal in compact grave! layer
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TABLE A.—].ogs of Mawnee River test borings—Continued

Boring no. il e (Bercc 71)‘«;'1!\ and T 717;&;;(01;)‘
Water depth Sample P-A—I.UQ{L b V(\-‘f“Lm) clevarion | penetration Field description
Date number | Gravel | Sand | Silcand clay (f0) (o)
MR-23 MR-23-1 9.52 8G.64 3.84 8.4 560.2 0.0-0.5 Sand and gravel, medium-grained; siity at
8.4 ft surface
11-16-67
MR-23-2{ 39.22 S4.41 6.37 11.5 557.1 3.1-3.5 Silt, gray-brown; mixed with sand and gravel
MR-23-3 0.52 92.46 7.02 11.9 556.7 3.5-3.9 Sand, yellow-brown, fine-grained
MR-23-4| 33.40 61.22 5.38 12.3 556.3 3.9-4.2 Sand, gray-brown, very fince-grained; mixed with
silt and gravel
MR-23-5 0.00 46.41 53.59 12.6 556.0 4.2-4.5 Clay, yellow-brown, compact, sandy
14.5 554.1 6.1-8.3 No sample, appeared to be compact gravel
layer
MR-23-6 1.02 96.05 2.93 16.7 551.9 8.3-8.5 Sand, brown, medium-~ to coarse-grained
17.5 551.1 9.1 No sample, appcared to be compact gravel
layer
18.5 550.1 10.1 No sample, refusal in compact gravel layer
MR-24 MR-24-1{ 74.50 23.19 2.31 8.7 559.9 0.0-0.5 Sand and gravel; brown sand, cobbles; silty
8.7 ft
11-16-67 MR-24-21 37.11 58.72 4,17 11.5 557.1 2.8-3.1 Sand, with fine-grained gravel and compact
clay
15.5 553.1 6.8 No sample, appeared to be compact gravel
layer
16.5_552.1 7.8 No sample, refusal in compact gravel layer
MR-25 MR-25-1] 55.64 37.24 7.12 5.6 563.0 0.0-0.5 Sand and gravel, 0.2 ft of brown mud at sur-
5.6 ft face over silty sand to cobbles
11-16-67
MR-25-2| 27.45 70.45 2.10 11,5 557.1 5.9-6.2 Sand and gravel, coarse-grained sand and
fine-grained pebbles, with shells
MR-25-31 0.54 36.47 62.99 11.8 556.8| 6.2-6.7 Sand, fine-grained; with gray-brown clay
MR-25-4; 19.78 76.60 3.62 16.5 552.1| 10.9-11.2 Sand, medium- to coarse-grained; with shells
19.5 549.1 13.9 No sample, appeared to be compact gravel
layer
20.2 548.4 14.6 No sample, refusal in compact gravel layer
MR-26 MR-26-1 9.21 86.66 4.13 10.8 557.8| 0.0-0.5 Sand, medium-grained; silty at surface; shells
10.8 ft
11-16-67 MR-26-2{ 12.79 81.30 5.91 16.8 551.8 6.0-6.7 Sand, medium- to fine-grained, silty; clay at
base
19.7 548.9 8.9-9.9 No sample, appeared to be gravel layer
MR-26-3] 68.41 29.37 2.22 21.8 546.8) 11.0-11.5 Sand, with abundant snail shells and pea-
sized pebbles
23.7 544.9 12.9 No sample, refusal in gravel layer
MR-27 MR-27-1} 81.50 11.45 7.05 9.9 558.7| 0.0-0.5 Sand and gravel, silty; cobbles, shells
9.9 ft
11-16-67 MR-27-2{ 18.76 78.29 2.95 16.9 551.7 7.0-9.0 Sand, medium- to fine-grained; shells, pebbles;
two thin (0.1 ft) clay layers
MR-27-3 100.00 21.9 546.71 12.0-12.5 Sand, medium- to fine-grained; shell fragments
23.7 544.9 13.8 No sample, appeared to be compact sand and
gravel layer
26.5 542.1 16.6 No sample, refusal in gravel layer
MR-28 MR-28-1 0.72 85.36 13.92 10.5 558.1 0.0-0.5 Mud, gray-brown; mixed with fine-grained sand
10.5 fr and plant detritus
11-16-67
MR-28-2 3.88 93.01 3,11 16.8 551.8 6.3-8.3 Sand, medium-grained; shells; thin (0.2 ft)
clay layer at 7.0 ft penetration
MR-28-3| 51.74 46.47 1.79 21.8 546.8] 11.3-11.5 Sand, with pebbles and shells
22.3 546.8 11.8 No sample, refusal in compact gravel layer
I
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TABLE A.—lLogs of Mawmee River test borings—Continued
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Hmix;;dr;:;—77 t7 T 7 7 ;“ . lr)t:pzh aird ) “U“I"”T*
Warer depth Sample ____.IAi‘lf!fl»,(v:qli"f,gf,rf,f”[)_. 4 ¢leration ] penctation Field descriprion
Daic number Gravel | Sand {1 Sile and clay (o) (foy
MR-29 MR-29-1 0.00 7.77 92.23 13.8554.8 | 0.0-0.5 Mud, gray-brown, sandy
13.8 ft (silt enly)
11-16-67
MR-29-2 1 0.66 9.73 89.61 16.8 551.8 | 3.0-4.5 Clay, gray-brown, smooth
(silt only)
MR-29-3 7.10 34.16 58.74 21.8 546.8 | 8.0-8.3 Clay, medium-gray, compact; with fine-
(silt only) grained sand
24.8 543.8 11.0 No sample, hard layer, appeared to be top of
till
MR-29-4 7.13 38.64 54.23 26.8 541.8 | 13.0-13.7 Glacial till, reddish-gray, compact, gritty;
(silt only) till clay
1 27.8540.8 |  14.0 No sanmple, refusal in hard till clay
MR-30 MR-30-1 12.86 87.14 13.8 554.8 1 0.0-0.5 Mud, gray-brown, smooth, sandy
13.8 ft
11-16-67 MR-30-21 30.93 53.31 15.76 16.8 551.8 | 3.0-4.0 Sand and gravel, silty
MR-30-3| 33.04 65.30 1.66 21.8 546.8 8.0-8.3 Sand and gravel, medium-grained sand to fine-
graincd pebbles; shells
24.3 543.3 10.5 No sample, refusal in compact gravel layer
TABLE B.—Sieve analyses of Maumee River test boring samples
Sample U.S. sieve serics (percent passing) Water Bm[o”}
aumber v ¢>m So depth penetration
% in 4 8 16 30 50 100 200 (fo) (ft)
MR-1-2 100.00 100.00 100.00 91.75 54.74 8.20 0.31 0.00 0.8 1.8 4.5 3.0-3.4
MR-1-4 100.00 34.35 8.68 1.68 0.68 0.42 0.20 0.08 ~-2.9 1.3 4.5 18.0-18.3
MR-2-1 100.00 91.05 84.61 73.66 50.57 24.14 17.98 2.94 0.8 2.2 5.0 0.0-0.5
MR-2-2 100.00 100.00 98.46 97.88 94.39 54.93 9.77 0.79 1.8 1.3 5.0 3.0-3.8
MR-2-3 100.00 1060.00 100.00 99.94 98.17 62.91 14.68 1.19 2.1 1.3 5.0 8.0-8.7
MR-2-4 100.00 100.00 97.77 94.26 83.17 48.04 6.16 0.78 1.6 1.6 5.0 13.0-13.5
MR-2-5 100.00 90.37 85.18 75.73 63.31 36.41 3.49 0.39 1.3 2.5 5.0 18.0-18.4
MR-5-1 100.00 100.00 99.91 99.26 95.77 65.34 20.24 6.72 1.9 1.5 8.0 0.0-0.5
MR-S-2 100.00 97.25 92.60 87.36 79.37 33.83 9.41 5.48 1.3 1.5 8.0 5.0-5.3
MR-5-3 100.00 99.12 98.30 97.41 92.13 39.24 3.31 1.03 1.5 1.4 8.0 7.5-8.0
MR-5-4 100.00 81.58 59.83 35.39 10.58 0.94 0.22 0.16 ~0.8 2.1 8.0 8.0-8.5
MR-5-5 160.00 98.91 90.77 79.27 52.39 18.22 7.39 4.00 0.8 1.8 8.0 12.0-12.4
MR-5-6 160.00 100.00 94.79 52.91 19.27 2.48 1.81 1.40 -0.3 1.6 8.0 13.5-13.7
MR-G-1 160.00 99.25 97.89 95.85 92.48 42.59 4.41 1.28 1.5 1.5 8.0 0.0-0.5
MR-G-2 100.00 75.44 75.44 36.64 21.57 8.08 2.82 0.62 -1.2 2.6 8.0 2.5-3.3
MR-7-1 100.00 66.02 46.57 34.47 20.48 7.46 2.00 0.99 ~1.4 3.3 7.0 0.0-0.5
MR-7-2 100.00 100.00 98.18 84.40 50.37 21.67 11.60 4.25 0.7 1.7 7.0 3.5-4.2
MR-8-1 100.00 94.30 88.95 83.29 72.30 28.31 5.11 1.25 1.5 1.6 9.5 6.0-0.5
MR-8-2 100.00 82.10 66.60 53.51 36.37 6.63 1.82 0.77 -0.2 2.7 9.5 0.5-2.0
MR-9-1 100.00 98.43 95.81 87.27 56.85 5.63 1.04 0.38 0.9 1.3 5.0 0.0-0.5
MR-10-1 100.00 99.79 97.60 90.89 66.91 8.01 1.04 0.64 1.1 1.4 8.0 0.0-0.5




TABLE B.~Steve analyses of Maumee River test boring samples—Continued

-—E: 7V N T 7 inix;gu :»rcri( 5 (pcﬁiﬁ}n 7;;(17;:;(1[;)7 I D >\Il;;u’t _lkrmom“
Sample / i
number o o b e - --—=—1 ¢Hm So depth | penetration

% in 4 8 16 30 _7507 B 100 200 i () (ft)
MR-12-1 100.00 98.66 94.67 82.50 47.85 7.23 0.82 0.50 0.7 1.6 11.7 0.0-0.5
MR-12-2 100.G0 79.05 61.76 46.41 29.71 13.09 3.32 0.94 ~0.7 3.1 11.7 4.5-5.0
MR-12-3 100.00 56.97 29.81 20.13 12.80 5.86 3.58 2.34 -2.2 -- 11.7 7.0-8.0
MR-13-1 100.00 47.24 33.97 27.50 20.39 10.60 2.55 0.58 -2.7 - 17.7 0.0-0.5
MR-13-2 100.00 90.48 81.32 72.25 58.83 29.61 4.66 1.06 0.8 2.5 17.7 1.0-1.7
MR-13-3 100.00 74.67 57.41 44,80 32.47 10.16 1.25 0.34 -0.8 2.6 17.7 6.0-6.4
MR-14-1 100.00 91.65 73.95 57.00 38.02 9.93 1.79 0.20 0.2 2.5 7.6 0.0-0.5
MR-15-1 100.00 98.27 97.09 96.33 95.62 49.63 1.56 0.12 1.7 1.2 8.1 0.0-0.5
MR-15-4 100.00 73.45 G1.18 49.28 33.71 14.04 3.45 0.49 -0.3 3.3 8.1 7.5-8.0
MR-16-1 100.00 92.46 76.12 61.21 36.18 11.41 2.86 0.41 0.2 2.1 6.4 0.0-0.5
MR-17-1 100.00 73.86 59.98 53.27 46.32 26.14 5.96 0.75 0.2 4.1 6.1 0.0-0.5
MR-18-1 100.00 60.50 45.22 37.06 30.43 18.95 7.50 1.51 ~-1.8 4.2 4.3 0.0-0.5
MR-18-2 100.00 75.41 58.06 42.32 30.39 17.09 4.96 0.62 -1.0 3.6 4.3 0.5-1.0
MR-19-1 100.00 94.47 87.79 80.97 65.08 17.16 3.04 0.89 1.2 1.6 6.6 0.0-0.5
MR-20-1 100.00 29.48 12.51 8.82 6.55 3.57 1.29 0.32 -- - 3.7 0.0-0.5
MR-21-1 100.00 64.17 53.55 50.38 47.80 32.94 6.69 1.21 0.4 2.0 6.5 0.0-0.5
MR-21-2 100.00 92.92 G8.50 28.62 4.36 0.86 0.06 -- -0.8 2.0 6.5 5.5-5.7
MR-22-2 100.00 87.55 73.74 60.16 | 42.46 | 25.05 4.40 0.40 1.8 1.4 8.2 2.8-5.3
MR-23-1 100.00 95.11 90.77 | 88.80 85.97 74.17 31.52 2.22 2.3 1.5 8.4 0.0-0.5
MR-23-2 100.00 81,52 G658 7 55.97 41.06 19.99 5.86 0.54 1.8 1.2 8.4 3.1-3.5
MR-23-3 100.00 100.00 99.55 98.96 97.48 | 91.08 21,52 2.09 2.6 1.1 8.4 3.5-3.9
MR-23-4 100.00 85.85 74.40 66.91 54.87 34.32 9.21 1.09 1.1 3.1 8.4 3.9-4.2
MR-23-6 100.00 100.00 99.64 95.59 75.02 33.08 7.13 0.63 1.5 1.5 8.4 8.3-8.5
MR-24-1 100.00 64.08 47.17 38.50 29.29 11.19 3.05 0.39 | ~1.7 3.5 8.7 0.0-0.5
MR-24-2 100.00 87.03 08.91 51.94 35.95 17.10 4.03 0.29 0.3 2.7 8.7 2.8-3.1
MR-25-1 100.00 86.20 69.03 56.70 47.67 26.94 4.70 2.27 1.5 4.0 5.6 0.0-0.5
MR-25-2 100.00 93.07 79.55 60.91 42.80 18.92 4.26 0.51 0.3 2.4 5.6 5.9-6.2
MR-25-4 100.00 92.64 83.79 76.75 68.12 44.24 9.02 1.23 2.5 2.2 5.6 10.9-11.2
MR-26-1 100.00 95.07 91.60 87.32 74.79 21.49 1.25 0.11 1.5 2.8 10.8 0.0-0.5
MR-26-2 100.00 94.40 91.00 88.24 80.63 33.51 3.40 0.43 1.4 1.4 10.8 6.0-6.7
MR-26-3 100.00 71.81 41.23 33.14 27.12 18.73 3.93 0.42 -1.9 3.3 10.8 11,0-11.5
MR-27-1 100.00 53.29 31.68 25.69 21.59 14.84 5.98 1.13 ~2.4 0.0 9.9 0.0-0.5
MR-27-2 100.00 92.68 82.7 74.02 55.04 22.70 4.18 0.71 0.9 2.1 9.9 7.0-9.0
MR-28-1 100.00 100.00 99.59 98.80 96.70 89.51 76.97 18.15 3.3 1.3 10.5 0.0-0.5
MR-28-2 100.00 98.95 97.28 | 92.76 80.46 41,14 7.15 0.83 1.6 1.6 10.5 6.3-8.3
MR-28-3 100.00 79.34 58.91 45.63 31.94 11.32 2.35 0.34 ~0.8 1.7 10.5 11.3-11.5
MR-30-2 100.00 86.31 76.02 66.58 50.75 13,54 3.43 0.56 0.7 2.5 13.8 3.0-4.0
MR-30-3 100.00 96.43 75.26 54.90 34.76 9.67 1.98 0.26 0.0 2.2 13.8 8.0-8.3
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SLAG - MICHIGAN'S ALL-PURPOSE CONSTRUCTION AGGREGATE

by

R. Thomas Segall
Michigan Department of Natural Resources
Geological Survey Division

Abstract

Iron ores, fluxstones, and coke are heedfully combined into Detroit's

steel making furnaces to form pig iromn, steel, and slag.

Detroit’s slag,

a nonmetallic material consisting mainly of stilicates and alwmosilicates
of lime, was once discarded as a waste material, but since 1921, this slag
has been processed economically by the Edward C. Levy Company of Detroit.
New uses and continual growing markets for slag combined with the higher
transportation costs for sand and gravel imto the Detroit area have lead
to one of Michigan's most important construction stone industries.

INTRODUCTION

Natural aggregates for use in the Detroit
area, as well as other large cities in the
United States, are no longer found in close
proximity. As the population increases, the
city and its suburbs continually stretch out-
ward. As this occurs, new sites for aggregate
supplies are located farther and farther from
the central city area.

pared to gravel which weighs 1.5 tons per cu-
bic yard, slag yields an additional 5 cubic
yards per ton (Michigan Public Service Com-
mission, Motor Freight Tariff Naming, Tariff
No. 106A). These facts, along with many other
outstanding properties, classify slag as one
of Michigan's important construction aggre-
gates.

TABLE 1

TON-MILE RATES (JAN. 1, 1970)
Michigan Public Service Commission
Truckload minimum weight rates

Truck transportation of natural aggregate
to Detroit is not a physical problem because
the highway system makes it quite efficient--

the problem lies in the cost of transportation, MILES golumn é 4goéggn1§ 680é8$n1§*
One of the nearest sand and gravel producers TS (1 §00271 s-) é 3 s:) é <0 s:)
is located approximately 25 miles from down- 6-10 .89 '76 .65
town Detroit. At current prices, a 6A gravel 11-15 1'11 '91 ~80
aggregate for use in concrete, costs approxi- ) ’ ’
mately $2.00 per ton at the plant. The truck 16-20 1.33 1.07 96
transportation charge for the 25 mile trip to 21-25 1.55 1.22 111
Detroit would be at least $1.11 per ton, re- 26-30 L.77 1.38 1.27
sulting in a total cost of $3.11 per ton. 31-35 1.97 1.53 1.42
This is a conservative estimate since most of 36-40 3'17 1.68 i'?;
the'sand and gravgl operations nearest to De- jé:gg 5'?2 }'gg 1'88
troit would fall in the 40 to 50 mile range; 155 5 76 7 1% 2 04

hence, a transportation charge of as high as

2.56 .
$2.56 per ton *These rates to apply only for the fol-

lowing named construction projects:

There is an aggregate that is available HIGHWAY, AIRPORT, RATLROAD or BRIDGE.

in large quantities within ten miles of down-
town Detroit - slag. Once a waste byproduct

. - GRAVEL SLAG
of the iron and steel makers, slag is now pro- ettt R
cessed and marketed successfully by the Edward 20 T. y§§1?113 cu. yds. 20 T. yéglioji cu. yds.
C. Levy Co. A slag aggregate similar to nat- 21¢)cu{t;2. 19¢)cu. ;2.

ural 6A gravel costs $2.90 at the plant, but

is transported to downtown Detroit at a cost
of as little as 50¢ per ton. Since slag
weighs only 1.1 tons per cubic yard as com-
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HISTORY AND DEVELOPMENT

Over seventy years ago when slag was re-
moved from the iron furnaces it had little in-
trinsic value and was termed a ''waste product'.
Even though slag had been used as early as
1589 in making cast-slag cannon balls in Ger-
many, there was no real compulsion to develop
markets in the United States until 1916. Be-
fore 1916, railroad companies disposed of
large quantities of slag for little or no cost
to the steel industries. Since 1916, as a re-
sult of a ruling by the Interstate Commerce
Commission, railroads have charged for dis-
posing of slag, causing a boost in total cost
to furnace operators. Consequently, steel com-
panies used slag for their own plant construc-
tion purposes. This resulted in such a success
that steel companies and independent firms un-
der contract to the steel companies produced,
processed, and marketed slag.

At Detroit, Michigan in 1920, Edward C.
Levy was asked to haul slag by the Leeland
Faulkner Foundry. Before this time the foun-
dry had dumped their slag along the Detroit
River as fill until no available frontage re-
mained. In 1921, Mr. Levy began processing
slag for use in aggregates and since then, as
a result of new markets for slag, the Edward
C. Levy Company now processes all slag from
the Ford Motor Company Steel Division, Great
Lakes Steel, and McClouth Steel.

At the present time, the wastage of slag
has been greatly reduced. In 1968 approximate-
ly 70% of the blast furnace slag produced in
the United States was used commercially; there-
fore, slag can no longer be classified or term-
ed a "waste product'.

BLAST FURNACE SLAG

Production

Blast furnace slag is a byproduct of iron-
making and is processed in Detroit from a to-
tal of nine blast furnaces: two at McClouth
Steel Corp.; three at Ford Motor Company; and
four at Great Lakes Steel Corporation.

Iron ore from Michigan and Minnesota,
limestone from Michigan quarries, and coked
coal from Kentucky and West Virginia are the
raw materials used by Detroit's ironmakers.
These ingredients are accurately weighed and
mixed. The resulting mixture drops into a
skip car and is hoisted to the top of the
blast furnace. Here, the ingredients are
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dropped through a valve-like arrangement which
allows very little gas to escape. The iron
ore, coke, and limestone work their way down
from the top, becoming hotter as they sink.
In the top half of the furnace, gas from the
coke reduces the iron ore. Midway, limestone
begins to react with impurities in the ore
and coke to form slag, which in turn absorbs
ash from the coke. Some silica in the ore is
reduced to silicon and dissolves in the iron,
as does some carbon in the coke.

The molten slag which floats on the mol-
ten iron is tapped through a slag notch and
flows along a slag runner into open air pits,
or into large ladles.

Processing

Air-Cooled Slag

Air-cooled blast furnace slage as defined
in A.S.TM. C-125 is: '"The material resulting
from solidification of molten blast-furnace
slag under atmospheric conditions. Subsequent
cooling may be accelerated by application of
water to the solidified surface."

The majority of slag from blast furnaces
is of the air-cooled variety. The molten slag
flows periodically from the furnace into an
open-air pit until it is full. A typical pit
at Great Lakes Steel Corporation is about 50
feet wide and about 150 to 200 feet long, con-
fined by a wall 8-10 feet high at the furnace
end and tapering to about 5 feet high at the
open end. Each pit is divided into two com-
partments, separated by a thick wall of solidi-
fied slag. This enables the removal of cooled
slag from one compartment while another is be-
ing filled. After the slag is partially solid-
ified, it is cooled by a spray of water for
about 8 to 10 hours. This causes the slag to
crack in the different layers as water perco-
lates downward, thus facilitating subsequent
removal operations. Since there is an indefi-
nite boundary between molten slag and iron in
the blast furnace, certain amounts of iron
find their way to the pits. When the slag is
sufficiently cooled, it is removed by power
shovels and transported to one of the process-
ing plants where it is crushed and screened.
While the slag is being crushed and screened,
iron is magnetically separated to give a vir-
tually iron-free slag product.

At the Ford Motor Company's blast furnace
site, molten slag runs into cast-steel ladles
of the side-dump type, mounted on railroad
trucks. After being filled the slag is hauled
to long, narrow excavated pits. Slag can be
poured at one end of a pit while solidified
slag is being excavated from the other end.
The slag is then transported to a crushing and
screening plant.



Expanded Slag

Expanded blast furnace slag as defined in
A.S.T.M. C-125 is: '"The lightweight cellular
material obtained by controlled processing of
molten blast-furnace slag with water, or with
water and other agents such as steam or com-
pressed air, or both." Of the several methods
of expanding slag, water is used at the Ford
Motor Company site. Ladles mounted on rail-
road trucks are filled with molten slag at the
blast furnace and transported to a pit site
equipped with an underground water system.
Ladle-mounted rail trucks are positioned and
molten slag is poured over an embankment along-
side the track where horizontal, high-pressure
jets of water are being sprayed. The water
and molten slag meet in mid-air and the result-
ing expanded slag falls into the dry pit. The
solidified expanded slag is then removed from
the pit, crushed, and screened.

Granulated Slag

Granulated slag as defined by A.S.T.M.
C-125 is: '"The glassy, granular material
formed when molten blast furnace slag 1s rap-
idly chilled, as by immersion in water.'
Granulated slag is also processed from Ford
Motor Company's blast furnaces. The slag is
transported in ladles, as mentioned above, to
a water-filled pit. Ladles containing molten
slag are transported in the same manner de-
scribed with expanded slag. But in this case
the molten slag is poured into a pit filled
with water. The resulting noise could be com-
pared to making ''giant popcorn'. The granu-
lated slag is then dredged, and stockpiled,
ready for use.

Characteristics & Properties

Physical Properties

Physical properties: texture, weight,
structural properties, etc., vary with each of
the three types of blast furnace slag process-
ed. Since these properties relate directly to
end-use recommendations, each type of slag
will be discussed separately.

Air-cooled Slag

Most literature reports that crushed air-
cooled slag is 'roughly cubical' in shape, but
this writer finds that "angular to sub-angular"
would be a more accurate description. A char-
acteristic rough texture is due to the vesicu-
lar pitted surface. This feature provides an
excellent bond with portland cement and high-
strength in bituminous mixtures.
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The bulk specific gravity of the slag
(including its interior cells or pores) on a
dry basis ranges from 2.0 to 2.5. The bulk
density or weight per cubic foot 1s the accept-
cd method for determining the strength of a
slag for a given use. An average weight of
processed air-cooled slag as used in concrete
is approximately 70-85 pounds per cubic foot.
Although the specific gravity of slag varies
with individual furnace operation and cooling,
both are adequately controlled to eliminate
excessive variation in weight per cubic foot.
Unit weight of slag also varies with the size
and grading of the slag, method of measuring,
and bulk specific gravity.

Absorption of slag usually is determined
by the Standard Method of Test for Specific
Gravity and Absorption of Coarse Aggregate
(A.S.T.M. C-127-42). Absorption ranges from
1% to 5%. Because all the water does not
enter the pores but is held in the shallow
pits on the surface, figures for testing are
somewhat higher than are reported for natural
aggregates.

Durability, the ability of a material to
withstand the action of the natural elements,
is tested by its resistance to corrosive liqg-
uids and accelerated soundness, abrasion, and
attrition tests. Slag i1s highly resistant to
natural weathering agents, will withstand an
unusual number of cycles of the sodium sulfate
soundness test (ASTM C88), and is almost un-
affected by freezing and thawing or wetting
and drying tests. Since slag aggregate 1is
formed in the blast furnace at about 3000° F.,
high temperatures have very little effect. A
slow, uniform expansion of 0.000006 per degree
Fahrenheit, up to its melting point (2100° F
to 26000 F) is also accepted as the coefficient
of expansion for cement mortar and steel.
Therefore, when slag is combined with those
constituents to form reinforced concrete, a
high degree of compatability exists.

Abrasion loss for slag, as tested in the
Los Angeles Abrasion Machine, is generally
higher than natural aggregates. This is a
reasonable result since slag does have a rough
vesicular texture. In spite of abrasion loss,
a striking characteristic of slag is its tough-
ness and resistance to polishing under traffic
as is demanded for skid-resistant surfaces.

The possibility of inclusions consisting
of deleterious materials is sometimes thought
of as a negative aspect of slag, but one should
face the facts. Since slag is formed in the
blast-furnace at about 3000° F., all organic
materials such as clay, loam, lignite, and
coal are eliminated. The constituents or pos-
sible inclusions that would remain are metallic
iron, small quantities of coke, and burned
fluxing stone, all of which are occasionally
carried out of the furnace with slag. The a-
mount of coke that appears in processed slag



is less than one percent by weight. Tests

made showed 'only negligible" differences in
comprehensive or transverse strengths when
comparing coke-free and coke-containing slag
concrete. The Levy Company reports that their
processed slag contains insignificant quanti-
ties of free iron due to removal during pro-
cessing with magnetic equipment including mag-
nets suspended from cranes, magnetic pendulums,
and magnetic pulleys. Since iron is worth
more as a salvage material, they remove all
iron possible. Such residual-free iron may be
considered deleterious because of possible
oxidation; however, experience has shown that
this iron presents no problem. Pieces of
burned fluxing stone approaching a dead-burned
magnesite could hydrate slowly when in concrete
so as to disintegrate causing spalls or pop-
outs. Fortunately, by spraying hot slag with
water while in the cooling pit, such slow dis-
integrating fragments can be rendered harmless.

Expanded Slag

Crushed expanded slag is angular to sub-
angular in shape. Because of the action of
water during the expanding process, the ves-
icular structure is even more pronounced than
with the air-cooled slag.

The bulk density of the slag, depending
on gradation, ranges between 45 and 65 pounds
per cubic foot (loose) and from 35 to 50
pounds per cubic foot for the coarse aggre-
gate. This characteristic is important as a
light-weight aggregate.

Values for thermal conductivity for ex-
panded slag "K" (Btu/hr/ftz/oF/in) were de-
termined at the Southern Research Institute
in accordance with ASTM C-177. Results indi-
cate that it has insulating qualities if used
alone as well as an aggregate in concrete pro-
ducts.

Tests also show that expanded slag 1s non-
staining and readily meets the requirements of
ASTM C-331, and Corps of Engineers Guide Spec-
ification for Military and Civil Works Con-
struction - Masonry - CE 206.01.

THERMAL CONDUCTIVITY VALUES
OF EXPANDED SLAG*
Coarse Expanded Slag Blended Expanded Slag
1" to No. 4 L" to dust
Wt. 40 1bs./cu.ft. Wt. 60 1lbs./cu.ft.

(1) (2) (1) (2)

92.9 0.77= 103.3 1.16

100.9 0.78 112 1.25
120.4 0.96 121.4 1.32
124 1.42

(D Mean Temperature O
(2) = Thermal Conductivity --
Btu/hr/ft2/°F/in.

*Processed Blast Furnace Slag - The All-Purpose
Construction Aggregate, S NSA 169-1
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Granulated Slag

Granulated slag is a glassy, granular
product. It has excellent hydraulic proper-
ties in that when compacted in the presence
of moisture, it will set up similar to cement
mortar. Its thermal insulation compares fa-
vorably with that of expanded slag.

Chemical Composition

Oxides of silica, alumna, lime, and mag-
nesia constitute about 95% of blast furnace
slag. Minor elements include sulfur, mangan-
ese, iron, and traces of other elements and
compounds such as titanium, barium, boron,
potassium, sodium, and chloride. Molten slag
contains everything charged into the blast
furnace except what goes into the pig iron or
up the stack. The iron ore furnishes the sili
ca, alumna, iron, and sulphur; coke also sup-
plies silica, alumna, and sulphur, and flux
stone supplies the lime and magnesia content.

Silica-alumna ratio in slag is approxi-
mately 3:1 by weight, and ratios of acids
(S102 and A1203) and bases Ca0 and Mg0) approx
imates 1:1. The terms "acid" and 'base'" re-
fers to the arbitrary ratio of the basic ox-
ides - CaO plus MgO to the acidic constituents
510p and Al1203. Hence, an '"acid" slag does
not contain free acids because silica and
alumina are weak acid constituents and will
form alkaline compounds. Lime and magnesia
combine more readily with water than the acid
constituents. Thus, blast-furnace slag is
alkaline in its reaction with water making it
hydrophobic, therefore, has a great affinity
for bituminous material than for water.

Mineral Composition

Differences in the combination of raw
materials for the blast furnace, variations in
the temperature of fusion within the blast
furnace, and the rate of cooling of slag from
the liquid to the solid state are important
factors responsible for crystallization of
various mineral combinations.

When the rate of cooling is rapid as with
granulated slag, there is not time for crystal
formation to develop and the result is a glass
Slow cooling, as in air-cooled slag, permits
normal crystallization of various minerals be-
ginning at a temperature of about 2,640° F and
ending when the slag solidifies. Rate of cry-
stallization has been reported to ''proceed
rather slowly in slags high in silica and more
rapidly and completely in those high in lime
and magnesia'. (Josephson, Silbert, Jr., and
Runner, 1949). Crystal size varies from sub-

microscopic to %" long.

The following minerals in various combi-
nations have been reported in blast furnace
slags:



Melilite series: Ca, (MgFeAl) (SiA1) 707
Akermanite - Cap (MgFeAl) (SiAl)307
Gehlenite - Ca2Al12Si07
Pseudowollastonite - Ca0.Si0j
Calcium-Orthosilicate - CapSi0y
Periclase - MgO

Olivine - (MgFe), SiOy

Glass - variable

Anorthite - CaA»Sip0g

Monticellite - CaMgSiOy4

Forsterite - MgySiQOy

Pyroxene - XO (SiOg)

Merwinite - CazMg (SiO4);

Calcium Sulfide - CaS (Oldhamite)
Manganous Sulfide - MnS

Ferrous Sulfide - FeS

Orthosilicate slag is undesirable for
commercial processing. It is developed in the
alpha, beta, and gamma phases. The Alpha
phase is stable above 2588° F; below this tem-
perature it inverts to the Beta form. While
inverting to the Gamma form at 1247° F volume
increases about 10%. This creates a change
in density causing it to crumble into a fine
powder.

Orthosilicate slag usually forms when
lime content is 10% higher than silica content.
Therefore, the best way of preventing an ortho-
silicate slag is by the control of raw mate-
rials charged into the blast furnace. Another
common deterrent of orthosilicate slag is in-
creasing the magnesia content by the use of
dolomite.

Uses

Bureau of Mines
blast-furnace
States in 1968

According to the ''1968
Yearbook', 76% of the total
slag produced in the United
was screened air-cooled:

Screened 76% - 21,757,000 T. - $39,034,000
Unscreened 6% - 1,826,000 T. - 1,493,000
Granulated 10% - 2,944,000 T. - 2,631,000
Expanded 8% - 2,215,000 T. - 6,251,000

Total 28,742,000 T. - $49,408,000

Air-Cooled Slag

Over 55% of all air-cooled slag produced
in 1968 was used as aggregate in Portland
Cement concrete construction (structures §
highways). The comprehensive and flexural
strength compare favorably with natural aggre-
gate. Changes in cement characteristics, a-
mount of cement, and water-cement ratio used
produce variations in strength. The National
Slag Association reports that: "...under nor-
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mal conditions, 28-day strength with slag
aggregate of 4000-6000 psi in compression and
600-700 psi in flexure, are readily obtained
with a cement factor of 5-7 sacks per cu. yd.
Slag concrete weighs about ten pounds per cu-
bic yard less than concrete made of natural
materials (except some special light-weight
aggregates such as sintered clay). Due to the
rough vesicular texture of this slag, bonding
with the mortar is excellent. In addition,
blast-furnace slag is included as a Group 1
aggregate of the National Board of Fire Under-
writers Building Code. The N.S.A. reported
that: '"Recent tests conducted in the Under-
writers Laboratories (sponsored by Portland
Cement Association) on a 6-inch reinforced
concrete slab and beam floor, using air-cooled
slag aggregate, justified a 4-hour fire rating
for this section. Results of tests on com-
parable sections involving traprock, limestone
and gravel aggregates justified only a 3-hour
rating'.

Approximately 18% of the 1968 production
was used in bituminous construction such as:
sheet asphalt pavement binder course, bitumi-
nous concrete base or surface course, bitumi-
nous macadam base or surface coarse and bit-
uminous surface treatment. As mentioned pre-
viously, slag is hydrophobic and has a natural
compatability with bituminous materials re-
sulting in good adhesion. Since a slag bitum-
inous mixture weighs less per cubic foot than
that made from heavier natural aggregates, it
yields a greater yardage in place for a given
unit of weight. Thus, Bureau of Public Roads
Specification FP-61 and several states handle
this detail by basing payment on an equivalent
volume basis. But, the most outstanding char-
acteristic of bituminous slag pavements used
for highwavs is its skid resistance, under wet
and dry conditions. For this reason, automo-
bile speedways, and highways such as: Pennsyl-
vania Turnpike Authority and Ohio Turnpike
continue using slag aggregate.

Slag base courses are also used in road
construction. The texture of slag creates an
interlocking action making it stable for base
courses - macadam, dense graded aggregate,
bituminous stabilized base, or soil-aggregate
bases. Its high insulating factor makes it
ideal for use in areas of frost thus minimizing
heaving. The National Slag Association reports
that there "... is almost complete absence of
any settlement after initial placement and
compaction. Overlying pavements or slabs can,
therefore, be constructed without delay".

In 1968, 4,223,000 tons of air-cooled
slag, almost 20% of the total domestic produc-
tion, was used by railroad companies for bal-
last. The same characteristic as mentioned
for base courses also are applicable to rail-
road ballast. In addition 70-85 pounds of
slag normally yields one cubic foot of ballast
in place (N.S.A.) as compared to crushed lime-



stone weighing 85-90 pounds per cubic foot
(Pit & Quarrv Handbook, 1968).

Other uses of air-cooled slag include
slag wool insulation, slag roofing, filter
media, glass manufacture, agricultural liming,
and terrazzo.

Expanded Slag

Both fine and coarse expanded slags are
used as an aggregate in the manufacture of
lightweight concrete for structural purposes
and floor fills, concrete products, and mas-
onry units.

Investigations reported by laboratories
of the Portland Cement Association and the
National Slag Association have described and
established the properties of expanded slag
structural concrete such as: strength, unit
weight, durability, heat transmission, bond,
creep, and alkalai reactivity. The NSA re-
ports that "Actual construction projects where
expanded slag lightweight concrete was suc-
cessfully applied confirm the laboratory stud-
ies regarding satisfactory performance''.

Structural lightweight concrete made with
expanded slag has been used in the construc-
tion of Ford Motor Company Central Staff Office
Building and the City of Detroit's Cobo Hall.

Expanded slag concrete used in masonry
units possesses lightweight (25-33 pounds/8"
x 8" x 16" block as compared to natural aggre-
gate block weighing 45 pounds); durability;
strength; low shrinkage; highly desirable
thermal, sound absorption, noise coefficient;
and sound transmission properties; and naila-
bility. Masonry units produced include hollow
load-bearing, hollow non-load-bearing and sol-
id load-bearing.

Granulated Slag

Granulated slag is being used as base
material for pavements, fill material, pipe-
line backfill, concrete floor fill, concrete
masonry units, landscaping, agricultural lim-
ing, and in the manufacture of cement.

All of the granulated slag processed in
Detroit is used in the manufacture of cement.
It is used as a raw material for Portland Ce-
ment as in ASTM C-150 and C-175, by integrad-
ing it with portland cement for Portland blast-
furnace slag cement, or by adding lime or an
air-entraining agent for pozzalanic slag ce-
ment.
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STEEL FURNACE SLAG
Production

In contrast to iron making, three types
of furnaces are being used in the Detroit
area to make steel: open hearth, basic oxygen,
and electric.

In open hearth furnaces, limestone and
scrap steel are charged into a shallow steel-
making area or hearth. As the exposed flame
of the burning fuel starts to melt the scrap
steel, molten iron from the blast furnaces is
poured into the open hearth. When tests of
samples show the steel to be of a specific
chemistry, the tap hole is opened, and the mol-
ten contents run into a ladle. The slag, float-
ing on the metal, overflows through a slot at
the top of the ladle.

Basic oxygen furnaces will produce up to
a 300-ton batch of steel in 45 minutes as a-
gainst 5-8 hours in the open hearth process.
First, the refractory-lined, pear-shaped fur-
nace is tilted and charged with scrap metal.
These furnaces are mounted on trunnions and
can be swung through a wide arc. Molten pig
iron is added and the furnace is then returned
to an upright position. A water cooled oxygen
lance is lowered into the furnace and oxygen
is blown onto the top of the charge at super-
sonic speed. During the oxygen blow, lime is
added as a flux to help carry off the oxidized
impurities. After the "heat', the furnace is
tilted and the molten steel is poured into a
ladle. When the steel has been discharged,
the furnace is then tilted approximately 180°
in the other direction where the molten slag
is poured into another ladle.

According to "Steelways' magazine, "A
long deserved reputation for producing alloy,
stainless, tool, and other specialty steel be-
longs to America's electric furnaces. Opera-
tors have also learned to make larger heats of
carbon steels in these furnaces; this develop-
ment helps account for the record tonnage out-
puts of recent years.'" The entire top of the
furnace is swung to the side and a load of
steel scrap is lowered into the furnace. The
top is then put back in place and three carbon
electrodes are lowered through the roof of the
furnace and the electric power is turned on.
Electric arcing from one electrode to the
metallic charge and from the charge to the
next electrode creates intense heat. Limestone
is then charged on top of the molten contents.
The furnace is tilted slightly and the slag is
raked off by means of an opening on the side
of the furnace. When the steel meets specifi-
cations the furnace is tilted and the molten
steel flows into a ladle. Any remaining slag
flows out after the steel and serves an an
insulating blanket during tapping.



Steel furnace slag which is dumped and
allowed to solidify at the furnace site is
scraped up and trucked to the nearest process-
ing plant. Steel furnace slag in the molten
state is transported to the plants by ladles
mounted on railroad cars.

After the slag has cooled sufficiently,
any free metal is removed by a crane-mounted
magnet. The slag is then crushed, sprayed
with dilute sulphuric acid and stockpiled.

Progerties

Steel furnace slag is very dark gray with
a similar rough vesicular nature as blast-fur-
nace slag. Steel slag is heavier due to high-
er iron consistency.

Chemically, the main constituents of
steel slag are oxides of lime, silica, iron,
manganese, magnesia, phosphorous, and alumna.
Minor elements include titanium, zirconium,
boron, vanadium, sulfur, chromium, and carbon.
A comparison of the main chemical compounds in
steel and blast-furnace slags as produced by
the Michigan State Highway Department's Re-
search and Testing Division shows a substan-
tial 28% reduction of total silica and alumna.
This is due to the low content of alumina and
silica of the pig iron as compared to raw ma-
terials used in the blast-furnaces. Signifi-
cant percentage increases include lime (3.7%),
manganese oxide (7.2%), phosphorous pentoxide
(3.4%), and the oxides of iron (about 14%).
The presence of the active chemical compounds
free lime (Ca0), Ferrous oxide (Fe0Q), and man-
ganese oxide (Mn0O), in an unstable equilibrium,
plus its high alkalinity, have importance when
considering the uses of steel-furnace slag.

Free lime will slake in the presence of mois-

ture, and the other two oxides will oxidize
further taking on moisture from the air. These
changes result in an increase in volume. The

Michigan State Highway Department's Research
and Testing Division reports that the high
ferrous oxide particle counts as well as the
free lime inclusions have resulted in appre-
ciable volume changes of local occurrence
causing upheavals or bulges of bituminous pave-
ments.

Another undesirable quality is its high
alkalinity which along with the presence of
free lime as an activator causes cementation.
In fact, the lime-silica ratios approach the
composition of portland cement.

The Research Division also reports that
there appears to be little danger of deleteri-
ous chemical action between steel slag and
portland cement concrete from external physi-
cal contact. Sulfur content of the slag is
negligible, usually less than 0.1%, thus pre-
cluding formation of significant amounts of
sulphate. While phosphorous pentoxide (P20g)
may be present in combination with basic ox-
ides in amounts up to 3.5% they can uncover no
evidence to indicate that free phosphoric acid
will be formed under the conditions of exposure.
In portland cement, it tends to slow up hard-
ening by converting tricalcium silicate to the
dicalcium form with release of free lime.

Mineralogy

This author has not found any significant
studies conducted on the mineralogy of steel
slags to date. Variances due to types of fur-
naces, varying charges, high temperatures,
rates of cooling, and steel qualities results
in slags of diverse mineralogical makeup.

COMPOSITION OF OPEN HEARTH AND BLAST FURNACE SLAGS*

Steel Furnace

Blast Furnace(3)

Compound Range Typical Range Typical
Percent(l) Analysis(z) Percent Analysis
Si0, 16-19 18.4 33-42 36.4
Al150z 2- 3 2.5 10-16 12.8
Cal 40-55 45.0 36-45 41-3
Mg0 5-7 5.9 3-12 5.8
FeO 12.2 0.3-2.0 0.4
Fe,0z 3.4 0.5
FeO + Fep0z 10-23 15.6 0.2-1.5 1.4
MnO 6- 5 8.6 1.3
S 0-1 00.0 1-3

*Compiled by Michigan Department of State Highways, Testing and Re-

search.
(1)"First Helper's Manual''.

Dolomite Refractories Association, 1956.

(2)"The Making, Shaping and Treating of Steel", J. M. Camp and C. B.

Francis, US.S.CO., 1951.

(3)"Iron Blast-Furnace Slag Production, Processing, Properties and Uses',
Bulletin 479, U.S. Bureau of Mines, 1949.
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Several samples of steel slag were collected

at Edward C. Levy's plant No. 3, and thin sec-
tions made from them. These thin sections are
quite remarkable because all were different in
appearance. Dr. Norman E. Wingard of Michigan's
Department of Highways, Testing and Research
observed several thin sections and reports as
follows:

Slag Sample No. 1

"This sample is relatively fine grained.
Under plain polarized light there appears to
be irregular areas of differential reddish
coloration. The boundaries of these areas
correspond to the directional orientation of
the fibrous appearance of the material. Under
crossed nicols the areas of differential color
density that appeared under plain polarized
light present extinction as optical units.

The fibrous appearance may be caused by chemi-
cal alteration: either the clear component
changing to the reddish or vice-versa. The
lineation is consistent within optical units -
either linear, radiating or forming an irregu-
lar concentric pattern. The outlines of the
optically consistent units are very irregular
and may be related to flowage effects as cry-
stallization proceeded during emplacement of
the slag.

Slag Sample No. 2

"Coarser grained than No. 1. There ap-
pears to be three of four components with more
distinct grain boundaries than in No. 1.

These boundaries are produced by fracturing.
Fractures may be parallel to the maximum length
of the grains or irregularly distributed. The
fractures may be either straight or curved.
Many larger fractures cross grain boundaries
and are continuous across several grains. Un-
der high magnification a greenish material ap-
pears to be the product of partial alteration
of the clear material toward a red material.
The greenish material shows undulatory and in-
complete extinction. The fracturing appears
to take place after alteration around centers
of expansive reation. Where fractures do not
occur the grain boundaries are transitional
and indistinct. Several irregularly shaped
areas of colorless material display extensive
cracking in the interior producing a granular
texture. The material is isotropic with its
refractive index slightly higher than balsam
and is surrounded by a rim of the red material.
The interior may be the parent material for
the red substance which is forming a reaction
rim. Minerals that appear to be present here
based on perfunctory optical data are:

Anorthite

Pseudowollastonite

Unknown, cloudy material without identifi-
able optical properties

Red material - possible metallic oxide or
sulfide.
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Slag Sample No. 3

"The blue-green pleochroic grains are uni-
axial positive, often clouded, and showing
variable extinction. This may be an olivine
but no specific identification was made. Black
opaque may be metallic iron.

Slag Sample No. 4

"The textural pattern is that of pyrolusite
The non-opaque material is Biaxial negative.
Under cross polarized light there appears an
irregular linear pattern of optically continu-
ous zones. This may be caused by flowage as
the melt crystallized.

Slag Sample No. 5

"Totally opaque except for air voids.
These observations illustrate only the extreme
variability, both texturally and composition-
ally of the open hearth slag sources sampled.
The data are preliminary and do not constitute
a mineralogical analysis."

Uses

Due to certain undesirable chemical prop-
erties, steel slag does not have the variety
of uses as the more uniform and desirable blast-
furnace slag. Most steel slag is used as bases
for highway paved areas or other miscellaneous
bases, fills, and railroad ballast. In 1968,
steel slag sold or used by processors in the
United States for these uses amounted to
1,390,000 tons or over 80% of the total.
used for bituminous mixes only amounted to
479,000 tons or 7% of the total.

That

The Edward C. Levy Company has attempted
to treat steel slag with dilute sulphuric acid
in order to break down the calcium oxide and
thus make it more desirable for bituminous
aggregate. No official findings have yet been
concluded.

It would be safe to say that in the Detroit
area more steel slag is produced than can be
used.

Peroration

According to "A Dictionary of Mining, Min-
eral, and Related Terms' published by the U.S.
Bureau of Mines, a mineral is defined as: '"An
inorganic substance occurring in nature M
We need not continue. By definition, slag is
not a mineral because it does not occur in
nature. This puts slag into the category along
with cement and lime as a manufactured mineral
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product.

Slag is one of the United States' impor-
tant mineral products and important enough to
be published in the Bureau of Mines annual sta-
tistical summary. As long as Detroit and its
suburbs continue to grow and the iron and steel
makers continue to operate, slag will remain as
one of Michigan's all-purpose aggregates,
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RELATIONSHIPS BETWEEN
PHYSICAL AND CHEMICAL PROPERTIES OF THE BRASSFIELD
LIMESTONE (SILURIAN) IN INDIANA, OHIO, AND KENTUCKY!

by

Donald D. Carr, Robert R. French,2 and Robert F. Blakely
Indiana Geological Survey, Bloomington, Indiana 47401

Abstract

Statistical correlation of 9 physical and 10 chemical properties
of 17 samples of the Brassfield Limestone in Indiana, Ohio, and Kentucky
found negative correlations between absorption and specific gravity,

between soundness loss and CaCO

content, between abrasion loss and

insoluble residue content, and between abrasion loss and sulfur content.
Positive correlations were found between P05 content and soundness loss,
between absorption and soundness loss, and between absorption and

compressive strength.

Other correlations were obtained, but attention

was directed to correlations involving abrasion loss, soundness loss,
absorption, and specific gravity because these are the primary properties
used by the Indiana State Highway Commission to grade the quality of

limestone aggregate.

In exploration for quarry sites in the Brassfield Limestone primary
consideration should be given to limestones with a high CaCO3 content;
however, limestones that contain small amounts of disseminated impurities
in the form of pyrite and quartz silt may have more resistance to abrasion
loss than have the purer limestones.

INTRODUCTION

This paper attempts to define statisti-
cally the relationship between some physical
and chemical properties of the Brassfield
Limestone. The study was undertaken after
French (1967, p. 6) had noted that most of the
22 rock units used for concrete aggregate in
Indiana exhibit wide variations in their re-
sistance to standard tests for toughness and
soundness. A preliminary survey of data from
311 physical tests performed by the Indiana
State Highway Department on rock samples ob-
tained from 112 different locations showed
that 18 of the 22 rock units had failed class
A specifications in one or more geographic
areas. Of the four units that did not fail,
one was relatively untested because it had
a poor service record, and the remaining
three were quarried at a single location.

The inconsistencies in test performance
prompted us to examine a moderately thin,
easily recognizable, and widely distributed
rock unit in order to determine the relation-
ships, if any, between the physical and

lpublished with the permission of the State
Geologist, Indiana Geological Survey.

2Present address: Stonehenge Mining Co.,
Inc., Knoxville, Tennessee 37919.
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chemical properties of an industrial lime-
stone. We wanted to know if there were any
significant correlations in physical or
chemical properties of a limestone over a
wide geographic area. We also wanted to know
if chemical analyses of a limestone could be
used as a first step in the determination of
the physical properties much as they are used
as the first step in mineralogical determi-
nations. This is particularly appealing
since published chemical data of limestones
are generally more abundant than physical-
property data. Also, where samples have
limited size, such as may be obtained from
small-diameter cores, there may not be enough
rock to perform physical tests properly,
whereas, the quantity is ample for chemical
determinations.

PREVIOUS WORK

Although numerous studies have dealt
with the relationship of the physical
properties of rock, and to a lesser degree
the chemical properties, to the durability of
aggregate, little has been published on the
interrelationship of physical and chemical
properties of rock. 1In 1960, Price used
scatter diagrams to study the relationships



between porosity, quartz content, compaction,
and compressive strength of some carboniferous
sandstones in England. A short time later,
Judd and Huber (1961) investigated the re-
lationship between physical properties of a
wide variety of rock types by using scatter
diagrams, statistical correlation, and linear
regression analysis. Using similar data,
D'Andrea and others (1964) extended the study
of Judd and Huber by using curvilinear re-
gression analysis. West and Johnson (1965)
used multiple regression and correlation
analysis to investigate physical properties,
and a limited number of chemical properties,
of Indiana crushed limestone aggregates.

Bundy and others (1965) used a nonparametric
rank correlation test to correlate physical
and chemical properties of kaolinites with
kaolinite starch coatings on paper. Mutmansky
and Singh (1968) used factor analysis to study
the interrelationship of physical properties
of a variety of rock types and to group
similar physical properties. Baxter and
Harvey (1969) used statistical correlation to
study the relationship between sodium sulfate
soundness and some mineralogical and chemical
properties of limestones from the upper part
of the St. Louis Limestone near Alton, Ill.

STRATIGRAPHY

The Brassfield Limestone (Silurian) is a
moderately thin, well-defined rock unit that
is exposed in many places around the Cincinnati
Arch in southeastern Indiana, southwestern
Ohio, and northern Kentucky. Locally it is
used as a source of raw material for cement,
flux stone, road metal, aggregate for concrete
and bituminous mixes, agricultural limestonme,
and other high-calcium products; it has also
been used as dimension limestone and as a
self-fluxing iron ore.

The type section at Brassfield, Madison
County, Ky., described by Foerste (1906, p.
176) consists of 3.5 feet (1.1 m.) of medium-
bedded ferruginous calcarenite with abundant
crinoid columnals (bead bed), underlain by
12.0 feet (3.7 m.) of medium- and thin-bedded
rubbly dolomitic and argillaceous limestone,
and 6.0 feet (1.8 m.) of bluish-gray massive
dolomitic and argillaceous limestone (Belfast
Member).

The type area of the Brassfield was not
visited, but two sections near Brownsboro and
Mt. Washington, Ky., on the west side of the
Cincinnati Arch, were examined and samples
collected for testing. 1In this area, the
Brassfield is generally less than 4 feet (1.2
m.) thick, although Rexroad (1967, p. 5) and
O'Donnell (1967, fig. 6) recorded sections as
much as 22 and 19 feet (6.7 m. and 5.8 m.)
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thick about 10 miles (16 km.) to the south-
east. The bead bed is absent west of the
Cincinnati Arch (Rexroad, 1967, p. 5), but
the Brassfield retains its salmon-pink to
reddish~-brown color and coarsely crystalline
texture. Rubbly beds 12 to 18 inches (30 cm.
to 46 cm.) thick and irregular shale lenses
are common, and some sections are moderately
dolomitized,

In Adams, Highland, and Clinton Counties,
Ohio, the Brassfield is approximately 15 to
51 feet (4.6 m. to 15.6 m.) thick and retains
most of the physical characteristics observed
in the type section. Thin to medium beds,

4 to 18 inches (10 cm. to 46 cm.), of red-
dish-brown ferruginous crystalline limestone
are separated by irregular partings of cal-
careous shale. Chert is common in the middle
unit, and the Belfast Member is arenaceous
and shaly at collecting sites 11 and 12.
Northwestward from Wilmington, Ohio, the
Brassfield is from 15 to 30 feet (4.6 m. to
5.2 m.) thick and contains appreciably less
chert and shale.

In southeastern Indiana the Brassfield
is mostly less than 10 feet (3.1 m.) thick
and is absent from some exposures in adjacent
parts of Ripley, Jennings, Decatur, Jefferson
and Scott Counties (Foerste 1897, 1904, 1935;
Rexroad 1967). At most exposures in Indiana
the Brassfield is a ferruginous reddish-brown
or gray limestone, generally glauconitic and
coarsely crystalline. Rubbly bedding less
than 1 foot (.3 m.) thick is characteristic,
but more massive beds are present in places.
Shale lenses and chert are not uncommon, but
chemical analyses show that the Brassfield
is more than 90 percent carbonate rock in
most areas.

TEST PROCEDURES

Channel samples of about 50 pounds (22.5
kg.) each were collected at 17 localities in
Indiana, Ohio, and Kentucky (fig. 1). 1In
addition to the channel samples, several
large pieces were collected at each locality
and sawed into 2-inch (5.1 cm.) cubes for the
compressive strength tests.

Physical testing followed procedures as
outlined by the American Society for Testing
and Materials or standard laboratory tech-
niques (table 1).

Spectrochemical determinations of cal-
cium, magnesium, aluminum, iron, titanium,
manganese, sulfur, and phosphorus were made
with a Jarrell-Ash 21-foot (W) spectrograph.
Silica and carbon dioxide determinations were
made gravimetrically.,
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Index map showing location of sampling sites in the Brassfield Limestone in south-



Table 1.

Methods for physical testing of the Brassfield Limestone

Test

Method

American Society of Testing and Materials (1968)

Los Angeles abrasion loss
Soundness loss

Absorption

Specific gravity
Compressive strength

Mean grain size

Grain sorting

Insoluble residues>clay size
Insoluble residues, clay size

ASTM C131-47
ASTM C88-46T
ASTM C127-42
ASTM C127-42
ASTM C170-50

Standard laboratory techniques

Thin
Thin
Acid
Acid

section analysis

section analysis
treatment

treatment and decantation

RESULTS

Results of the physical and chemical
tests are shown in tables 2 and 3. After the
data were normalized, Pearson product-moment
correlation coefficients (Steel and Torrie,
1960, p. 183-187) were computed for each pair
of physical test data and each pair of chemi-
cal test data and arranged in separate matri-
ces (figs. 2 and 3). It was necessary to
compute separate matrices because of re-
straints on the data handling capacity of the
computer program. Significance levels of 95
percent and 99 percent were arbitrarily
selected as being appropriate for this study;
these values were obtained from published
tables (Steel and Torrie, 1960, p. 453).

1123|4516 (7|819
1.000|-279| - 126 | .003|-007| 322[-457] 258|-36
1.000R 5721 -375| 079|180 .204| -159] 399
1.000} 526} .450-229| -169] -129] 026
1.000]-274 | .019] 197|-066| 276
1.000(-424] - 144| .089] .028
1.000 - 148] 338]-339
1.000] - 104 /.844] 138
1.000{ -334] 345
1.000]- 155
1.000

10| 11
171
=318
228
-064
358
002
-684
225
=651
.33%5
1.000

Los Angeles
Abrasion Loss
Soundness Loss
Absorption

Specific Gravity
Compressive Strength
Mean Grain Size
Insoluble Residues
Grain Sorting

Clay Content
Location East
Location North

=723
=353

.061
037

QIR (N[ DO W[N] —

N S
— O

EXPLANATION
844

171<0.482
Insignificant

5729

111> 0.606
Highly significant
(99% significance level)

0.482<ir1< 0606
Significant

(95% significance fevel)
Matrix of coefficients of corre-
lation of physical properties of
the Brassfield Limestone. Half of
the symmetric matrix is shown.

Figure 2.
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Sample locations were quantitatively
determined by superimposing a grid over the
map. Each sample location was designated by
its distance east and north from a common
datum point, and these data were computed
with both the physical and chemical data,

Physical Properties

Examination of the physical properties
matrix (fig. 2) reveals the following:

1. A significant positive correlation
exists between absorption and soundness
loss and a significant negative corre-
lation between absorption and specific

10111121131 14116 (16|17 181920 N
Location East [1.000| .335| .248/-286] 030|-221|-078] 029] .216]-372] 053}-6511 10
Location North 1.000[ .312{-194|-418[-7781 -315{-6131-351} 552| .334{=555] 11
CaCOy 1000 53 L ER0r ol T eeaT 53] - 039] 001 1~55¢] 12
MgCO,4 1.000} . 392R.575 em%Sm 5391 .225/-010| 443 13
Si0o, 1.000f 6721, 8367067 7184-5171 .049| .592] 14
Al,O4 1.000) 6517 846K 5581-514]-1187 652 15
Fe,04 1.000 6541 .7401-232| 2081 608 16
TiO, 1.000f 716~ 566] 059} .497{ 17
MnO 1.000| -226|-091| 395| 18
Cco, 1.000{-056|-038] 19
S 1.000| - 131| 20
P,0q 1.000| 21

EXPLANATION
059 | 552
101< 0482 0482 < 1r1 < 0606 11 > 0.606 n=U
Insignificant Significant Highly sigmficant
(95% sigruficance level) (99% sigmificance level)

Figure 3. Matrix of coefficients of corre-

lation of chemical properties of
the Brassfield Limestone. Half of

the symmetric matrix is shown.
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gravity. A highly significant negative
correlation exists between soundness
loss and location east, which indicates
that soundness loss decreases from west
to east along the outcrop of the Brass-
field Limestone.

2. A highly significant positive corre-
lation exists between amount of insolu-
ble residues and amount of clay present,
and they both have a highly significant

negative correlation with location north.

This suggests that the amount of insolu-
ble residues, including clay, decreases
in the samples from south to north along
the outcrop of the Brassfield Limestone.

3. Relationships that closely approach
significance include: abrasion loss to
insoluble residue content and absorption
to compressive strength.

Chemical Properties

Examination of the correlation coef-
ficients of the chemical properties matrix
(fig. 3) reveals numerous significant and
highly significant correlations. In order
to compare the chemical and physical proper-
ties, we found it necessary first to screen
out some of the chemical wvariables so as to
keep within the data handling capacity of our
program, which is 14 variables. Because the
oxide of aluminum has highly significant and
significant positive correlations with the
oxides of magnesium, silicon, iron, titanium,
manganese, and carbon, we chose to let alumi-
num oxide stand in for the other oxides in
computing the combined matrix.

It should be pointed out that the nega-
tive correlation coefficients of the chemical
properties may be slightly distorted because
these data are variables of a constant sum
(each analysis adds to 100 percent). Chayes
(1960) pointed out the tendency toward nega-
tive correlation among variables, especially
when the variables are few. Webb and Briggs
(1966) found that for sets of analyses of
nine oxides each the distortion toward nega-
tive correlation was slight. Because our
analyses consist of 10 elements, we also as-
sume the distortion toward negative corre-
lation is slight.

Combined Chemical and Physical Properties

The combined chemical and physical
properties matrix (fig. 4) repeats some of
the correlations observed in figures 2 and 3.

The interrelations between the chemical and
physical properties are as follows:

1. A significant negative correlation
exists between sulfur and abrasion
loss, which indicates that abrasion
loss increases in the Brassfield Lime-
stone as sulfur content decreases.

2. A significant negative correlation
exists between CaCOj content and sound-
ness loss, which indicates that sound-
ness loss increases as CaCO3 content
decreases.

3. A highly significant positive corre-
lation exists between the oxide of
phosphorus and soundness loss, which
indicates that the soundness loss in-
creases with an increase in phosphorus
content.

4, A significant positive correlation
exists between the amount of CaCO3 and
grain sorting, which suggests that the
samples with a higher CaCO3 content
have a more uniform grain size.

5. A highly significant positive corre-
lation exists between Al,05 and the
amount of insoluble residues, which
reflects the high clay content in the
insoluble residues. The expected de-
crease of calcium carbonate in the
more argillaceous limestones is indi-
cated by the significant negative
correlation between CaCOs5 and the
amount of insoluble residues.

G 2 7slaysiel7]s 0 n]i2715[20" 21)
+
AL;ZSA}&?EL'E; 1000|279 326, 003l -on7| 322 487 72?8}"’1’8’3” ] 307)-3nj-seri-aes]
Soundness Loss  |L000F 572135 979 -160 204 - 159}~ 7231-3181-522; 389]-008 ) 690) 2
Absorption 100! -526] 450]-229}-169 1129 -363] 228.-3731-075) 039| 342| 3
Specific Gravity f‘*};tjb’l ’1377 066} EFM 031: 266] 0151 114] 4
Compressive Strength 1 000|424 <144 089| 061 358(-094--115|-125[-166) 5
Mean Grain Size T Tioool-1as! s38] 037] o0e| 321]-328i-0a2| 271] 6
Insoluble Residues 11 000{- 104, 134]"684] 5301 832) .088| 334 7]
Grain Sorting 1.000] 345! 2255 578]-315[-065]-351| 8
Location East 1.000; 335 2481-221] 053f-6511 10
Location North 1,000 312f-7781 3351-555{ 11
CaCOs 1.000{- 708] 001}-554] 12
A0, 1000|118 653} 16
S 1.000]-131| 20
R0 1.000] 21
EXPLANATION
[Lo81] 572 832
111<0.482 0.482 <111 <0606 1> 0606 n=17
grificant Sigmiticant Highly significant

(95% sigmificance ieveli (99% significance level)

Matrix of coefficients of corre-
lation of physical and chemical
properties of the Brassfield
Limestone., Half of the symmetric
matrix is shownm.

Figure 4.



INTERPRETATION AND CONCLUSIONS

Previous studies have dealt with a large
number of physical properties (table 4); how-
ever, most of these studies were concerned
with the "engineering performance' of the
rock, or in the case of Bundy and others
(1965), the performance of kaolinite-starch
coatings. The study by West and Johnson
(1965) and the present study are more con-
cerned with the "durability" of the rock as
an aggregate., We have chosen to restrict
our attention to the correlation involving
abrasion, soundness, absorption, and specific
gravity because these are the primary proper=-
ties used by the Indiana State Highway Com-
mission to grade the quality of aggregate.

Our findings that a significant negative
correlation exists between absorption and
specific gravity essentially agrees with West
and Johnson (1965, p. 158); however, they
found other correlations, such as percent
voids (absorption) versus abrasion loss and
grain size variation (sorting) versus abrasion
loss, that we did not find. This lack of
agreement between two studies at first appears
to indicate inconsistency of the interrelation-
ships between certain physical properties.

It is important to remember, however, that

our study was restricted to a single limestone
unit but that West and Johnson used data from
several limestone and dolomite units of mark-
edly different lithologies. It should be ex~
pected that differing results would be ob-
tained when a single lithology is compared

to, say, a complete suite of lithologies with
a wide variation in physical and chemical
properties.

It is difficult to explain why an in-
crease in sulfur content results in a decrease
in the amount of abrasion loss in the Brass-
field Limestone. A scatter diagram (fig. 5A)
suggests a curvilinear relationship between
these properties. Thin section analysis
indicates that authigenic pyrite is the
principal source of sulfur. Pyrite is present
in samples of high sulfur content as discon-
tinuous scattered fine (0.2 mm.) euhedral and
subhedral crystals and as very fine (0.02 mm.)
euhedral crystals that are evenly scattered
throughout the specimen. The finely dissemi-
nated pyrite make these samples darker.

Pyrite is much harder than calcite (6 vs. 3

on Mohs' scale), but it is present in such
small amounts, that its apparent effect on
abrasion resistance was unexpected. Different
results might have occurred if the pyrite had
been concentrated rather than disseminated.
Some Silurian and Devonian carbonates in
southern Indiana that contain pyritic lami-
nations have poor service records when used

as concrete aggregate (Patton, 1954, p. 85)
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as do some Ordovician carbonates in Iowa
(Elwell and Lemish, 1965, p. 348-350).

The reason soundness loss increases with
an increase in phosphorus content is also an
enigma. A scatter diagram (fig. 5B) suggests
a linear relationship between these two
properties. Thin section analysis reveals
that the specimens with high phosphorus con-
tent contain only a small quantity of skele-
tal material. Thus, phosphorus probably is
not primarily from the skeletal material of
organisms but was precipitated, along with
calcite, as a minor constituent from the sea
water.

Numerous chemical analyses of limestone
rocks in Indiana reveal a remarkable uniformi-
ty in phosphorus content over large areas
(Richard Leininger, oral communication, 1968).
Our data suggest a small increase in phospho-
rus content from north to south and from east
to west along the outcrop of the Brassfield.
We believe it only a coincidence that sound-
ness loss increases regionally with an in-
crease in phosphorus content from east to
west because this same relationship apparently
does not exist from north to south.

1.0 A Lo B °
»w 8F . 2 8k .
c b . g 6r . .
s} N . e :
é’ 4 co. S 4L
g = -
2 . A 2k, .
O I 1 i i $ O 3 1 o o) 1 1 i
¢ 2 4 6 8 10 0 2 4 6 8 10
Sulfur Content B0 Content
10( . . C 1.0 r D
(23
§ 8 ) . : é) 8 :. -
. — - . °
g 6 .. g .
< ¢ . o to.t e o
'g 4+ . . (g 4+ . .
> . o
3 2F . < 2l .
0 ! L i 1 .l 0 L 1 i 1 I
0 2 4 6 8 10 0 2 4 6 8 10
CaCO; Content Insoluble Residues
Figure 5. Scatter diagrams of selected

physical and chemical properties:
(A) abrasion loss vs. sulfur
content, (B) soundness loss vs,.
P»05 content, (C) soundness loss
vs. CaC03 content, and (D) abrasion
loss vs, insoluble residues.

Data normalized.
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Baxter and Harvey (1969, p. 7-9) reported
a significant correlation between soundness
and Al903 content, but we failed to find this
correlation in our study. This inconsistency
apparently indicates that for carbonate rocks
with low clay content, the mode of occurrence
of the clays is as important as the quantity.
Carbonate rocks with clay laminations are
generally more susceptible to soundness loss
than are carbonate rocks with disseminated
clays even though the quantity of clay may be
the same in both.

A linear relationship appears to exist
between soundness loss and amount of CaCOj
and between abrasion loss and amount of in-
soluble residues (figs. 5C and 5D). The
generalization may be made that rocks having
a higher CaC0O3 content perform better when
subject to the soundness test than rocks
having a lower CaC04 content, and rocks having
a higher insoluble residue content are more
resistant to loss in the abrasion test than
rocks having a lower insoluble residue con-
tent. It should be noted, however, that the
Brassfield carbonate rocks in this study
generally contained less than 10 percent in-
soluble residues. Different results might be
expected for carbonates with a higher insolu-
ble residue content.

The increase in compressive strength
with increasing absorption (apparent porosity)
is probably due to the very low absorption
values of the Brassfield samples, which were
generally less than 2 percent, Compressive
strength generally increases with decreasing
porosity (for example, Judd and Huber, 1961;
Price, 1960, p. 290-292), but in the low
porosity range this apparently does not hold
true.
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In conclusion, our study of 19 chemical
and physical properties of the Brassfield
Limestone was effective in showing certain
regional changes in chemical and physical
properties, but we were not altogether suc-
cessful in finding significant correlations
between the chemical and physical properties
over our study area. Thus, we feel that
chemical analyses should be used with caution
to predict the physical properties of a lime-
stone, Chemical analyses do not take into
consideration the distribution of impurities,
which may have a significant effect on physi-
cal properties., OQur study indicates that an
exploration program for limestone aggregate
should theoretically search for rock having
the optimum CaCO3 and insoluble residue con-
tent, because such limestone would have a
minimum abrasion loss and a minimum soundness
loss, Realistically, however, an exploration
program should search for limestones that
have a high CaCO3 content because pure lime-
stones have more uses than impure limestones
and also because soundness loss generally
would be minimized. Even then, it must be
remembered that some exceptionally pure lime-
stones are soft and do not make class A
aggregate.
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THE CHALLENGE FOR THE GEOLOGIST IN THE EXTRACTIVE INDUSTRY

by

H. L. Bourne
Lyon Sand and Gravel Company
Detroit, Michigan

Abstract

The geologist in the extractive industry is usually a combination

of exploration, economic and environmental geologist.

Since most of the

well-known economic deposits have already been, or are now being,
exploited by the extraction industry, the exploration geologist must
accunulate old and new information and interpret this information in

terms of today's needs and technology.

The economic geologist has to

be competent not only in technical areas but also in areas of finance,

real estate, and law.

The enviromnmental geologist has a responsibility

to affect multiple land use concepts and to improve the image of the

industry.

practices and by educating local citizens and planners.

These goals can be achieved by instituting good neighbor

Industrial

geologists are challenged not only to accumulate information, but to
apply it as an explorationist, economist, and an envirommentalist.
Educators are challenged to initiate curriculum changes to include
business courses for geology majors.
challenged to tabulate lists of geological theses and university

publications.

INTRODUCTION

The extractive industry requires of its
geologists expertise in three main a: sas:
exploration geology, economic geology and
environmental geology. Often one person
assumes the duties and responsibilities for
all three of these areas. The extractive
industry, as referred to in this text,
includes those operations which involve the
mining and processing of metallic and non-
metallic materials. This forum is intended
to inform geologists concerned with the
industrial mineral industry. This industry
is characterized by high volume, low profit
products. However, the basic concepts
described in this paper are aimed at the
entire extractive industry.

EXPLORATION GEOLOGY

Since most of the obvious and easy to
produce deposits have been or are now being
exploited by the extractive industry, the
exploration geologist must seek new deposits
which are less obvious. To do this, he must
be familiar with all geologic information,
old and new. This is an enormous responsi-
bility and the reason why the role of
exploration geologist is the most demanding
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State survey geologists are

of the three. The information explosion is a
real problem but usually refers to new infor-
mation. O0ld geologic studies as sponsored by
state surveys, U.S5.G.S. and the Bureau of
Mines should not be overlocked as information
sources. These studies may be outdated in
terms of mining techniques and materials
requirements but descriptions of mineralogy,
occurrence, and analytical chemistry rarely
lose validity. Many of the published new
studies, and explicitly detailed data are
generated at the universities. Therefore,
the exploration geologist should maintain
contact with university geologists in addition
to reading professional and trade journals.
There is a continuous change in materials
requirements which also demands a total
information awareness.

Changes in materials requirements can
force changes in exploration attitudes. What
was once economic to mine may no longer be a
profitable operation because of technological

changes, transportation costs and/or world

politics. For example, World War II cut our
country off from many vital mineral materials
and forced us to search for substitute
deposits. Another example is the recent
announcement by Kaiser Industries (E/MJ p.96)
of plans to build a strontium processing
facility on Cape Breton Island, Nova Scotia.
The major product will be strontium carbonate
from processing celestite. This operation
undoubtedly will have a large impact on



domestic strontium carbonate producers
because most celestite is supplied from
England, Mexico and Spain. These producers
will be forced to search for closer celestite
sources in order to compete with Kaiser.

As high grade material sources are de-
pleted, lower grade and more difficult to
mine deposits which were previously bypassed
or overlooked are reexamined. Therefore, the
concepts of geochemistry, petrology, geo-
physics, and geomorphology are significant
to the exploration geclogist because to
understand the geologic processes of formation
is a key to knowing where to look for and how
to beneficiate new deposits. This role also
demands an awareness of the potential of
waste products. There are examples of mine
dumps which have reclaimable products. The
settling pond area of our sand and gravel
processing plant may contain a substantial
amount of reclaimable concrete sand.

An exploration geologist must possess
realistic optimism and curiosity of the
unusual because any place he examines, there
have been others before him. This role
requires knowledge of permissive geometry,
i.e. areal and volumetric requirements that
are necessary to satisfy the size of a new
deposit. New tools and technigues in the
areas of drilling, geophysics and remote
sensing are ideas essential to the exploration
geologist. He should be acquainted with how
data processing can be applied. Computer
applications exist in the fields of data
caleulations, probability models and possibly
for mineral resource development and planning
as described by Dr. Dunn at the 1969 Forum
in Harrisburg, Pa. Dr. Dunn described a
pilot program in which computer inputs
included regional geology inventory, trans-
portation analysis, development plans, etc.

In summary the exploration geologist is
responsible for old and new geologic infor-
mation; beneficiation and materials require-
ments changes; geochemistry, petrology, geo-
physics and geomorphology; computer appli-
cations and must possess a unique curiosity
and insight.

ECONOMIC GEOLOGY

Economic geology requires technical
evaluations and business recommendations.
economic geologist is required to measure
quality and estimate quantity of potential
new deposits. For existing reserves, he must
supply quantitative and qualitative infor-
mation to effect the most economic mining
plan. In the sand and gravel industry for

An
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example, this requires knowledge of over-
burden thickness variations, changes in sand
to gravel ratio, changes in thickness of
deposit, depth to water table, etc. These
technical evaluations represent routine
problems for a geologist, because he has been
trained in these areas. However, there are
tasks that fall within the realm of economic
geology which many geologists are not pre-
pared to handle. These tasks are related to
business-economic decisions.

Economic geclogy as taught in university
courses is concerned with mineralogy, mineral
genesis, occurrence in rock type, major
deposit locations, and prices and uses of
mineral deposits. All of these concepts are
necessary tools for a geologist but do not
qualify students for a role of economic
geologist. At the G.S.A. meeting in November
1969, Mr. Behre discussed deficiencies in
current geology curricula. He described a
lack of training in finance, law and profes-
sional ethics. An economic geologist mey be
required to participate in budget planning
and analysis, equipment depreciation, invest-
ment analysis, market studies, contract and
lease negotiations.

The economic geologist also is respon-
sible for knowledge of truck, rail and water
transportation rates and practices as they
apply to his product and locale. Real estate
principles are another concern of the economic
geologist, i.e. raw land values, royalty
rates, lease prices, option costs and zoning
problems. All of these real estate prin-
ciples relate to land acquisition for future
reserves. Land acquisition should be one of
the main contributions of a geologist in the
extractive industry because reserves govern
the life expectancy of a company.

In summary, the economic geologist is
required to contribute in technical evalua-
tions which represent routine tasks. He is
also often expected to make business recom-
mendations and evaluations which are not
routine tasks because he is not trained in
these areas.

ENVIRONMENTAL GEOLOGY

The envirommental geologist has a
responsibility as a public relations man
because the extractive industries have earned
an image as 'rapers of the land". As a
result, the industry has received much
unfavorable attention from organizations that
claim to be conservation oriented. But, as
someone once said - many conservationists are
preservaticnists.



Geologists subscribe to the ideas of
conservation - the best use for all raw
materials which include land, water and
mineral materials. The multiple land use
concept is the phase of conservation most
closely related to our industry. We, of all
professicnals, must do more than give lip
service to this concept. The environmental
geologist must know the opportunity of and
the responsibility for post-operation rehabil-
itation because the multiple land use concept
then becomes a reality. Detailed rehabilita-
tion plans can best be prepared by landscape
architects, but it is up to the geologist to
initiate rehabilitation action. The environ-
mental geologist must implement good neighbor
practices which should include pre-operation
planning. The effects of dust and noise can
be minimized through erection of berms and
by 1live plantings.

State conservation departments sell
seedlings and assist in plans for planting
them. The United States Department of
Agriculture Soil Conservation Service also
have available free assistance and, at least
in Michigan, have seedlings for sale. These
agencies will recommend species and planting
procedure based on soil type and location.

The enviromnmental geologist must take it
upon himself to educate the public. This can
be done by talking to individuals or organi-
zations and describing the potential waste of
needed materials through confiscatory zoning
regulations. Planning agencies are usually
very willing to listen and help. However,
many lack the initiative to recognize this
problem themselves. As an example, there was
a substantial planning study made in S. E.
Michigan which projected needs and trends for
housing and transportation through the year
1990. It was found out that the sand and
gravel properties were inappropriately plotted
on the map and no additional properties other
than those presently existing were allocated.
Most of the existing aggregate operations
within the study area will be depleted long
before 1990. This raised the question - how
can growth and plans develop without the
materials necessary for the construction
industry? This organization and group of
planners realized their oversight and were
most willing to listen to the ideas of
multiple land use. Unfortunately, the final
report was already drafted when this error
was found out. Therefore, an opportunity for
recognition of such a problem was passed,
simply because no geologist contacted this
organization early in the study.

The problems of zoning fall into the area
of responsibility of the environmental
geologist. Today, there is real competition
for land use. This problem will magnify and
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become further complicated by zoning regula-
tions. Mr. Dole, who is an assistant
Secretary of the Interior for mineral resour-
ces, told the Northwest Mining Association
(E/MJ p.101) that our nation's mineral
requirements are growing ten times faster than
the population. These requirements will not
be met if the trend of confiscatory zoning
laws continues. These laws should embrace
the concepts of multiple land use as one means
of relieving the stress of competition for
land. However, the laws are usually written
and enforced at a local level by people who
think of the extractive industry as "rapers

of the land", and the zoning regulations
testify to the fears of the local citizenry.

The following two examples relate to
zoning and land use. One illustrates the
frustration of our industry; the other illus-
trates hope. Our company is suing a township
in Michigan for permission to mine sand and
gravel. The township's zoning ordinance does
not provide for mining under any condition.
The land which we own is in a very open and
rural area which is expected to sustain only
slow growth. We had prepared detailed plans
for progressive mining to insure progressive
rehabilitation and the development of a lake
property. These plans failed to change the
minds of the local people. The lawsuit was
our last resort. We contended that the
zoning ordinance was unconstitutional and
confiscatory. The case has been tried and
the court decided in our favor. But the case
was filed four years ago and the decision may
be appealed.

Another case of zoning and land use we
are involved in exhibits considerable hope
for the industry. A state park agency is
seeking to expand one of their parks. One of
the properties they wanted to buy contained
a small gravel deposit on it. The park
authority negotiated the purchase of the land
but not the gravel rights. By doing this they
were able to buy the land at a much lower
price. The owner sold the gravel rights to
us and through the double sale realized a just
price for his land without a court fight. The
park wants a lake developed on this property
which can be achieved at no cost to them
because part of the material to be mined is
underwater. These two examples illustrate
extremes in terms of attitudes on zoning and
land use. The most unusual aspect of these
examples are that the two properties are
within one mile of each other.

In summary, the environmental geologist
must work in the area of public relations and
initiate good neighbor practices and rehabili-
tation programs to improve the image of our
industry. However, the largest responsibility
is for the educ-tion of planners as well as



the general public in terms of meeting
minerals requirements through multiple land
use.

CHALLENGE

So far, this has been a sumary of
problems and responsibilities of geologists
in the extractive industry. But progress is
not made in retrospect. With this in mind,
the following recommendations are offered in
the form of challenges to industrial
geologists, educators and state survey
geologists.

The challenge for the industrial
geologist is not in the accumulation of
information in the areas of exploration,
economics and enviromments, for that is the
function of libraries, but in the application
of this information as an explorationist,
economist and environmentalist. This applica-
tion is necessary for the growth and future
of you, your company, the industry and the
country.

The challenge to geology teachers is
not only to instruct students in the funda-
mentals of geology and how to search for
information, but also to initiate curriculum
changes. It should be required that under-
graduate geologists receive training in
business law, finance, real estate and
professional ethics. These changes would
benefit both the students and the industries
that hire them.

The challenge to the state survey
geologists is to encourage research in the
areas of beneficiation and waste product
utilization. Another challenge is to prepare
an annual list of articles (published and
submitted), theses and dissertations authored
in geology departments of all colleges and
universities in the state. This list would
serve two purpcses. First, it would dis-
seminate new information to those of us who
need it, much more quickly and comprehensively.
Second, it would serve to give recognition to
authors of unpublished articles and theses
and wider recognition for published articles.

The challenge for all of us is to des-
cribe the need for land use planning and
conservation. But, we must do more than tell
each other about this need. We need to be
heard at any and all levels: write to your
congressman; serve on state and national
committees; tell your neighbor. Any person
or group is a worthwhile audience. In 1966,
Dr. Eddy stated the challenge rather well:
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Mo, regardless where the geologist serves,
his foremost professional obligation is
seeing that geoclogic knowledge is unfolded
and applied for the betterment of mankind®.
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Abstract

This paper is a review of the clay and shale resources of Michigan
ineluding past, present, and potential utilization and outerop local-
ities. (lay and shale suitable for the production of elay products
and cement are found in much of the State.

Glacial clays are used in the manufacture of brick, tile, cement,
pottery, and lightweight aggregate while undeveloped deposits could
be used for pottery purposes such as flower pots, earthemsare, and
glazed tile. Some may be suitable for special purposes such as slip
clay and Fuller's Earth. It is possible that other special uses may
be found as the clays are more carefully tested.

Shales of the Traverse Group and the Antrim and Ellsworth forma-
tions, all Devonian in age, are used in the manufacture of Portland
cement; and shale of the Saginaw Formation of Penmnsylvanian Age is
used in the manufacture of tile. Other potential shale beds occur in
formations of the Ordovician, Silurian, Devonian, and Mississippian
periods. There is additional potential in the utilization of these
shales in the manufacture of brick, cement, and lightweight aggregate.

INTRODUCTION

In addition to a general review of the
clay and shale resources of Michigan, an appen-
dix is included (Tables 3 and 4) showing per-
cent of total alkali (Nap0+K20) and the silica-
alumina ratio (Si02 / Al03) for 17 shale and
25 glacial clay deposits. These data should
be of value in determining the suitability of
the material for use in the manufacture of
Portland cement.

History

The manufacture of clay products is one
of Michigan's oldest mineral industries. The
first plant is believed to have been the
Daniel's Brick Company in Detroit, which is
reported to have begun production in 1864.

After that date, many brick and tile
plants, as well as some pottery plants, were
established in and near Detroit and elsewhere
in the state where suitable deposits and a
market existed. By 1911, as many as 138 plants
were operating, but many were closed from 1911

to 1913. In 1926, only 42 plants remained and
by the end of World War II the number had de-
creased to 12. The building boom following
the war led to an increase of three brick
plants in the period 1945-49, but then the de-
cline resumed. The only new operations in re-
cent years have been two lightweight aggregate
plants.

The general distribution of former brick
and tile plants in Michigan is shown in Figure
1. Most of the operations were very small
and many operated seasonally or only long
enough each year to meet demands of the local
market.

DeveloEments

Today, clay products are produced on a
rather modest scale from clay and shale depos-
its in Michigan. Present operations include
a brick plant in Detroit; tile plants at Tecum-
seh, Corunna, and Grand Ledge; a pottery plant
at Rockwood; and lightweight aggregate plants
at Livonia and Grand Haven.

In addition, Michigan clay and shale re-



Map showing location of some 133
birch and tile plants formerly in operation
in Michigan.

Figure 1.

sources are also used by seven cement companies
operating nine Portland cement plants. In the
manufacture of cement, shale, if readily avail-
able and of suitable quality, is preferred to
glacial clay. Shale quarries are located:

1 mile south of Ellsworth (for cement plant at
Charlevoix); 5 miles west of Petoskey (for
plant there); and 10 miles west of Alpena (for
plant in Alpena).

All cement plants in the southern part of
the state use glacial clay from local or nearby
surface deposits. Pits are located at Saginaw
(plant at Essexville); 10 miles west and south
of Port Huron (plant in Port Huron); Ford Motor
Company land in Detroit (2 plants in Detroit);
overburden stripped from sandstone quarry at
Rockwood; and overburden stripped from lime-
stone quarry at cement plant 2 miles north of
Dundee.

Excluding overburden stripping, 5 shale
quarries and 7 glacial clay pits are being
worked. (See Figure 2.)

Production

Most of the clay and shale produced in
Michigan is used in the manufacture of Portland
cement. In 1968, 2,394,569 tons of clay and
shale were used with 7,844,384 tons of lime-
stone and 258,780 tons of gypsum in the pro-
duction of 32,368,574 barrels of Portland ce-
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ment. Clay and shale produced and used in the
manufacture of clay products totaled 329,990
tons, or about one-seventh of that amount used
for cement.

The 1968 total clay and shale production
for the state was 2,724,559 tons valued at
$3,038,572. Figure 3 shows clay and shale pro-
duction and clay products and Portland cement
industires developments during the period 1951-
1959.

SHALE RESOURCES

Shale from the Traverse Group, Antrim
Shale, Ellsworth Shale, and Saginaw Formation
accounted for about half of the Michigan's 1969
clay and shale production. Shale also occurs
in other Paleozoic formations (See Table 1).

The oldest shales having economic poten-
tial outcrop in the Northern Peninsula. These
are the Bill's Creek Shale of the Richmond
Group and the Point aux Chenes Shale of the
Salina Group. The shale beds of most economic
value, however, are those of Devonian, Missis-
ssippian and Pennsylvanian ages in the Southern
Peninsula. These are the Bell Shale and the
"upper blue shale' of the Gravel Point Forma-
tion of the Traverse Group; Antrim Shale; Ells-
worth Shale, Coldwater Shale; and shale of the
Saginaw Formation (''coal measures' of Michigan).

Shale beds, some of appreciable thickness,
are common in a number of the predoninantly
limestone formations of the Traverse Group.

In the Michigan Formation shale is interbedded
with gypsum. These shales, however, are re-
stricted in occurrence under relatively thick
rock overburden, or too calcareous to be of
any present importance. Neither these nor the
Bedford or Sunbury shales which do not outcrop
in the state will be discussed here because of
time limitation. The aerial extent and out-
crop areas of shale strata in Michigan are
shown in figure 4.

Ordovician

Rocks of the Ordovician Period are pre-
dominantly limestones and dolomites. Twelve
feet of shale of this formation is exposed
for about one mile along the east shore of
Little Bay de Noc on the Stonington Peninsula,
Delta County (section 14 and 23, T39N, R22W) .
1t consists of thinly-bedded, light gray to
dark brown, soft to hard shale. Other ex-
posures are found to the north along Bill's
Creek in section 12, T42N, R21W, and along
Haymeadow Creek in section 19, T42N, R20W.
Total thickness for the Bill's Creek is esti-
mated to be about 70 feet.
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Wyandotte Chemical {cement)

*Quarry in shale bedrock deposit

KEY
Glacial Lake clay deposit

Clay deposit in ponded water

Area of shale outcrops

Inland extent of glacial lakes

MICHIGAN
CLAY & SHALE RESOURCES

.
:\
o) Mzcosm |$A35L

\r
4; ",/i#

g - @ ‘ LMNGSTON

Map showing area of clay and shale deposits and location of clay products and Portland

cement clay and shale pit and quarry operations.



6961-1S61 ‘3uswdorensp pue uorionpoxd aleys pue Ae[D "¢ SIN3T4
SUVIA
o6l 2961 9961 v961 7961 0961 8561 9561 pse zseél
| i ¥ H 1 T T 1 L T T T T T | T T
080}d (uobe v
.1%.“_ ou_:__z 86y :.o_ou:..a_._
ULE
- 3o114 5,|e1ung
®%0]3)
020N
\}
-
. onoodd A1 T~ — :
ue (Po$o]?)
Su1 000 zLy *poid “HHIA ‘WY
(poso]?)
5 *poag Ao|) ¥>0Y io]4 7
(unbBeq)
€ ON sso|i004
—peEep)
‘Plid P|nSUluey
INIWII aNYT1H0d
(unBeq)
- ‘Plid Dsnpew 1
Y101 31V1S
a =~ -
suol 000'822'¢Z
| ; ! g i i L i | { : i ! |
b—

00§

000°L

005t

000°T

7

-
-

suol 000°00L°C

00§'C

SNO1l 40 ANVSNOHIL

146



STRATIGRAPHIC SUCCESSION IN MICHIGAN

PLEISTOCENE NOMENCLATURE

PALEQOZOIC THROUGH RECENT

ERA SYSTEM SERIES STAGE
RECENT
9 Valders Siade
O Wascomm | Two Creeks Interstade
~N Mankate Siode i Huron”
O | QUATERNARY | puesstocens | Sheoter A
> Tazewell Stode
73] Sangamen Interglaciation
U Iihinoran Glaciabon
QUTCROP NOMENCLATURE SUBSURFACE NOMENCLATURE
GEOLOSIC I TIME STRATIGRAPHIC ROCK-STRATIGRAPHIC ROCK-STRATIGRAPHIC
gl |z FORMATION [MEMBER|  GROUP
é 2|Ql5|  SERiEs GROUP | FORMATION |MEMBER nporormare maximum tdkness, m leet, of rock uns
Elalxi> DOMINANT LITHOLOGY | 1ty subuarface MO ScAlt ey
e
g Glocal  Drift ==
Ozl ¥
N3] =3
O|t| || KMeRiDGIAN o
VAR Subsurtace only ()
wi=| |2
zl |Z oo Exon
g w|S "
Z|%|Z| conemauan Grand River fm ——
§ - § Sacduones
et pat} = 750~
Zl>in -
Z|2|Z| porrsviLe Saghinw 5. ot
Z|<|Z Saginaw Fm
S| 3|S
a a. - = s -
<zl - E Bayport Ls x Bayport Ls 160
w 10
NEdN MERAMECIAN GRAND RAPIDS GRAND RAPIDS
&= 8 Highigan Fin. 3 ‘Michigan Fm
a9 »
ad s 3 OSAGIAN Marshall S5 Nagolean S5 < Marshall Ss g Mareteon 330
Z= e s
nixin
S < S |KINDERHOOKIAN Cobdvater Sk Coldwater Sh s
MISSISSIPPIAN-DEVONIAN _ unassigned = = Surbucy Sh 160
Baworth Shy . flsworb F Bores S5 bifastern Michigan} 240
w o 240
=] I S R M) Bediord Sh 10
< CHAUTAUQUAN A’ S Antrim Sh 480
| SENECAN Sqomw oy s TSquaw Boy Ls
Thunder By Ls
Potter Fastn Fin.
Norway Powt Fn
Four mile Dam Fm
Alg L:

TRAVERSE Alpena Ls seie TRAVERSE 330
z| |2 RiAN Newion Creek Ls _ = = Generally undwided  subsarbace
<|wl< Genshaw Fm =
gL
g 2 S Fabion Poipt I
bAE R Rodkeon Quary 1t |
i ey =——— = pell Sh =
al (o Rogers Ty 1s Rogers Oy LS

Dundes s Bundee s i
Anderdon Locas
DETROIT RIVER bucas =
DETROIT RIVER 1450
ULSTERIAN 2| Amhersburg Fanheryours o
Q| Sylvara S5 = Sylvania S3
2 =
| % B0y Slone R 00
-~ %) iy z
= < &
= 2Z/| Gacden Isfand Fm Garden Island fm 1
S z :
(9] ${ Rarsin River Dol A e
6 BASS ISLANDS PutrnBay Dol i BASS ISLANDS  7¢
~ - 5 tgnace Dol Nerhern Permanks G Uni
w T
8 < CAYUGAN - F Evaporiies sesy
SALINA e = .
] P10, si Chents . ah
< R riy D Evaporite et
o L C Unit SALINA 3150
z| |z
g |2
o o Engadine Dol %
S, 2
25 Al Carborate
AIR(B] NiAGARAN CITrupy] Evaporne B
s [ [
MANISTIQU Schoolcrals Ool 3
Hendricks Dol Flborn Ls MIAGARA 980
BURNT BLUFF Byron Dol Generally undivided 10 subsurface
L | Ume (stand Dol
= Cobot Head Sh = Cabot Head h
abot Hea:
iﬁ( ALEXANDRIAN CATARACT = = CATARACT 200
o Manitoulin Dol Manitoulio Dol
Brg Hill = == Queension Sh
e o Stonngton fm el
NS oy de Moc =
= INCINNATIAN RICHMOND 5 RICHMOND oo
i's Cesek Sh =
z z R == Unca Sh
FAES et oy
g - ‘g’ Graos Quarry fm

TRENTON
9 2 Q| monawkian Chandler Folly fm TRENTON
x|z = Generally undvided i subsurface 100
O O BLACK RIVER Bony Falls fm - BLACK RIVER

{ Cionwood
- CHAZYAN St Peter 53 260
= Shakopee Dol
5 CANADIAN | PRAIRIE DU CHIEN % New Richmond PRAIRIE DU CHIEN
Oneota Dol = Oneota Dol P
oo " . i
Trempealesu Fm =) T rempediea fm Ty o
- D) :
= ST CROIXAN | LAKE SUPERIOR : W e T
— Mice: . Camle 51 et g Jfancona $s LAKE SUPERIOR
z z
< < Munising Fon ~SEE Mannsing Fn ] Dravbech 51 |
2l |z Chape ok 50 R e s
g &l g o O Lo
<|Ri<
vlgiu
3 Jacobswle S5 .
= Jacobswille S 100
= +,
>3 3 : .
< s s i ] S :
ST =T = 7 T 7T =S PN N2V~ e NG U Y
\ PR AN \ i ANV =y =
\ s RPN ,\w/\,/\/\PBEC/AMBRJAN‘/‘ >~ /\~,/\\,\‘_\\’

147

Ralph A Machullan, Direcior

GEOLOGICAL SURVEY

Gasld t (ddy Siave Geologit

ACKNOWHDGEMINT Complad ~h the counsel of coleaguet 10 this depaciment the U S Geo
Togical Survay Michigon s unrversnet oihes siate Gaologeal Suiveys, and gocloguts wahin
ology. Mchgan Siste

@ gas ndutiy D1 Aueaal T Crans Daarimers of

tv. denhiod rocks of Motozox age and suggesiod movonsl age sugnmants

GEOLOGIC NAMES COMMITTEE
Garend © flls Chawman, Roban W Kaley, Secretary
Hary 1 Haedanbars, | Davd Johmon, Hasry O Soransen

SHALE RESOURCE
(present and former uses)

TILE, brick

Brick

Brick, cement

CEMENT, brick
CEMENT

Brick
CEMENT

Cement
Brick

Brick

(x) shale bea locally exposed

or near surface to {)e of potential
value for ceramic products and
cement use

GEOLOGIC MAMES COMPILATIONS Harry O Sorsnsen, Combnia and Ordavicuan, Fobert W
Kelloy €a:ly ond Middle Suscir, Garland O 81y Late Siunian thiough Dewost Siver Groug of

1008 of Devoman
Shate thucuigh the Sanesylvaman Sydtem. f Welly Tecwiliges

olacial geclogy of the Cenazonc

TABLE |



Many years ago, the Bill's Creek Shale
was dug from the Stonington Peninsula and
skidded across the ice to Escanaba for making
bricks. However, the shale is very calcareous
and it is doubtful that it has any present
value for that purpose, but it could possibly
be used in the manufacture of cement.

Silurian

The Silurian rocks are almost entirely
dolomites and limestone. The exception is the
Point aux Chenes Shale which is exposed at a
few places on and along the shore of the St.
Ignace Peninsula. The formation in outcrop is
a gray-green to red shale with some very thin
layers of dolomite. Thickness of the formation
is 500 to 600 feet, and individual shale beds
may be 20 to 45 feet thick. The Point aux
Chenes Shale has not been investigated for its
suitability in the manufacture of ceramic pro-
ducts.

Devonian

The Bell Shale, generally 60 to 80 feet
thick, is the basal formation of the Traverse
Group. It subcrops in a narrow belt extending
from the old Rockport Quarry on Lake Huron in
the northeast corner of Alpena County (section
6, T32N, R9E), northwestward to Rogers City,
then westward into the vicinity of Black Lake
in Cheboygan County where it becomes covered
by thick glacial drift. Best exposures are
in the drainage ditch of the old abandoned
Rockport Quarry, a pit on the south edge of
Presque Isle Corporation Limestone Quarry near
Presque Isle, Presque Isle County (NW corner
11, T33N, R8E); in the overburden stripping of
U.S. Steel Corporation Limestone Quarry at
Rogers City; and in a small roadside gulley
about 2.5 miles southwest of Rogers City (NWhi
Section 29, T25N, RSE). The Bell Shale is a
bluish-gray soft shale, generally limey and
fossiliferous. It weathers rapidly to a blue
plastic clay.

The Bell Shale was formerly dug on a small
scale near Presque Isle (SW4 Section 11, T33N,
R8E) for the manufacture of a soft mud brick.
It has been found satisfactory in the manu-
facture of Portland cement, and burning tests
indicate it to be of good material for common
brick, tile, and some pottery.

In western Michigan, the '"upper blue
shale'" of the Gravel Point Formation contains
an 8 to 20 foot bed or bluish-gray, calcareous
shale with pyrite crystals and nodules. This
shale is best exposed west of Petoskey in the
shale pit of Penn-Dixie Cement Company where
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20 feet of the rock is quarried (NE% section
8, T34N, R6W) and west of Charlevoix on Medusa
Portland Cement Company property where some 5
to 10 feet is exposed in a shale pit.

Directly overlying the Traverse Group is
the Antrim Shale, a brownish black to black
hard fissile bituminous shale about 350 feet
thick. In certain zones, numerous anthracon-
ite concretions occur ranging in size up to
three or more feet in diameter. Smaller mar-
casite concretions from the size of walnuts to
a foot across are also present but in less a-
bundance.

The best exposure of the Antrim Shale is
in the quarry of Huron Portland Cement Company
10 miles west of Alpena where 20 feet is
quarried. Other exposures are: three miles
south of Afton (NW4% SE% Section 14, T34N, R2W);
on the north side of Walloon Lake (Section 36,
T34N, R6W); on the north and south sides of
Lake Charlevoix; and on the shore of Lake
Michigan in a bluff just north and south of
Norwood.

In addition to the present utilization in
the manufacture of Portland cement, the Antrim
Shale was formerly used at a Charlevoix brick
plant.

Exposures of the Ellsworth Shale are lo-
cated in Antrim and Charlevoix counties. The
Formation, some 450 feet thick, consists of
hard to soft, blue gray to greenish banded
shale, contains some calcarecus and arenaceous
zones, and weathers easily to a gray clay. It
is quarried about one mile southeast of Ells-
worth ({SW% Section 24, T32N, R8W) for cement
use by Medusa Portland Cement Company in Char-
levoix, and was formerly quarried one and a
half miles south of Ellsworth (NE% Section 26,
T32N, R8W) for the plant at Petoskey. About
50 feet of the shale is exposed in the two
quarries. At East Jordan, Charlevoix County
(NW% Section 24, T32N, R7W) the Ellsworth
Shale was formerly used for the manufacture of
bricks.

Mississippian

The Coldwater Shale, the lowest rock
strata of the Mississippian Period, is predom-
inantly a gray to greenish-blue shale. However,
certain zones are calcareous or silicious and
contain Kidney Ore. The Formation is from 500
to more than 1,000 feet thick. Over 50 feet
are exposed in the Lake Huron shore bluff be-
tween Forestville and White Rock in Sanilac
and Huron counties. Other exposures are in
0ld abandoned quarries near Union City (NEX4
Section 16, T5S, R27W), Coldwater (NW% Section
32, T6S, R6W), south of Quincy in the banks of
Fisher Creek, and northwest of Reading where
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the shale is exposed in stream cuts. The
shale was formerly quarried near Union City
and Coldwater and mined necar Bronson for the
manufacture of cement and near Coldwater it
was used for the manufacture of brick. Cold-
water Shale has not been utilized for many
years, but tests indicate it is excellent ma-
terial for brick, tile, or almost any vitrified
product as well as Portland cement. Large re-
serves are available in Branch and Hillsdale
counties.

Pennsylvanian

Shales of the Saginaw Formation are ex-
tensively worked at Grand Ledge in Clinton
County for manufacture of drain tile, sewer
pipe, septic tanks, flue liners, and other
products, and at Corunna in Shiawassee County
for drain tile and various fittings.

Deposits of Saginaw Formation shale were
formerly used for the following: paving bricks
near Flushing (SE4% Section 22, T8N, R5E) and
north of Omer (Section 5, T19N, RS5E); face
brick at Grand Ledge and Williamston, and sewer
pipe at Jackson.

The shale of the Saginaw Formation ranges
from light gray to black, is somewhat bitumin-
ous, and may contain calcareous and arenaceous
zones. Iron carbonate concretions, pyrite,
and thin coal beds are usually present.

CLAY RESOURCES

In general, the surface clays of Michigan
can be divided into three classes: (1) morainic
clays; (2) lake clays; and (3) residual clays.
The first two are products of the Pleistocene
Age whereas the third, residual clays, repre-
sents the weathered shale in areas of shale out-
crops and thin glacial drift cover. (See fig-
ure 2.)

The morainic clays are confined to the
morainic and till plain areas of the State,
and therefore, are generally inland away from
the present shores of the Great Lakes. These
clays are often stoney and sandy and high in
lime content.

The lake clays were deposited in water of
former glacial lakes or in ponded water in the
morainic areas. In the Southern Peninsula,
these clays are almost entirely confined to a
40-mile strip running north from the Ohio State
Line along the east side of Michigan to the
"Thumb Area'' around Saginaw Bay and into Alcona
County. The glacial lakes were not as exten-
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sive on the west side of the State. Lake clays
were deposited in narrow strips in a few inden-
tations along the Lake Michigan shoreline, gen-
erally extending only one to two miles inland
except from Holland northward across Ottawa and
Muskegon counties where deposits are encoun-
tered 10 to 25 miles inland.

Lake clays cover much of the eastern part
of the Northern Peninsula, particularly in
Chippewa and Mackinac counties, where thick-
nesses of 300 to 400 feet have been encountered.
Lake clay deposits in the western part are com-
paratively thin and are mainly confined to
areas inland from Lake Superior in Gogebic,
Ontonagon, Houghton, and Baraga counties.

Major ponded water clay deposits are in
Genesee, Clinton-Gratiot, Oscoda-Montmorency
counties and in a strip southwestward from
Kalamazoo County through Van Buren and Cass
counties. Undoubtedly many of the more plas-
tic, smooth, and gritless clay deposits in the
morainic areas of the state are clays of pond-
ed water origin.

The composition of lake clays is similar
to morainic clays, but they generally are free
of glacial pebbles and boulders. Lake clay
generally covers more extensive areas. Usually
the upper 2 to 5 feet are weathered and low in
lime, whereas the underlying blue clay may be
loaded with lime pebbles. Most of the surface
clays presently used by the clay product pro-
ducers and cement companies in Southern Michi-
gan are lake clays.

The third class, residual clays, is found
where the shale bedrock is exposed or under
very thin glacial drift cover. In these areas,
the shale may be weathered to a depth of three
or more feet. Much of the surface clay in
Antrim, Charlevoix, and southern Emmet counties
may be residual clay formed by weathering of
the underlying Antrim and Ellsworth shales.
Some of the clay in the Coldwater area of
Branch County and St. Ignace, Mackinac County
may also be residual of the underlying Cold-
water and Point aux Chenes shales. Other areas
of residual clays may be present within the
belts of shale outcrops.

White burning kaolin clays are not known
in Michigan, however, some of the calcareous
plastic clays in the State burn almost white,
and therefore, might be adaptable for special
uses. A blue, very plastic, gritless, calcar-
eous clay deposit on the north limits of Lan-
sing has been tested and burns almost white.

Other clay deposits which may be suitable
for special uses have been reported. At
Harrietta, Wexford County, an extremely-grit-
less, fine-grained clay was tested for its
Fuller's Earth properties some years ago and
was reported to be effective in clarifying
0il. A white or nearly white clay from Ontona-



TABLE 2.--BURNING TEST RANGE OF CLAYS AND SHALES FROM SELECTED DEPOSITS IN MICHIGAN
(from Brown, 1926)

CONE No. Nearest
COUNTY 010 08 06 04 02 1 3 5 7 9 11 13  Town SEC T R
SURFACE CLAYS
1 Allegan N ———————— Allegan 32 2N 13W
2 Baraga — o k— o 31 51N 34W
3 Livingston —_— e~k > Howell 23 2N 4E
4 Macomb Y S -0 Utica 4 1IN 12E
5 Mackinac — X o Gould City 28 42N 11W
6 Monroe _— O Azalia 25 55 6E
7 Monroe e —0 Rockwood 21 5S 10E
8 St. Clair P 0 Avoca 5-8 7N 1SE
9 St. Clair O~k o New Baltimore 7 3N 15E
10 Tuscola O~ — Cass City 4 13N 11E
11 Wayne PO ; Flat Rock 30 4S5 10E
SHALE BEDS
PENNSYLVANIAN PERIOD
Saginaw Shale

12 Bay — e ————5  Auburn 30 14N 4E
13 Eaton A e S PR Grand Ledge 3 4N 4w
14 Ingham —O e ——————— Williams ton 1 3N 1E
15 Jackson e e e N Jackson 11 2S5 1w
16 Shiawassee L o W 2 Corunna 23 7N 3E

MISSISSIPPIAN PERIOD
Michigan Shale

17 Kent (1) e~ ——0 Grand Rapids 3 6N 12W
Coldwater Shale
18 Branch — O N -0 Coldwater 32 6S 6W
19 Huron L s S N > White Rock 32 15N 16E
DEVONIAN PERIOD
Ellsworth Shale
20 Antrim O~k —0 Ellsworth 23 32N 8W
Antrim Shale
21 Alpena —_————— N —— Alpena 30 3IN 7E
22 Antrim Bmamm e SR R 7 —0 Chestonia 17 31N 6W
23 Charlevoix ~ O Boyne City 25 33N oW
24 Cheboygan I — e e e A B Indian River 1 34N 3W
25 Emmet e X — Walloon Lake 36 34N 6W
Traverse Gp. (Potter Farm Fm)
26 Alpena ——O Alpena 33 31N 8E
Traverse Gp. (Gravel Pt-"Upper Blue Sh')
27 Charlevoix — @0 Charlevoix 28 34N 8W
Traverse Gp. (Bell Shale)
28 Presque Isle —————@—~""x -0 Rogers City 30 35N SE
ORDOVICIAN PERIOD
Richmond (Bill's Creek Shale)
29 Delta * O Stonington 11 39N 22W
KEY
" _Overburden
Soft Hard ~ " Vitritied ~or melt ~
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gon County about 2 miles southwest of Rockland
was formerly used for slip clay in Ohio. A
deposit at Crosswell, Sanilac County, has a
low melting point (glaze at about 1230° €) and
may be suitable for slip clay use.

Some surface clays have a tendency to
swell upon burning and may be suitable for
lightweight aggregate production. Such a clay
exists near Marine City, St. Clair County, and
near Farwell, Clare County. A clay from about
10 miles west of Baraga, Baraga County, indi-
cated positive signs of swelling beyond the
first stage of vitrification.

BURNING TESTS

The most practical test for determining
the suitability of a clay for use as a ceramic
product is the burning test. I1f the tempera-
ture from the time the clay becomes hard burned
(incipient vitrification) to the point where
it becomes viscous and melt exceeds 120° C (6
pyrometric cones), the clay is considered to
have a good burning range and may possibly be
adaptable for vitrified ware. If less than 6
cones, the clay would only be suitable, at best,
for common brick or tile.

Because of the calcareous nature of Michi-
gan surface clays, most have rather narrow
burning ranges and will burn to an off-shade
red, pink, or salmon color. However, those
surface clays that have been subjected to
weathering and leached of much of their lime
content have better burning ranges, and in
many cases, are quite suitable for all kinds
of brick and tile and sometimes vitrified pro-
ducts of various kinds.

Burning range spreads for samples from
various shale deposits in Michigan and 11 sur-
face clay deposits are presented in Table 2.
The table shows that the Bill's Creek Shale
(no. 29) in Delta County does not burn hard
before vitrification takes place and melt oc-
curs. With a burning range of less than 4
cones (80° C) the shale would not be suitable
in the production of vitrified ware. Inability
to burn hard suggests a high lime content. The
ttypper blue shale' (no. 27) of the Gravel Point
and Potter Farm (no. 26) formations, Ellsworth
Shale (no. 20) and the Michigan Formation shale
(no. 17) also have a short burning range, and
hence, may be considered almost worthless for
production of clay products of any kind.

The Antrim (no. 21-25), Coldwater (nmo. 18
and 19), and Saginaw Formation (no. 12-16)
shales, on the other hand, show very good burn-
ing ranges, and being low in lime, are well
suited in most instances for all kinds of brick
and tile, sewer pipe, and other vitrified pro-
ducts or ware.
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The 11 surface clays {(no. 1-11) were se-
jected for their long burning ranges and should
be suitable for brick, tile, and some vitrified
products.

PROSPECT FOR THE FUTURE

In general, Michigan glacial clays (mor-
ainic and lake clays) are less satisfactory
for ceramic materials than are the Pennsylvan-
ian, Mississippian and Devonian shales, but
when leached of lime, the clays are generally
satisfactory for brick and tile, pottery, and
possibly some vitrified ware.

Possible new uses for the Michigan's
clay and shale resources can only be surmised.
Preliminary tests made by the U.S. Bureau of
Mines during 1966-67 show that the Bell Shale
of the Traverse Group will bloat and produce
lightweight aggregate material by the rotary-
kiln process. Shale from the Michigan Forma-
tion showed laminar expansion at 2000° F and
warrants further testing. The other shales
tested have little promise for lightweight
aggregate material although further investiga-
tion may prove otherwise. On the other hand,
most of the surface clays will cinder when
mixed in certain proportions with coke or
grounded coal and fired over a cindering grate.
More clay deposits than the two presently be-
ing worked will undoubtedly be opened for this
purpose in the future.

It is possible that some of the undevelop-
ed shale deposits will eventually become valu-
able in the production of clay products and
vitrified ware, as may some of the surface
clay deposits having a wide burning range.

Some of the very fine-grained, gritless plas-
tic clays in Clare, Sanilac, and Ontonagon
counties that show slip clay chafacteristics
may eventually be worked on a small scale for
that use. The clay deposit at Harrietta may
have a use as a substitute for "Fuller's Earth".

* * *
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