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// - INTRODUCTION
/

7 The world is changing rapidly. . . . . from space explora-
tion to preventive medicine. . . .. giant steps are being taken to

/ conquer the unknown. Even the world of geology is evolving
from a study of the “dead past” to practical application of
mysteries revealed through such study.

. / The Missouri Geological Survey and Water Resources

presents in this publication one of the most rapidly expanding
\ geological disciplines — environmental geology — the applica-
\-. tion of geologic principles to improve man’s environment.




WHAT IS ENVIRONMENTAL GEOLOGY?

' Y/,
THE PAST — —/— —
The geologist, with his rock hammer and
hand lens peering at rocks exposed in a roadcut,
has long been as stereotyped as a biologist with a
butterfly net dashing through the fields. Years
ago, geology was almost a science without a

future — a study of the evolution of rocks and
soils with little application to the “"here and now".

EARLY GEOLOGISTS, such as these from the Missouri Survey, were noted for
their concern with the chemical and physical properties of rocks.
(Photo: Mo. Geol. Survey, 1928)



Gradually, however, the geologist became
noted for his concern with the chemical and phys-
ical properties of rocks and minerals and for his
interest in fossils. His most familiar early role, of
course, was played in economic geology where he
studied oil and mineral deposits and attempted to
locate new sources of supply.

The original concept of ’science for the sake
of science” began to fade and geologists, as well as
biologists, engineers, and other scientists tried to
relate their fields and coordinate them to benefit
man. As early as 1913, professional geologists, in-
cluding those at the Missouri Geological Survey
were making detailed studies of underground and
surface water supplies. Everything in man'’s envir-
onment that affected or influenced him was being
approached from a practical viewpoint. By the late
1920's and early 1930’s, the discipline of “engin-
eering geology’* (use of geologic principles to solve
engineering problems) had evolved.

The term ““urban geology” became popular
about 1960 for describing the somewhat unique
applications of geologic principles in urban areas.
With rapid and acute changes from rural to urban
environment, the geologist took a new approach to /
the study of available mineral and water resources, frf"'lr\;\ )
landforms, and geologic processes affecting them. W&W\ i
He concerned himself with urban geology—how ABOUT 1960 emphasis was I'Jeing.pla:eld S;tr; --
best to utilize these natural resources in building a use of natural resources in building a new commun-

; o . . ity — "urban geology”' described the applications
new community and providing for its basic needs. oiygeologic principles in urban areas.




WHAT IS ENVIRONMENTAL GEOLOGY?

The geologist is no longer pictured as some-
one who only peers at rocks and fossils. Today,
he is regarded as a scientist with a considerable
contribution to make, not only to engineering,
urban planning, and related fields, but to the gen-
eral over-all improvement of man’s total surround-
ings. He has extended his horizons to include a
new discipline—that of “environmental geology”.

Indeed, environmental geology is so new that
the dictionary doesnt include it. It defines envir-
onment as '‘the complex of climatic, edaphic, and
biotic factors that act upon an organism or an
ecological community. . ."” and geology is termed
“3 science that deals with the history of the earth
and its life especially as recorded in rocks. . ."
but no comprehensive definition is given. The
geologist of today is writing his own definition.
He is applying geologic principles to improve man's
environment through the wise use of available
natural resources. He is making the new discip-
line—""environmental geology’ —functional in met-
ropolitan areas, the suburbs, rural areas, and the
wilderness.

THE GEOQLOGIST OF TODAY is no longer pictured as
someone who only peers at rocks and fossils. Instead, he
is regarded as a scientist who relies on modern equipment
and methods in his application of geologic principles to
solve practical problems.
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WHY 1S ENVIRONMENTAL GEOLOGY IMPORTANT?

TO AVOID MISTAKES— — — — —

The geologist’s knowledge and recommenda-
tions have frequently been ignored in the planning
effort, sometimes resulting in costly mistakes such
as building on unstable hillslopes or on flood
plains, urban construction over mineral deposits,
and pollution of water supplies. Through the use
of environmental geclogy—the study of surface
and ground water, minerals, and other resources
and their effect on the construction of a new
community—the geologist is assuming an increas-
ingly important role in avoiding mistakes such as
these.

He is uniting his talents with those of the
engineer, soil scientist, sociologist, architect, and

businessman to build the best possible environ-
ment for living and working. He is assisting in the
planning of new cities—from site selection through
transportation, industrial development, residential
complexes, and service facilities to educational and
cultural provisions.

TO MEET GROWING NEEDS — — — — —

Two-thirds of the nation’s population live in
urban areas today, but it is predicted that by the
year 2000 nearly five-sixths of the projected 350
million population will be urbanized. This will
accelerate urban development and land utilization
even more. The increasing people-to-land ratio will

ROOF FAILURE in underground mines results in
surface sinkholes like this one, where enormous sinks
appeared in a housing development. This house was
abandoned, as were numerous others in the area. A
geologist can help avoid disasters such as this.

TO INSURE A STABLE EARTHEN DAM and success-
ful lake, geologic information is needed in site selection
and during the construction phase. A core trench (such
as that pictured) is to key the dam into the subsoil and
bedrock to prevent seepage.




continue to compound the problems of man and i
will greatly affect his use of natural resources.

More people will need more land for work
and play, more food, and more water, and they
will produce more wastes. Not from Confucious,
but from James Russell Lowell: “There is no good
in arguing with the inevitable. The only argument
available against an east wind is to put on your
overcoat.”” In analogy, the east wind is urban
growth and changing environment; the overcoat — -
planning. Planning is needed now — before the
environment becomes the adversary. Peaceful co-
existence is possible for a growing population and
the physical environment only if available re-
sources are carefully evaluated and wisely used.
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AN ORE DEPOSIT cannot be moved to a more
desirable location. . . . .it must be mined where it is.
A conveniently located mine such as this one poses
few problems, but others may have to be wisely
planned to counteract a poor site. If an ore deposit is
situated in the middle of town, business may have to
circumvent mining operations when necessary.

WHY IS ENVIRONMENTAL GEOLOGY IMPORTANT?
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HOW IS ENVIRONMENTAL GEOLOGY USED?

IN PHYSICAL PLANNING— — — — —

Physical facilities and needs of future genera-
tions are responsibilities of this generation. Man's
conifort depends upon adequate recreational areas;
desirable living conditions without poisons in the
air, water, or food; and adequate water, food,
fiber, and mineral supplies.

To provide these, physical planning has be-
come essential at the national level—in the devel-
opment of a defense system; interstate highways;
and health, welfare, and related programs. Geo-
logic factors affecting the physical environment
are now being considered before defense plants are
constructed, before bridges and highways are built,

and before various other programs are carried out.
Planning, based on environmental geology, is
underway by agencies such as the Department of
Housing and Urban Development, state and reg-
ional planning commissions, and county and city
planning groups.

IN WISE LAND USE— — — — —

Development of a desirable environment
may be limited by the physical features of the
land. Mineral deposits, for instance, are where you
find them. An ore deposit cannot be moved in
order to mine it where labor and transportation
are more readily available. The deposit must .re-
main where it is. Locating and developing existing

Physical planning is essential to a pleasant environment — including planning for control of air pollution.



COMPBEHENSIVE STUDIES of bedrock, soils, and
water resources by a geologist should serve as a guide in
locating lakes and reservoirs. Adequate pre-planning can
eliminate lakes which won't hold water and other costly
problems.

mineral deposits are, however, contributions of the
geologist. He recognizes that, unfortunately, once
a mineral is covered by a subdivision or an indus-
trial park, it is inaccessible and is no longer avail-
able for man’s use.

Streams, rivers, hills, and valleys are located
in certain places because of geologic processes;
they are affected by nature in different ways. For
example, floods occur on the floodplains—not on
hilltops. These physical features cannot be arbi-
trarily rearranged so that a home on a floodplain
would escape all floods or a water well in a dry
area wouldn‘t dry up. Problems must be antici-
pated because mistakes will not correct themselves.
In some localities, a floodplain has been used as
the site for a dense residential development or an
industrial site. A geologist could have identified a
flood zone or a groundwater recharge area such as
this with little difficulty. He could have assisted in
planning better utilization of the land by consid-
ering its physical limitations.

A satisfactory environment must have a
water supply that is adequate for a growing popu-
lation. What is best for a particular locality—deep
wells, shallow wells in alluvium along a major
river, or surface reservoirs? A geologist can help
provide the answer based on comprehensive stud-
ies of bedrock, soils, and water resources of the
area,

Wise land use will mean development of
lakes and reservoirs only where the soils will hold
water and residences will be built only on stable
land. The geologist, working with other environ-
mental experts, will answer such questions as:
“\What is the best way to dispose of waste here?"”
“Can land fill be used there?” “Is a housing devel-
opment possible in a sinkhole area?”

HOW IS ENVIRONMENTAL GEOLOGY USED?
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SURFACE FEATURES can be an asset or a hindrance
. « . « at Florissant, Mo., an industrial and residential
development has been planned to fit the karst (sinkhole)
terrain. Roads were built around sinkholes; even vegeta-
tion and landscaping are determined by the topography.

10

PROBLEM: How to determine the best site for an air-\

port on land already owned by the State Park Board in =
the rugged Ozarks area. SOLUTION: Location of the Lee/
C. Fine Memorial Airport was based on study of a topo-
graphic map. The landing strip was planned and con-
structed with the terrain (shown precisely on a topo-
graphic map) in mind.




TOPOGRAPHY— — — — —

Since the earth’s surface and the natural and
man-made features thereon are a part of man's
environment, he is affected by them. The topog-
raphy—or landscape—influences his comfort and
well-being in many ways. The ease with which he
travels from place to place, the location of his
home, and the site of recreational facilities may be
partially determined by the surface features of an
area. Certainly the planning of an airport would
depend upon the topography as would the location
of a lookout tower, a highway, a dam, communi-
cations facilities, or a railroad.

One of man’s best tools for understanding
and utilizing the topography to the best advantage
is a topographic map. This is a detailed map show-
ing cultural features, drainage, roads, and public
land surveys in addition to the landforms. It shows
the “lay of the land”’ by depicting the earth's sur-
face as a third dimension relief through the use of
variations in color or by contour lines.

About 52 percent of the state is covered by
modern topographic quadrangle maps published by
the U. S. Geological Survey in cooperation with
the Missouri Geological Survey. Each quadrangle
covers 7% minutes of latitude and longitude for a
total coverage of approximately 61 square miles.
Less modern topographic maps at a smaller scale
are available for nearly all of the rest of the state,
(Index maps showing published topographic quad-
rangle maps may be obtained upon request from
the Missouri Geological Survey.)

1



EVALUATION OF soils prior to build-
ing homes, roads, or bridges can help
eliminate construction problems caused
by swell-shrink characteristics, compac-
tion qualities, or inadequate drainage.

SOILS— =i

Soils—the loose earth material above bed-
rock—are important in man’s environment and
must be carefully considered before major changes
are made. Many health hazards and construction
problems can be avoided if soils are evaluated
prior to building homes, roads, bridges, or other
structures. Evaluations are concerned with such
things as moisture, swell-shrink characteristics,
compaction qualities, porosity, permeability, and
mineralogy.

Foundation designs and construction, for
example, must be adapted to the soils or cracked
foundations and other mishaps caused by excess
moisture or adverse swell-shrink characteristics of
soils will plague the builders. Waste disposal in

dense suburban housing areas can become a real
problem if soils do not permit adequate drainage.
Transportation also may be affected if highways
are constructed over sinkholes and unstable slide
areas rather than on firm soils and bedrock.

Early recognition of soil problems can help
eliminate unnecessary delays and expense. Of con-
siderable value during early phases of planned
development are soil maps published by the Soil
Conservation Service. These give much data on
drainage problems, slope characteristics, permeabil-
ity, erosion, and related problems. Geoldgic maps
such as those available at the Missouri Geological
Survey can also be used in relating surface soils
to underlying bedrock. ldentification of these
potential problems should be the first step in plan-
ning any change in man’s natural environment.

FACTORS OF ENVIRONMENTAL GEOLOGY
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One of the world's most important natural
resources—required to provide the necessary food
and fiber for mankind—is water. It is a precious
commodity because it must be available for man
to live comfortably. Empires have been won or
lost as the water table has risen or fallen, or as
rivers have turned into mud flats and sand bars.

The supply seems inexhaustible when one
considers that the average annual precipitation of
30 inches in the United States provides some 4,200
billion gallons of water per day. Of this quantity,
approximately 600 billion gallons per day are avail-
able for man’s domestic, industrial, municipal, and
agricultural requirements. However, today’s aver-
age daily use of about 350 billion gallons is pre-
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dicted to double by 1980 and, by the year 2000,

the demand is estimated to be one trillion gallons

per day.

According to these estimates, demand will
equal supply in a little over 10 years. The immen-
sity of the water problem facing the nation is indi-
cated by these projections, even though their val-
idity may be somewhat dubious. As with many
projections and extrapolations, circumstances alter
the facts. For example:

1. A prediction was made in the last half of
the 19th century that the growth of Manhattan
would be limited by the island's capacity to trans-
port grain as food for horses.

2. For the past 40 years, use of electricity
has doubled every 10 years—it's doubtful that

il ) 1."1 y

A GOOD EXAMPLE of how not to plan a water
supply. . . . .In this case, the municipal water supply is

located downstream from a landfill. Contaminants from
the landfill undoubtedly will filter down through the
soil and eventually appear in the water wells,

13



present technology can meet the challenge for con-
tinuing this rate of increase during the next 40
vears.

The future is not as gloomy as intimated by
the faregoing estimates; only a small amount of
water is destroyed in use. Practically all water is
non-consumptive and it is one of man’s most in-
expensive commodities. Compare the cost of a ton
of dirt and a ton of water delivered to your home—

oy

water today is, truly, “cheaper than dirt"!
SURFACE WATER

The geologist classifies water that is on or in
the earth in two categories: Surface water—water
in lakes, ponds, streams, springs, or runoff; ground
water—water beneath the earth’s surface.

Surface water, an important factor in man’s
environment, has been studied since 1921 by the
Missouri Geological Survey. Data collected by the
Survey in cooperation with the U. S. Geological
Survey from 137 stream gaging stations through-
out the state provide a wealth of information on
available surface water. This information is used
for predicting maximum flood levels and low flow
of streams in certain areas. It is a basis for planning
sewage and industrial waste disposal; determining
feasibility of surface water impoundment struc-
tures; and locating buildings, highways, and cities.
Missouri Geological Survey Water Resources Re-
port 20, a compilation of data from these gaging
stations, is used by the Missouri Water Pollution
Board for establishing surface water quality stan-
dards.
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MAPS such as this (prepared by the U. S. Army Corps of
Engineers) indicate the frequency and depth of flooding
for specific areas. Based on historical and technical flood
data, these maps are invaluable to municipal planners,
developers, and others interested in avoiding future flood
problems. The house pictured on page 14 is located near
the center of the most intense projected flood area.

k

LR |

\ L.

\\:LW/ g

",—/;
<
? o
LA
/ /
CATALPA
y Fd

AVE.
PARK

OVERHIL

AVE
GOLDEN

T — 7 — —— i
LENN AV

SPRINGFIELD CI'T'Y LIMITS

GLENN AVE,

-
OVERHIL

&

(;LDEN

HILLCREST
K

OVERFLOW LIMITS

MAXIMUM II‘~ITI-ZﬂMEDIM’EW STANDARD

FLOOD REGIONAL PROJECT
KNOWN J fFLOOD FLOOD

LEGEND

MILES ABOVE MOUTH

________ CROSS SECTION

—————— GROUND ELEVATION IN FEET ABOVE M.S.L.
USCA& GS I(GENERAL ADJUSTMENT) 1929

CONTOUR INTERVAL 10 FEET
LIMITS OF OVERFLOWS INDICATED MAY VARY SOME FROM

ACTUAL LOCATIONS ON GROUND, AS EXPLAINED IN REPORT. A




Environmental geology has proved helpful in
regional recreation planning and in determining
possible future water supplies. In line with this,
the Missouri Geological Survey published a map in
1967 showing lakes with over 5 acres of water area
throughout the state. The map also indicated the
use of each lake as well as the ownership—whether
federal, state, or local.

At the national level, a number of programs
are concerned with surface water and floods along
with their effects on cities and large communities.
One of these is a three-stage program to delineate
major flood hazard areas in communities with
more than 2,500 population. Phase one, a compil-
ation of a list of affected cities, was prepared by
the U. S. Army Corps of Engineers. As phase two,
the U. S. Geological Survey outlined areas on top-
ographic quadrangle maps that have been "occas-
jonally inundated”. The 38 Missouri cities in-
cluded are:

Bethany, Boonville, Brookfield, Canton
Cape Girardeau, Carrollton, Carthage, Chillicothe,
Columbia, Crystal City, Excelsior Springs, Fayette,
Festus, Flat River, Hannibal, Hermann, Independ-
ence, Jefferson City, Joplin, Kansas City, Louisi-
ana, Maryville, Mexico, Neosho, North Kansas
City, Pacific, Pleasant Hill, Poplar Bluff, Ste.
Genevieve, St. Charles, St. Joseph, St. Louis,
Sugar Creek, Trenton, Union, Valley Park, Wash-
ington, and West Plains.

These quadrangles show maximum eleva-
tion of flooding for each affected city and are
available without charge from the U.S. Geological
Survey, Rolla, Mo. Phase three (detailed inves-
tigations and reports) has been completed for
the Blue River valley and Pacific by the Corps
of Engineers. Reports for Jefferson City and the

PRACTICAL MEASURES for reducing flood damage
include contral of the rivers through the use of dams
and reservoirs. Detailed geologic examination of pro-

FACTORS OF ENVIRONMENTAL GEOLOGY
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posed sites can many times mean the difference be-
tween successful flood contral and unwanted water
loss,

Springfield area are scheduled for completion by
mid-1969, and studies are authorized next fiscal

year for the Little Blue River and Cape Girardeau.

Programs such as this are but one aspect of
man'’s consideration of geologic factors to improve
his environment. When floodplains are identified
by the geologist, continued construction of facil-
ities in the path of expected floods is foolish be-
cause loss should be expected. Even when billions
of dollars are spent on levees, dams, and channel
improvements, heavy rains can still mean disaster
in these floodplain areas.

Some flooding problems are caused by ur-
banization. With street construction, buildings
with roofs shielding a lot of land, paved parking
lots, and concrete patios, urbanization greatly
increases the danger of flooding because rain-
water cannot soak into the ground as it does in
open areas. The water literally has no place to go
except into the houses and other buildings. Poten-
tial flood losses, however, can become gains if
imaginative planning provides for water retention
structures which will attenuate peak runoff from
floods in these urbanized areas. At the same time,
they contribute to the esthetic qualities of urban
living.

For example, low water retention structures
(commonly formed where streets or roads cross
valleys) can provide water storage to be used for
periods of excess runoff. This will greatly decrease
the threat of flooding in downstream areas and
make the use of smaller stormwater drainage sys-
tems possible.

The best method for preventing flood dam-
age is, of course, to avoid floodplains when build-
ing. Since this has not been done in many cases,
three practical measures are suggested for reduc-
ing damage:

17




1. Control the rivers through the use of
dams, reservoirs, levees, flood walls, channel im-
provement, or watershed treatment.

2. Control the land by designating flood-
ways and encroachment lines, zoning, and passing
subdivision regulations and building codes.

3. Use general controls such as flood proof-
ing, temporary evacuation, open spaces, warning
signs, and flood insurance.

GROUND WATER

The second classification of water made by
the geologist—ground water— includes all water be-
neath the earth's surface. It is this water which
man generally taps for his drinking water, which
is significant in the productivity of an area.

Finding adequate water supplies, however, is
no easy job. The water witching techniques and
“by guess and by golly’’ methods of bygone days
just didn't work. Consequently, geology has be-
come an indispensible tool in man’'s search for
water. To find the best drilling site, geologic in-
formation such as that compiled by the Missouri
Geological Survey is analyzed in detail. Survey
files contain samples and over 27,000 logs of wells
drilled in all parts of Missouri. Based on study of
logs such as these, a geologist is generally quite
successful in locating a good water supply.

While the Survey is not a water regulatory
agency, many individuals, the State Division of
Health, and other agencies rely on it for detailed
subsurface geologic information for use in deter-
mining casing depths as well as for finding the
best water supply. Survey geologists must consider
a number of factors before making their recom-
mendations since the geology varies from one part
of Missouri to another. In the south and south-
eastern part of the state, for instance, a well may
require as much as 1,000 feet of casing, whereas
in other areas as little as 30 feet would be ade-
quate.

A safe water supply is essential to man's
health and must, therefore, be one of the prime
concerns of environmental geology. Inexperienced
well owners have ignored professional geologic ad-
vice on well locations in some instances, and have
encountered problems with their water supplies.
For example, an owner submitted a proposed well
site location to the Survey for investigation and
evaluation. After receiving the Survey's recommen-
dations, the owner (without the Survey's know-
ledge), actually drilled the well at a location with-
in a mile of the original site. Unfortunately, a geo-
logic fault existed between the originally proposed
location and the site where the well was finally
drilled. Result—because of the sequence of strata
encountered, the well had to be drilled much deep-
er requiring additional casing and expense than
would have been needed at the approved site.

Numerous problems such as this exist in
man’s never-ending search for water supplies. He
has come a long way in perfecting his methods of
detecting water beneath the earth’s surface—from
the legendary divining rod and witching stick to

FACTORS OF ENVIRONMENTAL GEOLOGY
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modern geologic knowledge of which rock forma-
tions are the best aquifers. One of the most val-
uable “treasure maps’’ of the modern age is a spec-
ial map which indicates the water yields that may
be expected at certain depths in a particular local-
ity and the general quality of the ground water. A
packet of four of these maps depicting the ground
water of Missouri is available from the Missouri
Geological Survey. These are of considerable assis-
tance to municipalities, industries, and private indi-
viduals interested in discovering the best possible
site for a water supply system. They should be

ACTUAL LOCATION

GROUND LINE

referred to early in the planning stage, however,
before the final selection of a well site.

Other aids to Missouri's water consumers
are the automatic water level recorders installed in
a network of 37 wells throughout the state. These
recorders provide the Survey with continuous
water level measurements which, when compared
with precipitation and stream flow, are the basis
for predicting the stability of water levels and the
movement-of ground water throughout the state.
These data are also used to indicate areas where

RECOMMENDED LOCATION

LAQUIFER

PROFESSIONAL GEOLOGIC ADVICE was
ignored in this instance resulting in additional
casing and expense to the well owner. The
recommended well site (above) was within a
mile of the site where a well was finally drilled
(left) by the owner (without the Survey's
knowledge). Unfortunately, a geologic fault and
the sequence of strata required much deeper
drilling than would have been needed at the
original approved site,

19




possible “mining” (actual depletion) of ground
water may occur.

MINERALS— — — — —

Minerals are one of the most important
natural resources in man’s environment. Cities
cannot grow without them—homes cannot be built,
streets cannot be put in, offices cannot be con-
structed. The proper materials: sand, gravel,
crushed stone, clay, and shale must be used. These
are the so-called “‘growth minerals” because they
are necessary for the growth of urban areas. When
adverse zoning or other conditions deprive a city
of these growth minerals from a local source, the
city’s expansion falters.

How can a city grow when construction
costs are too high? What happens to the growth
and vitality of an area when industries cannot
afford to locate there? Rising street construction
expense caused by excessive cost of transporting
growth minerals from another area may mean that
money is not available for park lands or for up-
grading the police department.

The economic significance of locally avail-
able growth minerals such as sand and crushed
stone versus transportation of such materials from
a distance is illustrated by table 1.

TABLE 1

Cost of Transportation of Growth Minerals

Average ngl Total Haul Total |Percent increase
Area price at 3 miles Local 20 20 mile | for 20 mile

Spiingfisid, Ma. scales Cost miles cost load

Crushed stone $1.50 $0.65 $2:1h $1.14 $2.64 23%

Sand 1.30 0.65 1.95 1.14 2.44 25%
Kansas City, Mo.

Crushed stone 1.50 0.45 1.95 1.30 2.80 44%

Sand 1.30 0.45 1.75 1.30 2.60 49%
St. Louis, Mo.

Crushed stone 1.50 0.75 2.25 1.65 3.50 40%

Sand 1.30 0.75 2.05 1.65 2.95 44%

3

Yd" of 1: 2: 4 concrete uses 1133 Ibs. sand

2100 Ibs. aggregate

50,000 yda concrete 28,325 ton sand save 90¢ = $25,492

52,500 ton agg.

FACTORS OF ENVIRONMENTAL GEOLOGY

save 90¢ = $47,250

$72,742
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Two economic factors should be carefully
considered before any deposit of a low-unit-cost
“growth mineral” such as clay, shale, sand, gravel,
or limestone is covered up or made inaccessible by
unplanned urbanization or development. The rea-
sons:

1. Competitive prices for these raw mater-
ials may encourage a new industrial plant to locate
nearby and thus influence the construction of re-
lated businesses, homes, and community utilities.

2. Properly planned use of the land may
include the extraction of non-renewable mineral
resources in urban and suburban areas while pro-
viding a business venture, employment, and local
tax income.

Growth minerals should be extracted before
an area is developed for housing, industrial, or
other uses because of the potential economic im-
pact on the new city or town. Why should sand

UNFORTUNATELY, GROWTH MIN-
ERALS do not have the same emotional
appeal as other resources. An unre
claimed coal strip mine is a desolate
formidable sight,

and gravel, for example, cost an exorbitant amount
because they have to be hauled a long way when,
by delaying or relocating urban development, a
local source of supply is readily available? Areas
from which growth minerals are extracted can be
restored for practical use with a little planning and
ingenuity; urbanization can then proceed as sched-
uled with an added economic boost.

Unfortunately, growth minerals do not have
the same emotional appeal as other resources in
man’s environment such as forests, water, and
wildlife. These are clean, graceful, and appealing
whereas coal mines and rock quarries are dirty and
unsightly. Mineral production and processing in-
stallations generally have a poor public image.
Man complains about noise, dust, trucks, and
dangers from blasting. Yet, the technology is avail-
able to make mineral production and processing
operations good neighbors—and many such oper-
ations are proving that they can. Admiral Hyman
Rickover once said, “If people understood that
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FROM AN UGLY STRIP MINE to an aftractive recreation lake . . . technology has improved man’s environment.
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technology is the creation of man, therefore sub-
ject to human control, they would demand that it
be used to produce maximum benefit and do min-
imum harm to individuals and to the values that
make for civilized living.”

Therefore, since man initiates many of the
undesirable aspects, he should be able to control
them and turn them to a practical use. To illustrate
this concept, a college in an eastern state wanted |
to expand, but found the way blocked by a large
limestone hill. A local mineral firm offered to re-
move the hill for the limestone that it contained.
Geologists assisted in locating the deposit and
explosives experts advised the quarrymen on meth-
ods of breaking the stone with minimum blast |
damage and noise problems. When the work was
completed, the college had an ideal site for expan- |
sion and the quarrying company profited from the
sale of stone. The city reaped double benefits—a
larger college and a ready supply of growth
minerals.

WATER COLLECTING in abandoned strip mines, com-
bines with sulfur deposits left behind to form sulfuric
acid. Contour furrows, trees and shrubs will check
erosion and reduce acid formation.
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ABANDONED GRAVEL PITS (above) were used as sani- TODAY, THE DENVER COLISEUM (below) and parking
tary landfill sites by the City of Denver as long ago as areas cover the landfill and former gravel pits. A good
1948, The growth minerals were removed and the space example of wise planning.




Profitable utilization of man’s environment
is well illustrated by a U. S. Bureau of Mines study
of the aggregate resources in the Denver area. In
1960 the recoverable aggregates—within 15 miles
of downtown Denver were estimated at 240 mil-
lion tons; those which were inaccessible were be-
lieved to be 540 million tons. By 1966 losses to
non-mineral land use plus sand and gravel produc-
tion had diminished available reserves by approxi-
mately 90 million tons— a loss of over 1/3 the
reserves in 6 years.

As far back as 1948, abandoned sand and
gravel pits were being used by the City of Denver
as sanitary landfill sites. Today, this same area
which is adjacent to Interstate 70, is being util-
ized for parking and the Denver Coliseum is con-
structed upon it.

Enormous underground limestone mines in
Kansas City, Springfield, and Neosho have been
converted to profitable use for warehousing, cold
storage, offices, and manufacturing plants. Under-
ground facilities such as these offer many advan-
tages, including controlled humidity and temper-
ature, freedom from street vibrations and sonic
booms, and lower fire risks. Today, many under-
ground mining operations are designed so that
underground space created by mining can be profi-
tably utilized later. Uses to which mines can be
put are endless, limited only by imaginative plan-
ning before mining begins. In fact, one individual
wondered why some enterprising company hadn’t
opened an underground mortuary. The idea has a
sure-fire slogan, he quipped, “You can’t get buried
any deeper any cheaper!’”

SPACE CREATED BY SURFACE MIN-
ING can be profitably used in many
ways— — —
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Numerous open-pit quarries in Missouri have
been labeled public nuisances and eyesores even
though they are essential to the local construction
industry. In years to come, however, cities may
consider themselves fortunate to have quarries
nearby because of a unique use currently being
advocated for abandoned quarry pits. Since recent
air pollution legislation banning open burning has
placed man in danger of being engulfed by his own
refuse, some experts are looking to large open pit
quarries as possible solutions to the problem. They
can be utilized for disposal of specific types of

OPEN PIT QUARRIES. . .
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THE DIFFERENCE BETWEEN old-time haphazard un-
derground mining and today's trend toward practical
mine design is clearly illustrated by these Kansas City
limestone mines. Once the mines were unplanned, with
random pillar shape and arrangement (top). With the ad-
vent of the mined-space age, mine design evolved to
a strict geometric configuration which gives more usable
space,
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waste materials and then industrialization or ur-
banization can proceed over the former quarries.

Companies such as A. P. Green Refractories
Co. of Mexico, Mo. are mining clay from large
open pits,. which are refilled after mining with
waste material from other excavations, providing
attractive construction sites. Other pits are being
developed as fishing and recreation lakes. St.
Louis, for example, has an unusual residential area
built around one end of a body of water created
by open pit clay mining. At the other end of the

BE VALUABLE

AN OPEN-PIT QUARRY can be an asset instead of an
eyesore if imaginative planning is used. Some quarries can
be filled with waste materials and then industrialization
or urbanization can proceed over them. Others (such as
those pictured) can be used without filling the excavation.

pit, clay is still being produced. What was once an
ugly clay pit has been transformed into an attrac-
tive subdivision featuring waterfront home sites.
‘Clay pit"” in this area has become a term of the
past—when the growth minerals are mined out,
the excavations become ‘‘lakes”.

This idea is not new: Houk Stadium of

Southeast Missouri State College in Cape Girardeau
is built in an abandoned limestone quarry; Spring-
field is currently using several abandoned lime-
stone quarries for disposal of "’hard’’ wastes (brick,
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UNDERGROUND MINES, if wisely planned, can be
profitably adapted to meet varied needs. (Top left)
"Only the builder knows” — modern offices of Wood-
ward, Clyde, and Sherrard in Kansas City are far under-
ground. (Top right) General Warehouse Corporation of
Springfield takes advantage of subsurface uniform temp-
eratures in this well-planned cold storage facility. (Bottom
left) Underground freight terminals such as this in
Springfield (General Warehouse Corporation) are practical
for limestone storage facilities. (Bottom right) Showplace
of Kansas City’s mined space developments is Brunson
Instrument Company's underground plant. The company
manufactures highly complex surveying and other instru-
ments which require extremely close tolerances. Under-
ground mine space is free from vibrations, traffic noises,
weather changes, and other annoying problems charac-
teristic of above-ground buildings.

concrete, rock, dirt, etc.) within the metropolitan
area. These will eventually be filled and additional
usable land will be available.

Strong attacks have been made against strip
mining in recent years and, certainly, some parts
of the industry have abused the land. But some
companies, recognizing their responsibility to keep
man’s environment attractive,have reclaimed many
acres of their mined land. A new mine-mouth
power plant to be built by Empire Electric Com-
pany in southwestern Missouri will feature a large
coal strip mine operated by Pittsburg and Midway
Coal Mining Company. This company has an

nounced that every acre of land disturbed by
mining will be returned to its highest and best use

through planned land reclamation. Peabody Coal
Company’s “Operation Green Earth’ is likewise
geared toward reclaiming strip mined lands for
recreation areas and fishing lakes.
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It is clear from these examples that reclam-
ation of mined lands can be profitable and worth-
while. Man's surroundings—including the more
than 66,000 acres desecrated by surface mining
in Missouri—meed not remain a wasteland. Joplin
is almost surrounded by a lunar-like landscape of
chat piles, yet it needs land for expansion and in-
dustrial development. Why not acquire wasted land
such as this and return it to productivity? Golden
opportunities await those with the courage and
imagination to follow the lead of many of the
enlightened mining companies in restoring man's
environment to its original form or something
comparable.

MODIFICATIONS BY MAN— — — — —

Another phase of environmental geology is
concerned with modifications of the earth’s sur-
face by man. Such man-made structures as dams,
reservoirs, houses, bridges, highways, and others
can be drastically affected by certain geologic con-
ditions. Missouri, with its widely varying geology,
can particularly benefit from detailed studies such
as these.

Many dry lake sites, faulty roadways and
streets, contaminated streams and wells, and un-
safe home foundations and dams can be directly
attributed to natural geologic conditions. Poten-
tial problems, if not recognized before construc-
tion, can result in extremely costly repairs or con-
struction. Because of the greater public risk and
added expense involved in urbanization, geologic
investigations should always be included in feasi-
bility studies for large construction projects and in
regional planning.

FACTORS OF ENVIRONMENTAL GEOLOGY

CHAT PILES in the Tri-State lead-zinc area near Joplin
lend a “lunar-liké’ appearance to the Iandscape ..... Why
not return it to productivity?
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Very often a planner may recognize an
unusual or “hidden” natural resource which could
be profitably developed and, with the aid of a
geologist, he can plan for its wise utilization. For
example, karst topography (meaning sinkhole
lands) is often regarded as a poor choice for resi-
dential or industrial development. However, to
visit Laclede Gas Company’s facilities in the Flor-
issant karst, near St. Louis, is to be impressed by
their beauty and excellent qualities of livability.
Housing, industrial, and transportation facilities
are built on intersink areas, conforming to the
topography; thus eliminating the strict geometric
forms that frequently create monotony. Surpris-
ingly enough, karst lands become homelands with
imagination and little expense.

Natural or pre-existing drainage characteris-
tics in such areas must not be overlooked, however.
The city of Springfield, for example, is in a region
underlain by highly cavernous limestone with
many sinkholes. Some builders have neglected
underground drainage considerations by filling all
sinkholes in a given subdivision. Yet, sinkholes are
important because they are in effect a part of
nature’s storm sewer system, channeling surface
waters into underground drainageways which later
reappear as springs in downstream areas. When the
sinkholes are filled with no provision for surface
drainage, wet basements and frequent flooding
may be expected. However, karst lands developed
with provisions for natural drainage into major
sinkholes make highly desirable places to live. The

THIS SINKHOLE in a Springfield residential area acts
as a natural unimproved storm sewer, It channels surface
waters into underground drainageways and helps prevent
wet basements and flooding.
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ROUGH ROCK SURFACES such as these in the Spring-
field area are a difficult engineering problem when
constructing highways and buildings. Groundwater has
dissolved the limestone and left the surface rough and
uneven.

geologist often lends a hand in improving man's
standard of living in this and many other ways.

Even carefully engineered highway construc-
tion may run afoul of unseen geologic factors. A
good illustration is the new route for U. S. High-
way 65 around the east edge of Springfield. The
proposed route of the highway placed it over a
prominent sinkhole and cave; the cave carries a
large underground stream. Original plans were to
seal the sinkhole completely with fill material.
However, Missouri Survey geologists knew that the
underground stream contributed to the flow of a
large spring which had been dammed to form an
attractive area—the focal point of an exclusive
residential area with homes in the $100,000 class.
Geologists warned that filling the sinkhole would
intercept the spring flow and lower property values

in the residential area, far from the problem sink-
hole. Plans were formulated to provide proper sur-
face drainage without affecting underground drain-
age. Problems such as this appear frequently, and
trouble may often be avoided by drawing upon the
talents of a geologist.

As a service to planners, builders, engineers,
and others, the Missouri Geological Survey recent-
ly initiated a new series of quadrangle maps deal-
ing with specific engineering geologic characteris-
tics of the mapped area. These maps indicate by
colors which rock and soil units might affect con-
struction projects—whether a septic tank installa-
tion or construction of a high-rise apartment are
appropriate in a certain location. They show areas
which are particularly favorable for residential
development and others which are underlain by
rocks and soils that might be more suitable for
industrial construction. The first map in the series,

FACTORS OF ENVIRONMENTAL GEOLOGY
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DRILLING DOESN'T give a good pic-
ture of subsurface characteristics where
pinnacles and cutters (gouged out places)
are present, Irregular bedrock, unstable
soils, and other unseen geologic factors
can cause big building problems,
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“Engineering Geology of the Maxville Quadrangle”
has been published; others are planned for the
suburban areas of St. Louis, Kansas City, and
Springfield.

Any discussion of geologic features in recre-
ational planning is likely to touch upon abuse of
resources in Man’s environment rather than upon
wise use. A southwest Missouri city wanted a fall-
out shelter and a tourist attraction several years
ago, and someone remembered that a great cave
lay directly beneath the city. The local newspaper
ran a story on the cave featuring forgotten draw-
ing and descriptions of the large and magnificent
cave. But when the entrance was relotated, city
officials found that short-sighted planning had
directed the city’s storm sewer system into the
cave, and over the years it had filled with debris.

Unfortunately, this story is repeated in var-
ious forms throughout the state. To illustrate, a
central Ozark town adjacent to Interstate 44 has
an enormous spring within a few city blocks of the
main street, yet allows the area to be littered and
scarred with no effort being made to use what
would be considered a wonder of nature in another
region. Park lands can be developed almost any-
where, even in a busy metropolitan setting, but
parks with geologic features such as this offer
much more than playgrounds and picnic areas.
Planners have a duty to seek out and capitalize
on geologic features worthy of becoming focal
points for parklands, residential areas, or for



SPRINGS ARE SO ATTRACTIVE and the water quality so good that a number serve as the
principal features of Missouri State Parks as well as providing favorable sites for fish hatcheries.

enhancement of public facilities. Such places
abound throughout Missouri, generally where they
are least expected. The Jefferson County Planning
Commission recently discovered a splendid natural
bridge in a beautiful setting that had previously
gone unnoticed.

During the design and planning of Interstate
44 north of Springfield, the grotesquely weathered

GEOLOGIC FEATURES such as nat- limestone bedrock pinnacles were purposely left
ural caves, (left) and other wonders of . .

Aature are Kieh o fodal polis for gaeks; exposed on thPT backslope. .Thas use of rock in a
residential developments, or for public natural setting is both pleasing to the traveler and

facilities. Such places abound through- : 3
oit $Nibouet ik ey the: inearpomited required less rock removal by the contractor dur

in overall planning at little or no cost. ing construction.
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MAPS, SUCH AS THIS, depict natural resource areas
which should be considered in planning residential,
business, and industrial construction, The ‘checkered”
area (top center) depicts sand and gravel which should be
removed prior to any actual development. Colors and
symbols were used on the original map to indicate zoning
classifications. {Source: Maryland-National Capital Park
& Planning Commission)
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IMPACT OF ENVIRONMENTAL GEOLOGY

Great strides are being made in the world
today and, as pointed out, the field of geology is
no exception. Environmental geology has become
a definite asset in many aspects of man’s struggle
to improve his surroundings. While it doesn't
supply all the answers, it does help carry man a
long way in his search for better living.

While today’s interest in environmental geol-
ogy may shift to place more emphasis on astro-
geology (the application of geologic principles to a
celestial body such as the moon or a planet), it is
certain that the role of the geologist will be more
important than ever. Already, detailed structural
and geologic mapping of much of the moon has
been completed. Geologists have, figuratively, been
to the moon even before the astronauts!

Through analysis of data obtained by both
manned and unmanned spacecraft, the geologist is
in a sense already prospecting. One day, he may
even help direct mining on the moon; he will cer-
tainly be on hand to aid in making an alien envir-
onment a pleasant place for man to live and work!

Whether man is on earth or among the stars,
the new discipline—"'environmental geology" will

lead to the understanding and improvement of
man’s surroundings.

* R X ¥ ®
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A practical example of the value of environ-
mental geology is the solution to a problem relat-
ing to a large sinkhole under a major highway
near Springfield. As strange as it may seem, the
Missouri State Highway Department solved this
problem by carefully filling the sinkhole well
below the roadway pavement level and (by so
doing) accomplishing outstanding beautification
work miles away.

It all started with the construction of U.S.
65 bypass to the west of an exclusive residential
area near Springfield. The area is quite attractive,
greatly enhanced by several lakes and waterfalls

38

(left) THE PROBLEM: Study of the
Springfield area before the construction
of U.S. B85 bypass revealed that conven-
tional filling of a deep sinkhole under
the highway right-of-way would interrupt
the flow of an underground stream feed-
ing Jones Spring.

A PROBLEM AND

formed by small dams below Jones Spring (a siz-
able spring flowing from a cave in the Burlington-
Keokuk limestone),

The U, S. 65 right-of-way crosses a large
sinkhole at Springfield’s Cherry Street and Ingra-
ham Mill Road. Flowing through a cave at the
bottom of the sinkhole is an underground stream
which may be followed downstream for several
hundred feet before it disappears beneath debris
which fills the passage.

Several years ago, Survey geologists, using
fluorescein dye, traced this stream to Jones Spring.
Conventional filling of the sinkhole, they felt,



ENVIRONMENTAL GEOLOGY IN TOWNE AND COUNTRY
{right) THE SOLUTION: based on study
of underground drainage by geologists, HIGHWAY  GRADE
a large sinkhole east of Springfield re-
ceived special consideration to permit B e

construction of U.S. Highway 65 bypass

and to safeguard the flow of beautiful /
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A practical example of the appli-
cation of environmental geology
to an “everyday” problem......

would interrupt the flow of the underground
stream feeding Jones Spring and would probably
cause a constant maintenance problem because of
subterranean washouts. The Survey notified the
Highway Department, recommending that the
underground drainage not be disturbaed by con-
struction. Plans were quickly drawn up to provide
both for preservation of subterranean drainage and
for a stable roadbed.

( PERFORATED )

A corrugated metal pipe, strategic placement
of rock fill, and an 8-inch reinforced concrete slab
covered by earth fill were used in the sinkhole to
keep surface and subsurface drainage much as they
were before construction began. Passing motorists
may never suspect that an unobtrusive roadside
drain feeds a spring which beautifies one of Spring-
field's finest residential areas — thanks to the wise
application of environmental geology!
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ENVIRONMENTAL GEOLOGY IS USEFUL

IN TOWNE

Locating highways

Planning housing developments

Disposing of domestic and industrial waste
Finding municipal groundwater supplies
Assuring foundation stability

Selecting industrial sites

Discovering growth minerals

Providing adequate drainage

Controlling floods

Adapting buildings to topography
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AND COUNTRY

Finding domestic water supplies

Selecting lake sites

Building dams

Developing recreational facilities

Disposing of domestic and agricultural waste
Avoiding pollution

Controlling erosion

Adapting buildings to topography

Locating roads
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Discovering minerals
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Resources studies basic geology with a view toward determining resources available in
the state; encouraging their wise use; and developing a data bank of useful geologic
information for public use. It is charged by statute to conduct geological investigations
in the state and to publish its findings.

Staff geologists answer inquiries about everything from mineral, oil, and gas production
to geological hazards in construction and where to find underground water supplies.
They aid people through field investigation and laboratory research. Services are avail-
able to Missourians and those interested in its geology. The offices, museum, and labor-
atories are located in Buehler Park, Rolla, Mo,
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