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INTROD'.JCTION 

Regional geologic appraisals of 19 selected growth areas within 

Missouri are presented in this report. Topics discussed include: 

landtonns and re lief, rock and soi 1 formations, earthquake potentia 1, 

scenic natural resources, mineral resources, water resources and land 

use. 

Landforms and Relief. A description of the geologi.c and physio­

graphic factors, including landforms, relief, drainage development , slope 

categories, karst topography and floodplains. 

Rock and Soil Formations. A description of the bedrock types, 

surficial materials and soil thicknesses found in each study area. 

Earthguake Potential. A description of the structural features 

of the study area, such as folds and faults. Potential earthquake 

activity is also included. 

Scenic Natural Resources. An accounting of the area's known caves, 

springs, natural bridges and other scenic geologic features. 

Mineral Resources. A summary of the known mineral resources and 

their relationship to the development of the area, especially in the 

context of sequential use. 

Water Resources. An analysis of the surface water, including 

quality and volume (in impoundments), or discharge (flo~), and ground­

water resources available, including producing formations, their expected 

yields, recharge areas and water quality. Also included is an overall 

evaluation of the relationship between surface and groundwater supplies, 

potential for pollution, and procedures necessary to prevent pollution . 

Land Use. A summary of the physical characteristics of bedrock and 

unconsolidated materials and an evaluation of their relationship to solid­

and liquid-waste disposal, water impoundment, and other facilities or 

structures related to development. Suitability of the various slope 

categories and floodplains for development is discussed also. 
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The regions discussed uittin t~is report are numbered, beginning 

in the northw~st with Nodiway County and ending in the southeast with 

Butler County. Information is based on published and unpublished reports 

on file at the Missouri Ge~lo6ical Survey and Water Resources and on the 

fi c ld c0 xperience of Survey staff members. 

This report is intended to serve both the non-geologist and geologist 

by explaining in non- technical terms the physical elements and problems 

associated ~ith proper land use and resource developmento Suggestions 

are offered concerning methods of reducing or eliminating these problems . 

However, this report cannot furnish all the geologic information needed 

for such deve lo;>ment, and it is recommended that thorough geologic and 

engineering investigations be conducted before any land is put to use. 
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NODAWAY com-:TY, NORTifwEST REGION 

Summary 

Nodaway County lies within a region of moderately dissected plains. 

Maximum relief within the county is about 110 feet . 

The bedrock fonnations consist of lin,estone and shale. Covering 

the bedrock surface are deposits of glacial till and loess. These units 

(bedrock, till and loess) have weathered to form a thick, silty clay 

soil . 

~odaway County is not considered to be in danger of earthquake 

activity. 

The known mineral resources of ;\odaway County arc limestone, sand 

and gravel, shale and coal. Limes tone and sand and grave 1 are the only 

commodities presently produced. Reserves are not believed large. 

Water resources are obtained from both surface water and ground­

water . Surface water collected in impoundments is potentially the best 

source of clean water. Currently the county's supply of water is de­

rived from groundwater. Alluvial gravels produce water of superior 

quality. The major drawback to this water is its high iron content, 

which must be removed by treatment. Locally the water may also be 

high in chlorides and dissolved solids. Yields of wells in the alluv­

iwn vary from less than lOO to 500 gallons per minute . Wells in glac­

ial drift produce water which is high in sulfates, iron and dissolved 

solids. '111is water nust be chemically treated before it can be used. 

Yields of individual wells may e :,cccd 50 gprn. i~ells drilled in bed­

rock produce water of inferior quality . 

Proper land use in Nodaway County will require on- site investigation 

at proposed development s ites to insure that both bedrock and soil are 

capable of withstanding the load to be placed on them. Excellent sites 

are available for constructing waste-disposal facilities such as sewage 

lagoons and sanitary landfills. Utilization of septic tanks and treat­

ment plants will be more difficult because of soil limitations and vari­

abilities of stream flow. Few difficulties will be encountered in lake 

and road construction. 

Problems encountered in ~odaway County dealing with resources and 

waste disposal are not limited by political boundaries and therefore 

extend into the surrounding five counties. 
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This report is intended to serve as a regional appraisal of the 

geologic feat1.1res, resources and problems of Nodaway County. It is 

not intended to supply all the answers needed for proper geologically 

oriented development, but to serve as a guide . Careful on-site in­

vestigation is recommended in all cases to insure proper regional 

planning. 

Landforms and Relief 

Nodaway County lies within an area dominated by moderately dissected 

plains. Major streams within this area flow either northerly or south­

erly creating very elongate, low-profile hills. The valley of the Hun­

dred and Two River is from 1 to 2 miles wide . Other floodplains with-

in the area are generally less than one fourth mile wide. Relief 

throughout the area is usually 75 to 110 feet. 

Rock and Soil Fonnations 

Bedrock formations consist of alternating (or cyclical) beds of 

limestone and shale . The limestones are general ly chert-free and the 

shales are clayey and may be carbonaceous. Coal is present and has been 

mined in the past. The entire area has been glaciated and covered by 

till. Over the till may be a thin (10-20 feet) mantle of loess . Soil 

cover has been developed over the entire county, and the kinds of soil 

present reflect the character of the parent bedrock, till, or loess . 

In most cases the soil is a silty clay mixed with stones . Thickness of 

this soil is often greater than 40 feet . 

Earthquake Potential 

Bedrock in Nodaway County is for the most part flat-lying, except 

in those areas where structural defonnation has occurred in the distant 

past. Two major structures are within the area. The Hamilton-King City­

Quitman anticline in southweste rn Nodaway County is a large, gentle fold . 

The Forest City structure is a large basinal area in the northwest corner 

of Missouri; the bedrock layers here dip 40 minutes to the northwest. 

Nodaway County is not considered to be in danger of earthquake activity. 

Scenic Natural Resources 

There are no known caves or big springs within Nodaway County. 

Mineral Resources 

Active mineral production in Nodaway County is limited to limestone 

and sand and gravel . 
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Stone. Resources of limestone are not large. Units present are 

thin and covered with thick deposits of glacial drift. Principal uses 

are in construction and aglime. 

Sand and Gravel. Sand and gravel are produced from alluvial and 

upland glacial deposits. Production is mostly sand and used in build­

ing. Reserves are not believed large, and additional study is needed 

to detennine future potential. _ Large deposits of sand and possibly 

gravel could be present in the glacial till. 

Shales. Shales probably suitable for the manufacture of structural 

clay products are present over wide areas. However, little data is 

available on their potential. 

Fuels. Known reserves of coal are small in Nodaway County. The 

major coal- bearing horizons lie deep beneath the surface, and only a 

few thin beds occur at the surfaces. Oil and gas are present in small 

amounts in several areas of northwestern Missouri. Although none is 

known in Nodaway County, some possibility for their presence does exist . 

Water Resources 

Water supplies are obtainable from surface impoundments, from the 

streams, from the alluvial fill in stream valleys, and from the glacial 

drift materials. 

Surface Water . Impounchnents are potentially the source of water 

having the best chemical characteristics as compared to other sources. 

The normal engineering guides should be followed in the site selection 

and in the design of the structure and water- treatment facilities. 

Treatment is primarily for making the water safe biologically. Turbi­

dity is another quality parameter which must be improved by treatment . 

Water from this source is generally low in total dissolved solids and 

is soft. The volume of water which can be made available by impound­

ments can be ample to meet all anticipated needs well through the year 

2000 . 

Low-flow characteristics of the three major streams, which are 

Nodaway, Hundred and Two, and Platte, leave much to be desired. Summer 

and fall flow are poorly maintained by groundwater discharge . During 

drought conditions water supplies derived from streams may not be 

sufficient . Water quality is variable from one poi.nt to another along 
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an individual stream. '11lis quality also varies with the seasons. Gen­

erally, with treatment, the resultant water meets public health standards 

for pennissible maximwns. Generally it is more desirable to develop a 

water supply from the alluvial fill of these same stream valleys rather 

than taking the water directly from the rivers. 

Groundwater. Stream-valley alluvium generally produces water having 

superior qualities to that of glacial drift or of the bedrock formations. 

Generally, but not at all sites, the alluviLnn produces water which meets 

public health standards. An exception is iron. Iron levels are generally 

high and must be lowered by chemical treatment. Locally, where chemical 

characteristics are such that they do not meet health standards, there 

has been leakage from the underlying glacial drift materials or from 

bedrock. This leakage results in groundwater having high sulfates, per­

haps high chlorides, high total dissolved solids, and considerable hard­

ness. Test pumping to establish productivity of a given site and chem­

ical testing of the water from each site is essential. Generally this 

alluvial material is less than SO feet thick. Yield capabilities, to 

an individual well, may run up to as much as 500 gallons per minute. 

More common, though, are yields of less than 100 gallons per minute. Re­

charge is principally from the streams. Because of the alluvium's 

storage capacity it is less affected by drought than the streams, but 

supplies may be less than sufficient in periods of drought. 

Two major glacial-drift-filled channels dissect the county. One of 

these channels, entering from Iowa three miles east of Braddyville, Iowa, 

extends southward near Maryville, where its direction becomes more east­

southeast. It leaves the county to the east of Conception Junction. The 

other major channel extends along the border be~veen Nodaway County and 

Andrew County. In places, this drift fill may exceed 350 feet in thick­

ness. The total thickness of clean sands and gravels may exceed 100 

feet. Yields in excess of 500 gallons per minute are obtainable from 

these thick, clean sands. It is imperative that test drilling be 

carried out prior to the conmitment of the monies for the drilling of 

a production well or for the construction of a water system. Not all 

sites, even within the most favorable reaches, are productive. The reasons 

are multiple, with the lack of clean sand being the most prevalent. 
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B.echarge does occur, but in a restricted manner as compared to the alluv­

ial materials of the stream valleys. Using projection of anticipated 

water needs, over-withdrawals are not anticipated. Marginal to these 

drift-filled valleys , with the thinning of the drift , the potential for 

water production decreases and may be incapable of supplying sufficient 

water to meet the needs of a rural home. It is the practice to estab­

lish the productivity by a test hole prior to the actual construction 

of the well. The quality of the water from glacial drift sources gen­

erally does not meet public heal th standards for public water supplies . 

Generally the levels of sulfates, iron and total dissolved solids are 

high. The water is hard. 

'nlose areas not having water-productive alluvium or glacial drift 

have only the bedrock formations which are productive of groundwater. 

Almost without exception, the chemical quality of groundwater from the 

rock formations is very poor. In addition to excessive amounts of sul­

fates and total dissolved solids, chlorides are generally excessive. 

Total dissolved solids may exceed 10,000 parts per mil lion in wells 

having depths of 450 feet or less . This water would be judged as un­

suitable even for livestock. Almost without exception, the water from 

this source would be unsuitable for domestic needs. Generally it is 

advisable in these are~s to develop the water supply by surface im­

poundments . 

Land Use 

In order to insure proper land use, it is necessary that several 

things be known. These include strength of bedrock and soil present 

in the area and their relationship to the area's water resources. Two 

engineering geology units are present in Nodaway County . 

Unit One - n1ick Glacial Soil (Gl) 

This unit'encompasses most of Nodaway County, except for those areas 

occupied by the major streams. The soil is a silty-clay type, mixed with 

stones. The thickness , which is usually about 40 feet in the south, be­

comes greater in the north. 

Sewage Lagoons. The use of sewage lagoons within this unit is 

favorable. No problems are anticipated in those areas where the soil 

is very clayey. Problems with leakage will be encountered where the 
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soil is silty, but with the use of sealants, such as bentonite, the site 

can be successfully used. 'lbe effluent from these lagoons should not be 

allowed to seep into silt areas because of rapid percolation into the 

subsurface. Serious problems with water pollution can result if the 

effluent is not sufficiently treated before discharge. 

Septic Tanks. The use of septic tanks in this unit should be 

limited because of unfavorable silty clays. Rapid downward percola­

tion of effluent will result in its not being filtered or oxidized, 

and this untreated water can pollute ci1e groundwater supply. In areas 

where shallow soils are present over limestone or shale bedrock, a heavy 

clay is usually fonned on their corranon surface. 'nlis impenneable inter­

face will cause the sewage effluent to resurface, and this will result 

in surface pollution. Septic tanks can be used in areas of low popula­

tion density. 

Sewage Treabnent Plants. These can be utilized in most of the 

county. 'l1le major problem will be in finding an acceptable discharge 

point. Streams with persistent flow (needed for proper dilution) in­

clude the Nodaway, One Hundred and Two, and Platte Rivers. 

Sanitary Landfills. Excellent sites for sanitary landfills can be 

found with little difficulty. The rugged hills present in Nodaway County 

are generally covered with thick silt deposits. Because the gullies be­

tween those hills are small, problems encountered with surface runoff 

are significantly reduced. Although the silts are permeable, there are 

often thin clay seams that will act as barriers to seeping leachates. 

Borrow material is plentiful. Where soils are thin, the amount of soil 

available for cover material and flooring is often inadequate, and the 

site will need improvements before it can be used. Clay padding can be 

used to increase the impermeability of the landfill floor to prevent 

leachate escape . Suitability of landfill sites will generally depend 

on the amount of clay present in tile soil. 

Impoundments. Farm ponds and lakes can be successfully constructed. 

Good water retention can be expected in gully sites because of thicker 

silts and clay seams. 

Construction. Problems encountered include slope failures on hill­

sides or road cuts and freeze-thaw breakup of roads. In some areas, pro­

blems arise from swelling subsoil clay and poor drainage. 
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•' Nt 1.vo - Alluvial Soil (Al) 
• 

'Jhis unit is located in the valleys of the major streams. Tilickness 

of the alluvium in the Nodaway, Platte, and Hundred and Two River valleys 

is 20 to 60 feet. '11lis alluvium consists of gravel , sand, silt, and clay. 

Sewage Lagoons. Several problems will be encountered. Flooding is 

frequent, and levees must be constructed to protect the lagoon. Material 

used to build the levees should not come from the lagoon site. Deepening 

of the levee to obtain construction materials could expose permeable sub­

soils and cause groundwater pollution problems, at least during time of 

high water. 

Septic Tanks. Septic tanks should be used only on farms or widely 

scattered homes. 

Sewage Treabnent Plants. Few problems are anticipated. Low water 

levels during the summer months (or during droughts) may result in inade­

quate dilution. 

Sanitary Landfills. Land in the alluvial valleys should not be 

utilized for landfill sites. Flooding is frequent, and soils are 

highly permeable. 11,e major reason for discouraging development of 

sanitary landfills is that these alluvial. valleys are excellent sources 

of groundwater and therefore should not be tampered with. Excellent 

sites for landfills can be found nearby in the upland plains areas. 

Impoundments. Few problems will be encountered with small impound­

ments. Lakes and large ponds may have leakage problems and are more 

susceptible to damage by flooding. 

Construction. Problems encountered include variable permeability 

and strength, flooding, and a high water table. 

* * * For additional geologic infonnation concerning Nodaway County 

see these selected references: 3, 6, 7, 8, 10, 11, 13, 14, 15, 16, 17, 

18, 19, 20, 21. 
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ADAIR COUNTY, NORTIIEAST REGION 

Summary 

Adair County lies in an area of low relief. Rolling plains are 

found in the west and smooth plains in the east. Relief is seldom 

more than 100 feet. 

Bedrock consists of limestone and shale overlain by glacial de­

posits. Soils have developed over both the bedrock and glacial mater­

ials, and their thickness is quite variable . These soil deposits are 

usually never more t han 40 feet thick but may be thinner locally and 

consist primarily of silty clay. 

The mineral resources of Adair County are limestone, sand and 

gravel, shale and coal. Crushed stone is the only commodity presently 

produced, with sand and gravel production being intermittent. Pro­

duction of both is small, and reserves are small and of low quality. 

Water is obtained from both surface-water impoundments and alluv­

ial aquifers. Increasing water needs of the county can be met by 

utilization of surface impoundments. Acceptable groundwater can be 

obtained from both glacial drift and alluvimn. 

Land used for waste disposal will require on-site investigation by 

a geologist. Information ascertained by these investigations will be 

needed to prevent site-failures and water pollution. In general, suit­

able sites can be located for sewage lagoons, sanitary landfills, and 

treatment plants. 

Potential geologic problems similar to those encountered in Adair 

County will also be encountered in the surrounding seven county area. 

1'his report is intended to serve as a regional appraisal of the 

geologic features, resources, and problems of Adair County. It is not 

intended that this report will furnish all the information needed for 

geologically oriented development within the county . Careful on-site 

investigation is recommended before any site is developed. 

Landfonns and Relief 

Adair County lies within a plains region. The eastern part of the 

county is dominated by smooth plains, while the western portion is dom­

inated by moderately dissected plains. Relief is cmmnonly 90 to 125 

feet. The floodplain of the principal river (Chariton) is from one­

third to one mile wide. Slopes are steeper in the western part of the 

county. 
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Rock and Soil Formations 

Bedrock formations consist of alternating limestone and shale beds, 

with some coal beds present also. Most of the county is covered with 

either glacial drift or loess (wind-blown silt), and bedrock, therefore, 

is not well exposed except on steep hillsides. Soil thicknesses vary 

from less than 40 feet in central and northwestern Adair County to more 

than 40 feet in the eastern and southwestern portions of the county. 

The soil is a silty clay, mixed with stones. 

Earthquake Potential 

The Kirksville-Mendota anticline is the only mapped structural 

feature in Adair County. Tile axis of this anticline (upraised fold) 

extends northwest from Kirksville, toward Mendota in Putnam County. 

The area is not prone to earthquake activity. 

Scenic Natural Resources 

There are no known caves or big springs located in Adair County. 

Mineral Resources 

Stone. Present production of mineral resources is limited to 

crushed stone. Principal uses are for construction aggregates and 

aglime. Reserves are small, present in thin beds, and often covered 

with thick glacial drift. Considerable stone is trucked into the 

county from quarries in adjacent Knox and Scotland Counties. 

Sand and Gravel. Intermittent sand and gravel production is re­

ported from the Chariton River. Deposits generally contain little 

gravel and are of low quality. 

Shale. Shales suitable for the manufacture of structural clay 

products are present in several areas . 111ere is no present production, 

and their future potential is unknown. 

~. Significant resources of coal are present in the western 

half of the county. Future production would seem limited to the de­

velopment of small mines supplying local needs. 111ere is some chance 

of small oil and gas deposits being present in Adair County along the 

Kirksville-Mendota anticline and nearby Lincoln fold. 

Water Resources 

Kirksville, the principal city in Adair County, uses a surface 

impoundment as a source of water. 'rtle towns of Danforth and Brashear 

have alluvial wells. 
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Surface Water. Increasing water needs of the county's growth 

areas can best oe met by surface impoundments. Proper planning as­

sures that the voltune will be ample for these needs. The quality of 

this water is much superior to that from other sources. 

Chariton and Sal t Rivers are the principal streams in the county , 

Low•flow characteristics of these two streams make them unsuitable as a 

water source, particularly during periods of drought. The chemical 

quality of this water meets public health standards . 

Groundwater . Alluvial fill in the valleys of the two named 

rivers is sufficiently water-productive that utilization could be of 

considerable significance. 'nlicknesses of this alluvial fill range 

upward to slightly more than 50 feet. Maximum yields are probably 

about 100 gallons per minute. Well sites should be selected only 

after exploration. Recharge is from the river, and aquife r storage 

generally is capable of supplying water needs through drought periods. 

Since iron is present in amounts greater than permissible, its removal 

is mandatory. With this beneficiation, the quality of the water will 

meet public-health standards. It is not, however, of as high quality 

as water from surface impoundments. 

'nle east half of Adair County has glacial drift thicknesses rang­

ing from about 100 feet to in excess of 200 feet . In many parts of this 

area, the drift has an ample thickness of clean sand which should be 

water productive. For reasons unknown, not all of this clean sand is 

water productive. At different sites, skilled water-well drilling 

contractors were unable to develop wells in it which were water pro­

ductive. Where water is obtainable it is generally potable. Sulfates, 

total dissolved solids, and total hardness are all high, but not to the 

point of precluding the waters use. 'nlere are marked exceptions to this 

generalization. Some wells which have been constructed in the glacial 

drift have encountered water which was totally unusable. The water from 

these wells can be described as having odors and tastes which are un­

acceptable. In addition, these unacceptable chemical constituents far 

exceed what is acceptable for home use. For the west half of the 

county, drift is not present in amounts which permit it to be a source 

of water. 
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In the west half of the county groundwater must be obtained from 

the bedrock formations. The high mineral content of this water pre­

cludes it being suitable for home use. It is not always suitable or 

usable for livestock needs. Especially in the west half of the county, 

but also elsewhere, suitable water for rural needs can best be obtained 

from ponds. This water, with treatment consisting of filtration and 

chlorination, is generally satisfactory and has excellent chemical 

characteristics. 

To meet growth needs, careful planning is essential for developing 

water supplies which are ample to meet the needs. These needs, in all 

probability, will be met by surface impoundments. 

Land Use 

Proper and successful land use can only be realized by understanding 

the problems that will be encountered. A knowledge of the physical 

characteristics and capacities of bedrock and soil is necessary. There 

are three engineering geology units in Adair County. These units are 

those designated by Hoffman (1973). 

Unit One - Thick Glacial Soil (Gl) 

This unit is located in eastern and southwestern Adair County. The 

glacial soil consists of silty clay mixed with stones. Pockets and 

lenses of water-bearing sand are present. Thin layers of impenneable 

clay soil are also present. Thickness of the soil varies from 40 to 

150 feet. 

Sewage Lagoons. Suitable sites can be located without much diffi­

culty. The clay-rich soils provide a good barrier to downward-seeping 

effluent. In those areas where the clay soil is too silty, it might be 

possible to decrease penneability by using a sealant such as bentonite. 

The use of sewage lagoons is not recoatnended in areas where bedrock is 

exposed or excavation of bedrock will be necessary. Flash floods in 

valleys will cause problems if not anticipated. 

Septic Tanks. Septic tanks should not be used in urban or suburban 

settings. The clay-rich soils causes surfacing of septic-tank effluent 

during seasons of high rainfall. Septic tanks should be used only on 

farms, where polluted waters can be somewhat controlled if surfacing 

occurs. 
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Sewage Treatment Plants. No major problems are anticipated. 

There is little ·1oss of river water to bedrock in this area. The 

problem that will be encountered most often will be that, during per­

iods of low rainfall, discharge of treated effluent might have to be 

curtailed or reduced because of inadequate dilution. 

Sanitan: Landfills. There are few major problems in locating a 

good site for a sanitary landfill. Areas where gravel or a gravelly-

silt zone are present should be avoided because of the danger of 

flash flooding. It is necessary to either divert this flow or con-

struct a barrier around the fill sites. 

Impoundments. The same restrictions regarding sewage lagoons 

apply here. 

Construction. Problems encountered include poor drainage, 

slope failure, and freeze-thaw breakup of roads. 

Unit Two - Thin Glacial Soil Over Cyclic Bedrock (Gl-Cy) 

This unit is located in central and northwestern Adair County. 

The thin (less than 40 feet) glacial soil is a stony, silty clay. 

Exposed bedrock is usually limestone or shale. 

Sewage Lagoons. Much of this area is suitable for lagoons. How­

ever, lagoons which require excavation into hillside or bedrock should 

be avoided. Slope failure and/or leakage of effluent to bedrock will 

occur. 

Septic Tanks. Septic tanks should not be used in this area. 

Poor soil conditions (high penneability and insufficient thickness) 

are not conducive to good filtration of effluent. In areas where 

the soil is very thin, surface pollution will occur. 

Sewage Treatment Plants. There are no major problems anticipated. 

There is little loss of stream water to bedrock. The major streams, 

the Chariton River and North Fork, and several smaller streams have 

sustained flow through most of the year. During periods of low rain­

fall there may be periods of inadequate dilution. 

Sanitan: Landfills. Major problems are anticipated only in areas 

where bedrock crops out. Excellent sites exist in the many small gul­

lies and in those areas where limestone quarrying necessitates strip­

ping the land. 
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Impoundments. Few limitations are placed on lake development . The 

problem most often encountered involves exposed bedrock , where leakage 

may occur. 

Construction. Problems anticipated include freeze-thaw breakup 

of roads, slope failure, and drainage impedance by impenneable shale. 

Unit Three - Alluvial Soil (Al) 

This unit is located in the valleys of the major streams. Thickness 

of the alluvium in the Chariton River valley is 40 to 60 feet. Th.is 

alluvium consists of gravel, sand, silt and clay. 

Sewage Lagoons. Several problems should be anticipated. Flooding 

is frequent, and levees mtat be constructed to protect the lagoon. Ma­

terial used to build the levees should not come from the lagoon site. 

Deepening of the lagoon to obtain construction materials could expose 

permeable subsoils and cause groundwater pollution at least during 

times of high water. 

Septic Tanks. Septic tanks should be used only on fanns or for 

widely scattered homes. 

Sewage Treatment Plants. Few problems are anticipated. Low water 

during summer months (or during droughts) may cause inadequate dilution. 

Sanitary Landfills. Land in the alluvial valleys should not be 

utilized for landfill sites. Flooding is frequent, and soils are highly 

permeable . The major reason for discouraging development of sanitary 

landfills is that these alluvial valleys are excellent sources of ground­

water and therefore should not be tampered with. Excellent sites for 

landfills can be found nearby in the plains areas. 

Impoundments. Few problems will be encountered with small impound­

ments. Lakes and large ponds may have leakage problems and are more 

susceptible to damage by flooding. 

Construction. Problems encountered include variable permeability 

and strength, flooding, and a high water table. 

* * * For additional geologic information concerning Adair County 

see these selected references: 3, 6, 7, 8, 10, 11, 13, 14, 15, 16, 17, 

18, 20, 21. 
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MARION couraY ' M' RK ·n~AlN REGION 

Summ.· ry 

Marion County has a varied t,Jpography with flat lowlands, plains 

and rugged hills. Relief in general seld 0m exceeds 7S feet, but along 

the Mississippi River bluffs relief mRy exceed 250 feet. The flood­

plain of the principal stream, the Mississippi Rive~ is very wide and 

south of Hannibal is frequently flooded. The floodplains of the 

county's smaller streams are narrO\,' and seldom exceed 1/3 mile in 

width. 

Bedrock formations consist primarily of limestone, shale, and 

dolomite. Glacial till and loess deposits ,over bedrock. Soil 

cover has developed from weattwred bedrock, till, ,rnd loess, and its 

thickness and ,o:nposition are variable. Soil thicknesses vary from 

0 to 100 feet; soils consist of silcy-clay, clayey-silt, and stony clay. 

Alluvial soil is generally a sandy to gravelly silt or clay. 

Marion County is nL1t considered to be in danger of earthquak0 

activity. 

Mineral resources currently being produced include stone, sand 

ond gravel. Limestone is quarried at several locations for use in 

construction aggregate, cement, and aglime. Sand and gravel are dredged 

mainly from Mic:sissippi River deposits, with mi.nor amounts heing taken 

[r..)m the Sa 1 t River. 

Water resources are plentiful, and water needs for any anticipated 

growth in the area can be met easily. Roth surface water (from the 

Mississippi River) and groundw'ater are currently utilized. Ground­

water production is limited to shallow wells in bedrock formations 

(because of mineraljzation) and alluvial wells. Chemical quality of 

the water necessitates that it be treated. 

Successful land use (cons trut· tion and was te-disposa 1) requires 

careful geologic investigation. On-site inspection is necessary to 

detennine the suitability of each proposed site for the project being 

planned. Waste-disposal sites can be located with minimal difficulty, 

but in some cases require remedial measures to insure success and 

prevent groundwater pollution. 
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Problems similar to those Pncounl<'re<l with regard to lJnd and 

rc:so•1rccs dc\'<'l0pment in M:1 ri on Count_, wi 11 be encounte red in adja­

cent areas of thC' surrounding four counli\!s . 

Thls report is intended to sPrve as a regional appraisal of the 

geologic features, resources ·ind prPbl0:ns of ?>1 .. 1ri0n County. It is 

not intended to furnish a]i the information needed (or geologically 

oriented development and cannot be a substitute for actual on-site 

investig~tion of pr0posed development sites. 

Landforms and R<di.cf 

The topogranhy of Mnrion County is diverse. In the southwestern 

portion of the county there arC> smooth plains. The relief in this 

area gt>ncr.i l ly r;:;nges frO'll 50 tc, 75 feet . E:1s t of this area is a 

moder;:1tcly dissc <"tcd pwin. Hills are more promi.nenc and the relief 

is usu;:illv greater, varying fron 50 to 200 feet. /,long the Mississippi 

River are found flat lowlands. Bluffs aJon~ the Mississippi River 

often have relief ~xcccding 25J feet. 

R~ck rlnd Soil Formations 

The bcdn,ck fonnc1tir,ns of M,lrion County consist primarily of 

chcrty limestone, shale, and dolomite units. Glacial till and lness 

(wind-blown silt) are deposited over these bedrock units. The till 

deposits 1re usually thick (30 to 40 feet) and cnnsisl l)f boulders , 

grnvC'l, sands, clavs, and silt . Tht.: locss varies in thickness fro'll 

2 to 20 feet. S0i ls i~clude stony, silty-clays: clayey-silt: anJ 

stony .:lay. Thickncss<>s vary, but in genernl l'.'Jn)!.c fr0,1 0 to 100 

feet, depending on location and p..Jn•nt :natc· rial. ln the alluvial 

valleys (of the Mississippi, Salt, ~nd North Rivers) soil consists 0£ 

an cldmixtun' of river-depositcd materials (grnvc:l, r.and, sj It, and 

clay). Thicknesses vary, but Are greatest d~nng the Mississipoi River. 

E,rthquake PotPntial 

The bedr0ck units in ~arinn County dip away from the axis of the 

Lincoln fold, a major n0rthwest-southeast-trending structural feature. 

Sever:il sm:lll, inactive faults are associated 1-1ith this fold. Murion 

County is not considered tn b0 in danger of earthquakes. 
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Srcnic Natural Rcs~urccs 

M.-rny cavt.>s and sprinR~ are found in M.:.trion County. Sb:teen caves 

have been reported . Two of th0se cdves, Mark T~ain and Cameron, have 

been com.11erci:1li,,ed ... nd are open to the f>ttblic. 

Mineral Resources 

The mineral resources of the Hannibal area are limestone, sand and 

gravel, and shalP. Lime and cement are products manufactured from high 

calcium limestones. 

gone.:. Limestone is the major mineral resource of the area. 

Reserves of high-calcium stone are present n0rth, w0qt, and south of 

Hannibal. This stone is used for the manufacture of lime at several 

plants in Illinois. South of Hannibal, the same unit is used for the 

manufacture of cement. Considerable stone is also used (or construction 

aggregates and aglime. 

Sand and Gravel. Sand and gravel production is limited principally 

to sand dredg<?d from the 'Mississippi River, with minor production from 

the Salt River. Whether any deposits of gravel similar to those at 

LaGrange are present is not knNm. Unlimited resources of sand are present, 

but only mi nor amounts of grave 1. 

Shale. R2sources of shale suitable for the manufacture of structural -·--
clay products are present in several areas. The economic potential of these 

resources is n0t known. 

Oil and Gas. TherP is a possiblity of minor nil and gas production 

fr0m along the Lincoln fold in western M3rion County. 

Wa tcr Res ourc.· ·c:s 

Hannibal, the principal city, oht~ins its water supply from the 

Mississippi River. For a time, Palmyra obtain~d water from North River. 

The low-f1o...., characteristics of this stream wt?n such that during 

drought periods an ample volume of water was not assured. Palmyra then 

developed alluvial wells in bottom land of North River, and this was 

utilized until recently. Pc1lmyra now obtains its water from alluvial 

w~lls along the North River near the lowlands of the Mississippi River 

val k::. 
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Monroe City, loc;:1ted mostl:,, in Monr,1e c~)Lmt,,, but in oart in Marion 

County, obtains water frnm im;,oundments. 

Surface Water. The Mississippi River, with its very large flow, 

is an assured water sourc e which -wi 11 mec t a 11 antil'. ioa ted growth needs. 

Minimum water stages are maintained for navigational purposes by a 

series nf locks. This stability lessens the problems in designing and 

operating the inflow mechanisms of water systems. 

A large potential exists for development of water supplies by the 

construction of impoundments. Water from such impuundments would be 

of better quality than that from the Mississippi River. It is unlikely, 

even with tremendous population increase, that either Palmyra or Hannibal 

would change thei r water source however. Except for recreational needs 

and the needs of farming oper~tion, it is unlikely that thC> construction 

of impoundments will be necessary. 

Groundwater. The groundwater obtained from the rock formations 

is saline. This salinity precludes the utilization of deep bedrock 

wells for municipalities, water districts, industry, irrigation, and other 

uses. In the deeper formations, the salinities exceed 10,00D parts per 

million total dissolved solids. Rural water needs for residents and 

livestock can often be supplied by shallow bedrock wells . These wells 

seldom exceed 300 feet in depth. Because (>f the increasing salinity with 

depth, wells are generally terminated at a horizon whi.ch 1.s productive 

of water suff icit>nt ly low in salinity that it can be uscid in homes or by 

livestock. These shallow wells genc·rally have a yit::ld of l.ess than ten 

gallons per minute. 

Covering the uplands is glacial drift. S3nds and gravels in the 

basal glacial drift have a limited capacity to vicld groundwater. 

These thin sands and gravels have not been utilized for water supplies. 

The valleys of North Fabius, South Fabius , and North Rivers have 

alluvial fill which averages less than 50 feet in thickness. Yields 

exceeding 200 gallons per minute have been obtained from this alluvial 

material. The quality of this water has been excellent, with iron 

sufficiently low th.'.lt its removal has not been required. 
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As mentioned previously, P,lmyra turned Lo th(: more prolific water 

source of the alluvial fill of the Mississippi vallev. 

Extending northward from Hanntb,1 l and beyond the Lewis County line, 

the Mississippi River has a floodplnin which in places exceeds three 

miles in width. The alluvial fill of the valley approaches 120 feet 

thic:k at maximum. Yields to individual wells sometimes exceed 1,000 

gallons per minute. Currentlv, groundwater withdrawal from this aquifer 

is insignificant in terms of its total capability. CurrenL utilization 

is by N:>rtheast Missouri Power Cooperative and two other industries 

immediately adjacent to this power-gener.;ting facility. Except for high 

iron and manganese content this h":iter is of sufficiently ~ood quality 

for many uses; iron and manganese must be removed. Recharge of this 

aquifer system occurs quickly from the Mississippi River. 

With the enormous volume 0f water obtainable directly from the 

Mississippi River and from the alluvial fill of the Mississippi River 

valley , Marion County has an abundance of wc1ter . Water resources wi_ll 

never be a limiting factor for the future growth nf this area. 

L,,nd Use 

In order to insure proper land use, it is necessary that several 

things be known. These include strength of bedrock and soil present 

in the area and their relationship to the area's water resources. Six 

engineering-geology units are present in Mirian C0unty. 

Unit One - Thick Glnc ia 1 Soi.1 (g.l2_ 

This unit encompasses mosl of northwestern Marion County. The 

soil is a silty-clay mixed with stones. The thickness, which is about 

30 feet in the south, increases in the north. 

Sewage Lagoons. Few problems are anticipated in those areas where 

the soil is very clayey. Problems with leakage will be encountered 

locally where the soil is silty, but with the use of sealants such as 

bentonite the site can be used successfully. The effluent from these 

lagoons should not be allowed to seep into silt or sand-rich zones 

because o( rapid percolation into the subsurface. 

Septic Tanks. The use of septic tanks in this unit should be limited 

because of unfavorable siltv clays. 
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Clay will cause.the sewage effluenc to resu~face, and this will result 

in surface pollution. Septic tanks can be used in areas of low popula­

tion density. 

Sewage Treatment Plants. Strca~s with persistent flow (needed for 

proper dilution) include the South Fabius and North Rivers and major 

tributaries. How<?ver, many minor tributaries have extremely low flow 

during the summer months . 

Sanitary Landfills. Excellent sites for sanitary landfills can 

be found with little difficulty. The rugged hills present in central 

Marion County are generally covered with thick silt deposits. Because 

the g1Jllies bctwt?en hills are small, problems encountered with surface 

runoff are significantly reduced. Although the silts are permeable, 

there are often thin clay seams that will act as barriers to seeping 

leachates. Borrow material is plentiful. Where soils are thin, the 

amount of soil available for cover material and padding is often inade­

quate, and the site will need improvements before it can be used. Clay 

padding c~n be used to increase the impermeability of the landfill floor 

to prevent lrachate escape. Suitability of landfill sites will generally 

depend on the amount of clay present in the soil. 

Impoundments. Farm ponds and lakes usually can be constructed 

successfully. Good water retention can be expected in gully sites 

because of thicker silts and clay seams. However, valleys eroded into 

limestone may be poor locations for lakes due to permeable bedrock. 

Construction. Problems encountered include slope failures on 

hillsides or road cuts and freeze-thaw breakup of roads. In some areas, 

problems arise from swelling subsoil clay and poor drainage. 

Unit Two - Thin Glacial Soil Over Cyclic Bedrock (Gl-Cy) 

This unit is in southwestern Marion County. The thin (less than 

40 feet) glacia 1 soil is ,t stony, silty clay. Exposed bedrock is 

usually limestone or shale. 

Sewage Lagoons. Much of this area is suitable for lagoons. How­

ever, lagoons which require excavation into hillside or bedrock should 

be avoided. Slope failure and/or leakage of effluent to bedrock often 

will occur. 
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Septic Tanks. Septic tanks should be u~ed only ~here three or 

more acres per tank are available. Poor soil conditions (high perme­

ability and it,sufficient thickness) are r.ot conducive to good filtration 

of effluent. In areas where the soil i s very thin, surface or ground· 

water pollution will occur. 

Sewage Treatment Plnnts. There are no major problems anticipated. 

There is little loss of stream flow to bedrock. The major stream, the 

South Fork, and severa 1 smaller streams h:•ve sustained flow through 

mt)st of the year. However, during periods of low rainfall then' may be 

periods of inadequate dilution, expecially on smaller tributaries of 

the larger streams. 

Sanitary Landfills. Major problems are anticipated in areas where 

bedrock crops out. Excellent siteg exist in the many small gullies 

where soil is thick. 

Impound;nents. Few limitations are placed on lake development, 

except where limestone bedrock is extensive. The problem most often 

encountered involves the exposed bedrock, where solution-enlarged 

openings exist. 

Construction. Anticipated problems include freeze-thaw breakup 

of roads, slope failure and drainage impedance by impermeable shale. 

Unit Three - Thin Glacial Soil Over Carbonate Bedrock-1.fl:Ca) 

This unit is located in northern and western Marion County. The 

bedrock is massive limes tone. Soil cover is generally a clayey or 

stony-clay soil of variable thickness . Karst features such as caves, 

sinkholes, pinnacles, and solution channels are common. 

Sew.1ge Lagoons. Lagoon sites ca n be loca ted wi. th out too much 

difficulty except in areas of sinkholes. The thick (40 feet) glacial . 
soils are suitable for use in construction of levees for the lagoons. 

In areas where karst is a problem, lagoons should not be built. 

Serious leakage could occur with pollution of the groundwater supply. 

Septic Tanks. The use of septic tanks should be restricted to rural 

and farm areas. The soils in this unit are generally not very penneable, 

and a larger-than-usual waste field will be necessary to insure proper 

filtration of the effluent. 
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In a r eas where l<arst prevails, septic tanks should drain away from sink­

holes to avoid groundwater pollution. 

Sewage Treatment Plants. Sites suitable for treatment plants may 

be difficult to locate. Discharge should be only into those streams 

with sustained flow. Streams that flow only part of the year, or 

losing streams, are poorly suited because of the problems associated 

with karst . 

Sanitary Landfills. Satisfactory sites can be located without 

extreme difficulty. The thick loessial soil provldes adequate cover 

m.Jteria 1 for the landfi 11. In areas of karst, landfills should be 

located away from any sinkholes, or leakage may occur int0 the ground­

water system. 

Impoundments. Farm ponds and small lakes can be constructed with 

little difficulty in those areas unaffected by karst. 

Construction. Minimal problems are dnticipated in those areas 

unaffected by karst. 

Unit Four - Carbonate Bedrock With Some Shale (Ca-Sh) 

This unit is in central and eastern Marion County. Bedrock is 

composed primarily of limestone and shale, but there are local areas of 

sandstone . Soil is a clayey-silt. Thickness of the soil is less than 

30 feet. 

Sewage Lagoons. Sites satisfactory for sewage lagoons can be 

located with rclativ~ P.ase in this area, except where the terrain is 

more rugged and where soil is thin. Most problems can be overcome by 

choosing a proper site. Remedial measures may be advisable. For 

example, only a portion of a lagoon site may be suitable, but with the 

addition of clay or bentonite, seepage loss could be prevented. Because 

conditions at each proposed lagoon site will vary, an investigation should 

be made to detennine the capabilities of each site. 

Septic Tanks. Due to the varied nature of the bedrock (carbonates 

and shales), a detailed study is necessary for each proposed site. The 

success of a given septic tank will depend upon the characteristics and 

depth of the soils present and the density of septic-tank development. 
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Areas that have.shallow soils along the Mississippi River in the south­

eastern portion of the county are poorl) suited for septic tanks , except 

perhaps for rural areas such as farms or large estates. The remaining 

part of unit one has soil cover sufficient to pE>rmit septic tanks to be 

used in lightly urbanized Jreas where lot sizes exceed three acres. 

Sewage Treatment Plants. Sewage-treatment plants can be located 

without much difficulty relative to geologic conditions of the receiving 

stream. All treatment plants should be located so that discharged 

effluent will enter gaining streams, which are common in this unit. 

Sanitary Landfills. Sites that are acceptable for landfills are 

for the most part limited to areas of thick soil cover. Soils in 

portions of the county are nol well-suited for sanitarv landfills. 

However, possibiliti.es exist for satisfactory landfill sites in other 

parts of this area, but extreme caution should be used when selecting 

a site. 

Impoundments. Most areas arc suitable for lake development. Areas 

where carbonates and sandstones crop out may have some seepage problems, 

but padding with clays truly help prevent leakage. In a few ~xtreme cases, 

more costly treatment procedures may be required. 

Construction. No serious problems are anticipated in finding sites 

where small buildings such as houses can be built. c~reful examination 

should be made of the bedrock and soil, however, when buildings larger 

than homes are to be constructed and for any buildings to be erected 

on a steep slope. 

Unit Five - Karst {Ca-K} 

This unit is in central southeastern Marion County. Bedrock 

consists of very permeable limestone. ~arst teatures such as caves . 
and sinkholes are well-developed throughout the area and present a 

considerable challenge to successful land develo?ment. Soil depths vary 

from :) to 40 feet, and the composition is generally a very cherty clay. 

Sewage Lagoons~ Sewage lagoons should not be used in this area . 

The high penneability of both soil and rock will prevent the lagoon 

from retaining effluent. Contamination of the area's groundwater 

resources is likely. 
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Septic Tanks. Many problems will b~ encountered in locating si t es 

su itable for septic tanks. Only those areas where thick, clay-rich 

soils are present should be consjd@red acceptable. Septic - tank use, 

in most cases, should be restricted to rural or farm settings where 

t hree acres or more are available as a filtration field for each tank. 

Sewage Treatment Plants. Because of the highly permeable nature of 

the soil and bedrock, discharge should be limited to stream with contin­

uous flow . A few streams lose surface flo,., to groundwater supplies. 

Sanitary Landfills . Sites suitable for sanitary landfills will 

be difficult to locate. Gullies and small, tight valleys with deeper 

soils are possible sites of limited size. Sinkholes should not b0 used 

as sanitary landfills because of the direct connection they hav{;: with 

the groundwater system. Whatever the setting, subsurface cxoloration 

wi 11 be necessary before final dec'isions can be m..ide. 

Impoundments. Suitable sites will b0 difficult to locate. Small 

farm ponds may be constructed , but remedial measures will probably be 

necessary. Usually, bentonite and/or impermeable clays can be used 

successfully to control leakage. There is some danger of catastrophic 

collapse with larger impoundments because of the increased loss of 

strength due to wetting of subsoil. Careful investigation will be 

necessary to detennine the strength of bedrock al the various proposed 

sites. 

Construction. Problems encountered i•1c lude subsurface drainage, 

variable soil depth to bedrock, and variable soil strength dependent 

on moisture. 

Uni t Six - Al luvial Soi l s (Al-Tu and Al)_ 

Unit six is located in eastern Marion County a long the Mississippi 

River and i n the valleys of the county's major streams. The area is 

an alluvium-filled valley . Soil is comp0sed of weathered loess , sand , 

snt, clay and grave 1. 11'1e water I eve l in th i s unit is shallow and i s 

peLhaps the most important factor to be considered i n land developme n t . 

Surface flooding along the Mississippi River and strea::ns unportected 

by levees is also a ve ry important factor in land use development . 
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Sewage Lagpons. Lagoc,ns can be bd lt succ£.:ssful ly if proper 

precautions are t~ken. Great care ~houl<l be exercised in keeping the 

lagoon floor well above the water table and seeing that an adequate 

thickness of c lav paddin5 i.s left between the lagoon floor and the wa t er 

table, A lagoon should also be protected from damage by floodwaters 

by building high banks around it. If borrow material is required for 

constructing these high banks, it should be obtained from outside the 

perimeter of the lagoon, not by deepening the lagoon interior . 

SeptiL Tanks. The use of septic tanks should be restricted. In 

sandy areas, use should be limited to rural settings. In clayey areas, 

they can be used in lightly urbanized settings with less danger of pollu­

ting the groundwater system. 

Sewage Treatment Plants. Few problems wilt be realized from treated 

effluent if the discharge is limited to streams with sustained flow . 

Sanitary Landfills . Because of a high water table and the possi ­

bility of flooding, few sites exist for sanitary l~ndfills. Favorable 

sites are those where there is a thi.c ·k, c L1y-rich soil which can prevent 

leachates from leaking intc; the groundwater . These sites require careful 

se lee tion and must be evaluated to determine the hydro logic character-

is tics of the alluvial groundwater syst~m. 

Impoundments. Only S!llilll ponds or lagoon-type impoundments can be 

considered due to the high ~roundwater level. These could be built in 

areas of impenne3ble clay soils near small hills or ridges . 

Construction. Problems will be encountered. Buildings with base­

ments will probably be flooded at times unless groundwater can be diverted. 

Settlement problems may occur where excessive or vibratory loads exist 

or where more than one 8oil t ype underlies the foundation. 

* * * for additional geologic information concerning Marion County 

see these selected references: 3, 5, 6, 7 , 8, 13 , 14, 15, 16, 17, 18, 

20, 2 l. 
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CASS, CI.AY, JACKSON, PIA'rI E AND RAY COUNTIES -

MID-AMERICA REGIONAL COUNCIL 

BUCHANAN COUNTY - MO-KAN BI - STATE REGION 

JOHNSON AND LAFAYETTE COUNTIES - SHOW-ME REGION 

(Limited to the General Boundaries of Sensitive Area #23) 

Summary 

The topography of this eight-county (Buchanan, Cass, Clay, Jackson, 

Johnson, Lafayette, Platte and Ray Counties) area is relatively unvaried. 

Moderately dissected plains are north of the Missouri River and rolling 

plains are south of the river. The Missouri River is the major stream 

in the region and it has a wide floodplain. Flooding is common in the 

spring and sunnner. 

Bedrock formations consist of limestone, shale, sandstone and some 

coal. There is a thick till over this bedroc-k material (north of the 

Missouri River only). Covering the till deposits in the north and bed­

rock in the south is a deposit of wind-blown silt (loess) which is 

thicker in the north than in the south. Soi. ls developed in the area 

include silty-clay and sandy-clay types. 

Earthquake activity is not anticipated within this region and 

should not be a problem. 

Mineral resources currently produced include shale, sand, gravel, 

stone, oil and gas. Coal is not being mined but several billion tons are 

known to be present as deep reserves. Limestone reserves are adequate. 

Sand and gravel can be obtained from alluvial deposits; resources of the 

alluvial deposits are plentiful. Shale is quarried for manufacturing 

lightweight aggregate and cement and reserves are adequate for many years. 

Oil and gas are produced on a small scale, and while the area may have 

additional unknown reserves it is unlikely that large quantities are 

present. 

Water resources are plentiful with the Missouri River being the 

primary source of surface water in the region. Quality of this water 

varies from poor to fair and treatment is required to make the water safe 

to drink. Groundwater is obtained primarily from alluvia 1 deposits and 

very little is obtained from bedrock sources. High yielding wells can 

be constructed in alluvial deposits anrl yields may exceed 500 gallons 

per minute. This water requires treatment. 
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Several engineering-geology units are in this area and future de­

velopment within each unit will depend on its bedrock and soil charac­

teristics. Sites suitable for solid- and liquid-waste disposal can be 

found throughout the area, but may be somewhat difficult to locate in 

Lafayette and Johnson Counties. Careful on-site investigation by age­

ologist is recOt11I1ended in order to select the best site for each pro­

ject and to avoid subsequent water pollution. 

Similar land conditions and problems will be encountered in the 

immediately surrounding counties. 

This report is intended as a broad regional appraisal of the geol­

ogic features and geologically oriented problems that might be encoun­

tered in future land-use development in this area. It is not intended 

to take the place of careful on-site investigation at future development 

sites, but is intended to supplement actual findings. 

Landforms and Relief 

lhis eight-county area has fairly unifonn topography. In the north, 

where the plains have been moderately dissected by streams, relief is 

comnonly 100 to 200 feet. South of the Missouri River the area is dom­

inated by low, rolling hills and relief is 60 to 150 feet. Slopes in 

both of these areas are commonly gentle, but may be as great as 25 per­

cent. The two plains areas are separated by a flat lowland area which 

serves as the floodplain of the Missouri River. Width of the floodplain 

varies from 2 to 6 miles. lhis area is often flooded during the spring 

and late sUI11ner. 

Rock and Soil Formations 

Bedrock formations consist of alternating (or cyclical) beds of 

limestone and shale. These units are generally thin, and thicknesses 

vary from 6 inches to 20 feet. Shale beds vary in thickness from l to 

15 feet. Some sandstone crops out in central Lafayette County. The 

area north of central Jackson and Lafayette Counties has been glaciated, 

and thick till deposits are present. Over these till deposits is a 

deposit of loess. Glaciation did not occur south of this area and only 

a deposit of loess is present. The thickness of this loess varies from 

2 feet in the south to more than 20 feet in the north. Soils have been 

developed on the limestone, shale, sandstone, till and loess, and reflect 

the character of the parent material. Soils are predominantly silty-clay 

and sandy-clay types. 
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Earthquake Potential 

For the most part, strata in this eight-county area are flat­

lying; however, locally there are areas where beds have been folded. 

There are several anomalous structures where strata have folded and 

then faulted . Here the dips are steep and in two places in Cass Coun­

ty these structures have downdropped centers. Several dome structures 

are present and serve as gas traps. There are two major and several 

minor anticlines. These small anticlines serve as gas traps. Earth­

quake activity is not considered to be a problem. 

Scenic Natural Resources 

There are some caves and springs of geologic interest in this 

area. Only seven caves are reported with one being in Clay County, 

four in Jackson County and two in Johnson County. No large springs 

are present, although many small springs can be found. 

Mineral Resources 

The mineral resources of the Kansas City - St . Joseph region in­

clude shale, sand and gravel, stone, coal, and oil and gas. It is antic­

ipated that mineral production will increase along with future growth of 

the area's population. 

Shale. Currently two companies are quarrying shale for use in the 

manufacture of brick and lightweight aggregate . Lightweight aggregate 

is manufactured by the Carter-Waters Corporation and the Missouri Port­

land Cement Company produces portland and masonry cement. Shale reserves 

are considered to be practically unlimited. 

Sand and Gravel. There are several sand and gravel producers in this 

area. Sand and gravel are produced from Missouri River alluvium and are 

used for building and paving sand . Reserves of sand from the Missouri 

River are almost unlimited. 

Stone. Limestone, quarried by 30 companies in the Kansas City - St . 

Joseph area, is used for dimension stone, aglime, construction aggregate, 

rip-rap and cement manufacturing. Reserves of stone in the area appear 

to be adequate for many years . Deeper limestone reserves will require 

underground mining in order to be utilized. A deep-shaft limestone mine 

project is now underway by Centropolis Crusher, Inc. in Kansas City. 
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Coal. Coal is not being mined now although approximately 3.75 

billion tons of coal are present as deep reserves • . Development of 

these reserves will depend largely on growing needs for energy and 

rising costs. 

Oil and Gas. Oil and gas have been produced in the Kansas City -

St. Joseph area since the late 1860's. At present only oil is being 

cO!ll'.llercially produced in Cass and Jackson Counties. While there is no 

c0111Dercial production of gas, there are many individual privately­

owned wells that supply enough gas to heat single-family dwellings. 

Oil production is presently approaching the limits of profitable recov­

ery. Chances for discovery of additional oil reserves are geologically 

good but are hampered by urbanization and population growth. Because 

most of the wells in the area produce less than 10 barrels of oil per 

day, land is now worth more as real estate than oil property. 

Water Resources 

Usable water resources in the Kansas City - St. Joseph area are 

limited to two sources. surface water and alluvial groundwater . Bed­

rock sources will be discussed only briefly . 

Surface Water. Kansas City is fortunate in that the Missouri River 

offers an almost unlimited supply of water. The quality of this water 

is only fair and, at times, is poor. Treatment of this water to make it 

potable is expensive, but because of the consistent quantity involved, 

it is a distinct asset . Because of the nature of the underlying bedrock 

material, surface impoundments for water supply are feasible in this area. 

Groundwater. The unconsolidated alluvial deposits of the Missouri 

River valley are capable of yielding large quantities of water to wells. 

Yields in excess of 500 gallons per minute are available from large­

diameter, gravel-packed wells completed in alluvial materials. 

'n\ese deposits yield water which is often high in dissolved iron, 

and treatment to remove this iron is needed. Because these deposits have 

good communication with both the river and with other surface-water 

sources. they are extremely susceptible to contamination, and the water 

should be treated. 

'l1le bedrock in this area comprises shale, thin limestone and silt­

stone beds. The permeability of this material is very low and yields 
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from shallow wells {50-200 feet) are very poor (1-3 gpm). The quality of 

water from these deposits is often quite poor also, with high sulfates, 

chlorides, nitrates and total dissolved solids. Wells drilled deeper 

than 200 feet in this area almost always encounter water which is too 

highly mineralized for any use. 

Land Use 

In order to establish criteria for proper land use, it is necessary 

to have an understanding of the characteristics and engineering proper­

ties of bedrock, soil and water resources of the proposed development 

areas. 'nlis eight-county area is divided into five engineering-geology 

units as sho"7n on the Engineering Geology map included in the Stou~ and 

Hoffman report. 

Unit One - Thin Glacial Soil Over Cyclic Bedrock (Gl-Cy) 

This unit is in eastern Buchanan, eastern Platte and northern Clay 

Counties. Bedrock is variable, consisting of limestone and shale and 

soil is a silty clay mixed with stones. Soil depths vary from Oto 40 

feet. 

Sewage Lagoons. Sites suitable for lagoons can be easily located. 

In most cases adequate quantities of borrow material, till, and residual 

clay are available for lagoon construction. Lagoons should not be built 

in those areas where bedrock crops out or is near the surface or where the 

topography is rugged because percolation of lagoon waters into the bedrock 

will cause pollution problems. Where thick silty soils are present, a 

sealant may be necessary. 

Septic Tanks. Suitable sites are difficult to locate in areas where 

thick silts are present because of high penneability, or in areas where 

very clayey soils are present because of impermeability . Septic tanks 

should be used in areas where the soils have moderate permeability and 

are at least 20 feet thick. 

Sewage Treatment Plants. No special problems are anticipated in 

choosing a suitable site. 

Sanitary Landfills . Suitable sites are difficult to locate. The 

till and silt layers provide excellent borrow material for a landfill, 

but in areas where bedrock is close to the surface, there may be some 

problems in locating enough borrow for the landfill. 
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Impoundments. Small farm ponds can be located where clay soils 

have been developed or where clayey shales are exposed. These ponds 

are likely to fail where silty soils or fissile shales are present. 

Larger impoundments can be built without many problems in areas under­

lain by clay shales or limestone. There may be some leakage where lime­

stone bedrock crops out, but this can usually be corrected by grouting 

the bedrock. 

Construction. Problems that are frequently encountered include 

freeze-thaw breakup of roads, drainage i mpedance by impenneable bed­

rock and slope failure in road cuts. 

Unit Two - Carbonate and Cyclic Bedrock (Ca-Cy) 

This unit is in western and southern Jackson and western Cass Coun­

ties. Bedrock consists of alternating shale and limestone beds. The 

limestone is generally permeable because it contains joints and frac ­

tures and soils include both silty clays and silty loams. Thickness 

of the soil cover is usually less than 40 feet. TI1ese soils have low 

permeability. 

Sewage Lagoons. Many problems are encountered in selecting a site 

suitable for development. The presence of massive limestones and rugged 

topography is not generally favorable to water retention. Suitable sites 

are often available in floodplains of smaller streams. Often there is 

not enough borrow material for construction so additional material will 

have to be transported to the site . Suitable material is frequently 

available .nearby, usually at higher elevations. There is little danger 

from flooding. 

Septic Tanks. The use of septic tanks in this uni t is not recommended. 

Thin soil cover and permeable limestone bedrock facilitate the rapid 

movement of untreated sewage effluent. Groundwater pollution is not con­

s idered a major problem although surface pollution can be expected. Sep­

tic tanks should be used only where soil cover is grea ter than 20 feet 

thick and in a rural setting. 

Sewage Treatment Plants. No problems are anticipated in selecting a 

favorable sewage-effluent discharge point. However, developers should have 

the proposed sites investigated by an e~gineering geologist and approved by 

~he Missouri Division of Health. 
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Sanita:i:x Landfills. 'Ihin soil cover and carbonate bedrock are not 

conducive to landfill development. Proposed sites should be thoroughly 

investigated to insure that adequate soil cover material and padding 

will be available. 

Impoundments. Those problems encountered in selecting a sewage 

lagoon site will be encountered here also. Small fann ponds may be pos­

sible in areas where clayey soils are thickest but some leakage can be 

expected. 

Construction. Problems most often encountered include freeze-thaw 

breakup of roads and slope failure in road cuts. 

Unit Three - Cyclic Sedimentary Bedrock (Cy) 

This unit is in Lafayette and Johnson Counties. Bedrock consists 

of alternating shale, limestone, sandstone and coal beds and soil is a 

silty clay. Both the rock and the soil have low permeability. 

Sewage Lagoons. Sites suitable for development as sewage lagoons 

can be located with little difficulty. Sufficient quantities of borrow 

material for construction of the lagoon can easily be obtained on site. 

This silty clay soil is ideal for water-retention projects. 

Septic Tanks. Septic tanks should not be used within this unit be­

cause soils are not permeable enough to allow the effluent to permeate 

downward and be filtered. Surface pollution is the greatest hazard. An 

investigation is necessary in each case to detennine if a tank can be 

used successfully. 

Sewage Treatment Plants. There are no special problems anticipated. 

On-site investigation is necessary to determine a suitable discharge 

point in order to avoid any possible water pollution. 

Impoundments. There should be no difficulty in constructing lakes 

or pondst except where bedrock is encountered. There may be minor loss 

of water to bedrock. 

Construction. Problems encountered in construction projects include 

ponding of water on the surface where drains are provided, and slope 

failures in road cuts. 

Unit Four - Sandstone Bedrock 

'Ihis unit is in a narrow band in central Lafayette and Johnson Coun­

ties. Bedrock consists of a massive sandstone with high penneability. 
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cover 1• thin (usually less than 10 feet) and consists of a silty 

· to aandy clay . .. 

Sewage Lagoons. The use of sewage lagoons is discouraged. Soil 

cover is too thin and permeable to afford adequate water retention. Pol­

lution of groundwater is likely. 

Septic Tanks. It is not advisable to use septic tanks within this 

region for the reasons given under sewage lagoons . ntey may be utilized 

in isolated cases, however, such as where soils are thick and not too 

penneable. Their use should be restricted to farms in any event . 

Sewage Treatment Plants. These can be utilized only in those areas 

where discharge can be regulated so that effluent will not enter the 

sandstone bedrock. 

Sanitary Landfills . Inadequate amounts of borrow material for cover 

material and construction will, in most cases, restrict the use of sani­

tary landfills. In general the soil cover is too penneable and is not 

thick enough to retain leachates, so pollution can occur. 

Impoundments. Few places within this unit can be utilized for im­

poundments although, in come cases, leakage can be controlled by grouting 

or by using bentonite. 

Construction. No serious problems are anticipated. 

Treabnent Plants. No serious problems are encountered in disposal 

of treated effluent . Discharge should be directly into the river so 

that the treated effluent can be properly diluted. 

Sanitary Landfills. 'nle use of sanitary landfills in a floodplain 

setting is not recommended. The high, fluctuating water table will create 

problems in controling leachates and in the strength of the landfill. 

Flooding can be a problem. 

lmpoundments. Much of the sand and gravel soil of the floodplain is 

not conducive to retaining water; however, where these soils have mixed 

~ith the clay soils from nearby slopes, lakes and fann ponds can be built . 

Construction. Problems encountered include flooding, seepage into 

basements, and variable soil strengths. 

Unit Five - Undifferentiated 'nlick Alluvial Soil (Al) 

This unit is adjacent to the Missouri River. Soil consists of alluv­

ial material which is an admixture of gravel, sand, silt and clay . Thick­

ness varies and is usually greater than 40 feet but it may be thin locally. 

Permeability and strength vary . 
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Sewage Lagoons. The wide Missouri River floodplain offers many 

good sites for sewage lagoons. Because of the high groundwater ta&le 

lagoons should be built on the surface of the floodplain. Materials 

needed for completing the lagoon floor and walls can be obtained near­

by. Problems may arise because of the fluctuating water table and 

possible flooding. Effluent should be discharged in an area where it 

will seep slowly enough so that it will be properly filtered. 

Septic Ta.nks. The use of septic tanks is discouraged except in 

isolated cases. 

Sewage Treatment Plants. Sites suitable for discharge points can 

be located with minimal difficulty. These sites must be located so that 

effluent will not enter permeable bedrock or alluvium. 

Sanitary Landfills . Satisfactory sites can be located on nearby 

slopes away from the river. Flooding may be a problem. 

Impoundments. Small lakes and ponds can be constructed with minimal 

difficulty. 

Construction. Because of flooding and the high groundwater table 

construction of buildings should be discouraged on the floodplain. 

* * * For additional geologic infonnation concerning the Kansas City -

St. Joseph area see these selected references: 3, 6, 7, 8, 10 , ll , 13, 

14, 15, 16, 17, 18, 20, 21. 
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PETI'IS COUNTY, SHOW-ME REGION 

Summary 

Pettis County lies completely within a plains region. Dissected 

plains dominate the topography in the east and relief rarely exceeds 

200 feet. In the west, rolling plains prevail, and relief is generally 

no more than 100 feet. 

'nle bedrock of Pettis County consists of limestone, dolomite, shale, 

sandstone, and some coal. Residual soil and loess overlie the bedrock. 

Some glacial till is present in the northeastern corner of Pettis County. 

The soils in Pettis County are generally red, silty-clay, or red, sandy­

clay types but, locally, can be stony. Thicknesses range from a few feet 

in the south to 40 feet in the north. Alluvial deposits found in stream 

valleys are generally thin but can be thicker locally. 

There is no anticipated danger of earthquakes in Pettis County. 

The mineral production of the county is limited to stone. Limestone 

is quarried for crushed stone. Barite and coal were produced in the 

past. 

Water supplies are obtained primarily from groundwater sources. 

Domestic wells produce from 15 to 50 gallons per minute, and public water• 

supply wells have yields ranging between 90 and 1,400 gallons per minute. 

Any increased need for water will most likely require additional wells. 

Surface water is an unreliable source because of the low-flow characteris­

tics of the area's streams. 

Proper land use within the cot.mty will require on-site geologic 

investigations at each proposed waste-disposal site. Problems will be 

encot.m.tered with waste disposal in areas where thin soil is present. 

Much of the soil in the county is unsuitable for the use of septic tanks 

except in rural settings where the soil is thick. Waste disposal by 

using a centralized waste-treatment system is the most favorable method. 

Sanitary landfills can be constructed with few difficulties in western 

Pettis County. In the eastern portion of the county it may be necessary 

to use more extreme remedial measures to make the proposed site suitable 

for a sanitary landfill. 

Similar problems with land use are encountered in the adjacent areas 

of the surrounding seven counties. 
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This report is intended to serve as a regional appraisal of thP 

geologic features, r~sources, and problems of PetriG ovunty. It is not 

intended to furnish all the geologic fnfonnation needed for development 

and can not serve as a substitute for the actual on- site investigat ion 

needed at each proposed development site . 

Landfonns and Relief 

Pettis County is relatively flat. In the eastern third of the 

County, a highly dissected plateau dominates. Relief in this area 

varies from 100 to 200 feet~ with the areas of greatest r elief lying 

along Muddy Creek. Slopes vary from moderate to very steep (e.g., 

Muddy Creek bluffs). Floodplains in the larger valleys vary from l/3 

to 2/3 mile wide. 

The western two-thirds of Pettis County is dominated by gently 

rolling plains. Gentle slopes prevail and relief varies f-.toin 50 to 100 

feet. The major streams in this area are Muddy Creek and Flat Creek . 

Floodplains in these major valleys are generally narrow and geldom ex­

ceed 1/3 mile wide. 

Rock and Soil Fo·nnations 

The bedrock formations in Pettis County consist of limestone, dolo­

mite, and shale . In the extreme northeastern. corner of the county, 

gll:le'ial till (mixed gravel and sand) is present over bedrock. A veneer 

of wind- blo~m silt (loess) is deposited over the till and bedrock. These 

loess deposits are generally thin, varying from 2 feet in the south to 

10 feet in the north. 

Several soils have developed from t hese bedrock, till, and loess 

materials and are of varying thickness and composition. r.n the west and 

northeast, soil thidc:uQ.R.!i:e.s -r"'na~ £1:0111 1" to 20 feet, with the soil type 

being a cherty clay. In the east- central portion of the county the soils 

are thin, varying frorn 5 to 10 feet, and they are a silty-clay to sandy­

clay type. In the southeastern corner of the county the soils are thick­

est, being about 30 to 40 feet, and are a red, cherty-clay to red, cherty, 

sandy clay. 

The stream valleys have deposits of alluvial clay, silt, sand and 

gravel. Thickness of these alluvial deposits is often slight (10 feet), 

but may be greater locally. 
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Earthquake Potential I 
i 

The bedrock fonnations of Pettis County are essentially fla~-lying, 

with a very gentle, imperceptible dip toward the northwest. Pettis 

County is not considered to be in danger of earthquake activity. 

Scenic Natural Resources 

Only two caves have been reported in Pettis County. Both are 

privately owned and are not open to the public. There are no large 

springs in the county. 

Mineral Resources 

Mineral production in Pettis County has been limited mostly to 

stone. 

Stone. Reserves of limestone for the production of crushed stone 

constitute the most important mineral resource in the county. Two quar­

ries are operated near Sedalia. 

Coal and Barite. Very small, unimportant reserves of coal and 
' barite of marginal economic value are present also. Minor amounts have 

been produced in the past. 

Water Resources 

The water resources of Pettis Comity are primarily restricted to 

groundwater. Large surface-water supplies could probably not be de­

veloped due to the low-flow characteristics of the streams draining 

the county. 

The g~o!ogy of this area is fairly complex, and because of this 

complexity, the hydrology of the area is extremely variable, particu­

larly in the shallower aquifers. The southeastern corner of the cot.mty 

is directly underlain by dolomite and sandstone. The remainder of the 

county is directly underlain by limestone, shale, dolomite, coal and 

sandstone which are younger than the deposits described above. The older 
I 

deposits are present at depth underlJing the younger limestone, shale and 

sandstone deposits. '.nlis relationship yields a two-layer type of liydrol­

ogy over a large area of the county. 

The upper part of the younger limestone and shale deposits consists 

of rather coarse, crystalline limestone which weathers at a relatively 

fast rateo '!his unit has high penneability and develops a rather "open" 

character which allows water to move freely, both vertically and hori­

zontally. Because of this "openness", water contained in this unit is 
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under very little artesian pressure and hence will not rise up in a 

well above the point at which it was encountered in drilling. Below 

this WI.it are more than 100 feet of "tight" limestone and shale- through 

which very little water moves. At the base of this 11 tight" zone, a 

f~irly pure quartz sandstone locally occurs and is water-bearing . Where 

this s.andstone is I?-Ot present, the "tight" limestone sequence rests 

directly on the older, dolomite sequence mentioned above. 

Domestic wells bottoming in the younger limestone generally do not 

yield sufficient quantities of water for modern household needs. Most 

d·omestic wells drilled in the northern and western part of the county 

completely penetrate the younger rocks and extend into the older, better­

yielding dolomites. These deeper wells have yields ranging between 15 

and 50 gallons per minutA. The dept~ of the~~ deeper wells range between 

350 and 500 feet, with casing depths ranging from 70 to 350 feet 

Domestic wells drilled in that part of the counh• .,, ....... e the older 

dolomites are exposed at the s1.1rface ran~c in depth from 250 to 450 feet 

and have yields of from 15 to 30 gallons per minut~. Casing depths range 

from 80 to 150 feet. 

Public water-supply wells penetrate the older rocks (dolomi tes) to 

depths hetween 650 and 1,515 feet, with yiP.lds from 90 to 1,400 gallons 

per minut". 

LanA Use 

Proper land use c~n only be realized if careful on-site investigation 

is completed by each pr~po~ed development site, Two engineering-geology 

units are present within the coUJ.1ty. These units are those designated by 

Hoffman in Stout and Hoffman (1973). 

" 

Unit One - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

This unit is located in the eastern two-thirds of Pettis County. 

Bedrock consists of limestone and dolomite, with some shale. Soil thick­

nesses range from Oto 40 feet but are generally less than 30 feet. Soil 

type is a silty clay. 

Sewage Lagoons. Loc9tlons suitable for sewage- lagoon sites are those 

areas where there are thick soils. The quality and thickness of this soil 

are variable, and residual soils in the southern part are more permeable 

than the soils in the northern part. Frequently, permeable bedrock is en­

countered near the surface. Such areas should be avoided. The best ar eas 

are those with thick, silty-clay soils. 

5-4 



r 

..-, 

n 

Septic Tanks. Septic-tank use should be restricted to rural 

settings, and even then only thick soil can be considered for use. 

The thin soil cover throughout most of the area will not properly 

filter effluent> and pollution of the groundwater supplies wi.11 likely 

occur when the effluent enters the porous bedrock. 

Sewage Treatment Plants. Effluent discharged into some of the 

c~unty's streams can be expected to enter bedrock and mix with ground-

. water supplies in the southeast. portion of the county. In central and 

northeastern Pettis County, the streams are less related to groundwater 

as far as recharge is concerned and thus effluent discharge causes fewer 

problems. 

Sanitary Landfills. Sites satisfactory for development as sanitary 

landfills can only be located by careful, on-site geologic exploration. 

Much of the soil cover in the southeastern part of the county and along 

the slopes adjoining the larger streams is too thin to prevent downward 

percolation of leachates. Soil for use as daily and final cover material 

is often available in the western and northern portions of the county • 

Impoundments. Thin soil cover and penneable bedrock hinder the 

construction success of impounchnents in portions of southeastern Pettis 

County. Otherwise> construction problems are routine, except in the 

larger bedrock-lined valleys. 

Construction. No serious problems are anticipated, except for slope 

stability where loessi~l soils exist. 

Unit Two - Cyclic Sedimentary Bedrock (Cy) 

This unit is in western .Pettis County. Bedrock formations consist 

of thin-bedded limestone, shale, and some sandstone. Soil is thin, 

usually varying from Oto 35 feet. Soil thickness increases toward the 

north. Silty-clay and sandy-clay soils are present. 

Sewage Lagoons . Some difficulty is experienced in locating suitable 

sites. In the more rugged areas, the outcropping limestone bedrock is 

not favorable for sewage-lagoon sites. In the less rugged areas, the 

gentle slopes are favorable to development; thicker soil cover .is usually 

present, and additional borrow material for the lagoon walls can be ob­

tained nearby. Proposed sites should be carefully investigated .. to deter•·· 

mine the type of bedrock and thickness of soil cover. 
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Septic Tanks. Because of the thin clay soils of this unit 1 care 

should be taken in choosing septic-tank sites. The clays will not ab­

sorb large quantities of effluent, and surface pollution is likely to 

occur. Because of this, septic tanks should only be used in rural 

areas, or where the deeper soils are present~ 

Sewage Treatment Plants. Effluent discharged into some of the 

streams can be expected to enter the groundwater system. Careful in­

vestigations should be made to detennine those areas where effluent 

discharge will have the least effect on the county's water supply. 

Sanitary Landfills. Sites satisfactory for landfill development 

can be located without great difficulty. The gentle slopes and silty­

clay soil found over much of the area are ideal for sanitary landfills. 

Bor~ow material for covering the landfill site is readily obtainable. 

Careful examination should be made at each proposed site to detennine 

the depth to bedrock so that preventive measures can be taken to insure 

that no leachate leakage will occur. 

Impoundments. Except in those areas where bedrock is exposed or 

lies beneath a very thin cover of soil, small impoundments can be con­

structed without too much difficulty. Where bedrock outcrops are 

widespread, leakage can be expected. 

Construction. Problems encountered include poor drainage and 

slope failure. 

* * * For additional geologic infonnation concerning Pettis County 

see these selected references: 3, 6, 7, 8, 10, 11, 13, 14, 15, 16, 17, 

18, 20, 21 . 
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BOONE, CALLAWAY AND COLE COUN'ITES, MID-MISSOURI REGION 

Summary 

Boone, Callaway ,nd Cole Counties have a varied topography. Flat 

plains are present in the north, while a highly dissected plateau is 

present in the south. Slopes are steep in the south. Extensive flood­

plains are developed along the Moreau, Osage and Missouri Rivers. Re­

lief over the area ~anges from 100 to 200 feet. Numerous sinkholes 

are present in the south and west. 

Several different kinds of bedrock are present in this study area~ 

North of the Missouri River, dolomite, limestone, sandstone, shale and 

coal are found. Unconsolidated deposits of glacial till and windblown 

soil (loess) cover the bedrock. Soils developed by the weathering of 

bedrock (residual soil) include sandy, clayey and gravelly clay types. 

Thicknesses of these soils, windblown and residual, vary from 20 to 80 

feet. South of the Missouri River, bedrock consists of dolomite and 

sandstone. Thick loess deposits are found adjacent to the river. Soils 
I 

include sandy and gravelly clay types; thicknesses vary from 5 feet to 

25 feet. There is no danger from earthquake activity. 

Many scenic natural resources are found. One commercial cave is 

open for tours. 

Mineral production is limited to s tone, sand, gravel and clay. 

Clay and stone are plentiful and are of the greatest value at present. 

Coal is not mined now, but mining could reswne if warranted. 

Water resources are plentiful. Surface water can be obtained from 

the Osage and Missouri Rivers in large quantities to supply municipal 

use. Groundwater can be produced in sufficient quantities for both home 

and municipal use, depending on well depth and the aquifer utilized. 

Well depths vary from 100 to 1,500 feet and yield from 5 to 700 gallons 

per minute. The aquifers are recharged at a fairly constant rate, and 

increased water production can be sustained. 

Development in these counties is affected by the characteristics of 

the bedrock and soil present, especially where soil is thin or subsoils 

are clay-rich. Sites suitable for sewage disposal and sanitary landfills 

are available throughout the area, but are more difficult to locate in 

Cole, southern Boone and Callaway Counties. Geologic and engineering 

investigation will be required before waste-disposal sites are developed, 

to prevent water pollution. 
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Similar land conditions and problems will be found in the eight 

counties immediately: surrounding this area. 

This report is not intended to supply all the geologic information 

needed for development in this area. It is designed to serve as a 

regional appraisal of the geologic features and related problems that 

will be encounter~d and as such cannot take the place of actual on-site 

investigation, which is reconnnended for any future land-use development. 

Landforms and Relief 

The topography of this area is varied. Smooth plains are present 

in northern Callaway and eastern Boone Counties. These plains have very 

gentle slopes, and local relief is commonly 100 feet. Total relief in 

the plains area is about 150 feet along Cedar Creek. In eastern Boone 

County, where the plains h~ve been moderately dissected and hills have 

been developed, relief is commonly 125 feet. The area encompassing the 

southern portions of Boone and Callaway Counties and most of Cole County 
• 

is typified by a highly dissected plateau. Relief is commonly 80 to 100 

feet, but may be as much as 200 feet along some of the major streams. 

The alluvial valleys are quite wide, ranging from about a half mile along 

the Osage River to about 2 miles along the Missouri River. Numerous 

sinkholes are present in a small area about 12 miles north of Jefferson 

City. 

Rock and Soil Formations 

Several types of bedrock are exposed in this area. In Boone and 

Callaway Counties, the bedrock consists of dolomite, limestone, sandstone, 

shale and coal. Soils have been developed from the weathering of bedrock 

and the subsequent deposition of glacial till and windblown si~ts (loess). 

Soil types include sandy soil, clay soil and gravelly clay soil. Soil 

thicknesses vary greatly. Till deposits are deeper in the northern part 

of Boone and Callaway Counties and become thinner near the Missouri River. 

Loess thicknesses, however, are greatest near the river and become thinner 

as one progresses away from the river. Soil thicknesses range from 25 

feet in the south to 40 feet in the north, but may vary locally . Soil 

depth in the middle of this 3-cou~ty area varies from 20 feet to 30 feet. 

In Cole County, the bedrock consists of cherty dolomite and sandstone. 

These have weathered to produce sandy, clay and gravelly clay soils. 
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These soils have in turn been covered by loess deposits. Soil thicknesses 

range from 30 feet along the Missouri River bluffs to 25 feet in the south. 

Soil cover is very thin in the central portion of the county. 

Alluvial soils in this Missouri River floodplain are 80 to 120 feet 

thick and consist of gravels and sands in the lower portion, overlain by 

· clays and silts. 

s ·tructure and Earthquake Potential 

Bedrock over most of the area is nearly flat-lying. Two anticlinal 

folds are present in the north. These two folds, the Browns Station anti­

cline and the Auxvasse anticline, are the only mapped folds in the area. 

The strata on the southwestern side of the fold in each case are much 

steeper than those on the northeast. Two small f aults are located about 

4 miles south of Jefferson City. In Cole County about 100 feet of dis­

placement is present at both faults. There is no record of recent earth­

quake activity within the region and future earthquake activity is not 

anticipated. 

Scenic Natural Resources 

Many caves and natural bridges are found in Boone, Callaway and 

Cole Counties. These caves and bridges are quite scenic and are of 

interest to many people. One hundred-three caves have been reported in 

this area, with most of them being in Boone County. Boone Cave, in 

Boone County is commercially operated. 

Natural bridges a~d tunnels are common in areas of this type. Rock 

Bridge in Boone County and Natural Bridge Cave in Cole County are the 

only natural bridges reported to date in this three-county area. 

The Pinnacles is an impressive natural feature north of Columbia in 

Boone County. Formed by erosion, the Pinnacles were created when two 

creeks, Silver Fork and Kelley Branch, carved their valleys into bedrock, 

leaving this 800-foot-long blade of limestone between them. 

Mineral Resources 

Several economic mineral deposits occur in Boone, Callaway and Cole 

Counties. Coal, stone and clay are the most valuable known resources, 

and production should increase with the anticipated population growth of 

the area. 

Lead and Zinc. Production of lead and zinc ores ceased in 1947. The 

lead and zinc mineralization was often associated with barite and was 
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usually found in mineralized filled-sink structures or in small veins. 

Very little known reserves exist and the amount still available is 

insignificant when compared to the deposits of southeastern Missouri. 

Future production is unlikely unless additional deposits are discovered. 

Barite. Begin~ing in 1910, Cole County was a leading barite pro­

ducer in the Central Barite District. Significant production ended in 

1969, however. These ores were found in circle-type or filled-sink de­

·posits and are now practically depleted. Future production is unlikely 

unless additional mineralized filled-sinks are found. Barite from this 

area was of chemical-grade and commanded a higher price than barite used 

for drilling muds. Barite mined from similar deposits in Benton County 

is used for manufacturing paints. 

Stone. Limestone is quarried at nine locationa within the three­

county area. Four quarries each are located in Boone and Callaway Coun­

ties, and one quarry is in Cole County. Stone produced is used for con-
• 

crete aggregate, road metal, railroad ballast, aglime, and rip-rap. 

Adequate stone reserves are present in southern Boone and Callaway Coun­

ties and Cole County. 

Clay and Shale. The Columbia Brick and Tile Company at Columbia 

produces face brick from Pennsylvanian clays and shales. Substantial 

reserves of clay and shale suitable for brick manufacture are present in 

the region. Refractory-grade clays are quarried in Callaway County by 

two companies, the Harbison-Walker Refractories Company and the H.K. 

Porter Company. These clays (plastic, flint, and burley) are used to 

manufacture refractory products. Reserves of these clays are adequate 

for the next 25 years. 

Sand and Gravel. Sand and gravel are currently produced from flood­

plain and in-channel deposits of the Missouri and Osage Rivers. Three 

sites in the region are in production. Two plants in Boone County are on 

the Missouri River and one plant is on the Osage River floodplain in Cole 

County. Sand is produced for such uses as fill, railroad ballast, and 

construction. Reserves are considered to be unlimited. 

Coal. There has been substantial production from this region in past 

years. The region's most important coal deposit is the Bevier coal bed 

in Boone and Callaway Counties. In northwestern Boone County, the SUXllllit 

coal is also.present. Strip mining of coal recently ceased in this region 
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with the closing of the Mark Twain mine. Considerable reserves remain 

but reopening of the area's mines will depend on the increased demand 

for fuels. 

Water Resources 

Surface water and groundwater are both available for use in the 

. Jefferson City area. 

Surface Water. The entire area is drained by the Missouri River 

and the Osage River and a smaller stream, Cedar Creek, drains an area 

north of the Missouri River. The combined flow of these streams is such 

that vast quantities of water pass through the area daily. Large quan­

tities of water would be available for public use along the two larger 

streams, and surface impoundments could be constructed along tributary 

streams to serve the needs of small mnnicipalities and water-supply dis­

tricts. 

Surface-water quality varies seasonally in all of the streams in 

the study area. It also varies from stream to stream,because of the size 

of the drainage basin, sizes of the streams, rock type underlying the 

drainage basin, and the quantities and types of effluent being introduced 

upstream from the point of study. In all instances, by state regulations, 

filtration and chlorination are required before surface-water can be used 

for public water supplies. 

Groundwater. A distinction is made between bedrock aquifers and 

alluvial aquifers in this area to facilitate discussion. 

Bedrock aquifers. The rocks in the study area dip toward the north. 

Older rocks are exposed at the surface in the southern part of the area 

and younger rocks are exposed at the surface in the northern part of the 

area. Rocks of different ages with different hydrologic characteristics 

are discussed separately. That part of the area south of the Missouri 

River is treated as one hydrologic area while that part at the north of 

the Missouri River as another hydrologic area. 

Shallow domestic wells constructed south of the Missouri River range 

in depth from just over 100 feet deep to approximately 375 feet deep. 

Geologic fonnations penetrated by these shallow wells consist of cherty 

dolomites and sandstones. Of these, only the lowennost fonnations have 

consistent water-bearing characteristics. Yields of shallow wells range 

from a few gallons per minute to more than 30 gallons per minute. The 

6-5 



n 

cherty dolomites locally yield small quantities of water to wells in 

the area, but the reliability of these units is subject to rainfall 

and recharge patterns in the area. 

Shallow domestic wells constructed north of the Missouri River range 

in depth from less than 100 feet to approximately 500 feet. Geologic 

. formations of various ages are penetrated by these wells and include 

glacial drift and residual material, limestones, dolomites ., sandstones 

and shales. Reliability of these units as aquifers is subject to rain­

fall and recharge patterns in the area, and could, therefore, be subject 

to failure during extended dry periods. Yields of wells penetrating 

these units may range from just a few gallons per minute to in excess 

of 30 gallons per minuteo 

Deeper wells constructed south of the Missouri River range in depth 

from 600 to more than 1,500 feet. Usually these deeper wells are con­

structed as state-approved or public-supply wells, and the shallow water­

bearing zones are cased out. This casing is pressureJgrouted with cement, 

and in all instances the bottom of the casing is set at least below the 

Roubidoux Formation. The geologic fonnations which may be utilized as 

aquifers include Cambrian and Lower Ordovician sandstones, sandy dolo­

mites, and dolomites. All of these aquifers yield fairly large quanti­

ties of water, with the Potosi Dolomite being the most prolific. Yields 

of wells obtaining water from these deeper aquifers range from 50 ·gallons 

per minute to more than 700 gallons per minute, with the larger yields 

coming from wells penetrating the Potosi Dolomite. 

Deeper, higher-yielding wells north of the Missouri River penetrate 

aquifers discussed above. Yields are from 100 gallons per minute to as 

much as 870 gallons per minute. 

Long-range effects of the ctm1ulative pumping of these deep wells 

have begun to be felt in the study area. Ptnnping levels in certain 

high-capacity wells in the Jefferson City area (Cole and Callaway 

Counties) have been l~ere4 locally, as much as 100 feet. This will 

continue with increased pumping resulting from more wells, higher water 

demands and the like and may mean increased costs for water due to in­

creased electrical demands and larger pumps. It does not mean that the 

water is being "mined" and that it will eventually be depleted. The 

aquifers in the study area and in adjacent areas are recharged by pre­

cipitation. If all groundwater withdrawal ceased, the water levels would 

return to the '·'prepumping" level in a very short time. 
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'11le quality of water from bedrock wells in the area is excellent. 

Very little difference in chemical quality can be noted between shallow 

and deep groundwater sources, although total dissolved solids tends to 

be slightly higher in water from deeper zones. 

Water from the deeper horizons tends to be mineralized (salty) in 

the extreme western and northwestern part of Boone County. To the west 

and northwest of the area, the deeper zones yield highly mineralized 

·water. !he fresh water-mineralized water boundary is not a distinct 

line or boundary, but a gradational one. With increased ptnnping from 

the deeper aquifers, it is quite possible that this indistinct boundary 

will migrate to the southeast, and salt-water encroachment may occur in 

areas which now yield fresh water. 

Alluvial aquifers. The unconsolidated sands, gravels, clays and 

silts underlying the floodplains of the area's major streams are a 

major source of groundwater. These deposits range in thickness from 

zero to as much as 150 feet. Where they are of suffidient thickness 

and contain relatively coarse, clean sand and gravel, yields as high as 

1,000 gallons of water per minute are possible. The City of Columbia, 

in Boone County, is presently developing a well field in the alluvium of 

the Missouri River. 

Wells drilled into this material can have a wide variety of con­

structions ranging from shallow, driven or sandpoint wells to large­

diameter (48-inch) gra~el-packed, screened wells. Yields, of course, 

depend on the well size (diameter) and the depth. 

Because of the relatively f ree interchange with the streams, the 

water levels in these deposits respond rather quickly to changes in their 

stage. 

Alluvial waters are usually of good chemical quality but tend to 

have higher iron concentrations than waters from bedrock sources. In 

many instances these concentrations are high enough to make some sort 

of treatment necessary. 

Land Use 

Conditions for proper land use vary with respect to bedrock-soil 

units. A variety of geologic conditions exist in Boone, Callaway and 

Cole Counties so each area much be considered separately. The various 
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facets of geology should be considered including bedrock, soil, struc­

ture and water resources. 

Unit One - Thin Glacial Soil Over Cyclic Bedrock (Gl-Cy) 

This unit, in northern Boone and Callaway Counties, consists of 

glacially derived soils over cyclic bedrock. The bedrock is thin lime­

stone, coal, thick sandstone and shale. The soil cover is generally 

40 feet thick and ·consists of silty clays. Permeability is low because 

of the high clay content. Where thick limestone beds are present, the 

soil is usually more stony and more permeable. The more conmon problems 

associated with this W1it are poor slope stability and poor permeability. 

Sewage Lagoons. Acconnnodation of wastes in sewage lagoons can best 

be dealt with where the soil cover is thick enough and has a high clay 

content, or where the bedrock is shale. Locations where limestone, coal 

or sandstone crop out should be avoided. 

Septic Tanks. In this area the lack of absorben~y of the clay soils 

will cause unfiltered septic-tank effluent to surface and create surface 

pollution problems. Septic tanks should therefore be restricted to those 

areas where adequate acreage is available or where the soils have greater 

penneability. 

Sewage Treatment Plants. Satisfactory discharge points can be lo­

cated within this unit. Stream valleys are underlain by either tight 

bedrock, such as shale, or by impermeable clay soils. In this area 

stream flow is persistent and water loss to bedrock is negligible. Pro­

blems may exist during periods of little or no precipitation because of 

inadequate dilution. 

Sanitary Landfills. Suitable landfill sites are numerous. Ideal 

locations exist in strip-mined areas where coal has been removed. 

Utilization of these old strip mines will also facilitate land reclama­

tion. Wet areas and mines with inadequate soil available for cover 

should be avoided. 

Impoundments. Small farm ponds can be constructed in areas where 

tight clay soils or shales are present. Larger lakes may be constructed 

along creeks in areas where water loss to bedrock is small. 

Construction. Site investigation will be necessary before roads 

and larger buildings are constructed. Problems are encountered because 
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of poor slope stability and poor drainage characteristics of the soil. 

Also, some road maintanence problems will arise during the winter 

season because of freeze-thaw breakup. 

Unit Two - 'lhin Glacial Soil Over Carbonate Bedrock (Gl-Ca) 

This unit, in northern Boone County has bedrock that consists pri­

marily of massive, permeable limestone . Soil is silty clay mixed with 

stones and it is generally less than 40 feet thick. 

Sewage Lagoons. Sites satisfactory for development as sewage lagoons 

are somewhat difficult to locate. The variable thickness of soil over 

pinnacled carbonate bedrock will in many cases allow seepage of effluent 

into bedrock and cause groundwater contamination. 

Septic Tanks . Only those areas with soil cover can be safely 

ut ilized. Because of the relative impenneability of the soil surface, 

pollution may occur. Septic tanks should be used only where thick 

soils and rural conditions exist. 

Sewage Treatment Plants. Treated effluent should not be discharged 

in this unit. Contamination of groundwater is likely to occur through 

the many caves and sinkholes present in this unit. 

Sanitary Landfills. Ideal sites for development as sanitary land­

fills can be found. Narrow gulleys can be utilized. If bedrock is 

encountered during excavation, it will be necessary to over-excavate 

approximately two feet of rock and bring back to grade with packed clays . 

Small diversion levees may be necessary to protect the landfill f r om 

flooding. 

Impoundments. No serious problems are anticipated in choosing a 

site suitable for development. Areas with sinkholes should be avoided 

or leakage may occur. 

Construction. Major problems that might be encountered include 

variable depths to bedrock, karst, and poor internal soil drainage. 

Unit 'nlree - Carbonate Bedrock With Some Shale (Ca-Sh) 

This unit, in southeastern Boone and southern Callaway Counties, is 

an area of massive limestone outcrops on rugged hillsides . Soil cover 

i s thin and permeable. Leakage into bedrock is a significant problem. 

Sewage Lagoons . 'lbe locating of sewage lagoons in this unit is 

difficult because of the thin soil cover, bedrock outcrops and rugged 
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hillsides. The presence of bedrock in a lagoon floor is a p~oblem be­

cause leakage into the groundwater system may pollute nearby shallow 

wells . Small creek valleys should also be avoided. These valleys are 

so narrow that flood waters may destroy lagoons causing pollution of , 

downstream waters or nearby groundwater. 

Septic Tanks. Because effluent from septic tanks can enter rock 

fractures in the area, only those places where fairly deep soils are 

present should be considered. Unfiltered effluent will cause water 

pollution problems. 

Sewage Treatment Plants. Suitable discharge points are very dif­

ficult to locate . Problems are encountered because of: 1) leakage into 

underlying bedrock, 2) non-persistent stream flow, 3) inadequate dilution 

and 4) possible pollution of water in the immediate area. 

Sanitary Landfills. Suitable landfill sites can be located with 

some difficulty. Areas that can be utilized are thos~ isolated sites 

away from the Missouri River where soil cover is relatively thick. Also, 

some sites can be located in central Callaway County where relat_ively 

impermeable shales and shaley limestones are present. ni.ere are some 

sinkholes in the western portion of this unit which should not be used 

as sanitary landfills. Site investigation is required. 

Impoundments. Small farm ponds can be located in shale bedrock or 

in thick, impermeable clay soils. Ponds located in areas with sandstone 

and l imestone outcrops will not retain water while larger impoundments 

along creek valleys may lose water into the permeable bedrock. 

Construction. No major construction problems are anticipated . 

Site-selection investigation is recommended. 

Unit Four - Karst (Ca•K) 

This unit, in southwestern Boone County, is typified by m.unerous 

sinkholes and caves. ni.ere is little or no surface drainage because of 

this karst development. ni.e bedrock consists of permeable limestone. 

Liquid wastes from septic tanks, sewage lagoons, treabnent plants and 

sani t ary landfills can readily enter the groundwater system through 

these solution features . The polluted water is then likely to be ptnnped 

to the surface by domestic wells or it may resurge at a spring at a lowe r 

level. Developnents such as waste disposal sites therefore require de­

tail ed geological and engineering site investigations and preparation. 
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Unit Five - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

This unit, in northern Cole Cotu1ty, is an area of cherty-

dolomite bedrock that has weathered to produce a thin, gravelly clay 

soil over most of the area. 

Sewage Lagoons. Suitable sites can be located with some diffi­

culty. In general soil cover is thin and hinders lagoon construction, 

except on the mo~e moderate slopes where deeper soils have formed. 

Bedrock excavation should be avoided unless clayey soil is available 

to pad the lagoon floor. On steeper slopes and in valleys where soils 

have been removed by eroaion, it is very difficult to locate satisfactory 

sites. Lagoons excavated into thin soil cover on steep slopes will leak 

horizontally into the cut slope. Sites such as these are difficult to 

seal. 

Septic Tanks. The disposal of waste material by using septic tanks 

presents a serious problem in this region because of the thin soil cover. 
I 

The thin soils do not properly filter effluent, and the still-polluted 

materials will degrade water quality in the area. 

Sewage Treatment Plants. Ideal sites for sewage treatment plant 

discharge can be located with some difficulty. On-site investigations 

are mandatory to determine those areas where contaminants will not enter 

the groundwater system. These sites are usually in stream valleys where 

there is sustained flow to properly dilute the treated effluent. 

Sanitary Landfills. Locating sites suitable for landfill develop­

ment is difficult. Much of the area does not have adequate soil cover 

although soil cov~r may be deep enough on gently sloping hillsides. 

Site-selection investigation is mandatory. 

Impoundments. Small farm ponds can be constructed where soil thick­

nesses are adequate. Gently sloping hillsides are best. Larger impound­

ments can b~ located in creek valleys where there is sustained flow, but 

some leakage is likely to occur. 

Construction. No _problems are anticipated in most of the area. 

Site investigation is necessary, however, if steep slopes are to be 

properly utilized. 

, 

Unit Six - Intennediate-Thickness Residual Soil Over Sandstone Bedrock (SS-I2 

This unit, in southern Cole County, is an area of thick sandy and 

stony-clay $Oil over sandstone and sandy-dolomite bedrock. 
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Sewage Lagoons. This unit is unsuitable for sewage lagoons because 

of: l) ruggedness of terrain, 2) sandy horizons, 3) narrow and steep 

valleys and 4) flooding waters. It is recommended that sewage -lagoons 
( 

not be constructed here. 

Septic Tanks. 

thick soil cover. 

lhese can be safely utilized only where there is 

Steep slopes should be avoided. To avoid pollution 

problems, septic tank use should be restricted to rural and small­

. village settings. 

Sewage Treatment Plants. These can be safely utilized only in those 

valleys with pennanently flowing streams. In areas where streams cut into 

sandy horizons, water loss can be expected and pollutants may enter the 

groundwater system and pollute nearby wells. 

Sanitary Landfills. Few sites are suitable f or landfill development 

although small sites on ridge tops may possibly be used. Subsoil explora­

tion is necessary to detennine if adequate fill material is available. 

Impoundments. Sites suitable for farm ponds exist only on ridge 

tops. Larger impoundments will have leakage problems into valleys of 

permeable bedrock. 

Construction. Problems may be encountered because of the steep 

slo~s. Ridge tops offer the best sites for development. 

Unit Seven - Alluvial Soil (Al-Tu) 

lhis unit is present along the Missouri River, Moreau River and 

lower Osage River valleys. The alluvial soil consists of a mixture of 

gravels, sands, silts and clays. It is unsuitable for septic tank and 

sanitary landfill development but adequate sites may be found for sew­

age lagoons and sewage treatment plants. Flooding is a serious problem. 

Areas with sandy soils should be avoided because leakage into the ground­

water system may result. 

* * * For additional geologic information concerning Boone, Callaway 

and Cole Counties see these selected references: 3, 6, 7, 8, 10, 11, 13, 
14, 15, 16 , 17, 18, 20, 21. 
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FRANKLIN, JEFFERSON, LINCOLN, ST. CHARLES AND WARREN COUNTIES 

(Limited to the General Boundaries of Sensitive Area #2) 

Sttt11mary 

Franklin, Jefferson, Lincoln, St. Charles and Warren Counties have 

varied topography, ranging from smooth plains to rugged hills. Total re­

lief in this area is about 300 feet. 

There are many different kinds of bedrock and the soils that have 

developed on bedrock are just as varied. Both cherty limestone and 

cyclic (limestone, sandstone, shale) units are found north of the Mis­

souri River. In the south, dolomite, cherty dolomite, limestone, sand­

stone and shale are found. Soil varies from a clay type in the north 

to sandy or gravelly clay in the south. Variations will depend on the 

parent bedrock. Permeable, sand-gravel-rich deposits are also wide­

spread. 

The most recent earthquake tremors were felt in 1945. Future 

earthquake activity is not anticipated. 

The mineral resources of this area are varied, and considerable 

resources are present. Iron, lead and zinc are no longer produced in 

this area, but additional ores could be present. The most valuable re­

sources are stone, sand and gravel, and clay. 

The five-county area derives its water needs from both surface and 

groundwater. Approximately 98 percent of the area's water needs are 

supplied by surface water from major streams. Chemical quality of this 

water is good; however, treatment is required by law. Many small towns 

obtain their water supplies from the groundwater system. Wells may yield 

from 50 to 500 gallons per minute, depending on the aquifer utilized. 

Chemical quality ranges from good to poor. 

Proper land use will entail careful on-site investigation to dete·r­

mine the geologic £actors that will influence land developments. The 

choice of an unsuitable site for waste disposal will most likely leaj 

to groundwater or surface-water pollution, in addition to the problems 

involved in either correcting the problem on-site or relocating the 

waste disposal area. 

Similar land conditions and development limitations can be found 

in the eight cotmties adjacent to this study area. 
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This report is not intended to provide all the information needed 

for geologically oriented development in this five-county region. It 

i s intended to serve as an appraisal only and cannot take the place of 

actual on-site investigation, which is recommended for any future land­

development project. 

Landfonns and Relief 

The topography of this area is varied. Plains are well developed 

in Lincoln, northern Warren and St. Charles Counties and in isolated 

area3 in southwestern Franklin and northeastern Jefferson Counties . 

In St. Charles, Lincoln and northeastern Jefferson Counties, the plains 

are moderately discected by many streams. Relief is commonly 300 feet . 

Valley widths range from t to l mile. In central Warren County these 

plains are much less dissected, and relief is usually about 100 feet. 

Floodplains are generally 1/5 to 1/2 mile wide. The area in southwes t­

ern Franklin County is typified by rolling plains. Relief is commor.ly 

150 feet, and the valleys are usually narrow. 

The southern halves of Warren and St. Charles Counties and the re­

maining areas in Franklin and Jefferson Counties are typified by rugged 

terrain. Streams have dissected the former plateau-like area, and long 

ridge-like hills have developed. Bluffs as high as 150 feet are common 

along the reajor streams, while relief in this highly dissected area is 

about 250 feet. Valleys of the Bourbeuse, Meramec and Big Rivers range 

from 1/5 to 1/2 mile wide. Sinkholes are common. 

The all1Jvial lowlands of the Mississippi, Missouri and lower Mer­

amec Rivers are very wide and have little relief. Those areas with the 

greatest relief are the terrac~s formed by retreating glaciers. 

Rock and Soil Formations 

The bedrock fonnations of this five-county region are varied·. 

Major rock types are limestone, dolomite and sandstone . Shale and 

coal are less abundant. 

North of the Missouri River in southern Lincoln County and north­

ern Warren and St . Charles Counties, outcrops of thick, cherty limestone 

predominate. In southern Warren and St. Charles Counties, thick sand­

stone and tl1ick, cherty dolomite bedrock are predominant. Minor amounts 

of shale and coal are dlso present. Soil cover is well developed over 

7-2 



n 

n 

the entire region. Thick deposits of till were laid down by retreat­

ing glaciers and loess was later deposited on t~e till. Soils, de­

veloped by the weathering of bedrock, till and loess deposits, are 

extremely varied. Soil types include clayey and clayey, gravelly soils 

in areas underlain by dolomite, sandstone or shale . Thicknesses range 

from 20 to 200 feet, with the thicker. soils in areas covered by glacial 

till. 

South of the Hi~souri River the bedrock fonnations are more varied 

than in the north. Thick, cherty dolomites, shaly dolomite and sand­

stone predominate. Limestone and shale are common in northeastern Jef­

ferson County and isolated clay deposits are found in Franklin County. 

Because this area was south of the retreating glacier. no glacial till 

was deposited. Loess (a windblown silt) was depositec\ however . Soils 

are well developed, and their variability reflects the character of the 

parent rock material. Soils include sandy-clay and gravelly-clay types 

with thicknesses ranging from Oto 100 feet. 

Alluvial deposits in the Mississippi and Missouri River valleys 

consist of an admixture of gravel, sand, silt and clay in varying pro­

portions. n1ickncsses range from 80 to l.00 feet. In the valleys of the 

Meramec, Bourbeuse and Big Rivers, thickness ranges from 20 to 40 feet . 

Earthquake Potential 

TI1e rock fonna tions i11 this five -county region are, for the most 

part, flat-lying. Dips range from O degrees to 5 degrees, e:<cept in a 

severely faulted area in Jefferson County, where dips may be as great 

as 72 degrees in the Valles Mines-Vineland fault zone . 

There are several major folds mapped in the area, but in each case 

strata dip gently away from the axes. 

Many faults have been mapped in the region and bedrock displace­

ments range from very little to several hundred feet. 'I11e most recent 

earth tremors reported in the =egion occurred in 1945 in the Moselle area 

of Franklin County. The Moselle fault was near the epicenter of this 

earthquake activity . No damage was reported. 

Future earthquake activity is not anticipated . 

Scenic Natural Features 

Caves and springs are common in the five-county area . Four "big 

springs" in Franklin County are ~alling Spring and Elm Spring in Meramec 
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State Park, and Roaring Spring and Kratz Spring near Stanton. These 

springs each ha~e a minimum flow of 50,000 gallons per day and a com­

bined flow of approximately 7 million gallons per day. Kratz Spring is 

the largest, with nearly 5 million gallons per day. 

There are 184 caves in the region. Two of these caves, Fisher Cave 

and Meramec Caverns in Franklin County, have been developed and are now 

cormnercially operated. There are many undeveloped caves in Meramec 

State Park. 

Mineral Resources 

The mineral deposits of this five-county area are substantial and 

varied. Metallic minerals have been mined in the past, and the poten­

tial exists for future development . Nonmetallic minerals are by far 

the area's most valuable resource, and an extensive quarrying industry 

has been established. 

.!.!.2.!l:. The area is a potential producer of iron ore since it has 

prominent magnetic highs and the presence of iron ore has been confirmed 

by exploration. Development of these ore bodies will depend on the 

extent of mineralization and economic conditions. 

Lead and Zinc . Production of lead and zinc ores has been limited 

t o small, shallow deposits in Franklin and Jefferson Counties. The 

potential for deep mineralization similar to that in the Southeast 

Missouri Lead district is unknown. 

Barite. Small barite deposits are found near the Big River in 

Jefferson County and in isolated areas in southwes tern Franklin County. 

Barite was mined in small quantities in Jefferson County until 1961. 

A new barite mill will soon be in operation near the Big River in 

Jefferson County . 

Stone. The area is a major producer of crushed and broken lime­

stone and dolomite. The stone is used for concrete aggregate, a~phaltic 

paving, road metal, aglime. rip-rap and cement manufacture. Quarried 

units include Mississippian and Ordovician-age rocks. There are adequate 

resources of stone, but urbanization and zoning may restrict development 

of some deposits. 

Sand and Gravel. Sand and gravel, primarily for construction use, 

is obtained by dredging from in-channel deposits of the Missouri and 

Mississ ippi Rivers and is also obtained from glacial outwash deposits 

in Lincoln County. 
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£lay and Shale. Fireclay deposits in Warren and Franklin Counties 

have been mined in the past, and continued minor production is expected. 

in the two counties. Deposits range from less than an acre to several 

acres in extent, and depths vary from a few feet to 50 feet or more. 

Mining is by open pit. 

Structural-clay-products plants are not present in the area, although 

some clay and shale suitable for brick manufacture are present. Shales 

in eastern Lincoln County and central St. Charles County are suitable. 

Silica Sand. Silica-sand plants in St. Charles anc Franklin Coun­

ties are active. Silica sand is produced for the manufacture of glass­

ware, abrasives, metallurgical silica and ceramics. Substantial re­

serves are present in Jefferson, Warren, St. Charles and Franklin Coun­

ties. 

f.2!.!. Thin and irregular seams of coal are present within Pennsyl­

vanian rocks in the area, and some minor past production has been re­

ported. Reserves of mineable coal are negligible, however, and future 

coal mining is not expected. 

Water Resources 

Water supplies in the study area are available from streams and 

from bedrock and alluvial aquifers. 

Surface Water. The region is well drained by the Missouri River 

and its tributaries s.nd by the Mississippi River and its tributaries. 

The Meramec River, in the southern part of St. Louis Cotmty, is an im­

portant surface-water source also. Approximately 82 perc~nt of the 

water used in this area is from the Mississippi River and about 15 per­

cent is from the Missouri and Meramec Rivers . Most of this pumpage is 

used for cooling and for generating electric power. Bedrock and allu­

vial aquifers account for only land 2 percent of the total pumpage. 

Quality of these surface-water sources varies from good in some 

tributary streams to very poor in highly urbanized or industrialized 

areas. This surface water requires extensive treatment for most uses. 

Groundwater. Bedrock aquifers are composed primarily of dolomite 

and limestone, with scattered sandstone horizons. More than 20 towns 

in seven rural water districts are served by these aquifers as are most 

domestic users 111 the area. Well yields ranging from 50 gallons per 
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minute to as mucp as 500 gallons a minute ca.it be developed in bedrock 

aquifers in the western third of the study area and in the southwestern 

part of Jefferson County. 

Quality of water from bedrock aquifers nnges from good to poor 

with the deeper bedrock horizons becoming increasingly mineralized to 

the east of the western margin of the study area. These rocks dip or 

tilt at approximately 65 feet per mile and are encountered at greater 

depths on the east than on the west. This mineralization takes the 

form of high total dissolved solids) high chlorides and high sulfates. 

Water can be encountered in the shallower horizo~s throughout 

most of the study area. However) due to the heavy urbanization in 

this area, these wells are subject to contamination, and in many in­

stances large areas are already experiencing rapid deterioration of 

groundwater quality. 

Floodplains of the Mississippi and Missouri Rivers have the great­

est potential for development of the groundwater. Yields of more than 

3,000 gallons per minute have been reported in the Mississippi River 

floodplain in St. Charles County, and the Missouri River floodplain 

has wells yi.elding as much as 2)500 gallons per minute. Yields from 

the Meramec River floodplain have been reported to be as much as 500 

gallons per minute. 

Except fo r local areas where upward leakage of the mineralized 

bedrock water is occuring, the water from the alluvial deposits is very 

good. It is generally a very hard, calcium-magnesiwn bicarbonate water 

and the iron and maganese content is cormionly high. This water would 

require a minimum of treatment. 

Land Use 

Proper land use entails utilization of the disciplines of geology 

and engineering. On-site investigations of proposed development sites 

are needed to determine bedrock and soil characteristics, water re­

sources and rock structure as a basis for deciding the feasibility of 

each proposal. The rock and soil deposits in this area can be divided 

into eight engineering geology units. These units are chosen without 

regard to the various geologic ages of the deposits and merely indicate 

that a similarilty in geologic problems exis ts in a particular area. 
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Unit One - Variable Soil Thickness Over Carbonate Bedrock (Ca-V) 

This unit is in eastern Lincoln, central St. Charles and north­

eastern Jefferson Counties . Limestone bedrock in this area is thick­

bedded. Karst features are developed with solution channels, caves 

and sinkholes being common, especially in the northern part. The soils 

are highly varied and range from a loessial clay soil to a residual 

clay soil, depending on the amount of loess present. The residual clay 

soils are generally impermeable. 

Sewage Lagoons. In portions of this unit, lagoons can be built 

satisfactorily, and little or no treatment is necessary to insure 

liquid retention. Loess near the river bluffs may have to be sealed 

with bentonite to prevent leakage. In the northern portion of the unit, 

k.arst features binder the safe use of sewage lagoons. Careful site in­

vestigatio~ are reconanended before lagoons are constructed anywhere in 

this unit. 

Septic ~anks. The use of septic tanks should be restricted to 

rural and farm settings. Because of the thin soils, septic-tank ef­

fluent generally is not filtered satisfactorily and often surfaces and 

causes pollution. Where thin loessial soils overlie bedrock there may 

be seepage into the bedrock and groundwater may be polluted. In the 

north, sinkholes will be a major problem because of their direct con­

nection with the grotmdwater system. Septic tanks can be safely used 

on plots of 3 acres or more, but site investigation is strongly re­

commended to insure that no significant leakage occurs. 

Sewage Treatment Plants. Sites suitable for the discharge of sewage­

treatment-plant effluent can be located. Treatment plants should be 

located near large, gaining streams preferably those having a sustained 

flow. Losing streams are not suitable because the water loss to bed­

rock. indicates that effluent could reach the groundwater system. 

Sanitary Landfills. Satisfactory landfill sites are difficult to 

locate. Areas with deep loessial clay soils are best. Deep ravines in 

this soil cover can be utilized with proper engineering and the land can 

be reclaimed for recreational use at the same time. Landfills should 

not be utilbed in karst areas. Sinkholes are usually directly con­

nected to the groundwater system and pollution of an area's groundwater 

supply is likely. 
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Impoundments. Sites for s.na1 ~ f:1rr. ponds can be located without 

difficulty in much of this unit; howcv...::r. in karst are<?s some problems 

with leaking ponds may occur. Larger pu~ds or lake~ shoulj be con­

structed in valleys where there is sustaine<.l flow for most of the year . 

Cons trt;.c tion. No problems are .:mtici pated, except in those areas 

vhere karst is found. Sinkholes, because of their function as natural 

drains, should be developed only after a thorough geologic investi­

gation is completed . Engineering design will be, by necessity, elabor­

ate. 

Unit Two - Thin Glacial Soil Over Carbonate Bedrock (Cl-Ca) 

This unit is in southeastern Lincoln, northen1 \..'arren and , .. ,estern 

St. Charles Counties. Be<lro.::.k is nassive linestonc and soil cover is 

generally a clayey or stoney clay soil that varies in thickness. Karst 

features such as caves, sinkholes, pinnacles and solution chan~1els are 

common. 

Sewage Lagoons. Lagoon sites can be located with some difficulty . 

TI1e thick glacial soils are suitable c:-:cf'pt in the more rugged areas 

where stony soils exist. In areas where karst is a problem, lagoons 

should not be built because collapse and pollution of the groundwat.~r 

supply could occur. 

Septic Tanks. The use of septic tanks should L>e restricted to 

rural and farm areas 3 acres or larger. Soils in this unit are gener­

ally not very permeable and a larger-than-usual waste field is necess­

ary to insure proper filtration of the effluent. In areas where karst 

prevails, septic taaks should drain a\.'ay from sinkholes to avoid ground­

water pollution. 

Sewage Treabncnt Plants. Suitabie trcannent-plant sites may be 

difficult to locate . Discharge should only l>e into those streams with 

su::.tained flow . Streams that flow only part of the year or losing 

strean~ are not acc(~ptable because of the problems associated with 

kars t te1:rain. 

S,rnitary Landfills. Satisfactory site& can be located with little 

difficulty and thick loessial soil is available to serve as cover ma­

terial for the landfill. In karst areas, landfills should not be near 

any sinkholes since there could be leakage into the groundwater system . 
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Impoundments. Small fann ponds can be constructed with little dif­

ficulty in areas unaffected by karst. 

Construction. :1inimal problems are anticiµated in areas unaffected 

by karst. 

Unit Three - Carbonate Bedrock With Some Sh .... le (Ca-Sh) 

This unit is in northeastern Franklin and northern and eastern 

Jefferson C0unties. Bedrock is predominantly carbonate with some shale 

and sandstone . The soil cover \·arics with the type of bedrock it over­

lies and thickness is usually less than 30 f':=et. Proposed development 

sites should be investigated before being put into use. 

Sewage Lagoons . Satisfactory lagoon sites a.re not difficult to 

find. In most cases remedial work i.:, not necessary. In areas with 

several types of soil, it may be necessary to seal the lagoon floor with 

bentonite to insure effluent retention until oxidation occurs. 

Septic Tanks. The success of a septic tank vades greatly depend­

ing on the type of soil . Site investigation is reconunended to deter­

n,ine the feasibility of each proposed site, and to identify soil types 

and to establish the proper nmnber of acres per septic tank. 

Sewage Treatment Plants. Manv of the streams in this unit are los­

ing streams and as such could transmit effluent into the groundwater 

system. Discharge should be restricted to strea.ns with persistent flow, 

such as the Big River or Meramec River. 

Sanitary Landfills. Suitable landfill sites are difficult to lo­

cate . Only small si t~s for landfills may be available. Preferably, 

each site to be utilized should have at least 20 feet of soil between 

the floor of the fill and bedrock. 

Impoundnents. Impoundments can be constructed with few problems 

in the smaller creek valleys. The overexcavation of soil from within 

the lake area to obtain soil for 1am construction is not recommended. 

This will cause severe leakage. 

Construction. Few problems are encountered here although steep 

slopes may settle and sliding may occur . 

Unit Four - Intennediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

This area is in southern Warren, Franklin anJ southern Jefferson 

Counties. Bedrock fonnations consist of thick- bedded dolomite . Soil 

cover, a residual clay, is generally 40 to 60 feet thick. Karst feat­

ures are developed. Dry stream valleys and streams with unusually 
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low .. f l ow characterize the area and indicate the pre;;ence of underground 

channels. Discharge of pollutants into any of these channels presents 

a threat to water quality. 

Sewage Lagoons. Lagoons can be satisfactorily located within this 

unit if measures are taken to insure that lagoon waters will. not per­

meate into the groundwater system. Most lagoon sites require remedial 

measures to make them usable. Remedial work may entail lining the la­

goon with an impermeable clay such as that on ridge tops and slopes in 

the area. 

Septic Tanks. Soils are generally quite stony and permeable . Be­

cause of this, the soil layer beneath the septic tank and above bed­

rock will be saturated after a number of years, causing effluent to 

enter the grolmdwater system without being filtered. Septic-tank use 

is therefore reconmended only for rural areas. 

Sewage Treatment Plants. Treatment plants should be located so 

that discharge of treated effluents will be into gaining streams or 

into those with persistent flow. The Meramec, Bourbeuse and Big Rivers 

could support sewage-treatment plants. 

Sanitary Landfills. Small landfill sites can be located here, but 

most of them should be restricted to colluvial slopes where there are 

sufficient impermeable soils to impede the flow of leachates into bed­

rock. Many of these locations, however, would be too small to fulfill 

the n~eds of a large city. 

Impoundments. Small farm ponds can be constructed on ridge tops 

and colluvial slopes where sufficient impermeable soil cover is present. 

Large impoundments will have problems because of leakage to bedrock. 

Construction. No construction problems are anticipated except on 

steep slopes, where sliding may occur. 

Unit Five - Shallow Residual Soil Over Carbonate Bedrock (Ca-S) 

This unit is in southeastern Franklin and southern Jefferson Coun­

ties . Bedrock consists of medium-bedded dolomite and soil thicknesses 

range from Oto lO feet. The clay soil is relatively impermeable. 

Sewngc Lagoons. Satisfactory sewage lagoon sites are difficult 

to find because of the thin soil cover. In some cases, bentonite can 

be used to prevent leakage. Areas with ~hicker soils can be utilized 

satisfactorily. 
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Septic Tanks. Septic tanks should be used only in rural settings. 

The soils are too thin and impeI'llleablc to properly filter the effluent 

in most cases, and both surface and groundwater pollution are extremely 

likely. 

Sewage Treatment Plants. Sewage treatment plants should only be 

used in conjunction with gaining streams such as the Big River. 

Sanitary Landfills. Satisfactory landfill sites are difficult to 

locatP. because of the thin soil cover. Sites that can be tttilized for 

landfills are generally small and could not satisfy the needs of a 

large town or city. 

Impoundments. Small farm pond sites are easily located. Large 

impoundments can be built in some large creeks that have sustained 

flow. Soil for construction may not be adequate. 

Construction. No problems arc anticipated except in areas with 

steep slopes, where sliding may occur. 

Unit Six - Carbonate and Cyclic Bedrock (Ca-Cy) 

In southwestern and central Franklin County, the bedrock consists 

mainly of shale and sandstone, with some limestone. Silty, gravelly 

clay soils range in thickness from 10 to 30 feet and in some cases, are 

even less. Some ancient sinkholes are filled with fire clay. These 

soils generally have low permeability, except where they are sandy. 

Sewage Lagoons. Satisfactory lagoon · sites can be found without 

too much difficulty. The biggest problem is leakage but soils that 

are too permeable can be treated with bentonite sealant. In those 

areas where the soils are more impermeable, there should be no diffi­

culty in sealing the lagoon. 

Septic Tanks. Where cyclic deposits are predominant, septic tanks 

can be used in light urban areas and farms, where 3 acres or more per 

lot are available, depending on the depth of soil cover. 

Sewage Treat:IDent Plants. Treatment plant sites can be easily lo­

cated because of most of the streams here are gaining. The capacity 

of the strecns to accept treated effluent should be determined by the 

Missouri Clean Water Commission. 

Sanitary Landfills. Satisfactory landfill sites can be located, 

but those areas w~re fireclay has been mined are especially good. 

Deep clay pits are excellent sites and can handle the refuse from many 

communities. If the clay pit encounters groundwater it should not be 

used, however. 
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!mpom1cb:nents. Both small fann ponds and large lakes can be con­

structed. 

Construction. No construction problems are anticipated. 

Unit Seven - Karst (Ca-K) 

This unit is in eastern St. Charles and western Lincoln Counties. 

The bedrock which consists of permeable limestone has a very irregular 

surface even over short distances . Caves, sinkholes and pinnacles, 

ku<Jwn collectively as karst, are common features. A highly variable, 

stony, red clay soil covering the limestone bedrock varies in thick­

nesses from Oto more than 100 feet. 

Sewage Lagoons . Suitable sites are difficult to locate because of 

unfavorable bedrock and soil conditions. Where soils are thin, leakage 

to bedrock may occur and pollution of the groundwater system might eas­

ily happen. Soils in this unit are very permeable; lagoon sites may re­

quire clay padding or bentontte to prevent leaks. The use of sewage 

lagoons should he discouraged. 

Septic Tanks. Septic tanks should not be located in kars t area.s 

where drainage can enter sinkholes. Drainage fields should be located 

on ridges, so that effluent will be filtered before entering the ground­

water system. 

Sewage Treatment Plants . Suitable discharge points may be diffi­

cult to find. Unless effluent is discharged into a stream with sus­

tained flow, insufficiently diluted effluent may enter the groundwater 

system. 

Sanitary Landfills. Sinkholes should not be used for landfills be­

cause of their direct connection with the groundwater system. For sim­

ilar reasons, landfills should also be avoided where there are thin 

soils, or where bedrock is exposed . In general, most of this area is 

not suitable for sanitary landfill development. Any site proposed 

for development should be thoroughly investigated by a geologist. 

Impoundments. This unit is suitable for small farm ponds in 

tho$e areas where thick clay soils are present. These ponds can be 

constructed to there will be little leakage. 

Construction. Development in sinkholes or sinkhole drainage fields 

should be discouraged to avoid disrupting the movement of surface water 

toward these natural drains. 
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Unit Eight· Carbonate Bedrock With Some Sandstone (Ca- Ss) 

This unit is in southern Warren and southern St. Charles Counties . 

Bedrock consists primarily of thin-bedded carbonates, with some sand­

stone. Soil cover varies in composition horizontally and vertically. 

Clayey, silty and clayey silt soils are conunon. 

Sewage Lagoons . Suitable lagoon sites are difficult to locate. 

The difficulty arises, not because of the quality of the soils, but 

because the quantity of soil available is often insufficient. Soils are 

frequently shallow in the northern part of this area, but they are 

usually thick ~nough in the southern portion. When excavating for a 

shall ow lagoon site, bedrock is often exposed. Another difficulty 

arises in karst areas; lagoons should never be located in sinkholes 

or in drainage fields near sinkholes. 

Septic Tanks. Soil-cover thickness and type is of primary import­

ance . In too many cases septic tanks have been located on or in the 

bedrock, where no filtration could take place, and either surface or 

groundwater pollution occurred. 

Sewage Treabnent Plants . Few problems are anticipated with sewage 

treabnent plants in this area since bedrock and soil are favorable to 

the:2rconstruction. However, plants should be located so that effluent 

is discharged into a perennially flowing stream. In the case of los­

ing streams, discharge could enter the groundwater system. 

Sanitary Landfills. Sites are generally difficult t o locate be­

cause of thin soil cover. Where adequate soil cover is present, es­

pecially in the western portion of this wiit, small community land­

fills can be located with less danger of contamination of the ground­

water supply. It is recommended that a complete geologic investigation 

be made at several prospective sites to detennine the ~est one. In 

areas where karst is well developed, sanitary landfills should be dis­

couraged except under extreme condi tions and, in all cases , a thorough 

geologic inves t igation should be made . 

Impoundments. Lakes can be developed in most parts of this area. 

Soil depths are adequate in the western and southern parts of the area. 

If bedrock is encountered while excavating at a lake s i te. undercut ting 

and repacking with impermeable clays are necessary to prevent leakage . 

Lakes developed in karst areas can trigger coll apse and are more l ikel y 

to fail than those built over competent bedrock. 
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Construction. Only areas within the karst region are unfavorable 

for the construction of l arge buildings. 

Unit Nine - Shallow Re~idual Soil Over Sandstone Bedrock (Ss-I) 

This unit is in central Franklin and southern Jefferson Counties. 

Bedrock consists of massive sandstone. The soil cover is from Oto 30 

feet thick and consists of red, sandy clay mixed with sandstone bould­

ers and cobbles. Penneabilities of both soil and bedrock are high. 

Sewage Lagoons. Sites suitable for sewage lagoons will be diffi­

cult to locate. Remedial measures such as impermeable clay padding will 

be necessary to insure that the lagoon will not leak effluent into the 

sandstone bedrock. If bedrock is encountered during excavation, it will 

be necessary to overexcavate and seal with packed clay. 

Septic Tanks. Septic tanks should be used sparingly, and only in 

those areas where there is deep soil cover. Septic tank density should 

not be greater than one tank on every three acres •• Areas with thin soil 

cover or high septic-tank density will have groundwater-pollution pro­

blems. 

Sewage Treatment Plants. There are no suitable areas for treat­

ment plants within this unit. Any effluent discharged would soon per­

meate the soil or exposed bedrock and cause pollution problems. 

Sanitar::t Landfills. Sites suitable for development as sanitary 

landfills are difficult to locate. Remedial measures, necessary in 

each case, will vary with the size of the landfill and the available 

soil cover. 

IIBJ>Oundments. Suitable sites are very difficult to locate. High 

permeability of the rocks and soils make water retention in a pond or 

lake difficult. 

Construction. Problems include occasional sinkhole collapse'and 

moderate to severe hillslope erosion. 

Unit Ten - Alluvial Soil (Al-Tu} 

This unit comprises the alluvial floodplains of the Missouri and 

Mississippi Rivers and, to some extent, portions of the floodplains of 

the Meramec, Bourbeuse and Big Rivers. Soils are composed of an ad­

mixture of gravel, sand, silt and clay with thicknesses ranging from 5 

to 40 feet. 
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Sewag~ :.ago~. Se.,.:is,:~ 1,goc.,H, ca,,. b ~ utilized, but provisions 

must be made \.:~ prevent ln"' 1 rt60,~1.1 .:; .i. te il·on, oeing flooded Ol' rup­

tured. Depth of cf{Cavation sl ould oe l.:i.mi:·~d t~ from 3 to 5 foet. 

Septic Tank.!.•.o !he use of: septJ..c ~-.rues b ri-:t tecommended since 

grou...id.water is an -t.nportant resour.ce in thts a.c::.-a . 

~ge l'reaanen .. Pla.--its. Sew&ge-treatme~t pi.:mts cau scfely dis­

charge effluent intr, the river~ in this ·:1.rc.a . 

Sanitary Landfills. The same limitations p~ared or. ~~~ti~ tanks 

apply to iandfills . 

Itnpouncruents. Few problP.ms are antid.rate2 i.or smaJ 1 ronds in 

the river valleys. Flooding poses ~h~ greatP.st p~nble:c::. 

Constrvcti.£!!• The major p1:.,hlc10 wil! be o~ca!', onal flooding. 

* * * For a.dditi.onal gt!OlQgic L1formaticm c,,u .. ern1.ug this area see 

the selected rafere,1ces: 'J, :, 6, 'i, e, 9, ;3 ·''• . 15, 16, 17, 18, 

20, 21. 
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VERNON COUNT'f, KAYSINGER BASIN REGION 

Summary 

The topography of Vernon County is relatively flat . Gently roll­

ing hills prevail, and relief seldom exceeds 90 feet . 

The bedrock formations include cyclical sequences of limestone, 

shale, sandstone and coal. These units are generally flat-lying. Vernon 

County is not considered to be in danger of earthquake activity. 

Mineral resources currently produced in Vernon County are stone and 

oil. Coal, clay and shale were mined in the past. Sand and gravel are 

produced intermittently from stream deposits. 

Water resources are adequate. However, with increased growth in 

Vernon County several factors will affect the county's water needs. 

These factors are low-flow of the area's streams and salt water (or 

mineralization) encroachment of groundwater supplies. Additional water 

could be obtained by using surface impoundments . 

Proper land use (waste disposal and construction) will require 

careful geologic investigation. Locations suitable for development as 

waste- disposal sites can be chosen without great difficulty. However, 

some remedial measures may be necessary to insure success and prevent 

water pollution. 

Problems similar to those encountered in Vernon County with regard 

to waste-disposal, mineral resources and water resources will confront 

the developer in the surrounding four counties. 

Dlis report is not intended to furnish all of the geologic infor­

mation needed for proper land development. It is intended to serve as 

a regional appraisal of the geologic features, resources and problems 

of Vernon County and can not take the place of on-site geologic inves­

tigation of proposed development sites. 

Landforms and Relief 

n,e topography of Vernon County is dominated by gently rolling 

plains. Relief is commonly between 50 and 90 feet. 'nle floodplains 

of the county's major streams, the Mannaton and Little Osage Rivers, 

are narrow and seldom are wider than~ mile. 

Rock and Soil Fonnations 

Bedrock consists of alternating beds of limestone, shale, coal 

8-1 



n 

n 
n 

and sandstone. _Soil cover is predominantly an impermeable silty-clay 

and although it is thin (10 feet) in the south it becomes thicker 

(30 feet) in the north. 

Earthquake Potential 

Bedrock units in Vernon County a re for the most part flat-lying. 

Only in those areas where faulting and folding have occurred is there 

any de~~ation from this. One structure, the Swarts-Garland dome, 

serves as a gas trap. Vernon County is not considered to be in danger 

of earthquakes. 

Scenic Natural Features 

11\ere are no caves or "big" springs in Vernon County. Eldorado 

Spring, in neighboring Cedar County, has a daily discharge of 6,500 

gallons and is the nearest significant spring. Many small springs of 

lesser importance are c0tmnon in the area. 

Mineral Resources 

Vernon County is rich in mineral deposits. Coal, clay and shale, 

sand and gravel , stone, asphaltic sandstone and oil and gas are present 

in amounts of varying importance. 

Coal. Vernon County has produced over 9 million tons of coal in 

the past and possesses a remaining reserve of more than 600 million 

tons, more than 400 mill ion tons of which are strippable. 

The Mineral coal seam was formerly mined extensively near Arthur, 

in northern Vernon County. This bed is one of the thickest coal de­

posits in western Missouri. However, Jl1ost of the better deposits have 

been mined out. 

nte Mineral and Croweburg coal beds a re present just beneath the 

surface under large areas of western Vernon County, where they have been 

stripped on a small scale in numerous localities. Although thin,' both 

beds are persistent and offer s ome possibilities as strip coal, espec­

ially near Bronaugh, Deerfield and Stotesbury. Potentially strippable 

coal deposits are also present near Walker. One or two thin coal seams, 

notably the Rowe and Drywood, occur in the vicinity of Nevada and have 

been mined on a small scale. lhe potential for mine development in these 

seams is not great in the Nevada area. 
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Clay and Shale. Considerable clay and shale are present in the 

Pennsylvanian rocks which underlie Vernon County. In the past, minor 

amounts of brick and tile were manufactured. In addition to brick and 

tile manufacture, some units may be suitable for the manufacture of 

lightweight aggregate. 

Sand and Gravel. Only minor amounts of sand and gravel have been 

produced in Vernon County. A detailed geologic examination of the region 

is required if potential sand and gravel resources are to be located ard 

evaluated. 

Stone. Crushed stone is produced in Vernon County from the Higgins­

ville Limestone. Principal uses are for concrete aggregate, road metal 

and agricultural limestone. 

Asphaltic sandstone, produced in eastern Vernon County near Shel­

don, is used for paving material • 

.Q.!1.. Minor amounts of oil are presently produced in Ven1on County . 

Future production is expected to fluctuate with changing economic con­

ditions, with no great amount of production anticipated. However, Ver­

non County possesses large resources of asphaltic sandstone containing 

low-gravityf'· The high viscosity of this oil makes its production im­

possible under current economic conditions. n1e development of this re­

source will depend upon the development of a more satisfactory method of 

recovery than is currently available. 

Water Resources 

Surface Water. The Marmaton and Little Osage Rivers and their tri­

butaries drain Vernon County. Very little groundwater c~nes out of 

storage to maintain the flow of these streams, and as a result the 

streams have poor low-flow characteristics during periods of little 

rainfall. Small surface impoundments on the major streams could serve 

as a source of water for smaller conmunities. 

Groundwater. The bedrock aquifers in Vernon County consist of 

sandstone, limestone and shale. Most d0tnestic wells range in depth 

from 125 to 500 feet, although many are less than 200 feet deep. Yields 

from these wells range from 5 to 50 gallons per minute. Public wells in 

the Nevada area penetrate into deeper sandst9ne and dolomite aquifers. 

Because of rather constant water withdrawal from these aquifers , water 

quality has decreased as mineralized waters have been drawn into the 
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county's water fields. Public wells range from 550 to 650 feet in 

depth . Yields commonly vary from 50 to 300 gallons per minute. Qual­

ity of this water is usually good, except for that which comes from 

aquifers that have been subjected to saltwater encroachment. Because 

of the variable quality of the county's water supply, usage of this 

resource is limited. 

Unit One - Cyclic Sedimentary Bedrock (Cv) 

Unit one is in all but extreme northeastern Vernon County and the 

valleys of the major streams. Bedrock uni ts consist of alternating 

shale and limestone with some coal and sandstone layers. Soils are de­

veloped on the bedrock surface and vary from a silty clay to sandy clay . 

TI1icknesses are generally less than 10 feet. 

Sewage Lagoons. The general water tightness of the soil and bed­

rock effectively reduces pollution, making lagoon construction feasible 

where other conditions are favorable. If sandstones are exposed during 

excavation, routine remedial procedures of undercutting and padding are 

necessary and can be done without excessive costs. 

Septic Tanks. Tanks should not be used in densely populated areas . 

Discharge from tanks does not penneate the host rock in the area well 

enough to be adequately dispersed and can result in water standing 

around foundations and possible ponding in low areas and ditches. In 

general, a 3-acre seepage field should be allotted for each septic tank 

to insure proper dispersal of pollutants. 

Sewage Treatment Plants . Sites suitable for receiving discharged 

effluent can be located with little difficulty . ln most cases there is 

little loss of stream water to bedrock and, because of this, the area's 

streams are ideal for receiving treated effluent. Careful investigation 

is needed to detennine the suitability of each proposed site for this 

type of waste disposal. 

Sanitary Landfills. If correctly located and properly operated, 

a landfill will cause minimal pollution . Ideal locations can be found 

in the smaller creek valleys, but diversion ditches are needed to pre­

vent flooding of the landfill site and subsequent stream pollution. 

Impoundments . Lake develo?Uent is most favorable in this plains 

area, with minimal seepage problems occurring where there are under­

lying clayey or shaly soils. Sandstone regions pose a greater hazard 
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because of probable seepage through fractures. Leakage is also possi­

ble along coal seams and limestone layers. These problems can be over­

come by core trenching to unweathered bedrock, careful borrow-site 

selections and occasional soil blanketing. Severe problems might be 

encountered where there are numerous sandstone exposures. 

Construction. 111e most significant problem associated with con­

struction in Vernon County is the expansion of the clayey soils. Pro­

per drains and deeply seated foundations can overcome this problem, how­

ever. 

Unit Two - Carbonate Bedrock With Some Shale (Ca-Sh) 

'Jllis unit is in the extreme northeastern part of Vernon County. 

Bedrock consists of massive limestone and some shale. The soil over­

lying bedrock is primarily a silty clay and is generally less than JO 

feet thick. 

Sewage Lagoons. Sites suitable for development as sewage lagoons 

still require some remedial measures if success is to be insured. Lin­

ing the lagoon with a bentonite-and-clay mixture is often sufficient to 

prevent leakage. 

Septic Tanks. 111e use of septic tanks should be restricted to ru­

ral or fann areas because of the moderate permeability of the soil. 

Heavily populated areas would probably have surface pollution because 

of over saturation. 

Sewage Treatment Plants. Careful consideration and geologic exami­

nation are necessary before choosing discharge points for treated ef­

fluent. The streams in this area are gaining, however, so there is lit­

tle chance of subsequent groundwater pollution caused by water leaking 

from the receiving streams. 

Sanitary Landfills. There are many suitable sites for deveiopment 

of landfills in this unit. Remedial measures may be needed, however, 

such as using a bentonite-and- clay-mixture padding to prevent leaking 

of leachates into the area's streams . Suitable material for daily and 

final cover is generally available at most sites or nearby . 

Impoundments. Sites suitable for farm ponds and small lakes are 

easily found. However, some remedial measures may be necessary to pre­

vent too much leakage. 
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Construction. Problems encountered include poor slope stability 

where there are thick shales and variable strength of bedrock. 

Unit Three - Alluvial Soil (Al} 

This unit occupies the alluvial valleys of the county's major 

streams, the Marmaton and Little Osage Rivers. These valleys, deep and 

narrow in western Vernon County, are wider and flat in the east. Soil 

thicknesses vary from Oto 40 feet. The soil is an a~nixture of sand, 

silt, clay and gravel. 

Sewage Lagoons. The construction of a lagoon in this unit may 

lead to flooding of upstream developments, as well as pollution of 

downstrearo waters. Therefore, great care should be taken in selecting 

a lagoon site. 

Septic Tanks. Septic tanks can be used in this unit with caution. 

Water supplies are easily contaminated by improperly filtered septic­

tank effluent. Septic tanks can be used only in rural areas where a 

minimum 3-acre field is available for filtration. 

Sewage Treatment Plants. Treatment plants can be utilized if dis­

charge is limited to gaining streams. 

Sanitary Landfills. Favorable sites are those where there is a 

thick, clay-rich soil which can prevent leachates from leaking into the 

groundwater. Areas away from the stream are best. 

Impoundments. Lakes can be constructed with some difficulty. The 

dam site will have to be overexcavatcd at the base and sides to insure 

that no leakage will take place around the dam. If permeable bedrock is 

encountered, the project may not be feasible becau8e of increased costs. 

Construction. Problems most often encountered include flooding, 

seepage and varying soil strength. 

* * * For additional geologic information concerning Vernon County 

see these selected references: 2, 3, 6, 7, 8, 13, 14, 15, 16, 17, 18, 

20, 21. 

8-6 



n 

n 

l. 
n -

CEDAR, HENRY, lllCKORY AND ST. CLAIR COUN'l'I.ES­

KAYSINGER BASIN REGION 

(Limited to the general boundaries of Sensitive Area #18) 

Swnmary 

The topography of this four-county area is diverse. Both gently 

rolling hills and a highly dissected plateau are present. Relief is 

seldom greater than 150 feet and usually only 100 feet. 

The bedrock units consist primarily of limestone, dolomite and 

shale, with some coal. Overlying bedrock is a thin ~eposit of wind­

blown silt. These bedrock and silt units, in turn, have been weathered 

to fonn a soil. This soil cover is thin to moderately thick, and is 

primarily a silty clay, but may be a clayey silt or stoney clay. 

This four-county region is not considered to be in danger of 

earthquake activity. 

Present mineral production is limited to crushed stone. Other 

mineral resources include lead, zinc, barite and coal. All have been 

mined in the past. Also present are large deposits of clay and shale 

suitable for the manufacture of structural clay products. 

Water resources are plentiful, but increased demand for potable 

water may require increased use of surface water. Groundwater re­

sources are plentiful. However, mineralization increases east to west 

in Henry and St. Clair Counties, and therefore much of the groundwater 

available in the western portions of these counties is unpotable. In­

creased pumping from wells in the eastern portions of these counties may 

induce encroachment of mineralized waters into the area from the west. 

Land-use (construction and waste disposal) will require careful 

geologic investigation at each proposed development site. Sites suit­

able for use in waste-disposal projects can be located with moderate 

difficulty. Soil and bedrock permeability will be an important factor 

in choosing where to construct a sewage lagoon, septic tank, or sanitary 

landfill. 

Problems encow,,tered in this four-county area dealing with resources 

and waste disposal will also be encountered in the counties immediately 

adjacent to the region. 
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This report is intended to serve as a regional appraisal of the 

geologic features, resources and problems of Sensitive Area 18. It i s 

not intended to furnish all the geologic answers needed for successful 

site development. Careful on-site geologic investigation is reconnnended 

in all cases to insure proper regional planning. 

Land forms and Re li.ef 

The topography of this four-county area i.s varied. In the north 

and west, gently rolling hills prevail. Relief in this area seldom 

exceeds 100 feet. In the st'uth and east a highly dissected plateau is 

dominant. Here, relief is greater and generally varies from 100 to 150 

feet . The floodplain of the area's principal stream, the Osage River , 

is narrow and generally is no more than 1/8-mile wide. The floodplains 

of i ts tributaries, however, are much wider and in the case of Sac and 

South Grand Rivers vary from 1/2- to 2/3-mile wide. 

Rock and Soil Fonnations 

The bedrock units consist of thick cherty dolomite, limestone, 

cherty limestone, shale, and coal. Overlying bedrock is a thin (2 

feet to 5 feet) deposit of wind-blown silt (loess). Soil cover has 

de veloped over bedrock and loess. 

in general are less than 40 feet. 

thickness f r om 10 to 40 feet. 

Thicknesses vary with location, but 

Alluvial soil deposits vary in 

Earthquake Potential 

Bedrock formations in this four-county area are, for the most 

pa r t, flat-lying. However, there are exceptions to this , expecially 

where faulting or folding have occurred. Several faults and folds 

have been mapped f.n the southern part of St. Clair County and the 

nort hern part of Cedar County. Dips in this area are generally steeper 

than elsewhere in the four-county area. The four-county area is not 

considered to be in danger of earthquake activity. 

Scenic Natural Resources 

Thirty- four caves are reported from the Cedar, Henry, Hickory and 

St. Clair Counties area. Cow Bridge Cave, in Henry County, is the only 

reported natural bridge in the area. 

Many small springs are found in this area. Eldorado Spr ing, near 

Eldorado Springs in Cedar County, has a discharge of 6,500 gallons pe r 

day . 
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Mineral Resources 

Mineral resources found in this area include lead, zinc, bari t e , 

clay, shale, stone and coal . Stone is the only mineral commodity bei ng 

produced at present . 

Lead-Zinc. Lead and zinc were produced in Hickory County from 

mineralized filled- sink structures prior to 19100 Deposits were gen­

erally small and quickly mined-out. Future production from this type 

deposit is considered unlikely. The potential for dee, mineralization 

is unknown. 

Barite . Barite formerly was produced from circle deposits in 

Hickory County. These barite deposits were often associated with lead 

and zinc mineralization. 'nle deposits were quite small, and any fut­

ure production will be minor. 

Clay and Shale. Much clay and shale is present in Henry and St . 

Clair Counties . Although the material is suitable for the manufact­

ure of structural clay products, there is no present production. 

Stone. Limestone is quarried at several locations in Cedar, Henry 

and St. Clair COWlties . "nle crushed stone is used for concrete aggre­

gate, road metal, aglime and rip- rap. Reserves of limestone are un­

limited . 

~ . About l billion tons of coal reserves are present in south­

ern Henry Cotmty and northwestern St . Clair County . A large amount of 

this coal is strippable. 

Water Resources 

Surface Water. The principal streallls draining the area include 

the Osage and Sac Rivers (draining St. Clair and Cedar Counties) and 

the South Grand River (draining Henry County). Becouse of the nature 

of the bedrock underlying this county, runoff after stonns is rapid and 

low- flow characteristics are poor. Many of the smaller streams dry up 

completely, with almost no water coming out of groundwater storage to 

maintain flow. 'nle Sac and Osage Rivers, however, have fairly large 

drainage basins above the point where they flow out of St. Clair Coun­

ty, and their low-flow characteristics are fairly good. For this 

reason they must be considered as an important resource, both as a 

sour ce of domestic and municipal water, and as a source of diluting 

water for municipal sewage. 
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It is possible that small impoundments on carefully selected tri­

butaries could be used for supplemental sources of water withi~ the four­

county region. 

Groundwater . l'he four-county area is directly underlain by sand­

stones, shales, and limestones, which have widely varying hydrologic 

characteristics. Beneath these rocks lie the dolomite and sandstone 

units. Because of this complexity of rock type and the complex hydr­

ology, domestic wells in the county have widely varyin3 depths and 

yields. Many of the domestic wells drilled in St. Clair County are 

less than 200 feet deep, and a great many of these arc less than l50 

feet deep. Shallow domes tic wells in Ced.n, Henry and Hickory Counties 

are generally deeper and range from 200 to 450 feet. Yields of these 

domestic wells range from 3 to 30 gallons per minute in Henry County 

and from 5 to 50 gallons per minute in St. Clair County. Yields of 

domestic wells in Cedar and Hickory Counties fall within this range. 

Water quality in the shallower aquifers is usually good, with the 

exception of local wel ls in the western part of the area. If proper 

well-construction practices are adhered to, then no problem of contam­

ination will occur. 

Public-water-supply wells drilled in this region generally pene­

trate deeper aquifers. Wells drilled in eastern St. Clair County range 

from 550 to 650 feet deep and have yields of 50 to 300 gallons per min­

ute. Casing is required to exclude pollutants. Casing depths average 

250 feet. Public-water-supply wells drilled in eastern Henry, Cedar, and 

Hickory Counties are generally deeper and range from 450 to 1,200 feet . 

Yields vary from 12 to 500 gallons per minute. Water quality is varia­

ble . Deeper wells drilled in western Henry and St . Clair Counties 

yield water that is quite mineralized and usually unpotable. Deeper 

wells in eastern Henry and St. Clair Counties and those in Cedar and 

Hickory Counties yield good-quality water. In general, dissolved con­

stituents become more concentrated from east to west. 

Because of the groundwater-quality limitations imposed on the 

deeper aquifers, increase in usage of this resource in St. Clair and 

Henry Counties is also severely limited. Increased pumpage of wells 

drilled into deeper aquifers would undoubtedly cause encroaclunent of 

the more mineralized waters . In Cedar and Hickory Counties, however , 
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there is no problem with highly mineralized waters, and because there 

i s little demand for groundwater, a three-fold increase could be tol­

erated without seriously depleting the rescurce. 

Land Use 

Proper land use in this four-county area will require careful 

geologic investigation at each proposed site . Five engineering­

geologic units are present in the area. These units conform to those 

designated by Hoffman in Stout and Hoffman (1973). 

Unit One - Cyclic Sedimentary Bedrock (Cy) 

Unit one is in central and western St. Clair County, southern 

Henry Cotmty, and northern Cedar County. The bedrock w1its consist 

of alternating shale and limestone, with some coal and sandstone lay­

ers. Soils are developed on t he bedrock surface and vary from a silty 

clay to sandy clay. Thicknesses are generally less than 10 feet. 

Sewage Lagoons. The general watertightness of the soil and bed­

rock effectively reduces pollution, making lagoon construction feasible 

when other conditions are favorable. If sandstones are exposed during 

excavation, routine remedial procedures of undercutting and padding will 

be necessary and can be done without excessive costs. 

Septic Tanks. These should not be used in densely populated areas. 

The discharge from these tanks does not permeate the host rock well 

enough to be adequately dispersed and can result in water standing 

around foundations and possibly ponding in low areas and ditches. In 

general, a three-acre seepage field should be allotted for each septic 

tank to assure proper dispersal of pollutants. 

Sewage Treatment Plants. Sites suitable for receiving discharged 

effluent can be located with little difficulty. In mos t cases there is 

little loss of stream water to bedrock, and because of this, the area's 

streams are ideal receivers of treated effluent . Careful investigation 

will be necessary to determine the suitability of each proposed site for 

this type of waste disposal. 

Sanitary Landfills. Pollution from a correctly located and proper­

l y operated landfill will be minimal . Ideal locations can be found in 

the smaller creek valleys. However, diversion ditches will be necessary 

to prevent flooding of the landfill site and subsequent stream pollution . 
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Impoundments. Lake development i s most favorable in this plains 

area, with seepage problems being minimal where there are underlying 

clayey or shaly soils. Sandstone regions pose a greater hazard be­

cause of probable seepage through fractures. Leakage is also possi­

ble along coal seams and limestone layers. These problems can be 

overcome by core trenching to unweathered bedrock, careful borrow-site 

selections and occasional soil blanketing. Severe problems might be 

encountered where many sandstone exposures are present. 

Construction. Significant problems associated ~vi.th construction 

include expansion of the clayey soils. Proper drains and deeply seated 

foundations will overcome this problem. 

Unit 'lwo - Variable-Thickness Soil Over Carbonate Bedrock (Ca-V) 

This unit is located in northern Cedar County . '11le bedrock con­

s is ts of permeable limestone which ha:; weathered to produce karst. 

Soil cover has developed over the bedrock and is generally a red, stony 

clay soil. Both bedrock and soil are highly penneable, with much sur­

face water being lost by seepage. Soil thicknesses vary from Oto 40 

feet. 

Sewage Lagoons. Waste disposal by lagoons is hazardous because 

of seepage problems, particularly into caves and solution channels. 

Sewage lagoons built above voids such as caves may also collapse into 

the caves and contaminate the groundwater. 

Septic Tanks. Disposal by septic tanks poses similar problems. 

The discharge, if not filtered or retained, but allowed to enter shal­

low groundwater supplies, may cause pollution and eventual loss of water 

for home and fann usec. Sinkholes or caves are not to be used for waste 

disposal of any type. The numerous caves and their subsurface streams 

transmit contaminants as readily as do surface streams. 

Sewage Treatment Plants. Discharge of treated effluent should be 

made only into gaining streams. Careful investigation will be necessary 

to insure that effluent does not enter the groundwater system through 

sinkholes that may be present in the area. 

Sanitary Landfills. Landfill sites must be carefully selected be­

cause of potential seepage problems. Soil thickness, in many cases, will 

be insufficient, and leachates may leak directly into bedrock and cause 

pollution of the area's groundwater resources. 
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!JDpoundmen~s. There are few areas within this unit that are suit­

able for lake development. Vertical loss of water, both in the water­

shed and lake area and poor foundation conditions at the dam site con­

tribute to the failure of many lakes. One of the few suitable areas is 

in the upland-soil region, where small lakes are feasible if necessary 

precautions are taken, including the careful selection of borrow sites . 

There are some potential sites for large lakes along major streams 

where there is perennial flow. 

• The most unsuitable areas for lake sites lie on the slopes between 

upland prairies and the major streams . The groundwater table in these 

areas is relatively low, the fine-textured soils have been removed by 

surface erosion, and suitable foundations for dam sites have b.een des­

troyed by weathering. 

Construction. Generally the overburden and bedrock will support 

building construction if normal precautions are taken. However, there 

are two unusual features which have a great effect on roads and con­

struction. The first is that the red, clayey soils are hard to com­

pact and, second, the underlying limestone is irregularly pinnacled, 

so depths to bedrock fluctuate severely. Careful subsurface explora­

tion is necessary for foundations of larger structures. 

Unit Three - Intermediate•'Ihickness Residual Soil Over Carbonate Bedrock (Ca-I) 

lbis unit is located in western Hickory County, easteni and 

southern St. Clair County, and northern Cedar County . Bedrock forma­

tions consist of permeable carbonates. Covering this is a stony, red 

clay soil. Soil thickness varies from 20 to 40 feet, and permeability 

varies from low to high. 

Sewage Lagoons. Sites suitable for development as sewage lagoons 

will be difficult to locate . Because of the varying penneability and 

thickness of the soil cover, it will ~e necessary that each proposed 

site be carefully investigated by a geologist . Lagoons constructed~in 

areas where thin soil or soils of high permeability are found are likely 

to fail if remedial measures are not taken. Leakage can be lessened 

by the use of impermeable clay padding or bentonite. 

Se£tic Tanks . Because of the nature of the soil, septic tanks 

S1ould be used only where the soils have moderate penneability. This 

will allow for proper filtration of the effluent. Septic tanks should 

9-7 



D 

n 

n -

be used only in ni.ral settings where there will be three or more acres 

per tank serving as a drainage field. 

Sewage Treabnent Plants. Treatment-plant discharge should be made 

only into streams with perennial flow. The permeable nature of bedrock 

and soil is conducive to pollution of groundwater supplies. 

Sanitary Landfills. Suitable sites will be difficult to locate. 

Only those areas where impermeable, thick, clay soils are present are 

acceptable. In some cases, the clay soil may have to be treated with 

bentonite or padded with impenneable clay to prevent leakage. 

Impoundments. Small farm ponds may be =onstructed with some dif­

ficulty. Bentonite or clay padding may be necessary to prevent leak­

age. Large impotmdments will be difficult to construct because of the 

permeable nature of the bedrock and soil. 

Construction. Problems encountered include low-wet-soil strength 

and variable permeability of the soil. 

Unit Four - Carbonate Bedrock With Some Shale (Ca-Sh) 

This unit is in western Hickory County, northern Cedar County, and 

portions of St. Clair County. Bedrock is composed primarily of lime­

stone a:.id shale. Soil is a clayey silt. 111ickness of the soil is less 

than 30 feet. 

Sewage Lagoons. Satisfactory sites for sewage lagoons can be lo­

cated with relative ease in this area, except where the terrain is more 

rugged and where soil is thin. Most problems can be overcome by choos­

ing a proper site and using engineering-design techniques. For example, 

perhaps only a portion of a lagoon site will be suitable, but with the 

addition of clay or bentonite, seepage loss can be prevented . Because 

conditions at each proposed lagoon site will vary, an investigation 

should be made to determine the capabilities of each site. 

Seetic Tanks. Due to the varied nature of the bedrock (carbonates 

and shales), a detailed study is necessary for each proposed site. The 

success of a given septic tank will depend upon t~e characteristics and 

depth of the soils present and the density of septic-tank development . 

Areas that have shallow soils are poorly suited for septic tanks, except 

perhaps for rural areas such as farms or large estates . The remaining 

part of unit one has sufficient soil cover to permit septic tanks to be 

used in lightly urbanized areas where lot sizes exceed three acres. 
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Sewage Trea~ment Plants. Sewage Treatment plants can be located 

without much difficulty relative to geologic conditions of the receiv­

ing stream. All treatment plants should be located so that discharged 

effluent will enter gaining streams, which are common in this unit . 

Sanitary Landfills. Sites that are acceptable for landfills are 

for the most part limited to areas of thick soil cover. Soils in the 

four-county area are well-suited for sanitary landfills, but extreme 

caution should be used when selecting a site. 

Impoundments. Most areas are suitable for lake development. Areas 

where carbonates and sandstones crop out may have some seepage pro~lems, 

but padding with clays may help prevent leakage . 

Construction. No serious problems are anticipated in finding sites 

where small buildings such as houses can be built. Careful examination 

should be made of the bedrock and soil, however, when buildings larger 

than homes are to be constructed and for any buildings to be erected on 

a steep slope. 

Unit Five - Alluvial Soil (Al} 

This unit is not shown on Hoffman's map because of the unit's 

small size. The unit occupies the alluvial valleys of the Sac, South 

Grand, and Osage Rivers. Alluvial soils may also be present in the 

valleys of the larger tributary streams. Alluvial soil thicknesses 

vary from Oto 40 feet. The soil is an admixture of gravel, sand, 

silt and clay. 

Sewage Lagoons. The construction of a lagoon in this unit may lead 

to flooding of upstream developments, as well as pollution of downstream 

waters. Therefore, great care should be taken in selecting a lagoon 

site. 

Septic Tanks. Septic tanks can be used in this unit with caution. 

Groundwater supplies are easily contaminated by improperly filtered 

septic-tank effluent. Septic tanks could be used in rural areas where 

a minimum three-acre field is available for filtration. 

Sewage Treatment Plants. Treatment plants can be utilized if dis­

charge is limited to gaining streams. 
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S:rni tar2_ Landfj l ls. ravorablC' sit.:s .'.lr'-' thos(e where thert! is a 

thick, clav-rich soil whfrh can prevtnt lcachat:es fnrn leaking into the 

groundwater. ,\reas away from the stream :ire best. 

Impoundments. Lakes ~an be construct(!d with some difficulty. The 

dam site wi II have to be overcxcavat~d at the base and sides to insure 

that no kakag,~ wi.11 take place an>Und th..:.: d.:1m. If permeable bedrock 

is ~ncounte red, thL project may not be feasib le because of increased 

CuS ts, 

C0nstruction. Problems most often encountered include flooding, 

seepage, and varying soil strength. 

-:, * i: For additional geologic infon:ation -:onc(.rning the Cedar, Hl>nr\·, 

Hickory Jnd St. Clair Counties area see chese selected references: 6, 

7, 8, 9, 10, 11, 13, 11 .. 15, 16, 17, 18, 20, 21. 
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BENTON - CAMDEN - MILLER - MORGAN COUNTIES 

(Li~ited to the General Boundaries 
of Sensitive Area #16 - The Lake of the Ozarks) 

Summary 

The Lake of the Ozarks lies within a region of rugged topography. 

·The land has been dissected by streams to form deep valleys and steep, 

elongated and sometimes ridge-like hills. Relief ranges from 100 to 200 

:feet. Floodplains of the major streams vary from one-third to one mile 

wide. 

Bedrock formations consist of limestone, cherty limestone, dolomite 

and sandstone. The carbonate fonnations are thick-bedded, and in many 

places there are karst features such as solution channels, sinkholes and 

caves. Both carbonates and sandstones have been deeply weathered to form 

sandy, cherty, clay soils. These soils vary from Oto 75 feet deep. 

The area is not considered to be in danger of earthquakes. 
' There are many scenic natural resources including caves and springs 

which are of interest to many people. Six caves are commercialized and 

offer guided tours to the public. 

Mineral resources are not extensively developed. Barite is no longer 

mined on a large scale, although two barite mine-mills are intermittently 

producing in Benton County. These barite concentrates are shipped to 

Coffeyville, Kansas, where they are used for manufacturing paint. Lead, 

zinc and iron deposits ~re small and of such low grade that future pro­

duction is unlikely. Stone is quarried for use as construction aggregate, 

aglime and rip-rap. Sand and gravel are produced for use as construction 

aggregates. Reserves of stone and gravel while not well distributed are 

adequate for the future. 

Water resources are . plentiful. Supplies of both groundwater and 

surface water are adequate. Well depths range from 175 feet to 1,200 

feet, depending upon topography and the particular aquifer being tapped. 

Shallow wells yield up· to 40 gallons per minute and the deeper wells 

yield up to 600 gallons per minute. Water quality is good and treatment 

is not usually necessary, but quality checks are needed to insure that 

only good water is used for hmnan consumption. This area can tolerate 

large future increases in water demand if carefully managed. 
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Proper land use depends on rigorou3 geologic investigations being 

carried out at proposed development sites. Soil depths are sufficient 

in many parts of this region to insure satisfactory sites £or waste 

disposal . Improper waste dispo~al sites ~ust be avoided to guard against 

the pollution of the area's water resources. Impoundments can usually be 

constructed i:1 nrcas where tht;rC are perennial flowing streams. Small 

far.~ ponds c.:in be bui J t wherever c 1 ay soi ls of sufficient thickness can 

be found. such as on hilltops and along margins of valleys . 

Sinilar land conditions and problems are prevalent in the eleven 

counties surrounding this study area. 

This report is :1ot intended to pro, i.de all the information needed 

for geologically oriented dc·,;~iopt':ent of this region. It is intended 

as a regional appraisal onlv and cannot take the place of actual on-site 

geologic investigation, which is recor;::1ended for any future land­

developnent project. 

Landfor::1s ai~d Relief 

The L.ike of the 0:arks region lies entirely within Benton, Camden, 

Miller and }\0rgan Counties. The westerrn:,ost part of this area, western 

B~nton County, has a topography that varies from steep, elongated hills 

which Jrn,:e been dissected by strear,.;; to broaJ, flat floodplains. Flood­

plains alon~ the reajor streaDs vary from one-third to one mile wide. 

Slopes of the hi i.lsides range fro:· 5 to 1+0 percent, and along the major 

streai.'" they .ire so~erir,:es nearly 1:crtical. Relief in this area locally 

exceeds :bO feet along the Osage Ri~er, b11t it is generally no more than 

100 icet ? lsewhere. In the re1;1ainder of the Lake of the Q,.:arks region, 

eastern Bento,,; C,mden, :ii ller and :·1organ Counties, the topography is 

very similar . Lonk , ridge-like, steep hills predominate . floodplains 

of the r:1.:ijor strcar;1s scl<lom e:,ceed one-third mile in width. Relief is 

co1:1r:1only in excess of iOO feet and along the major streams it reaches 

200 feet. 

~ock and Soil Formations 

Bedrock foIT1ations in the Lake of the 0/arks area consist of lime­

stone, chert:;. limestone , doloriite and sandstone . Carbonate bedrock is 

predominant. These carbonates a~e thick-bedded and have been deeply 

weathered. Karst features such as solution channels, sinkholes and caves 
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are well developed. n-.e carbonates and sandstones have weathered to fonn 

a moderate to thick soil overburden, mi xed with chert, gravel and sandstone 

boulders over much of the area. This residual soil ranges in thickness 

from 20 to 40 feet in the westernmost part of the ai:;ea. In the eastern 

portion of the area (eastern Benton Coun ty and Morgan, Miller and Camden 

Counties) soil thicknes ses are greater and range from 40 to 75 feet. Soil 

thicknesses throughout the area are greatest on hilltops and in the valleys . 

Earthquake Potential 

For the most part the strata of the Lake of the Ozarks area are flat­

lying . There is one major mapped fold, the Proctor Anticline, located in 

Morgan and Camden Counties. Bedrock in the immediate area of this fold 

dips away from the axis. Dips on the western flank arc greater than those 

on the eastern flank : four degrees and one degree, respectively. In the 

south-central pqrt of Camden County, the Red Arrow fault is present. 

Strata were displaced about 100 feet vertically . No earthquake activity 

is anticipated. 

Scenic Na tural Resources 

Caves, springs, natural bridges and other places of geologic and 

scenic interest are found in the Lake of the Ozarks area. These are the 

result of the action of either ground wate r or surface water upon bedrock. 

There are 149 reported caves in the area adjacent to the lake, seven 

of which are developed and co!lUllercially operated . These are: Bridal 

Cave, Ozark Caverns in Camden County ; Arrow Point Cave, Indian Burial 

Cave and Enchanted (Stark) Caverns in Mille r County; and J acobs Cave 

in Morgan County. There are no commercial caves at present in Benton 

County. 

Springs are quite common in the Lake of the Ozarks area. Eleven of 

these are of s ignificant size and are considered "big springs". At all 

but one of these springs the average daily flow is in excess of 250,000 

gallons per day. Hahatonka Spring in Camden County, the largest spring 

in the area, has an average discharge of 48 million gallons per day. Two 

of these springs, Wet Glaize and Gravois Mill Springs, supply water to 

fish hatcheries. 1bese springs are private, but can be visited. 

Natural bridges are present in this area, but their locations are 

usually not well known. One bridge is located in Camden County one 

quarter mile east of Hahatonka Spring and is easily accessible . 
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Mineral Resources 

The Lake of the Ozarks region was at one time a very productive area 

within the Central District of Missouri. Mineral production has declined 

here, however, and today production is limited to crushed stone, and sand 

and gravel. There is some potential for barite. 

Iron. Deposits of brown iron ore are generally small and low grade. 

The most recently reported iron-ore production was in 1957, in Miller 

County, when 720 tons were mined . Additional production is unl ikely. 

Barite. Barite was once mined, together with lead and zinc, in 

significant quantities. Deposits were found in residual clays, veins, 

solution channels, circles and filled-sink structures. Most of the de­

posits were small and shallow and quickly depleted. Production is cur­

rently limited to two small operations located near the Lake of the 

Ozarks, one south of Warsaw and the other east of Lincoln in Benton 

County. The barite concentrates are shipped to Coffeyville, Kansas, 

for use in the manufacture of paints by Sherwin -Williams Company. 

Future production will be governed by two factors: 1) the discovery 

of new barite deposits, and 2) higher prices for the barite concentrat~s. 

Lead and zinc ores associated with these deposits are insignificant, and 

prospects for development for lead and zinc metals are negligible. There 

is a slight chance of lead and zinc deposits being present in the Cambrian 

Bonneterre Fonnation. 

Stone. Stone is quarried within the Lake of the Ozarks area for 

use as construction aggregate, road metal, aglime and rip-rap. Resources 

of stone suitable for low grade uses are present in all four counties and 

in unlimited amounts. Resources of stone suitable for high grade uses 

are restricted to northern Morgan and western Benton Counties and are 

quite limited. 

Sand and Gravel. Numerous small and sever al large sand and gravel 

operations are active in the Lake of Ozarks region. Production for 

aggregate in readymix concrete, general construction and road surfacing. 

Present production is from inchannel deposits of the Osage River and 

major tributaries. Unlimited reserves are present as floodplain and in­

channel deposits along the Osage River, however, they may not always be 

well located wi th respect to demand. 
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Water Resources 

Surface Water. Surface water consti tutes a major water resource in 

the Lake of the Ozarks area. Streams such as the Niangua, the Little 

Niangua, Pomme De Terre, Little Pomme De Terre, South Grand, Sac and 

Little Osage, and all their tributaries flow into the Osage River. This 

major stream is damned to form the Lake of the Ozarks. 

Runoff of precipitation overland and as groundwater discharge in 

this huge basin (14,00o+ square miles) ranges from less than 8 .0 inches 

in the western part of the area to approximately 10.0 inches in the 

eastern part. A large amount of this runoff is temporarily stored in 

the Lake of the Ozarks (2,000,000 acre-ft .). 

Groundwater. Groundwater resources in the Lake of the Ozarks area 

are important for both domestic and public water users. 

Rainfall averages between 35 inches and 41 inches per year with an 

estimated 25 percent appearing as streamflow and 75 percent being lost by 

evapotranspiration. How much of this comes from the groundwater reservoir 

and from water tied up in the soil or residuum is not known. Although 

groundwater storage may vary from year to year, the long tenn change in 

storage is negligible. The total amount of groundwater in storage is 

tremendous. 

Generally the direction of groundwater movement is toward the north~ 

west. However, this movement is locally modified by topography, changes 

in rock types, permeability and structural defonnation of the rock units. 

Because this groundwater is under artesian pressure, each water-bearing 

horizon has its own pressure head. This is further complicated by the 

fact that there are connections between all of these water-bearing zones 

in the form of cracks, crevices and solution channels. Deeper aquifers 

are thus recharged by water from shallower aquifers. 

Shallow Aquifers. All of the shallow rock units locally yield some 

water to wells. Some of these units consistently yield enough water to 

be considered dependable aquifers. 

Shallow water-bearing units in the area include sandstone and dolomite 

that occur at varying depths, depending on topography (elevation), structur1 

and geographic location of well site . Well depths range from 175 feet to 

325 feet. 
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Yields of wells drilled into these horizons range from 5 gallons 

per minute to as much as 40 gallons per minute. Because of the open 

nature of the shallow bedrock units locally, it is possible that the 

higher-yield wells have fairly direct communication with surface water 

sources. 

Deep Aquifers. The deeper aquifers yield water from rocks having 

similar hydrologic properties to the shallow aquifers. Yields are much 

higher, with a range of from 60 to as much as 600 gallons per _minute, 

The units utilized include sandstone and dolomite of Ordovician and Cam­

brian age. The lowermost aquifer, the Potosi Dolomite, is the most pro­

lific. 

Most wells drilled into these aquifers to obtain large yields are 

public water-supply wells and are grouted in such a manner as to exclude 

all water-bearing zones above these major aquifers. Total depths of wells 

drilled into these units range between 550 feet to 1,200 feet, with casing 

depths of from 250 to 500 feet. 

These aquifers must be protected from all sources of pollution. Im­

properly cased wells penetrating these units are possible avenues of 

pollution which would damage the usefulness of these aquifers for years 

to come. 

Water quality from both the shallow and deep aquifers is excellent. 

It is exceedingly difficult to tell the difference between water from 

shallow sources and that from the deeper zones. Total dissolved solids 

in the water range from approximately 200 ppm (parts per million) to ap­

proximately 450 ppm, with the higher concentrations being in the deeper 

zones in the western part of the area. Chlorides, sulfates, nitrates and 

all other dissolved constituents are much lower than maximum permissible 

limits as set by the United States Public Health Service drinking- water 

standards. 

Treatment of water from wells in the study area is usually not needed . 

Where proper casing depths and good well construction have been adhered to, 

there is very little danger of contamination of the gr oundwater supply. 

There are areas , however, where the shallower zones have been polluted 

locally by the works of man and by direct interchange of water with the 

lakes. Where this happens, it is necessary to set casing below the point 

where the contaminant is entering the well structure. 
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GTounclwater ,.~eserves are plentiful and because of the relatively 

co1UJtant recharging of the aquifers the area could tolerate large future 

increases in groundwater withdrawal. 

Land Use 

Proper land use requires an understanding of all phases of geology, 

including bedrock and soil characteristics, structural features and water 

resources. 

Two engineering bedrock-soil units are defined in this area. These 

units are those designated by Hoffman in Stout and Hoffman (1973) and 

shown on the Engineering Geology map. 

pnit One - Inte~iate-Thickness Residual Soil Over Sandstone Bedrock (Ss-I) 

This unit is dominated by sandstone and dolomitic sandstone bedrock 

that has been weathered to form a moderately thin soil cover over most of 

the area. Soil depths usually range from 20 to 40 feet but may be thinner 

locally. Thickest soil cover is limited to hilltops, moderate slopes and 

valley bottoms. Steeply sloping hills and bluffs have very thin soil cover, 

usually 5 to l.O feet on the steep slopes and very little on the bluffs. 

Slopes vary from 5 to 40 percent in this area. This unit, which occupies 

a very irregularly shaped area, is located in eastern Benton, southern 

Morgan, western Miller and northern Camden Counties. 

Sewage Lagoons. Because of the thin soil cover over most of the bedrock 

and the steep hillsides, construction of lagoons can be difficult, however, 

areas acceptable for sewage lagoon sites can be found. These are at the 

bases of hills and hill tops where adequate soil cover is present. Many of 

the small creek channels are suitable for lagoons if the stream flow can be 

diverted. An adequate thickness of clay should be present in the creek 

bottom to contribute to the building of the lagoon and to prevent leakage 

of the leachates into the soils. Lagoon sites that are cut into bedrock 

are unsuitable because they might leak horizontaliy and vertically into the 

bedrock along joints or fractures. 

Septic Tanks. Because of the steep slopes and thin soil cover, septic 

tank effluent has little room in which to disperse and be filtered. The 

results of this are the subsequent surfacing of effluent and pollution of 

the itllnediate area. Ideal locations are on hilltops and at the bases of 
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.... , e llbl,re •uff~ciellt soil cover is present. If septic tanks are to be 

....S. la thi• area, they should be built only on farms or in other sparsely 

populated areas and not used in urbanized areas. 

Sewage Treatment Plants. Suitable plant sites can be found along the 

larger streams in this unit. Discharge should be released only into those 

streams which have perennial flow. Smaller streams may be dry part of the 

year and are therefore unsuitable. Most waterways in this unit are gaining 

streame, although some loss can be expected where the bedrock is deeply 

weathered. Missouri Clean Water Coamission regulations should be consulted 

before construction is begun and careful geologic examination is recomnended 

to insure selection of the most favorable site. 

Sanitary Landfills. Suitable sites are difficult to locate because of 

steep slopes and inadequate soil cover over most of the area. Where suf­

ficient soil cover is present, such as on hilltops and in valleys, the 

amount of clay present is most important. This clay is needed to pad the 

floor of the landfill to impede the leakage of leachates and to serve as 

cover material. Exploration pits should be dug at each proposed site to 

determine the amount and type of soil present. 

Impoundments. Sites that are adequate for the construction of large 

lakes are difficult to locate. Those areas best suited for lake development 

are valleys with perennially flowing streams. In many cases these streams 

will be lost where gravelly soils or fractured bedrock predominate and any 

lake built in these areas will fail; in some cases the stream will reappear 

or resume flowing some distance downstream from the point where it was lost. 

Areas downstream from the point of resumed flow usually are better-suited 

for lake sites. In many cases springs will contribute significantly to 

the flow of a stream and these springs are a good indication of areas 

acceptable for lake sites. Site investigation will be necessary to deter­

mine the extent to which the bedrock has been weathered and the amount of 

backcutting necessary in hillsides and valley floors for placement of the 

dam abutments and cut-off trench so that leakage does not occur around or 

beneath the dam site. Small farm ponds can be located much easier. Ideal 

sites are on hilltops and at the bases of hills where clays are thick enough 

to retain water. 
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Con1truction. No serious proble~s are anticipated. Construction 

ebould be limited to areas where karst features such as sinkholes are not 

developed. Site-selection investigation to determine the capabilities of 

the bedrock-soil system should be done in each case where buildings of 

signific.nt site, such as multiple-family dwellings, barns and factories 

are built. 

Unit 'Dro - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

'this unit is typified by its thic k soil cover mixeo with chert, gravel 

and aendetone boulders. Soil thicknesses vary from 20 to 40 feet but may 

be thinner locally. The bedrock consists of dolomite and sandstone which 

locally are highly weathered and permeable. The many losing streams pre­

sent in this unit characterize the high permeability of the bedrock and 

eoil. 'this area comprises those parts of Miller, Morgan and Camden Counties 

not included in unit one. 

Sewage Lagoons. Lagoons can be safely built if proper precautions are 

taken. The best sites are those where soil cover is of sufficient thickness 

and land does not slope greatly. Precautionary measures to insure success 

include the use of impenneable clay padding where gravels or bedrock are 

encountered. In these cases, undercutting will be necessary to remove some 

of thi• permeable material . Lagoons cut deep into hillsides will most 

likely leak horizontally into the cut face. Those developed in creek val­

leys will need diversion channels and rip-rap; reinforced sinkholes should 

never be used. 

Septic Tanks. The use of septic t anks is to be discouraged in all cases 

except where there is either l i ttle or no slope , soil thickness is 20 feet 

or greater and the land is sparsely settled. I f these requirements are not 

met. serious problems 'Will arise. Where s teep s lopes prevail, sewage 

effluent vill travel downslope and may emerge on adjoining property and 

cau.ee surface pollution. Where soil cover is not thick enough or less than 

three acres is available for each tank, the effluent will not be properly 

filtered and may surface and cause pollution problems. In areas where 

permeable bedrock is near the surface, unfiltered effluent may enter the 

groundwater system and pollute nearby springs. Use of septic tanks in dense­

hou1ing areas should be avoided, as the soil cannot absorb large amounts of 

liquid effluent. 
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Sewage Treatment Plants. Because of the very permeable soils and 

bedrocks, most streams in this area are losing. Effluent discharged into 

creek& will probably go underground at some point. Discharge should be 

limited to those streams with permanent flow. 

Sanitary Landfills. Satisfactory landfill sites can be located without 

too much difficulty. Areas suited for development are valleys, gently 

sloping hillsides and some hilltops. Sites developed in the valleys should 

be protected from flooding creek waters and should also include a small 

impoundment to trap leachates that might otherwise enter the stream di­

rectly. All proposed landfill sites should be investigated to determine 

the types and amounts of soils present. Sinkholes should not be used. 

Impoundments. Requirements pertaining to the building of successful 

lakes and ponds in unit one also pertain to this unit. 

Construction. No problems are anticipated for small buildings such 

as homes. Investigation should be carried out before any larger buildings 

are constructed. 

* * * For additional geologic information concerning the Lake of the 

Ozarks area see these selected references: 2, 3, 6, 7, 8, 13, 14, 15, 

16, 18, 20, 21. 
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PULASKI COUNTI, LAKE OF TiiE OZARKS REGION 

Summary 

Pulaski County lies in central Missouri . High relief prevails. 

Many streams and rivers have dissected this area and left behind long, 

narrow divides with steep slopes . Floodplains are corrmonly broad and 

are frequently flooded with springtime runoff. Dolomite bedrock is 

exposed on some steep slopes and along river bluffs. Soil cover is 

quite thick with depths corrmonly ranging between 20 feet in the north­

ern part of the county to 100 feet in the southern part. 

Mineral resources are limited. Stone is quarried for use as con­

struction aggregate, aglime, and road-surfacing material. Sand and 

gravel is produced from the Big Piney River floodplain for aggregate 

in readymix concrete, construction aggregate and road surfacing. Re­

sources of material suitable for construction uses are plentiful, al­

though not well distributed. 

Water resources are plentiful. Surface water is currently used 

only by Fort Leonard Wood. Groundwater supplies are adequate, and 

future needs for a growing Pulaski County can be met. Problems in 

obtaining groundwater of good quality are usually caused by failure to 

properly case wells. Casing must extend through clay-filled fissures 

in the dolomite bedrock. 

Successful land use can be achieved in Pulaski County by proper 

geol ogic investigation of proposed sites prior to development. Sewage 

lagoons, septic tanks, and lakes can usually be constructed where the 

land is flat or there are gently dipping slopes . Sinkhole areas should 

be avoided to prevent alteration of the local drainage pattern, which 

could cause subsequent collapse of soil or bedrock and possible ground­

water pollution . Sanitary landfills are possible in areas with gently 

sloping surfaces. Adequate soil cover is nec!essary for blanketing the 

landfill after each deposit has been compacted . Leachates leaking from 

landfills should be trapped in small impoundments where they can be held 

until oxidized. Sewage-treatment plants should be built only in those 

areas where it will be possible to discharge treated effluent into per­

manently flowing streams . Construction of large buildings should be 

limited to relatively karst-free areas to avoid possible catastrophic 
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bedrock collapse. Larger buildings should not interfere with normal 

drainage unless measures have to be taken to safely divert this flow to 

prevent soil collapse. 

Similar geologic problems are encountered in the adjacent areas of 

the six surrounding counties. 

lllis report is not intended to provide all the information required 

for geologically oriented developnent. It is intended to serve only as a 

regional appraisal of the geologic features, resources, and problems of 

Pul aski County and cannot take the place of actual on-site investigation, 

which is recommended for any future land development project. 

Landforms and Relief 

Pulaski County lies within the highly dissected plateau region of the 

Ozarks . The area is one of generally high relief and is dissected by many 

streams, including the Gasconade River and its tributaries, the Osage Fork, 

Big Piney River, and Roubidoux Creek. Corrmonly, relief is as much as 300 

feet along the rivers. The floodplains of these rivers are usually quite 

broad and terraced. Width of these floodplains is generally one-third to 

one-half mile. Slopes in the Pulaski County region are quite steep, ex­

cept on ridge tops and small plateau areas away from the rivers. There 

are numerous sinkholes through which precipitation can easily enter the 

groundwater system. Springs are numerous and contribute to the flow of 

the rivers. 

Rock and Soil Fonnations 

Bedrock in Pulaski CoWlty is almost entirely dolomite and sandstone. 

Some dolomite is chert-free, whereas others are very cherty. !11e chert­

free dolomites are generally exposed along the deeper parts of the drain­

age basins . Cherty dolomite and sandstone comprise the valley walls, and 

chert-free, massive dolomites form the higher divides . Some sands·tone is 

also present along the tops of the divides. 

Residual material derived from the weathering of dolomite, cherty 

dolomite, and sandstone is quite variable in thickness and composition. 

Soil formed on hilltops is generally much thicker than that formed on 

hillsides . Soil depths range from Oto 100 feet. Soil composition is 

generally red clay, with sand and chert interspersed, depending on the 

parent bedrock. The high plateaus are locally capped by a thin veneer of 

loess (wind-blown silt), generally 3 feet or less in thickness . 
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Earthquake Potential 

Bedrock formations are gently folded and dip to the northwest . No 

major faulting has occurred and no major folds are present in the county. 

The area is far removed from known seismic areas. Minor shocks have 

been felt in Pulaski Cotmty, as they have been everywhere in the Ozark 

region, but this is not a region with major earthquake problems. 

Scenic Natural Resources 

Many caves and springs are found in the Pulaski Cotmty area . Pulaski 

County leads all but one Missouri County in the number of caves reported, 

with 220. None of these caves are commercialized. One natural tunnel is 

located near Waynesville. 

'nlere are twelve major springs in Pulaski County as well as many 

others of lesser importance. 

Mineral Resources 

Stone, sand and gravel account for Pulaski County's entire mineral 

industry. Stone is quarried for construction aggregate, aglime, and road­

surfacing materials. Stone suitable for these uses is present over large 

areas of the County. No reserves of high-quality stone are present. Di­

mension stone has been quarried in the past, although there is no produc­

tion at present. Stone suitable for dimension blocks is present in the 

Roubidoux Formation (sandstone) and in the Jefferson City Dolomite(" 

Quarry Ledge" dolomite). 

Sand and gravel are produced in Pulaski County for use in readymix 

concrete, general construction and road-surfacing. At present, operations 

are confined to the Big Piney River floodplain near Devils Elbow and In­

terstate Highway 44. Additional sand and gravel resources, although of 

questionable quality, are present along the Gasconade River. Smaller 

deposits are present along tributaries. Supplies are probably adequate 

for the near future unless restrictive legislation is passed. 

Metallic mineral deposits include i solated occurrences of brown iron 

ore and pyrite. These filled-sink deposits are small and the ore grades 

are too erratic to have any future importance. 

Water Resources 

The water resources of Pulaski County are ample to meet all antici­

pated future needs. 
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Surface Water. The two major streams flowing within the county are 

the Gasconade and Big Piney Rivers. Only Fort Leonard Wood uses surface 

water which it obtains from the Big Piney River. The Big Piney is also 

used for recreational purposes and as a receiver of sewage effluent. 

those chemical constituents that are usually considered objectionable 

are for the most part, nutrients which lead to excessive growth of algae 

and weeds. Judged in terms of the u. s. Public Health Service standards, 

the water of the Big Piney and Gasconade is of good quality. Low-flow 

characteristics of these streams are good since, during low-flow periods, 

flow is well supported by the many springs. The twelve larger springs 

in Pulaski Co\lllty each discharge between 100,000 and 40,000,000 gpd. 

Total discharge is about 95,000,000 gpd. 

Good quality groundwater can be obtained with properly constructed 

wells. As a result of rather deep weathering, fonnations tend to be 

open; there are many solution openings and caves . "nlese openings fonn 

the flow channels of springs. A product of this weathering is residual 

red clay. Often this residual material occurs as fillings in rock frac­

tures and crevices and if enough well casing is not used, this mud may 

enter the well, causing high turbidity and excessive iron content in the 

water. This very open system also permits the rapid movement of pollutants 

deep into the aquifers. With care, both the red clay and pollutants can 

be excluded from wells. However, as much as 500 feet of casing has not 

always been successful in excluding muds from some city wells . Private 

wells, which need much less water, often successfully avoid mud problems. 

With the smaller volume of water needed, an interval free of crevices with 

mud fillings can often be found to adequately supply private needs . Pri­

vate wells commonly range in depth from 200 to 400 feet with casing some­

times required to be as deep as 200 feet. Yields range upward to 20 gal­

lons per minute. Municipal wells have depths ranging up to 1,200 feet 

depending on the topographic setting. Most of these wells have yields 

of less than 200 gpm. 

No adverse affects are to be noted on grotllldwater levels at present 

production rates. Any fluctuations that do occur are seasonal, coinciding 

with precipitation patterns. This, too, is indicative that recharge is 

ample to supply a large increase in water consumption. The readiness with 

which recharge occurs precludes the depletion of this water resource. 
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Aside from the effects of pollutants, there is a similarity in 

the chemical quality of the stream, spring, and groundwaters. Total 

dissolved solids average 300 parts per million; total hardness 250 ppm; 

and sodium and chlorides are low, averaging 2 and 3 ppm respectively. 

Sulfates are generally low, being about 15 ppm. 

Land Use 

Within Pulaski County there are six engineering bedrock-soil units. 

These units confonn to those designated by Hoffman in Stout and Hoffman 

(1973). Any consideration of either bedrock or soil cover for develop­

ment, whether it be for waste disposal, sanitary landfill, impoundment, 

or construction must necessarily involve the entire unit, not just a 

part of it. 

Unit One - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

ntis unit is in the western part of the county. Bedrock consists 

mainly of dolomite with some dolomitic sandstone . Soils range between 

0 to 40 feet deep, with the greater thicknesses on ridge tops and in 

valleys. Land use problems are no t insurmountable if proper investi­

gations are carried out to determine the individual limitations of each 

proposed site. 

Sewage Lagoons. Steep hillsides and inadequate soil cover are the 

m&jor problems encountered. Ideal lagoon sites are at the bases of hills 

and on ridge tops where soil cover is of sufficient depth . Impermeable 

clays may be necessary for padding of the lagoon floor. If, during exca­

vation of the lagoon, sandstone or grave l beds are encountered, the lagoon 

floor should be overeA~avated two feet and brought back to grade with a 

compacted clay pad. Grouting may be necessary if problems with fractured 

rock are anticipated. Leakage from a lagoon could permeate downward to 

enter and pollute the groundwater system . 

Septic Tanks. Unless ther~ is sufficient soil present for dispersal 

of septic tank effluent, the groundwater is likely to become polluted. 

Often, septic tanks have been built in areas where there is not enough 

soil cover, resulting in the pooling of effluent on the surface. If 

septic tanks are to be used, they should be restricted to sparsely pop­

ulated areas such as fanns. 
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Sewage Treatment Plants . In most of the area, streams with large 

watersheds flow year-round while smaller creeks may be dry during part 

of the year. Treatment plants should only discharge into perennially 

flowing streams, but this is not required if the effluent will remain 

on the surface long enough to be aerated. Some effluent loss may be 

expected in areas where the dolomite is highly weathered, or where 

caves and sinkholes are present. Careful investigation is required 

before such a plant is built. 

Sanitary Landfills. Desirable sites for landfills are difficult 

to find. In most cases, thin soil is the limiting factor since soil 

is needed both as a padding for the landfill floor and as cover material. 

Suitable sites are locally present on hilltops and at the bases of hills. 

Depth to bedrock and amount of available soil cover should be detennined 

prior to construction of a landfill. 

Impoundments. The same limitations placed on sewage lagoons apply 

to small impoundments; the major problem is availability of adequate 

soil for dam construction. Some leakage can be expected in the lake 

basin by way of solution openings in the bedrock, but these are usually 

in spots and are not severe or widespread within an entire lake. Pressure 

grouting may be required to seal the lakes. Smaller lakes can be sealed 

with clay padding. Soil used for borrow material for a dam should not be 

taken from the lower part of a valley, because of the possibility of 

erosion. Areas below springs are often ideal for lakes because of the 

impermeable bedrock and water supply. 

Construction. No serious geological limitations are placed on con­

struction projects. Because developers should avoid areas where sink­

holes and cavernous bedrock may affect the stability of multiple- story 

structures, careful geologic examination should be made before any large 

buildings are constructed. Though single-family homes are not as limited, 

they should not be built in sinkholes. Care must be taken to avoid 

changing the course of groundwater movement since this could cause col­

lapse of either soil or bedrock. 

Unit Two - Thick Residual Soil Over Carbonate Bedrock (Ca- T) 

This unit is in southern Pulaski County. Massive dolomite bedrock 

covered with very thick, cherty clay soil (from 40 to 100 feet) is the 
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dominant engineering-geologic unit present . Moderate to severe problems 

face developers in this area. 

Sewage Lagoons. Lagoons can be constructed where there is sufficient 

soil thickness and the slope is not severe. If permeable gravels are en­

countered during excavation it is necessary to undercut an additional 2 

feet and pad the site with impermeable clays . 

Lagoons cut into hillsides can be expected to leak horizontally into 

the cut face. Lagoons built in small creek valleys will need diversion 

channels to prevent flooding and erosion of the site and pollution of 

downstream waters . 

Septic Tanks. Septic tanks can be safely used in most areas where 

soils are of sufficient depth, at least 10 feet or more . Effluent will 

probably not surface and pool on the surface. In areas of dense housing, 

the soils will not be able to absorb the amount of effluent produced and 

septic tanks should no t be used. The use of septic tanks on steep hill­

sides is not recommended either. Effluent discharged at a higher ele­

vation on a slope will move downward and possibly resurface at a lower 

elevation. 

Sewage Treatment Plants. Streamflow in this area is unpredictable 

because of the inconsistency in the permeability of both bedrock and 

soil. Any effluent discharged into the creeks will probably go under­

ground at some point along its course . Discharge should be limited to 

streams flowing year-round. 

Sanitary Landfills. Construction of landfill sites is possible 

within this w,.it. Careful geologic exploration should be made to de­

termine the characteristics of the bedrock and soil. Adequate soil 

cover is present on most hilltops, gentle slopes, and valleys where 

~hicknesses are from 10 to 20 feet or more . Losing streams are common 

in this area and, because of this, effluent landfill waters should be 

prevented from entering creek channels . The best method of preventing 

this is to build a retention lagoon a short distance downhill from the 

landfill to trap leachates. 

Impoundments. Moderate to severe problems will be encountered in 

this unit. Water loss prevails throughout the entire valley region 

with loss usually taking place through cavernous bedrock, sinkholes, 

and highly penneable soils . Some soils in the valleys are subject to 
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catastrophic collapse when saturated. Grouting is not necessarily suc­

cessful because the whole valley is subject to water loss and soils native 

to the area are not suitable for padding material because of permeability. 

Locally, favorable sites can be found downstream _from areas with springs. 

When leaks do occur within a lake, it is usually difficult to trace the 

water loss. 

Construction. Major problems are not anticipated for single-family 

dwellings although care should be taken not to build in sinkholes where 

collapse is possible. Larger buildings must be built so they do not in­

terfere with the natural flow of groundwaters which could cause soil 

saturation and subsequent collapse. 

Unit Three - Karst (Ca-K) 

This unit is in the southeastern quarter of the county. Bedrock 

consists of very penneable, cavernous dolomite. Soil thicknesses vary 

from Oto 100 feet. Permeability of the bedrock and soil is variable 

and, in most cases, there is little surface drainage. 

Sewage Lagoons. Many problems will be encountered in selecting a 

suitable site for a sewage lagoon. l"he cavernous bedrock in this unit 

is subject to catastrophic collapse, and such collapse could cause seri­

ous groundwater pollution. Careful on-site geologic investigation is 

necessary before any site is chosen for development. 

Septic Tanks. Suitable locations for septic tanks are present only 

in those areas where very deep soils are present. Because of the per­

meable nature of the residual soil, a thicker than nonnal soil filter 

must be present if water pollution is to be avoided. Septic tanks should 

not be allowed to discharge into sinkholes and, for maximum efficiency, 

should be restricted to use in rural areas only. 

Sewage Treatment Plants. Suitable sites are difficult to locate 

because of the highly permeable soil. In most cases, remedial measures 

are needed to prevent groundwater pollution by leaking leachates. 

Impoundments. Suitable sites are very difficult to locate. Because 

of the area's subsurface drainage system, there is almost no surface runoff, 

Construction. Problems encountered include variable soil strength and 

drainage, as well as possible catastrophic collapse. 
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Unit Four - Carbonate and Cyclic Bedrock (Ca-Cy) 

This unit is in northeastern Pulaski County . Bedrock consists of 

limestone and shale with some sandstone. The soil is less than 40 feet 

thick and is a silty-clay mixed with some chert. 

Sewage Lagoons. Suitable sites for sewage lagoons can be located 

without too much difficulty. The more impermeable clay soils over shale 

are best suited for development than are clay soil over permeable lime­

stone. Each proposed site should be geologically investigated before 

development is begun. 

Septic Tanks. Septic tanks can be used in certain cases . Adequate 

soil depths (20 feet or more) over shale will provide adequate filtering 

and prevent the effluent from entering the groundwater sys tern. Septic 

tanks built in thin soils over shal e will cause pollution when the ef­

fluent surfaces, and septic tanks built in thin soils over limestone will 

probably leak effluent into the groundwater system . Each proposed site 

should be geologically investigated before any septic tank construction 

is begun. 

Sewage Treatment Plants. There are few acceptable sites for treat­

ment plants. The soil is not generally thick enough to prevent large 

volumes of effluent from entering the groundwater system through the 

permeable limestone bedrock. Careful geologic investigation is needed 

to determine the feasibility of each proposed project. 

Sanitary Landfills. There are few acceptable sites for development 

as sanitary landfills because of the generally thin soi l cover. However, 

some areas may be acceptable if both cover material and clay padding can 

be obtained nearby. 

Impoundments. Small farm ponds can be developed in areas with 

thicker clay soil over shale bedrock. 

Construction. Problems encountered include locally poor drainage, 

thin soil, and slope failure. 

Unit Five - Intermediate- Ulickness Residual Soil Over Sandstone Bedrock (SS•I) 

This unit is in the northern half of Pulaski County. Bedrock con-

sists of sandstone , and soil is a stony, silty clay. Thickness of the 

soil varies from 20 to 40 feet. Catastrophic bedrock collapse may occur . 
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Sewage Lagoons. Sites suitable f or development as sewage lagoons 

are difficult to locate. TI1e best loc~tions are where soil depths are 

thickest. The relatively impermeable clay soil provides adequate fluid 

retention and protection against seepage of effluent into the sandstone. 

Careful geologic investigation is necessary to determine which sites 

are best suited for this type of waste disposal. 

Septic Tanks. Locating suitable sites for septic-tank deve lopment 

will not be as difficult as locating sites for sewage lagoons. Accep­

table sites can be found in those areas where there are at least 15 feet 

of sandy clay soil. Use of septic tanks should be restricted to rural 

areas. 

Sewage Treatment Plants. Careful geol ogic investigation is necessary 

before any proposed site is developed for use as a sewage treatment plant. 

Discharge points must be chosen carefully, so that effluent is not al­

lowed to permeate the sandstone bedrock. 

Sanitary Landfills . The use of sanitary landfills should be re­

stricted to areas with thick clay soil. Ideally, the clay soils should 

have very little sil t or sand. Landfills should be put in relatively 

flat areas, or in the upper portions of gullies , to avoid occasional 

flooding. Borrow material needed for stream dive r sion and cover material 

may come from nearby, but should not be taken from the immediate area in 

order to avoid erosion. 

Impoundments. The same problems are encountered in locating im­

poundments as are found when selecting a sewage lagoon site. 

Construction. Problems encountered include catastrophic collapse 

and erosion. 

Unit Six - Thick Residual Soil Over Sandstone Bedrock (SS-T) 

This unit is in southeastern Pulaski County. Bedrock consists of 

sandstone and soil cover i s thick and is usually a sandy or silty clay. 

Thicknesses usually vary from 40 to 100 feet. 

Sewage Lagoons. 

clay soil is found. 

along bases of hills. 

Sewage lagoons can be used where clayey or silty 

'nle soil is usually thickest on the hilltops and 

Septic Tanks. Use of septic tanks should be restricted to thick 

soil areas (20 feet or more). Silty or sandy clays can effectively fil­

ter septic tank effluent before it can enter the groundwater system. 
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Sewage Treatment Plants. Suitable SLt ,~s for treatment plants are 

difficult to locate. Careful geologic exploration is necesfary to de­

termine if discharged effluent will enter the bedrock before it has 

been aerated. 

Sanitary Landfills. Only those areas in which there are low­

permeability soils should be considered for development. Leaking 

leachates could easily permeate sandy soils, enter bedrock, and pos­

sibly cause groundwater pollution. 

Impoundments. Difficulties encountered will be the s~rr.o as for 

choosing a sewage lagoon site. Small farm pond siLes in clayey or 

silty clay soils may require some remedial measures to insure success. 

Using bentonite mixed with clay is the most c0111llon method of sealing 

such a site. 

Construction. Problems encountered include variable soil permea­

bilities, possible catastrophic collapse, and hillside erosion. 

* * * For aa~ltlonal geologic information concerning Pulaski County 

see these select~d re(eren~~s: 1, 2, 3, 6, 7, 8, 13, 14, 15, 16, 17, 

18, 20, 21. 
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MERAMEC PARK LAKE AR.EA 

(IN POR~ONS OF CRAWFORD, FRANKLIN AND WASHINGTON COUNTIES) 

Sunn-..:1 rv 

The area of the proposed Meramec Park Lake is dominated by rugged 

topography. Relief commonly exceeds 200 feet and may be greater locally. 

The valley of the area's principal stream, the Meramec River, is gener­

ally no more than 1/4 mile wide . 

Bedrock units consist of dolomite and sandstone. Locss has been 

deposited over most of the area . Soi ls developed from weathered bedrock 

and loess are of moderate thickness and consist of silty clay and clayey 

silt . 

Recent (1933) earthquake tremors have been felt in the Meramec Park 

Lake area. However, it is not anticipated that major earthquake activity 

will occur. 

Many caves and springs are present in the reg.ion. Onondaga Cave 

is currently commercialized, and Cathedral Cave is scheduled to open 

to the public in 1974. 

Mineral resources currently produced include iron, sand and gravel. 

The area has potential for additional iron mining and clay pits. Barite 

and copper were mined in the past from small deposits. 

Water resources are plentiful. At this time, most of the water 

used within the area is derived from groundwater sources. Well yields 

vary from 3 to 500 gallons per minute, depending on the aquifer supply­

ing the well. Additional demands for water can be met by utilizing 

more wells and by using water from the Meramec River. 

Proper land use (especially waste disposal) will require careful 

site selection. On-site investigation is recommended for any proposed 

waste-disposal project. Sites suitable for development can be found 

with moderate difficulty . Similar geologic features, resources, and 

problems will also be encountered in the surrounding area. 

It bi the intention of this report to serve as a regional appraisal 

of the geologic features, resources, and problems encountered in the 

Meramec Park Lake area. It is not intended that this report furnish all 

the information needed for proper land-use development and it cannot take 

the place of on-site geologic investigation at each proposed site. 

Landforms and Relief 

TI,e Meramec Park Lake area has generally rugged topography. The area, 

at one time a plain.has since been highly dissected by the region's 
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many streams. The remaining landf0nns are long, ridge-like hills, 

separated by na,rrow valleys. Re lief varies from 100 to 275 feet. The 

valley of the area's principal stream, the Meramec Rive~ is generally 

narrow and seldom exceeds 1/4 mile in width. 

Rock and Soil Formations 

Bedrock underlying the Meramec Park Lake area consists primarily of 

dolomite , sandstone, clay, and shale. The dolomite units are more 

resistent to weathering than the other rock types found in the area and 

are well exposed where they form steep bluffs along the major streams. 

A veneer of loess (wind-blown silt) was deposited over the area as 

glaciers retreated from areas farther north. Thickness of the loess 

varies from 2 to 5 feet. The soils which have formed from bedrock and 

loess are of variable thickness and composition. 1~icknesses range from 

0 to 40 feet and composition varies from silty-clay or clayey-silt to 

plastic clay. The soils in alluvial valleys are generally thin (0 to 

20 feet) and are composed of silt, clay, sand, and gravel. 

Earthquake Potential 

The bedrock units within the Meramec Park Lake area are gently 

dipping. Several faults have been mapped within and around the study 

area. At three of these, the Leasburg fault, the Hamilton Creek fault, 

and the Anthonies Mill fault, significant bedrock displacement has taken 

place; often the displacement is of the magnitude of 100 to 200 feet. 

Earth tremors, or earthquakes, have occured near or within the 

region of the study area in modern times. The most recent shocks 

occured near the Leasburg fault, northwest of Scotia (Ryckman, et al., 

p. 56). There is some danger of future earthquake activity in the area. 

Scenic Natura: Features 

Many caves and springs are found in the Meramec Park Lake area. 

Eighty-one caves have been reported, and many of these have been mapped. 

Two of these caves, Onondaga and Cathedral, are of significant size; 

Onondaga Cave is currently commercialized, and Cathedral Cave is being 

reopened to the public. Meramec State Park is dotted with many of these 

caves and springs. Several large springs are found within the area, in 

addition to many smaller, but important, springs. The larger springs are 

Maramec, Westover, Orr and Blue. Maram~c Spring is open to the public. 
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Mineral Resources 

1'he mineral' resources of the Meramec Park Lake area are varied. 

Current mineral production is limited to iron ore, sand and gravel. 

Stone is produced intermittently. In the past, barite, pyrite, copper, 

and onyx were mined. Rowever, these deposits weo:e small and either be­

came quickly depleted or were unprofitable to mine. Lead may be present 

in deep-seated ore bodies, but exploration will be necessary before this 

can be substantiated. 

1.!.2!!• Formerly iron ore was produced from ores of pyrite, limo­

nite, and hematite. these ores became unprofitable to mine, and today 

iron ore is produced from dP.ep-seated magnetite-hematite ore bodies. 

Meramec Mining Company currently operates a large mine.mill and pellet 

plant at Pea Ridge near Sullivan. Another large deposit of magnetite­

hematite has been located under the city of Bourbon; however, no pro­

duction is planned for the inmediate future. 

Barite. Small deposits of barite are commonly founcl. in residual 

clays in the area. 'l'hese deposits are of such small size that future 

production is considered unlikely. 

Clay. Deposits of fireclay are often foW1d in sinkhole struc­

tures. These clays are suitable for manufacture of fire brick and re­

fractories. Deposits are known in the area of Sullivan and Bourbon; 

however, there is no current production. 

S3nd and Gravel. Sand and gravel are produced from alluvial de­

posits of the Meramec River. llley are used in readymix concrete, gen­

eral construction and road surfacing. 

Water Resources 

Water for domestic and farm use is obtained principally from ground· 

water sources. Domestic wells are commonly 100 to 300 feet deep and havE 

yields of 3 to 50 gallons per minute. Industrial and municipal wells 

are drilled into deeper aquifers. Depths of these wells often exceed 

1,000 feet, and yields vary from 70 to 500 gallons per minute. Ground­

water levels commonly fluctuate because of seasonal variations in rain­

fall. The summer months are generally the most productive. 

Increased demands for water could easily be met by additional use 

of grom1dwater and surface water from the Meramec River. 
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Land Use 

Within the.Meramec Park Lake area there are two eingineering bed­

r ock-soil uni ts. Thes 1.! uni ts conform to those designated by Hoffman 

in Stout and Hoffman ( 1973). Any consideration of either bedrock or 

soil cover for development, whether it be for waste disposal, sanitary 

landf l.11, impoundment, or construe t ion nccessa rily must invo 1 ve the 

entire unit, not just a part of it. 

Unit One - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

This unit occupiPS all but the valleys of the major streams. 

Bedrock consists mainly of dolomite and dolomitic s.rndstonc. Soils 

range from O to 40 feet thick with the greater thicknesses on ridge 

tops and in va 1 leys. Land-use problems are not insurmountable if 

proper investigations are carried out to determine the individual 

limitations of each proposed site. 

Sewage Lagoons. Steep hillsides and inadequate soil cover are the 

major problems encountered. Ideal lagoon sites are at the bases of 

hills and on ridge tops where soil cover is of sufficient depth. Imper­

meable clays may be necessary for padding of the lagoon floor. If, during 

excavation of the lagoon, sandstone or gravel beds are encountered, the 

lagoon floor should be over.excavated 2 feet and brought back to grade 

with a compacted clay pad. Grouting may be necessary if problems with 

fractured rock are anticipated. Leakage from a lagoon could permeate 

downward to enter and pollute the groundwater system. 

Septic Tanks. Unless ther~ is sufficient suitable soil present for 

displ'rsal of septic-tank effluent, the groundwater is likely to beco:ne 

polluted. Often, septic tanks have been built in areas where there is 

not enough soil cover, resulting in the pooling of effluent on the 

surface. tf septic tanks are to be used, they should be restricted to 

sparsely populated areas such as farms where 3 acres or more per' tank 

are availabl~ as a drain field. 

Sewage Treatment Plants. In most of the area, streams with large 

watersheds flm.r year-round, while smaller creeks may be dry during part 

of the year. Treatment plants should discharge only into gaining 

streams with preference given to streams with perennial flow . Some 

effluent loss may b~ exp~ctcd in losing valleys, such as those where 

the dolomite is highly weathered, or where caves and sinkholes are pre­

sent. Careful investigation is required before such a plant is built. 
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Sanitary Landfills. Sites suitable for landfills are difficult to 

find. In most cases, thin soil is the limiting factor, since soil is 

needed both as a podding for the landfill floor and as cover material. 

Suitable sites are locally present on hilltops and at the bases of 

hills . Depth to bedrock and amount of a·;ailable soil cover should be 

deterr.iined prior to construction of a landfill. 

Impoundments . The same limitations placed on sewage lagoons apply 

to s~all impoundments; the major problem is availability of adequate 

soil for dam construction. Some leakage can be expected in the lake 

basin by way of solution openings in the bedrock, but these are usually 

in spots and are not severe or widespread within an entire lake, Pres­

sure grouting may be required to seal the lakes . Smaller lakes can be 

sealed with cla:; padding. Soil used for borrow material for a da,-u should 

not be taken from the lower part of a valley, because of the possibility 

of erosion . Areas below springs are often suitable for lakes because of 

the generally jnpetT.leable bedrock and water supply. Site evaluation is 

needed . 

Construction . No serious geological limitations are placed on con­

struction projects. Because developers should avoid areas where sink­

holes and cavernous bedrock may affect the stability of multiple-story 

structures, careful geologic examination should be made before ar>y large 

buildings are constructed. Though single-family homes are not as lim­

ited, they should not be built in sinkholes. Care must be taken to 

avoid changing the course of grotmduater movement, since this could 

cause collapse of either soil or bedrock. 

Unit Two - Alluvial Soil (Al) 

Alluvial soil is present in the valley of the Heramec River" Al ­

luvium is fron Oto 30 feet thick and consists of clays, silts, sands , 

and chert gravels . 

Sewage Lagoons . Sewage lagoon use should be discouraged vithin the 

floodplain portion of the Nerar.iec valley. flooding is common, and high 

r iver-water levels could also cause rupturing of the lagoon . Areas ad­

jacent to hill slopes arc hest-suited for development . 

Septic Tanks. TI1ese should be restricted to rural areas . Danger 

from flooding is not as great as is possible pollution of s~rface water 

or shallow 5roundwater b} improperly operating tanks and possible un­

filtered effluent. 
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Sewage Treatment Plants. Becaus~ of frequent flooding, the use 
f 

of sewage-treatment plants is discouraged. 

Sanitar;y Landfills . Landfills can be built marginal to the alluv­

ial valleys. Problems confronting sewage-lagoon sites will also affect 

landfill sites. 

Construction. Flooding is a problem, and building of any kind on 

the floodplain should be discouraged. 

Impoundments. Small impoundments may be constructed in the flood­

plain with success. The floor should be lined with clay, and the borrow 

materials should be -:omposed 6f impermeable soils. It should be evident 

that flooding may destroy any dam site . Careful geologic investigation 

and advice will be necessary at each proposed site before construction 

takes place. 

* * * For additional geologic infonnation concerning the Meramec Park 

Lake area see these selected references: 2, 3, 6, 7, 8, 13, 14, 15, 

16, 17, 18, 20, 21. 
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JASPER COUNTY, OZARK GATEWAY REGION 

Summary 

Jasper County has a varied topography. The nothern plains area is 

relati vely flat with shallowly incised streams. The southern part of the 

county is an area of rolling hills with deeply incised streams . Soil cover 

is well developed over the entire county, but is much thicker in the south. 

The county is not considered to be in danger of earthquakes. 

Economic mineral deposits of Jasper County at present are almost en­

tirely confined to the stone industry with crushed and dimension stone 

bei ng produced. The most important stone product by value is marble, 

which is produced at one quarry in Carthage. Reserves of limestone suit­

able for the production of high calcium lime are present. Sand and gravel 

for construction and industrial purposes are currently being processed 

f r om mine tailings. There is no production of coal, although the county 

has minor reserves; oil and gas production is unlikely. 

Water supplies for Jasper County, excluding the Joplin area, are 

currently satisfactory. Supplies of ground water are plentiful in most 

of the county, but are severely lessened in the inunediate Joplin area. 

I ncreased demands fo r water in the Joplin area now place too much of a 

demand on the current ground water- surface water regimen, and the con­

struction of large impoundments will be necessary. 

Engineering properties of the soil and bedrock of Jasper County 

require careful exploration and study before any sewage lagoon, sanitary 

landfill, impoundment or structure (of any significant size) be built. 

Danger of water pollution or structure failure is always greater when 

construction is done in a haphazard manner. The location of abandoned 

underground mines (which are prevalent in the area) must be determined 

if construction is to be avoided in areas with high potential for collapse , 

Problems similar to those encountered in the Jasper County area, 

especially those dealing with the development of water resources and 

proper land use, affect the four counties - Barton, Dade, Lawrence, and 

Newton - that adjoin this growth area. 
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This report is not intended to t~ tbe place .~ ·~r':-~~~·, l 
investigation, but is intended to serve as a regional appraieal of the 

geologic problems associated with proper land use development in Jasper 

County. 

Landforms and Relief 

The southern portion of Jasper County is an area of gently rolling 

hills cut by streams flowing to the northwest. Maximum relief (the 

difference between the elevation of the highest and lowest points) is 

about 250 feet. The northern portion of the county is typified by 

relatively flat plains which are dissected by streams flowing to the 

southwest. Maximum relief is about 100 feet. 

Rock and Soil Fonnations 

In the northwestern part of the county the bedrock formations con­

sist of alternating layers of shale, sandstone, limestone and coal, and 

most of the area is covered with a soil derived from the weathering of 

the underlying soft shale. In these areas the soil cover may be as thick 

as 10 feet. The more rugged areas of the northwest are the result of the 

weathering of more resistant sandstone layers, and the soil cover is 

generally thinner. In the remainder of the county, soils have developed 

from weathering of underlying limestones. The soils are red and cherty 

with thicknesses varying from as little as 20 feet on hilltops to 100 

feet in the valleys. Contemporaneous with development of these soils was 

the nonunifonn solution of the limestones t o produce solution channels, 

pinnacles and caves. The nature of the first two fonns leads to a soil 

cover of irregular depth. For the roost part, the underlying bedrock 

(which is well exposed in river and stream valleys) consists of limestones 

and cherty limestones. In the major stream valleys, there are very small 

amounts of sand and gravel present as alluvial deposits. 

Earthquake Potential 

The bedrock, in Jasper County, in most cases dips very gently to the 

west and thus appears to be horizontal when seen at outcrops. There are 

several faulted areas within the county, but in most cases the displace­

ment is only a few tens of feet. None of the faults are known to have 
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been active. Folding of bedrock is common but the resulting dips are 

slight and are usually found to be steeper in faulted areas than in 

gently folded and unfaulted rock units. Streamflow is generally con­

trolled by the fracture systems, . faults and joints that have developed 

within the strata. This area is not considered to be earthquake-prone. 

Scenic Natural Resources 

Many small springs and caves are found in the Jasper County area. 

Twenty-two caves have been reported, and although none of these are now 

cOtDDercially operated, Crystal Cave was at one time a dance hall. 

There are no large springs in Jasper County. 

Mineral Resources 

Jasper County was an active partner in the formerly very productive 

Tri-State zinc-lead mining industry during the late 19th and early 20th 

centuries. The mines are shut down at present with only low-grade re­

serves remaining and prospects for reopening are unlikely. Both surface 

and underground mines are now filled with water creating a safety hazard . 

The tailings, once a waste product, of this extensive mining operation 

are now a source for exploitation as sand and gravel. The mill tailings, 

or "chats", are now processed for u'se as construction sand and gravel and 

for industrial uses such as grinding and polishing. The particle size 

of the product is usually one-half inch or less. About 1 million short 

tons of "chats" are in reserve in the Jasper-Newton County areas. 

~. lbis is the most important product in Jasper County's mineral 

industry. Both crushed limestone and dimension limestone are produced. 

Crushed stone uses are agricultural limestone and construction aggregates. 

Because of high chert content, much of the limestone in Jasper County is 

not quarried. Dimension stone is quarried and processed by the Carthage 

Marble Corp. and sold as rough-cut and finished marble slabs for building, 

decorative and monument stone. The company produces both crushed stone 

and dimension marble from a quarry at Carthage, and dimension blocks at 

a quarry in Newton County. 'nlree other companies, Independent Gravel, 

Joplin Stone and Nelson & Son, produce crushed stone at quarries located 

near Carthage, Duenweg and Jasper, respectively. The Joplin market is 

also supplied by the Mattes Brothers Quarry, on the southwest edge of 

Joplin, in Newton County. 
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Lime . Lime was manufactured in the county during the late 19th 

and early 20th centuries. In l9 10, three plants were operating within 

the county at Sarcoxie, Carthage and Joplin, but by 1915 production 

had ceased. There are considerable reserves of limestone suitable for 

the production of high-calcium lime in Jasper County. The detennining 

factors for consideration in redeveloping the industry are market areas 

and adequate transportation facilities. 

Sand and Gravel. Neither sand nor gravel is being produced from 

alluvial (stream) deposits, and such an operation in the future would 

seem inadvisable because of the meager supply available . The best 

source of sand and gravel appears to be processed "chats", as mentioned 

before. "Chats" are composed of jasperoid chert. Because of the c los­

ing of the Tri-State mi.ning district, "chats" are no longer produced as 

waste material and, as a result, supplies are being depleted. 

Coal. Although no longer mined in Jasper County, slightly more 

than 100,000 tons of coal have been produced in the past, and an esti­

mated resource of 93.6 million tons remains in a very thin seam in the 

northwestern corner of the county . This includes a mineable reserve 

of 5 . 8 million tons. The Empire District Electric Company's mine-mouth 

power plant at Asbury in the northwestern corner of the county provides 

a market for some potential production of Jasper County coal. 

Potential for oil and gas production within the county appears to 

be dim . Although some near-surface formations contain hydrocarbons, 

they are not extensive enough for commercial production. Data indicate 

that there are no oil or gas accumulations below about 400 feet. 

Water Resources 

Surface Water . The two principal streams draining the county are 

Spring River and Center Creek. (.Jithout some form of control on their 

flow, these streams are incapable of supplying needs much greater than 

current usages. 111e city of Joplin is the principal user of surface 

water at present. With controlled discharge of these two streams by 

a series of dams, there would be an adequate supply of water for a many­

fold increase of present consumption . The quality of the streams varies 

depending on the runoff from their many tributaries. Several of these 
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flow through the old zinc- lead mining areas. Through oxidation of the 

sulfides remaining in the bedrock, much of the ground water in the area 

is polluted and upon disch3rge into the streams it has degraded the quality 

of the water. In some stretches the water is very acidic and is high in 

iron, sulfates, lead and zinc. Low-flow characteristics of these streams 

preclude dilution of waste materials from sewage- disposal plants . With 

reservoirs, these waters could be sufficiently diluted to be of acceptable 

quality . 

Ground Water. The supply of ground water in Jasper County comes from 

two contrasting environments. That nearest the surface is contained in "1. 

"shallow11 aquifer of Mississippian age and the other cf\~('.5 fr0n: a :;deep" 

aquifer of Cambrian-Ordovician age. 

There is a great deal of variation in the quality and quantity of 

water within the shallow aquifer. The foremost reasons for this are 

the mineralization of the bedrock and the history of mining. In spite 

of the oxidation of sulfid~s, not all of the water is of poor quality 

and much of it, which can be termed good, is used for industrial pur­

poses. Caution should be used prior to utilization of waters filling 

the mine-workings, with an investigation being made to determine the 

amount of water available and its quality. Many places within the 

Mississippian formations contain brecciated-chert zones. The resultant 

rock materials generally have water yielding capabilities of 10 times, 

or even 100 times, greater than areas without this brecciated chert. 

Again, if such highly productive zones are discovered, care should be 

exercised in evaluating their ability to continue to produce at high 

rates. 

Springs flowing from the Mississippian aquifer show the same 

variations in amounts and water quality as the mine-workings water. 

Most home wells in Jasper County obtain their supply of water from 

the Mississippian aquifer . Those wells protected from surface pollutants 

by adequate construction and which are not influenced by mine- workings 

are generally sources of good water. Now that the mines have ceased to 

operate, water levels are more stable and thus the system as a water 

sour ce is much more reliable than it was several years ago. 
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Recharge, or replenishment, of this aquifer system is accomplished 

directly and quickly from precipitation. The very openness of the ground, 

which permits this rapid recharge, also makes this aquifer system readily 

susceptible to pollution. Increasing population in rural communities in 

the county will, unfortunately, lead to a degradation in water quality 

because of additional septic tank discharge. Fortunately, the ground­

water movement is primarily with the topography of the land; that is, 

the ground water will move from higher elevations toward the streams 

where it will be discharged. This movement is often modified by geolog­

ical structural features such as faults and shear zones which act as 

directional guides. Thus, pollution can be avoided in many cases by 

placing wells uphill from the potential source of pollution. 

The Cambrian-Ordovician "deep11 aquifer is separated from the Miss­

issippian aquifer by a layer of "tight" silts and shales with very low 

penneability. The water is seldom polluted from oxidizing sulfides. 

In the few locations where pollution does occur, the ground water from 

the shallow aquifer has had an avenue for entering the deep aquifer. 

Generally, this happens when there is insufficient casing plus enough 

time lapse for corrosion to perforate the casing. Polluted water from 

above can then move down through the casing to the deeper aquifer. When 

the point of entry is not in the well structure itself, it is exceedingly 

difficult to identify where contaminants are being introduced. This prob­

lem occurred at the Junge Bakery well in Joplin and deeper casing did 

not succeed in excluding this bad water . At Webb City, a similar prob-

lem was solved by recasing and grouting; however, another well could not 

be saved since the point of entrance could not be found. All abandoned 

wells, especially those that penetrate the deep aquifer, should be 

plugged. This was attempted during the 1930 's, but some wells were never 

located and so could not be sealed. The quality of the water from the 

deep aquifer has good characteristics with chlorides and sulfates being 

low. Dissolved solids are generally less than 200 parts per million, and 

hardness is usually less than 150 parts per million. Recharge of the deep 

aquifer is somewhat limited since the shales above permit very little down­

ward seepage except in areas of faulting and jointing. Most recharge is 

lateral, with the water moving from east to west. 
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Industrial ~ells and municipal wells go as deep as l ,80o+ feet, 

but only a few are more than l,400 feet deep. In and around Joplin, 

yields are small compared to t hose that can be obtained at Carthage. 

In Joplin, yields are close to 150 gallons per minute and only very 

rarely are they more than this. At Carthage, yields are around 400 

gallons per minute, and Empire District Electric Company has been able 

to obtain 900 gallons per minute from individual wells in northwest 

Jasper County. 

Excluding the Joplin area, a manyfold increase in ground wate r 

consumption can be maintained. The only significant source of water 

for a growing Joplin area is surface water collected in impoundments. 

Land Use 

Because geologic processes have been most important in the de­

velopment of physical characteristics of surface bedrock and associ­

ated soil, areas with similar engineering-geologic features partially 

coincide with the physiographic in Jasper County. With regard to 

construction, development and waste disposal, it is therefore necessary 

to consider the bedrock and soil as a single unit and not separately. 

Three engineering-geologic units are present in Jasper County. These 

units conform to those designated by Hoffman in Stout and Hoffman 

(1973) and used on the Engineering Geology map . 

Unit One - Cyclic Sedimentary Bedrock (Cy) 

Unit one is located in northwestern Jasper County. The bedrock 

units consist of alternating shale and limestone with some coal and 

sandstone layers . Soils are developed on the bedrock surface and vary 

from a silty clay to sandy clay. Thicknesses are generally less than 

to feet. 

Sewage Lagoons. The general watertightness of the soil and bedrock 

affectively reduces pollution making lagoon construction feasible when 

other conditions are favorable. If sandstones are exposed during exca­

vation, routine remedial procedures of undercutting and padding will be 

necessary and can be done without excessive costs. 

Septic Tanks. These should not be used in densely populated areas . 

The discharge from these tanks do not penneate the host rock well enough 
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to be adequately dispersed and can result in water standing around founda­

tions and possibly puddling in low areas and ditches. In general, a three­

acre seepage field should be allotted for each septic tank to assure pr oper 

dispersal of pollutants. 

Sewage Treatment Plants. Suitable sites for receiving discharged 

effluent can be located with little difficulty . In most cases there is 

little loss of stream water to bedrock and, because of this, the areas 

streams ideal receivers of treated effluent. Careful investigation will 

be necessary to determine the suitability of each proposed site for this 

type of waste disposal. 

Sanitary Landfills. Pollution from a correctly located and properly 

operated landfill will be minimal. Ideal locations can be found in the 

smaller creek valleys. However, diversion ditches will be necessary to 

prevent flooding of the landfill site and subsequent stream pollution. 

I mpoundments. Lake development is most favorable in this plains 

area with seepage problems being minimal where there are underlain clayey 

or shaly soils. Sandstone regions pose a greater hazard because of pro­

bable seepage through fractures . Leakage is also possible along coal 

seams and limestone layers. These problems can be overcome by core 

trenching to unweathered bedrock, careful borrow-site selections and 

occasional soil blanketing. Severe problems might be encountered where 

many sandstone exposures are present. 

Construction. Significant problems associated with construction in 

northwestern Jasper County include expansion of the clayey soils. Proper 

drains and deeply seated foundations will overcome this problem. 

Unit Two• Variable-Thickness Soil Over Carbonate Bedrock (Ca-V) 

This unit is located in the southern and northeastern parts of 

Jasper Cowity. The bedrock consists of permeable limestone which has 

weathered to produce karst. Soil cover has developed over the bedrock 

and is generally a red stoney clay soil. Both bedrock and soil are 

highly permeable with much surface water being lost by seepage. Soil 

thicknesses vary from Oto 40 feet. 

Sewage Lagoons. Waste disposal by lagoons is hazardous because of 

seepage problems, particularly into caves and solution channels. Sewage 

lagoons built above voids such as caves, also have the potential of 

collapsing into the caves and contaminating the ground water . 
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Septic Tanks. Disposal by septic tanks poses similar problems. The 

discharge, if not filtered or retained, but allowed to enter shallow 

ground water supplies, may cause pollution and eventual loss of water for 

home and farm uses. Sinkholes or caves are not to be used for waste 

disposal of any type. The numerous caves and their subsurface streams 

readily transmit contaminants as do surface streams. 

Se~age Treatment Plants. Discharge of treated effluent should be 

made only into gaining streams. Careful investigation will be necessary 

to insure tha t effluent does not enter the ground water system through 

s inkholes that may be present in the area. 

Sanitary Landfills. Landfill sites must be carefully selected be­

cause of potential seepage problems. Soil thickness, in many cases, will 

be insufficient and leachates may leak directly into bedrock and cause 

pollution of the areas ground water resources . 

Impoundments . There are few areas within this unit that are suit­

able for lake development. Vertical loss of water both in the watershed 

and lake area and poor foundation conditions at the dam site contribute 

to the failure of many lakes, One of the few suitable areas is in the 

upland-soil region where small lakes are feasible if necessary pre­

cautions are taken, including the careful selection of borrow sites . 

There are some potential sites for large lakes along major streams 

where there is perennial flow. 

The most unsuitable areas for lake sites lie on the slopes between 

upland prairies and the major streams. The ground water table in these 

areas is relatively low, the fine-textured soils have been removed by 

surface erosion, and suitable foundations for dam sites have been de­

stroyed by weathering. 

Construction. Generally the overburden and bedrock will support 

building construction if normal precautions are taken. However, there 

are two unusual features which have a great effect on roads and con­

struction. The first is that the red clayey soils are hard to compact 

and, second, the underlying limestone is irregularly pinnacled so depths 

to bedrock fluctuate severely. Careful subsurface exploration is necessary 

for foundations of larger structures. 
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Unit Three - Alluvial Soil (Al) 

This unit is not shown on the Stout and Hoffman map because of the 

units small size. lbe unit occupies the alluvial va lleys of the county's 

major streams, Spring River and Center Creek. Tilese valleys are deep 

and narrow in eastern Jasper County and become wide and flat in the Joplin 

area. Soil thicknesses vary from Oto 40 feet. The soil is an admixture 

of gravel, sand, silt and clay. 

Sewage Lagoons. The construction of a lagoon in this unit may lead 

to flooding of upstream developments as well as pollution of downstream 

waters. Therefore, great care should be taken in selecting a lagoon site. 

Septic Tanks. Septic tanks can be used in this unit with caution. 

Groundwater supplies are easily contaminated by improperly filtered sep­

tic tank effluent. Septic tanks could be used in rural areas where a 

minimum three acre-field is available for filtration. 

Sewage Treatment Plants. Treatment plants can be utilized if dis­

charge is limited to gaining streams. 

Impoundments. Lakes can be constructed with some difficulty. The 

dam-site will have to be over excavated at the base and sides to insure 

that no l eakage will take place around the dam. If penneable bedrock 

is encountered the project may not be feasible because of increased 

costs. 

Construction. Problems most often encountered include flooding, 

seepage and varying soil strength. 

* * * For additional geologic information concerning Jasper County 

see these selected references: 1, 2, 3, 4, 5, 6, 7, 8, 13, 14, 15, 16, 

·17, 18, 20, 21. 
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GREENE COUNTY, LAKES COlJ:-:TRY REGION 

Summary 

Greene Countv, located in southwestern Missouri, is an important 

growth area. The city of Springfield is rapidly developing, and de­

cisions involving proper land use, within and particularly outside of 

the cit;,·, \.;,ill greatly influence the further development of the county. 

The physio~rnphy of Greene County reflects the character of the 

underlying bedrock . For the most part the topography is gentle; only 

in the northern and James River areas does the topography become more 

severe . Slopes are greatest in the north and east . Soil cover is 

thick to non-existent and will crcdte problems with liquid-waste dis­

posal because of indadcquate soil cover to absorb and filter septic ­

tank effluent; slopes are often Loo steep (0r the safe construction of 

sewage lagoons. 

Valleys and their floodplains are subject to periodic flooding . 

The James River is more prone to floodi.ng than other streams. Flood­

ing can occur in any valley, with or wi thuut normal stream flow. Be­

cause of this problem, sew3ge l3goons built on floodplains must be pro­

tected fror,i inundation by flood waters. If water levels should rise 

above the level of the lagoon, the lagoon floor will most likely rup­

ture and rreate a pollution problem. Construction of homes and other 

buildings should be discouraged on floodplains prone to flooding. 

Bedrock underlying most of Greene County is composed of lilT'CStonc, 

..:ith isolated or restricted occut·rc.•nccs of dolomite, shale, and sand­

stone . This limestone bedrock is prone to solution activity of both 

surface water and groundwater. Large caves and solution channels have 

been developed in the Burlington Limestone. Sinkholes are well dP.vel­

oped over cavernous rock. Actions by man that interfere with normal 

water movements ~ay cause collapse of these structures and possible 

pollution of gro~ndwater. Impoundments, waste-disposal sites, and 

dwellings should not be built in si.nkhole regions without careful in­

vestigation. Careful investigatioP should be made to determine if wate 

ir.:pounded in scream valleys and topographic lows will be lost to the 

subterranean \•:ater system . Limestone of the Burlington T~onnation is 

often unevenly dissolved by surface waters, resulting in a pinnacled 
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surface. Often these pinnacl es have S to lS feet or more of relief. 

Wherever Burlington limestone is near the surface, the presence of 

pinnacles should be anticipated. Geologic investigution is recommended 

before construction is considered. It is necessary that pilings of 

buildings be either all on bedrock or all on soil, but never both . 

Differential settling and tipping will occur if the foundations are 

not properly seated. 

Bedrock other than limestone presents less of a problem to the 

developer and planner. Dolomites are less affected by solution activ­

ity in this area and present no special problem. Sandstones occur 

either as thin lenses within the dolomite or as isolated strata on 

hilltops. No special problems are encountered, other. than when con­

structing waste-disposal facilities, especially sewage lagoons and 

sanitary landfills. In these cases, the sandstone must be undercut 

about 2 feet and packed with clay sealant to prevent leakage and 

possible water pollution . Shales present a probleni in almost all cases . 

Slopes developed on the North'v'1.ew Fonnation are usually too steep for 

buildings larger than single-family homes. Buildings larger than this 

must be supported on piles or sliding will occur. Sewage lagoons and 

landfills can be built successfully on these slopes. 

Soils are well-developed over most of the county, with depths rang­

ing from O to 40 feet, depending on the type of bedrock. Geologic in­

vestigation will be necessary to determine exact depths and character­

istics of the soils present at each proposed site . Many soils, although 

rich in clay materials, are unsuitable where water retention is necess­

ary. Soda ash can be mixed with thfiSe clays to create an impermeable 

soil. Also, brownish clays mixed with bentonite can be used. 

The principal mineral resource of Greene County is limestone. 

Both crushed and broken stone and dimension stone are produced. Crushed 

and broken stone is used for aggregate, aglime, and manufacturing lime. 

Demands can be expected to increase. Dimension blocks are produced near 

Phoenix by Carthage Marble Corporation and shipped to Carthage for 

finishing. As an example of multiple land use, the Griesemer Stone 

Company underground quarry near Springfield is used as a warehouse for 

cold storage. 
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Water resources for Greene County, and especially Springfield, 

ar~ fast becoming inadequate. Only by extensive planning and utili­

zation of both surface water and ground\:ater can the area hope to 

develop a water supply which will be adequate for the next 20 to 30 

years. Additional development of groundwater supplies and treatment 

facilities for currently unacceptable groundwater are ne~de<l. Future 

impoundments on the James River and others will probably be necessary. 

Disposal of wastes by treatment plants will become more and more 

necessary. Discharge points and streams have to be carefully chosen to 

avoid pollution of the groundwater system, especially in karst areas 

such as Springfield. 

Problems encountered with geologically oriented development in 

Greene County extend beyond the county's boundaries and are found in 

the four adjacent counties. 

This report is intended to serve as a r~gional appraisal of the 

county's geologic features, resources, and problems and is not intended 

to supply all the information needed fo r development. In all cases, 

careful geologic investigation of proposed development sites is advised, 

so that alternate sites can be used when necessary, and so that neces­

sary precautions are taken to insure the stability of each project com­

pleted. 

Landforms and Relief 

The topography of southern Greene County is one of wide, rolling 

hills. Meandering streams usually are incised into the plateau about 70 

feet, but may be cut in as deep as 125 feet. Slopes are gentle, except 

in bluffs, where they are frequently nearly vertical. The floodplains 

are generally 1/3-mile or less in width. Maximum relief is about 300 

feet. NLmlerous sinkholes are scattered about. 

The topography of northern Greene County is more rugged. Streams 

have severely dissected the plateau and become entrenched, thus forming 

numerous hills and rrominent ridges. These moderately incised streams 

have developed narrow floodplains. The streams are incised about JSO 

feet . Slopes are often gentle, but become much steeper near the numer­

ous valleys. Relief is commonly 75 to 100 feet, while maximum relief is 

about 300 feet. Sinkholes are conunon. 
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Rock and Soil Formations 

The bedrock of Greene County is varied. Limestone and cherty 

limestone crop out or form the near-surface bedrock over about 90 per­

cent of the county . The remaining 10 per c~nt consists mainly of dol­

omite, with some shale, sandstone, and conglomerate in isolated occur­

rences. 'nle dolomite is limited to the north- central, northwestern, 

and eastern parts of the county. The dolomite forms a broad, undulat­

ing surface.which has been dissected by the many streams. The subse­

quent weathering of the dolomite has produced a fairly thick soil cover. 

The soil is a red, slightly. cherty clay. 

Limestone bedrock is covered with soil of variahle depth. In gen­

eral, the type of soil cover reflects the character of the bedrock. 

The limestones have weathered easily. Sinkholes, caves, solution chan­

neJs, and pinnacles have been fonned by the action of water on the bed­

rock. Shapes and sizes of the pinnacles are highly irregular, result­

ing in unpredictable soil thi~kness . The limestone is very porous and 

permeable and loses downward-percolating surface water to the underly­

ing formations and springs. Soils developed from the weathered lime­

stone are of a red, cherty clay. The clay is usually a poor material 

for water retention because of its high permeability and porosity, due 

possibly to the high iron content of the clays . Thickness of this soil 

averages 10 feet, but differences in thickness of 10 to 20 feet in a 5-

foot lateral direction are common. 

Some of the limestone units weather rather uniformly and produce a 

very cherty, red-clay soil. Soil cover is generally 15 to 20 feet thick. 

Exposures and soil-cove!:"ed areas are usually restricted to valleys where 

streams have cut down to expose them and in faulted areas where the for­

mation has been uplifted to fonn hills. 

The rema!.ning limestone units crop out to a much lesser extent. 

Some of the limestone is quite porous and penneable. Springs are com-

mon. 

Shales and siltstones cropping out in Gre~ne County have very lit­

tle porosity or permeability. They weather to a thin, clayey soil. 

Alluvial deposits of recent age form narrow outcrops in Greene 

County valleys. Flo~dplains are usually only 1/8- to 1/5-mile wide, 
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and deposits are r ather limited. The J.1m·s Riv<2r valley floodplain, 

how~ver, is 1/3- tn l/2-rnih, \,de, ,rnd rairl:,. ,_xtensivc C(.posits of 

alluvinm are' prcs,•,1t. Cornpositi.>•, is variable. Silts, clays, sands, 

and gr.ivels are pn·sL·nt. D ... ·p,,s1ts arc hL'r\t!rally frc,1r Oto 20 f.::·et 

thic_k hut mav iw as much as 40 fee>t t:1rck. 

F.arthq,1ak, PotL'ntia 1 

Strata in Grc-ttw County dip t0 t!1c· south1H·sc at 40 feet per mil<.:, 

or less than I dr~rcc. In many areas this dip has been disturbed by 

faulting. Several f1ults with a northw~st-trending strike cul across 

th( county. Several cast-wcsr iaults arc also present, but these do 

nf>t hav£! the san. lat0ral extent. ,\ maj(1r cinticlinal f,,fd 0xtcnds from 

southt.· .. ,stern (~n·<·ne Coucty to tl1,' n:-irtheastcrn part cif tilt' county, inler­

sccting Springfield. ;'\O faults run throu;h 5pringficld . l=>rthquakc 

activity in this area i.s minor. and little Pxccpt minor tremors have 

occurred in the historical ri.;st. 

Scenic Xatural Resources 

Many caves and sorin~s <ln' found in t!iP Greene County region, Two­

hund r ed and thirty-thro cave~ Arv n.•t.>t'rtcd, and two ,,f these . Fantastic 

Cavl'rns and Cr:,-scal C,1vc, arl' corrr.11crciali -..r·d . Four large springs arc 

rtnorted. Total daily discharge svera~~s 7 million gallonsw Scquoita 

Spring near Springfield sunnli,s water LP a tish hatchery. Th(' spring 

is pict11rcsque and <.:an be '.'isit('d by ti,._ rublic. 'fan) smaller springs 

can DL' fuu!1d in the c0untv. 

Mineral R0sources 

The mineral in<.hstry of Crc'.:·m CNmly is ccnt,.·r,~d around limestone. 

There arc no kno~n major deposits of m<'tal lie ores . 

.§.!_one. Gr1.:cr.0 C,)unty is a major proJ,1c,•r of crushed and brok.::!n 

F:iur quarri ... · s are activ0 :ind pradu;.;e from the Burlington-

K0okuk F0 rr>:-ati.on. Principal uses are fr,r ag,;regate in r0adymix c'oncrctc 

and c0nstr1cti()n, a!!lime, and lir:ie manufacture. 

Dimt''1S i c"1 stone quarried in nortl1W('S tern Greene County nca r Phoenix 

is s~ipp.d t0 Carthage for finishing. 

Lime is manufactured at the Ash Grove Cement Company's Galloway 

plant s0uth oi Soringficld. Thi: Rurlingto,1-Keokuk is again the best 

source of hi;d1 - calcium lime in the are;i. containing an 80- foot thickn0ss 

of st011(' suitabl ... • for lime manutact,ire. 

14-5 



n 
n 

n 

Sand and Gravel . Sand and gravel are not present in commercial 

quantities. 

Water R,.sour-:es 

Needs for water are currently being r,1et in Greene Cour.ty by utili­

zation of both surface and gro•mdwater. 

The principal sources of surface water are the Sac River, Little 

Sac River, and the James River. nie city of fpringfield currently ob­

tains much of its water supply from the Janes a~d Little Sac Rivers. 

Three impoundments are utilized to collect: water for t:be city. Water 

from the James River impoundment is priman.ly used for Cl)'1Jin~ purposes 

for power- generation plants. Impoun~~:,,ents on the Little Sac R:.,,e., 

Lake Fellows, and t-lC'Daniel Lake supply .-,·1~h of Sp~ingficld' s potabl~­

water-supply needs. TI-,eir capabilities co deliver water are nearing 

full utilization . Preliminary studies suz., .~c;t the economic feacibility 

of constructing an additional iMpoundment or. the J~~t: River, to be 

located partially in Greene County and partially in Webster County. 

This has been referrec to as the County-Line Dam proposal. !:>i-Jr-~nfs ,-,f 

significant size are present in Greene County. Fulbright Springs has 

been used as a water source for Springfield for a period of many years. 

Spring water in Greene County is extremely vulnerable to pollution in­

duced by man's activities on the land surface. Several springs are 

grossly polluted by either septic-tank effluent or discharge from city 

treatment plants. n-ie small size of the area's streams and their low­

flow characteristics lead to problems in maintaining the desired water 

quality when they are the recipients of sewage- plant discharge. 

Small cities use groundwater almost exclusively . Well depths are 

as much as 1,200 feet. Casing depths are as much as 500 feet. To 

date, this amoW1t of casing has assured the exclusion of surface pol­

lutants . Municipal wells, owned by Springfield and industrial wells 

in and adjacent to Springfield have maximum depths of 1,400 feet. '!1lese 

wells, in Ordovician aquifers, have high yield capabilities . Yields 

in excess of 1,000 gallons per minute are common. At that rate, drawdown 

is no more than 100 feet. Over the last 40-year period, water levels 

in the Springfield area have been depressed by 350 feet. Locally, pump­

ing levels are now below 600 feet. Maximwn pumping is experienced during 
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the summer months. Drawdmn decreaoes in the winter months, and the 

aquifer is recharged; ptnnping levels recover by as much as 150 feet. 

Formerly, recharge of the aquifer was from the east, but now because 

of the great demand placed on the aquifer, recharge is from all di­

rections. Precipitation was once the principal source of recharge. 

This has largely been supplanted by laterally moving groundwaters. Ver­

tical movement is limited by the Northview and Cotter Formations, which 

prevent any further downward movement of the water . While this does 

limit recharge by surface water to the lower aquifer, it also prevents 

futher penetration by pollutants which have penetrated to the Missis­

sippian aquifers. Tile chemical quality of this water is good; sul­

fates are below 10 parts per million; chlorides below 5 ppm; total 

dissolved solids about 200 ppm; and total hArdnecs 160 ppm. 

Tile Mississippian aquifers have been much used in past years for 

private wells. Wells have depths ranging from 100 to 400 feet. TI1e 

water formerly was of good quality, but with the increasing impact 

of urbanization, problems of pollution have become so frequent that 

it is generally recommended that the entire series of Mississippian 

rocks and the uppermost part of the Ordovician formations be excluded 

by casing, and that this casing be sealed by grout or bentonite to pre­

vent the movement of pollutants down the well structure itself. By 

excluding these upper aquifers, the quality of the water is comparable 

to that obtained by the deep wells. Many of these private wells pene­

trate to depths of 700 feet or more, Without mandatory standards 

placed on well construction, it is doubcful that quality will be main­

tained . Those wells improperly constructed and per~etrating to equal 

depths will be avenues for the polluted upper waters to gain access to 

the deeper aquifers . Currently there are no standards except for 

public•water- supply wells. 

One can only view the future with apprehension as it pertains to 

the quality of water in Greene County. Even if strict standards are 

imposed on the construction of wells in the future, the wells now in 

existence preclude optimism concerning encroachment of pollutants. 

More and more, it will become necessary for groundwater to be 

treated to make it safe and potable . Adequate supplies of water of 

suitable quality can only be obtained by the development of additional 

sources. 
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Land Use 

~e study of surface features, soils, bedrock, groundwater, and 

past geologic history play an important part in detennining proper land 

use. In general, Greene County can be divided into five units for 

engi~eering-geologic (or land-use) purposes. 

Unit One - Karst (Ca•K} 

Carbonates underlie most of central Greene County. Several soils 

have developed and although quite similar, there are a few major dif­

ferences. Bedrock is often pinnacled and cavernous and covered with 

either a red, sticky, cherty-clay or red, •very cherty, clay soil. 

Thickness of this soil cover varies from Oto 100 feet. 

Sewage Lagoons. Construction of lagoons in this limestone-soil 

unit should be done with caution. Because of pinnacles, the thickness 

of soil cover is very irregulat. Lagoons built above voids such as 

caves, could possibly collapse and release sewage into the groundwater 

sy~tem. Each proposed site should be carefully investigated. 

Deep excavations for lagoon sites may intersect these solution 

phenomena, gravels, or permeable red clay. It is recommended that 

excavation depths be kept to a minimum and that if gravel pockets are 

encountered they be overexcavated to a depth of 2 feet and replaced 

with compacted clays. The red clays of this area are unsuitable be­

cause of their permeability; however, they will become impermeable when 

treated with soda ash. A mixture of brownish clays and bentonite is 

also a good sealant . Lagoons should not be constructed in areas located 

over voids such as ~aves. 

Septic Tanks. The soils in this area are very porous and permeable. 

With the discharge of sewage waters from septic tanks, clay structure 

will be further destroyed and permeability increased. As a result of 

increased penneability, septic-tank discharge is not properly filtered. 

This relatively untreated effluent can then enter joints in a weathered 

bedrock, fractures, or bedding planes and move laterally for long dis­

tances. Sepcic•tank effluent is also likely to enter caves and solution 

channels where openings occur near discharge points. Septic tanks are 

to be discouraged in densely populated areas, but are acceptable on 

farms and other rural h::.>mesites where there are three acres or more per 

tank for discharge. 
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Sc>wagt.~ Treatment P1a1:ts. ()b:,:1rv,,tions should be made to determine 

the presence nf caves and /,:i nkholes in .~ l J areas under consideration as 

discharge points. Losing strc~ms ~re num~rous, an~ possibilities are 

great thal ctfluenl will cnt<"r U<! gr,,undwate r system. 

Sanitarv Landfills. SL'ils Jt1 this unit are of sufficient depth in 

manv areas. Each proposed site shoild be exar.iined geologic,tlly to avoid 

using a sit( that may collapsL~. B2ca11se soil !Wrmeability is great, 

clay sealant will be ncccss1ry ta prev~nt ILakagc of polluted ~atcrs 

into the surrounding soil and unde>rlying b<.'drock. The use of sinkh0les 

and abandoned mine shafts is to b ... • d iscourage>d. PPss ib le sites for sani-

tary landfills 0xist in upland vdl ~ey& nnd gullies. Cl~~ materials ad~-

quale f,,r covt>r should be present. It may hi'..' necessary to constr1.1ct 

small retention daMS w11ere landfills Jrc built to hold back untreated 

leachate>s flowing from thc- lanclfiils sit". 

Impoundmt. nts. The s<1me prob lcms with construe ting a sewage lagoon 

will be encountcr~d. 

Construction. Soils 0f this unit oosscss adequate strength to 

supoort small or medium-sized buildings. Construction of large or 

multiple-st~r} buildings, however, will necessitate excavation. When 

fo0tings or oicrs are necessary, it is mandator~ that they all be located 

on bedrock or soil and that nl) combination be used. Soils in this unit 

may compact under ercat w0ight, and diftcr,ntial settling could occur. 

If th1..· b•.ti !ding wc>rc construct,:,d with sn:nc pi lings on pinnacled bedrock 

and some on soil, the building would be left sitting lopsided after 

compaction of the soils. Careful geologic invcstif;:iti•m is necessary to 

insure proper site St'lcction. 

U"lit Twn • Carbonate Bcdroc.k With Some Shalc_ig_~-Sbl 

Bedrock pnits consist primarilv of shales, siltstoncs, and carbon­

ates that crop out o"lly in scattered areas and along hillsides in northerr 

and eastern Greene County. Soils are thin bLcause they fonn on slopes 

and thicknesses range from O to 30 feet. Careful geologic invcstig.:ttion 

is n~cessary to determine if adequate soil cover is available and whether 

fracturPs c,r joint systems an: present. The soi ls vary from clay to sandy 

clay. 

u. -9 

I 



n 

r 
r 
r 

r 

n 

Sewage Lagoons. These should be kept qui~e shallow and restricted 

to the shale and the clay soils derived fr~m it. The shale is quite 

impermeable and because of this is au ideal unit to place lagoons in. 

Seepage can. be controlled so as to restrict pollution of water supplies. 

Septic Tanks. These are desirable only on fatins and sparsely pop­

ulated areas. Three acres per tank is ideal for proper filtration of 

the effluent. Discharge points should be kept restricted to the soils 

of the Compton Fonnation. 1ne Northview will not readily filter effluent 

and will cause surface pollution. The Pierson is quite permeable and 

would allow effluent to seep through and contaminate Northview springs. 

Sewage Treatment Plants. Discharge of treated effluent is not 

recomnended. Most streau1s have low-flow for most of the year. and 

therefore effluent would undergo inadequate dilution. 

Sanitary Landfills. The shale portion is ideal for sanitary land­

fills. Because outcrops are limited, size of the landfills will have 

to be kept small. Diversion ditches may be needed to keep surface water 

away from the fill site, and it may be necessary to construct small re­

tention dams at the foot of the landfill to trap leachates. 

Impoundments. The clayey soils are well - suited for the construc­

tion of small impoundments. Sites should be examined to detennine if 

sufficient soil cover is present. When the soil is thin over limestones, 

especially the Compton, much water may be lost to bedding-plane frac­

tures. Any site being considered for an impoundment should be examined 

geologically. 

Construction. Except on steep slopes. there should be no probl em 

in using the land for a housing development. On steep slopes, slides 

may occur. A geological investigation should be carried out before con­

struction of any building larger than a single-family dwelling to de-ter­

mine the condition of bedrock and soil. 

Unit 'ttlree - Intermediate-n1ickness Residual Soil Over Carbonate Bedrock (Ca- I) 

'ttlis unit is in the north and eastern portions of Greene County . 

The dolomite bedrock is cherty, with some sandstone stringers. Soil 

consists of reddish. cherty or sandy clays, from Oto 10 feet thick. 

In general. the dolomite have not weathered to produce karst . 

Sewage Lagoons. Shallow lagoons can be safel y constructed in this 

unit. Soils are generally of sufficient thickness on hilltops. Exca­

vation shoul d allow for a blanket of 3 feet of clay over the bedrock to 
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allow for control of downward seepage. Lagoon sites over sandstone 

stringers will require that a portion of this sandstone be removed 

and that the site be sealed with clay before being used. 

Septic Tanks. There can be used successfully in rural areas 

where 3 or more acres per tank is available for proper filtration of 

the effluent. 

Sewage Treatment Plants. Treated effluent can be discharged 

safely into many of the area's streams. Most of the streams have 

low flow, but few are losing. Some loss of effluent may occur in 

areas of local karst. 

Sanitary Landfills. Soils of this unit are adequate for shallow 

landfills. Careful geologic investigation is required before a site 

is developed. Adequate soil must be available for use as a buffer be­

tween bedrock and the fill and as cover material. Generally, only 

hilltops, and in some cases areas at the.bases of hills provide suf­

ficient material for landfills. 

Impoundments. Impoundments of small size can be safely and suc­

cessfully constructed on slopes in the small valleys in this unit. Suf­

ficient soil cover is needed for use as a buffer between bedrock and 

tl:e pond and as a dam-fill material. 

Construction. Both soil types and bedrock are suitable for con­

struction. Single-family dwellings can be built almost anywhere if 

some precautions are taken, especially in areas on hillsides where 

some sliding may occur. Large buildings should only be built after a 

careful geologic examination has been completed to determine bedrock 

and soil characteristics at each proposed site. 

Unit Four - Variable Soil Thickness Over Massive Carbonate Bedrock (Ca-V) 

Tilis unit is in southwest~rn, northern.and easter;n portions of 
\ 

Greene County. The bedrock is limesfoije and is a finn, competent unit, 

unless caves and near-surface, solution-enlarged openings are extensive . 

Soil cover is 20 to 30 feet thick but may vary locally. 

Sewage Lagoons. Sewage lagoons require careful construction. 

Careful site selec tion and thorough subsurface investigation are strong­

ly advised. 11le subsurface soil and bedrock often contain caves, pin­

nacles, and solution channels. Lagoons built above one of these voids 
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could possibly cause collapse of the be~rock roof with loss of sewage 

into the underground strata and pollution of any groundwater in these 

strata. Lagoons built in this unit should be lined with impermeable 

clays; the red clays assoctated with this soil can be used, but may re­

quire special sealants . Brown clays mixed with bentonite provide the 

most suitable liners for lagoons. 

Septic Tanks. Waste disposal is a difficult problem due either to 

insufficient or inadequate soil cover . Clays in this tm.it have been 

drived from weathered bedrock. Septic-tank effluent will seep rapidly 

through this clay soil, thus reaching groundwater. As a result of 

this high penneability, the effluent will not be filtered properly . 

These relatively untreated waters can enter weathered joints and bed­

ding planes in the bedrock and move laterally and vertically for long 

distances from their original points of discharge. Use of septic 

tanks should be restricted to farms to avoid concentration of effluent 

in the soil and possible groundwater contamination. 

Sewage Treatruent Plants. Sewage treatment-plant effluent can be 

discharged safely in a few areas where plentiful surface water is avail­

able for dilution. However, many receiving streams lose surface flow 

to the subsurface. Thus, they must be thoroughly explored to determine 

the extent of this possible hazard to groundwater supplies. An exam­

ple is the Wilson Creek-Rader Spring system, where effluent discharged 

upstream entered the groundwater system and resurged at Wilson Spring, 

back into Wilson Creek. Treatment plants should be located only in 

areas where such a problem is unlikely. 
Sanitary Landfills . Sanitary landfills should not be built with­

out prior geologic investigation. The practice of using sinkholes and 

abandoned mine shafts as waste-disposal dumps should be strongly ?is­

couraged. Inadequate amounts of proper fill material hinder operations 

over much of this area. Sites can be located where bedrock has contri­

buted to development of more impermeable soils. 

Impoundments. The development of lakes in this area is feasible 

because of good stream flow. While there is relatively little water 

loss to bedrock if precautions are taken, leakage into bedrock and 

soil is a likely hazard. Many sites have either inadequate or un­

suitable borrow material for dams. 
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Construction. Construction poses a problem only in those cases 

where much fill material is needed, such as in construction of large 

buildings or roads. Red-clay soils perform poorly in compacted fills. 

Unit Five - Alluvial Soil (Al) 

Alluvial valleys of significant size are present in most areas of 

Greene County. Alluvitmt is from Oto 20 feet thick and consists of 

clay, silts, sands and chert gravels. 

Sewage Lagoons. These can be built with little difficulty. The 

lagoon should be shallow, and its floor should not be in sand or grav­

els, but in a compacted soil of clays and silts. The floor should be 

excavated only a few feet, or water contained in the alluvium will 

weaken and rupture the floor. Provision must be made for protection 

from flooding. 

Septic Tanks. These should be restricted to rural areas. Danger 

from flooding is not as great as is possible pollution of surface water 

or shallow groundwater by improperly operating tanks and possible un­

filtered effluent. 

Sewage Treatment Plants. Sites suitable for discharging effluent 

can be fowid with some difficulty. Care must be taken to prevent 

effluent from entering the groundwater system. 

Sanitat)' Landfills. Landfills can be built marginal to the al­

luvial valleys. Problemc confronting sewage-lagoon sites will also 

affect landfill sites. 

Impoundments. Sm.all impoundments may be cons true ted in the flood­

plain with success. The floor should be lined with clay and the borrow 

materials should be composed of impermeable soils . It should be evi­

dent that flooding may destroy any dam site. Large impoundments have 

been constructed in some alluvial valleys, such as that of the James 

River. Careful geologic investigation and advice will be necessary 

at each proposed site before construction takes place. 

Construction. This should be restricted to single-family dwel­

lings. If flooding is a problem or has been a problem, buildings of 

a1y kind should be discouraged • 

* * * For additional geologic information concerning Greene County 

see these selected references: 1, 2, 3, 6, 7, 8, 13, 14, 15, 16, 17, 18, 

19, 20, 21. 
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CAPE GIRARDEAU COUNTY, SOUTREAST MISSOURI REGION 

S tmllla ,:y 

Cape Girardeau County lies along the Mississippi River in south­

eastern Missouri. The area for the most part is hilly, with gentle 

slopes, except along the Mississippi River, where steep bluffs are pre­

sent. !be southern part of the county was once an alluvial valley and 

is quite flat. Floodplains are narrow and may experience some flash 

flooding. 

Bedrock consists of dolomite, sandstone, limestone and shale, all 

of which crop out within the county. Soils covering bedrock are also 

varied, reflecting the type of rock from which they were weathered . A 

deposit of loess (windblown silt) covers much of the county, in addition 

to the soils present. Soil cover is thinnest in the northern part of 

the county and along the river bluffs of the Mississippi. 

Because of the variable nature of the bedrock and soil, an under­

standing of the geologic setting is vital in determining the practi­

cality of many land-use projects, such as waste disposal and highway 

construction. A thorough geological investigation of the bedrock and 

soil is recommended for each proposed development site. Problems in 

choosing sites for sewage lagoons and sanitary landfills may arise 

because of varying soil penneabilities and depths. Often the soil 

type is ideal for the project, but the amount of soil available is 

inadequate. Septic-tank locations must be carefully chosen to insure 

that enough soil cover is available for filtration to prevent effluent 

from entering the groundwater system directly . Land-use sites in the 

alluvial plains must be carefully selected to avoid pollution of the 

shallow groundwater table, rupture by groundwaters and damage by flood­

ing river waters. 

Mineral resources include crushed and broken stone, sand, gravel, 

clay and shale. Cement is manufactured from crushed limestone and 

river alluvium. lbese mineral resources are easily obtainable and are 

in plentiful supply. Additional growth within the county can be met by 

existing resources. Areas endowed with these resources should be zoned 

for development of mineral industries so that future demands can be met. 
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The surface and groundwater resources in the county are plentiful . 

Wells in the lowlands often produce more than 2,000 gal l ons per minute, 

and additional wa t e r supplies from surface water sources are not needed . 

Wells in the highlands area do not usually produce more t han 20 gallons 

per minute, so that water supplies for other than home use, in lightly 

urbanized areas, must be supplemented by water from the Mississippi 

River . Groundwater should be tested to detennine if treatment wil l be 

necessary . Water ob t ained from the Mississippi River requires treat­

ment before use . Cape Girardeau County is in an area of earthquake 

activity, and one can expect to feel tremors on occasion. 

Problems encountered with geologically oriented development in 

Cape Girardeau County extend beyond the county's boundaries and are 

found in the four adjacent counties. 

This report is intended to serve as a regional appraisal of the 

county ' s geol ogic features, resources, and problems and is not intended 

to suppl y all the informati on needed for development. Proper land use 

will require careful on- site investigation by a geologist at each pro­

posed development site . 

Landforms and Relief 

Cape Girardeau County has varied topography. The surface is gen­

erally hilly, except for a small area in the southern part of the county 

and in the flat Mississippi River floodplains . Relief ranges from about 

50 to 100 feet in northern Cape Girardeau County, and is about 200 feet 

along the Mississippi River bluffs adj acent to the floodplains. Flood ­

plains of the smaller streams are narrow, being one-third to one-half 

mile wide. Slopes are gentle over mos t of the a rea , except for the 

bluffs along the smaller streams and Miss i ssippi Ri ver . Karst topo­

graphy is present in the central portion of the county in an area ex­

tending from Oak Ridge to just south of Jackson. 

Rock and Soil Formations 

The bedrock of Cape Girardeau County is quite varied . Dolomite and 

limestone a r e the most commonly exposed rock . Sandstone and shale account 

for less than one- third of the exposed bedrock. 

Western Cape Girardeau County is underlain by thin- bedded limestone, 

dolomite and sandstone. For the most part these rocks are thin- bedded and 
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where exposed are quite flaggy. Soil cover is generally thin in the 

north, ranging between. 0 to 15 feet and usually averaging less than 10 

feet. Soils in the southern part are deeper, being from 15 to 30 feet 

thick, and in some places thickness may be as much as SO feet . Soils 

are usually of a clayey to sandy-clay type. At the toes of slopes the 

soils are of a colluvial type, meaning a mixture of residuum and loess 

(a wind-blown silt). 

In the eastern part of the county soils are much thicker, except 

for a few places along the Mississippi River and Ozark escarpment in 

the south. Soils thicknesses vary from 0 to 30 feet or more and on 

the bluffs from 0 to 10 feet. Soils in the northern part are residuum. 

They are usually a cherty, sandy, or silty-clay type. Those in the 

south are again colluvial, being a mixture of residuum and loess. 

Along the Mississippi River and south of the Ozark escarpment, 

soils are for the most part alluvial. This alluvium is a mixture of 

clay, sand, gravel and silt. Thicknesses range from Oto 120 feet. 

Formerly, this was the river bed of the Mississippi. 

Earthquake Potential 

Cape Girardeau County is in an area of earthquake activity . Several 

mapped faults are present, in addition to a nwnber of collapse structures 

of unknown origin and the Brooks Dome structure in east-central Cape 

Girardeau County . Although earthquake tremors have been felt several 

times within t he past 100 years, the area is not considered to be in dan­

ger of major earthquake activity . 

Scenic Natural Resources 

Caves and springs are found in the Cape Girardeau County area. 

Twenty- five caves have been reported, and although none of these have 

been commercialized, they are often visited by spelunkers, scouts, and 

others interested in viewing these scenic features created by the action 

of groundwater. There are no large springs within the county, but many 

small ones can be found. 

Mineral Resources 

Cape Girardeau County's mineral industries account for a significant 

part of the county's total industrial output, but because of the limited 

number of producers, annual dollar values are confidential . Limestone is 
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the most important miner a l resource of the county. 

stone ar e the principal products of this industry. 

Cement and c r ushed 

Clay and sand are 

produced and account for the remainder of Cape Girardeau's mineral in­

dustry . 

Cement. At present there is one cement plant operating in the 

county. Marquette Cement Company manufactures cement from limestone 

and Mississippi River alluvium. 

Limestone suitable for cement manufacture crops out in a belt .3 

to 8 miles wide just west of the City of Cape Girardeau and extending 

northward to the county line, and in a small area lying northeast of 

the city. 

Stone. In Cape Girardeau County there are three quarries producing 

crushed stone from limestones. These quarries are large scale operations; 

two are located at Cape Girardeau and one at Old Appleton. Stone is 

available and quarried intermittently along the Mississippi River for 

rip-rap. 

Limestone resources suitable for production of construction aggre­

gate and aglime are plentiful. 

Clay and Shale. Three companies produce clay materials from de­

posits in Cape Girardeau County. Marquette Cement Company at Cape 

Girardeau uses river alluvium in its cement manufacturing process. 

Kasten Clay Products, at Jackson, manufactures pressed brick from 

residual clays and clay-enriched loess, and Ceramo Company, also at 

Jackson, utilizes the same material in its manufacture of pottery. 

Additional deposits of clay-enriched loess, shale, and alluvium 

suitable for manufacture of structural-clay products and light-weight 

aggregate are present in the county. 

Small, impure deposits of kaolinite, suitable for making white 

porcelain, are present in Cape Girardeau County. The small size of 

the deposits and i~purities are drawbacks to any sizeable development . 

Sand and Gravel. The Mississippi River constitutes the major source 

of sand in the county. Cape Girardeau Sand Company, at Cape Girardeau, 

is the major sand producer . Reserves of sand are adequate for the fore­

seeable future. 

There is some small-scale, intennittent production of creek gravels 

but gravel reserves are minor . 
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I ndustrial (Si l ica) Sand . Industrial sand has never been produced 

in Cape Girardeau County; however, very large reserves are known. Many 

s uitable sites could be developed in the St. Peter Sandstone, a north­

south outcrop belt 2 to 6 miles wide, if demand for industrial silica 

sand increased. 

Water Resources 

The supply of water in Cape Girardeau County is adequate for prese.nt 

needs and is of such a magni t ude that anticipated futur e needs can also 

be met . 

Surface Water. Surface water is plentiful, but only the Mississippi 

River is capable of supplying the demands of a large city. The course of 

the Mississippi River along the eastern edge of the county makes this a 

readily accessible source of water for communities and industries located 

t he r e. This water is of poor quality and requires treatment by a muni -

cipal treatment plant for Cape Girardeau. 

Groundwater. Groundwater is produced from two geologically very 

distinct parts of the county: the lowlands and the highlands. 

The lowlands of southern Cape Girardeau County are underlain by 

alluvial material. This alluvium is composed of unconsolidated clays, 

silts, sands, and gravels. Thicknesses vary from Oto 120 feet. Sands 

and gravels commonly constitute 80 percent of this thickness. As the 

thickness of the alluvium varies, so does the yield capability. In 

optimum locations, yields in excess of 2,000 gallons per minute can be 

obtained. 

The chemical quality of this water is good, but there is a fair 

amount of iron present which must be removed before it can be used for 

many industrial purposes. Total dissolved solids are about 350 parts 

per million; total hardness is about 270 parts per million. Sodium, 

chlorides, and sulfates are very low. Except for the iron concentra­

tions, this water meets public health standards. 

Recharge of the aquifer is accomplished by precipitation and from 

local streams and is of such a magnitude that depleti on of water is pre­

vented; and its over- development in the foreseeable future is thus pre­

cluded. 
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11le aquifers of the highlands are consolidated rock fonnations 

consisting of sandstone, dolomites, and limestones. Wells can usually 

be developed for home use in these aquifers without problems of in­

sufficient yields or mineralized water. These home wells general ly 

yield from 5 to 20 gallons per minute . Depths range from 200 to 800 

feet due to the dipping rock strata and are deeper in the eastern part 

of the county . Home wells, if improperly constructed, are vulnerable 

to pollution. In too many cases septic tanks are either improperly 

built or sites are unwisely chosen, and this compounds the hazard of 

pollutants reaching the home well-water supply. 

Public water supplies are obtained from deeper wells that have 

been cased and grouted to prevent contamination by surface pollutants. 

The construction of the wells at Jackson is typical of those which 

meet public health standards. These wells, some 1,700 feet deep, have 

as much as 375 feet of casing which has been pressure-grouted with 

cement . These wells are capable of yielding in excess of 500 gal lons per 

minute. Pumping levels range from 150 to 250 feet . Eastward and south­

ward from Jackson, yields decline sharply and water quality declines. 

At the Trail of Tears State Park, a well 1,700 feet deep yields only 

30 gallons per minute. At Cape Girardeau, on the campus of Southeast 

Missouri State University, wells 1,700 feet deep have yields of only 

120 gallons per minute. An exception is number 3, which yields more 

than 500 gallons per minute . 

The chemical quality of the water at Jackson is good, and treatment 

is not mandatory. Total iron is generally low, and total dissolved 

solids are about 300 parts per million, with total hardness about 250 

parts per million. The chemical quality of the water at Cape Girardeau 

is poor and does not meet public health standards. In parts per million, 

chlorides are about 370, total dissolved solids 1,100, and total hardness 

460. Fortunately for ci1is area, waters from the Mississippi River can be 

used to supplement their groundwater supply. Unlike the lowlands, the 

highlands aquifers cannot support a major increase in groundwater utili­

zation • 
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Land Use 

Prope, land use is a goal of the engineering geologist. To obtain 

the optimum use or benefits of the land, it is necessary to gain an 

~nderstanding of the bedrock and soil present. Information dealing 

with penneability, porosity, structure, strength, and availability must 

be determined if the correct site is to be chosen in each particular 

case. Cape Girardeau County can be divided into five units for the pur­

pose of describing the land-use limitations in each area. These units 

conform to those designated by Hoffman in Stout and Hoffman (1973). 

U,1it One - Carbonate Bedrock With Some Shale (Ca-Sh) 

This unit is located in eastern Cape Girardeau County. Bedrock is 

composed primarily of limestones, but there are local areas of sandstone 

and shale along a narrow north-south band near the center of the area . 

Soil is a clayey silt. Thickness of the soil is less than 30 feet. 

Sewage Lagoons. Satisfactory sites for sewage lagoons can be lo­

cated with relative ease in this area, except where the terrain is more 

rugged and where soil is thin. Most problems can be overcome by choosing 

a proper site and using engineering-design techniques. For example, per­

haps only a portion of a lagoon site is suitable, but with the addition 

of clay or bentonite seepage loss can be prevented. Because conditions 

at each proposed lagoon site will vary, an investigation should be made 

to determine the capabilities of each site. 

Septic Tanks. Due to the varied nature of the bedrock (carbonates 

and shales), a detailed study is necessary for each proposed site. 'ttle 

success of a given septic tank will depend upon the characteristics and 

depth of the soils present and the density of septic-tank development. 

Areas that have shallow soils along the Mississippi River in the north­

eastern portion of the county are poorly suited for septic tanks, except 

perhaps for rural areas such as farms or large estates. The remaining 

part of unit one has sufficient soil cover to permit septic tanks to be 

used in lightly urbanized areas where lot sizes exceed three acres. 

Sewage Treatment Plants. Sewage treatment plants can be located 

without much difficulty relative to geologic conditions of the receiving 

stream. All treatment plants should be located so that discharged ef­

fluent will enter gaining streams, which are common in this unit . 

15-7 



n 
-

n 

Sanitary Landfi lls. Sites that are acceptable for landfills are 

for the most part limited to areas of thick soil cover. Soils in the 

northeastern portion of the county are not well s uited for sanitary 

landfills . Possibilities e~ist for satisfactory landfill sites in 

other parts of this area, but extreme caution should be used when se­

lecting a site . 

Impoundments. Most areas are suitable for lake develo~nent . Areas 

where carbonates and sandstones crop out may have some seepage problems, 

but padding wi th clays may help prevent leakage. In a few extreme cases 

more costly treatment procedures may be required. 

Construction. No serious problems are anticipated in finding sites 

where small buildings such as houses can be built. Careful examination 

should be made of the bedrock and soil, however, when buildings larger 

than homes are to be constructed and for any buildings to be erected on 

a s teep slope . 

Unit Two - Carbonate Bedrock With Some Sandstone (Ca- Ss) 

Unit Two is located in west-central Cape Girardeau County. Bedrock 

consists primarily of thin-bedded carbonates, with some sandstone. Soil 

cover varies in composition horizontally and vertical l y - sometimes 

clayey, silty, or clayey loess . 

Sewage Lagoons. Suitable lagoon sites may be difficult to locate. 

nte difficulty arises, not because of the quality of the soils, but be­

cause the quantity of soil available is often insufficient. Soils are 

often shallow in the northern part of this area, but they are usually 

thick enough in the southern portion. Often, when excavating for a 

shallow lagoon site, bedrock will be exposed . Another difficulty arises 

in karst areas because lagoons should never be located in sinkholes or in 

drainage fields near sinkholes. 

Septic Tanks . Soil-cover thickness and type is of primary importance. 

I n too many cases septic tanks have been located on or in the bedrock, 

where no filtration could take place and either surface or groundwater 

pollution occurred . 

Sewage Treatment Plants. Few problems are anticipated in this area . 

Bedrock and soil are favorable to construction of these pl ants. Plants, 

however, should be located so that effluent will be discharged into a 

perenniall y flowing stream. In the case of losing streams, dischar ge 

could en ter the groundwater sys tem. 
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Sanitary Landfills. Sites will generally be difficult to locate 

because of thin soil cover. Where adequate soil cover is present, es­

pecially in the western portion of this Unit, small community landfills 

can be located with less danger of contami~ation of the groundwater 

supply. It is recommended that in these areas a complete geologic in­

vestigation be made at several prospective sites to determine the bes t 

one. In areas where karst is well developed, sanitary landfills shoul d 

be discouraged except under extreme conditions and, in al l cases, a 

thorough geologic investigation should be made. 

Impoundments . {.akes can be developed in mos t parts of this area . 

Soil depths are adequate in the western and southen1 parts of the area . 

If bedrock is encountered while excavating at a lake site, undercutting 

and repacking with impermeable clays will be necessary to prevent leak­

age. Lakes developed in karst areas could trigger collapse and are more 

likely to fail than those built over competent bedrock. 

Construction . Only areas within the karst region are unfavorable 

for the construction of large buildings. Single- family dwellings can 

be built almost anywhere . 

Unit 'nlree - Karst (Ca-K) 

This unit is located in central Cape Girardeau County. The bedrock 

consists of permeable limestone . The bedrock surface is very irregular, 

even over short distances . Caves, sinkholes, and pinnacles are common 

features, known col lectively as karst. A highly variable, stony , red 

clay soil covers the limestone bedrock. Thicknesses vary from Oto more 

than 100 feet . 

Sewage Lagoons. Suitable sites may be difficult to locate because 

of unfavorable bedrock and soil conditions . Where soils are thin, leakage 

to bedrock may occur and pollution of the groundwater system might easily 

happen. Soils in this unit are very permeable; lagoon sites may require 

clay padding or bentonite to prevent leaks . The use of sewage lagoons 

should be discouraged. 

Septic Tanks. In ka r st or sinkhole areas, septic tanks should not be 

located where drainage can enter sinkholes. Drainage fields should be 

located on ridges, so that effluent will be filtered before entering the 

g roundwater system • 
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Sewage Treatment Plants . The location of suitabl e d i scharge point s 

may be difficult. Unless effluent is riischarged into a stream with sus­

tained flow, there may be l loss of insufficiently diluted effluent to 

the groundwater system. 

Sanitarv Landfills. Sinkholes shot,ld not be used for landfills be­

cause of the direct connect.Lon that exists between sinkholes and the 

groundwater system. For similar reasons, landfills should also be 

avoided where there are thin soils or bedrock is exposed. In general, 

most of this area i~ 0.ot sui •·ab le for sanitary- landfill development . 

Any area proposed for <levelop.,ient should be investigated by a geologist . 

I~poundments. This unit is st•itabl0. for smal l farm ponds in those 

areas where thick clay soi ls c.1r <""' prc~ient. these ponds could be con­

structed with little leakage . 

Construction , Devclopr.;ent in s1.nil.:•0Jes or sinkhole drainage fields 

should be discour!l<;ed to ovoid disrupting the ,:e:v<·n•ent of surface war.er 

toward these natura} drains . 

Unit Four - lntermediate-TI,ickness Residt:_,1 S0il 0'.'l:.C Carbonate Be.drock (Ccl 

This unit is located in western Cape Girardeau Comi.ty . Bedrock 

fonnations consist of permeable carbonates . co,,ering this is a stony, 

red clay soil. Soil !"\i::.~kness vari es from 20 to M) feet, and penneabil­

ity varies from low to high. 

Sewage Lai::ioons . Suitable sites for developr::ent as sewage lagoons 

will be difficult to lo~ate. Because of the varying permeability and 

thickness of th£.' s·1il cover, it will be necessary that each proposed site 

be carefully iavestigated by a geologist. Lagoons constructed in areas 

whe r e thin soil or soils of high penneability are found are likel y to 

fail if remedial measures are not taken. Leakage can be lessened by 

the use of impermeable clay padding or bentonite. 

Septic Tanks . Because of the nature of the soil, septic tanks 

shoul d only be used where the soils have moder ate permeability. This 

will allow for proper filtration of the ef.fluent. Septic tanks should 

only be used in rural settings where there wil l be three or more acres 

per tank serving as a drainage field. 

Sewage Treatment Plants. Treatment-plant discharge should only 

be made into streams with perennial flow. The pe•.1neable nature of bed­

rock and soil is condu~iv~ to p0llution of groundwater supplies . 
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Sanitary Landfills . Suitable sites will be difficult to locate . 

Only those areas where impermeable, thick, clay soils are present are 

acceptable. In some cases, the clay soil may have to be treated with 

bentoni te or padded with it;,permeab le clay to prevent leakage . 

Impoundments. Small farm ponds may be constructed with some dif­

ficulty. Bent:onite or clay pa,Jding t"lay be necessary to prevent leakage. 

Large inpoundments will be dif[icult to construct because of the permeable 

nature of the bedrock and soil. 

Construction . Problems encountered include low wet-soil strength 

and variable penneability of the soil. 

Unit Five - Alluvial Soils and Poorlv Consolidated Clays, Shales, Sands 

and Gravels (Al-Dn, Al-Tc and C-S) 

Unit Five is located in the southern part of Cape Girardeau County . 

The area is an alluviurii- filled v.:11ley. This alluvium is composed of 

weathered locss, silt, clay, and gravGl. A:1 area of poorly consolidated 

clay, silt, sand, and gravel in south,,•estern Cape Girardeau is included 

with the alluvial soils because of their similarities in engineering 

properties. TI1e water level is shallow and is perhaps the most important 

factor in land development to be considered. Surface flooding is also 

a very important factor in land-use development. 

Sewage Lagoons. Lagoons can be successfully built if proper pre­

cautions arc taken. Great care should be exercised in keeping the lagoon 

floor well above the water table and seeing that an adequate thickness of 

clay padding is left between the la.won floor and the water-table surface . 

A la~oon should also be protectcJ i.ror, danage by [lood waters by using 

high banks around it. If borrow r.atcrial is rcqui •.·0.ti for constructing 

these high banks, it should be obuined fror~ outside the perimeter of 

the lagoon and not by deepening the lar,oon interior. 

Septic Tanks . The use of septic tanks should be restricted. In 

sandy areas, use shoultl be restricted to rural settings . In clayey 

ar~as they can be used in lightly urbanized settings without danger of 

polluting the groundwater system. 

Sewage Treatment Plants . few Problems will be realized from treated 

effluent if the dischar;c :i.s lir:iitcd to streams with sustained flow . 
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Sanitary Landfills. Because of a high water tcl,le arid the possi­

bility of flooding, few s.1.tes exist for sr,nitar:' 1a1,dfills. i-'avorah l e 

sites are those where there is a thick, clay-rich soi l which can prevent 

leachates from leaking into the groundwater. These sites require care­

ful selection and must be evaluated to determine the hydrologic charac­

teristics of the alluvial-groundwater system. 

Impoundments. Only small ponds or lagoon-type i mpoundments can be 

considered due to the high groundwater level. These could be built in 

areas of impermeable clay soils near small hills or ridges. 

Constructio£, Problems will be encountered. Buildings with base­

ments will probably be flooded part of the time unless the groundwater 

can be diverted. Settlement problems may occur where excessive or vibra­

tory loads exi s t l"'r wher" 111ore than one soil type is under the foundation . 

* * * For additional geologic information concerning Cape Girardeau 

CounLy see these Si.!lected references: 3, 6, 7, 8, 13, 14, 15, 16, 17, 

18, 20, 21. 
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OZARK, STONE AND TANEY COUNTIES, LAKES COUNTRY AND SOUTH CENTRAL OZARKS REGIONS 

Sunm1ary 

Ozark, Stone and Taney Counties have a rugged topography. The north­

western area has rolling hills, with moderately steep slopes and narrow 

valleys. The remaining area is dissected, producing generally more rugged 

terrain, with very steep slopes and narrow valleys. Floodplains of con­

siderable size are nonexistent. The major floodplains have been covered 

by four large lakes created by impounding the White River and its tri­

butary the Norfork. Soil cover is generally very thin, except on some 

hilltops and in valleys at the bases of hills, Many caves are well de ­

veloped in the bedrock with three commercial caves now being operated 

and a potential for commercialization of other caves. There is little 

chance of earthquake activity. 

The mineral resources produced in the three-county area are limited 

to stone, sand, and gravel. Limestone is quarried in Taney County. Sand 

and gravel are produced from residual cherts and alluvium in Stone County 

for fill material . Gravel is municipally developed in Ozark County . There 

is little reason to believe that these industries will be greatly expanded 

in the future. There are no known economical deposits of metals (zinc, 

lead, or iron) within the area. There are no fuel resources. 

Water resources in the three-county area are adequate. Surface water 

is of good quality. Groundwater is of good quality and is readily avail­

able for rural, domestic, and municipal use. Horne wells penetrate 100 to 

800 feet . Municipal wells penetrate 1,000 to 1,800 feet and supply 350 

gallons per minute. Care must be exercised in drilling a well and casing 

must be frequently used, especially in the upper, weathered zones, to pre­

vent contamination. 

Engineering geology for land use requires that a careful survey be 

taken for each project considered, whether it be an impoundment, landfill, 

or waste-disposal site. Soil cover is of most importance when a landfill, 

sewage lagoon, or lake is to be built . Adequate soils are available only 

on some hilltops and at the bases of some hills . It is very important that 

these structures be constructed so as not to allow trapped waters to per­

colate downward and pollute the groundwater system. Septic tanks are to 

be discouraged in urban areas and should only be used in rural areas where 

the effluent can be properly filtered . 
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Problems similar to those encountered in the three-county area, 

especially those dealing with the development of natural resources and 

waste disposal, are encountered in the surrounding four counties. 

This report is intended to serve as an appraisal of the geologic 

features, resources, and problems encountered in Stone, Taney, and Ozark 

Counties. It is not intended to take the place of an on-site geologic 

investigation. 

Landforms and Relief 

Most of the three-county area has a very rugged topography. The 

northern half of Stone County and the northwestern corner of Taney County 

have rolling hills. The remaining area is deeply dissected by streams 

and as a result is very steep-sloped, except for the divides. C01mnonly, 

relief is in excess of 250 feet. Kumerous bluffs are present on the out­

sides of meanders of major streams. Formerly, the White River flowed 

freely and had a well developed floodplain, but within the three-county 

area this has all been flooded due to the construction of several large 

dams and their resulting lakes. 

Rock and Soil Formations 

The controlling influence in determining the physiography of this 

three-county area has been the bedrock. Each of the two provinces has 

its own bedrock regimen. Bedrock in the rolling hills area is varied. 

Massive-bedded Mississippian limestones and cherty limestones cap ridges 

and high plateaus. Dolomites of Ordovician age form the low-lying areas 

and shores of the reservoirs. Those areas which have been deeply dissected 

have their ridges and highlands capped by thin to mediwn-bedded limestones 

and cherty limestones. Ordovician dolomites are exposed in low-lying 

areas. These limestones and dolomites are ve r y hard and dense, and only 

small amounts of "weaker" strata, the shales, are present. Karst is a 

problem in portions of this area. Ozark County and southeastern Taney 

County are in an area that is subject to catastrophic collapse . Caves 

are well developed throughout the region. Soils are primarily residual 

cherts with a matrix of red and gray clays. Commonly the hillsides are 

strewn with residual chert . Soils are best developed and usually thickest 

on the divides and become thinner on the slopes. Northeastern Ozark County - . 
is covered with very thick residual soils. 

n 
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la~thqu.ake Potential 

~ k of this region generally lies flat . Isolated faulting 

baa oceta.rred in a n\bber of areas and vertical displacement has been of 

the magnitude of 20 to 100 feet. Several sets of jointing fractures have 

opened the subsurface to deep weathering and cave development. North­

eastward-trending lineaments have also provided openings for circulation 

of water and provided avenues for deep weathering in selected areas. 'nlis 

region has no history of modern earthquake ac tivity and should not be con­

sidered hazardous in this respect. 

Scenic Na tural Resour ces 

Caves and springs are co:11non in the th ree-county area. Two hundred­

nine caves have been reported. 

Cormnercial caves have been developed in Stone Cou~ty with Marvel 

Cave being opened to the public in 1894 and Fairy Cave (now called Talk­

ing Rocks) and Old Spanish Cave becoming commer cial much later . In Taney 

CoW1ty, a once-commercial cave, Wonder Cave, near Reeds Spring, has been 

closed for a nl.mlber of years . Several other ca ves within Stone and Taney 

Counties ar e worthy of consideration as possible commercial ventures. 

Careful consideration must be gi ven t o several factors t o make a cave 

profitable. These are ( l ) proximity to other commercial caves ; (2) prox­

imity to major travel routes or recreation areas; (J) facilities and 

lighting of the cave; and (4) size and beauty . In general, a cave with 

a good location will fa re better than a cave with an unfavorable loca­

tion, even though the la tter may be nicer . Any cave considered for de­

velopment must be inspected by the Missouri State Hine Inspector. Yearly 

inspections are required to insure that safety standards are met with re­

gard to walkway cons truction, bridges and lighting, and s tructural 

soundness of the cave. 

Springs are numerous. Nine big springs, each with a flow greater 

than 200,000 gallons per day, are present . Double Spring is the largest , 

with a flow of 100 million gallons per day . Three springs, Althea, Blue, 

and Hodgson Mill, can be visited. 

Minera l Resources 

The mineral resources of O?cark, Stone and Taney Counties are limited. 

At present, production is confined to the sand , gravel, and stone in­

dustries. 
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Sand and Gravel. Sand and gravel production in recen t years has 

largely come from Taney County. Most of the stream valleys in the area 

have potential gravel resources to meet future needs, but deposits of 

clean sand are harder to find . Two sites are now being operated as 

sources of sand and gravel in central and western Taney County. The 

area possesses adequate resources of these materials for local needs. 

Crushed and Broken Stone. Stone produced in the three-county area 

comes from Taney County . Both Mississippian and Ordovician limestones 

and dolomites are sources of these raw materials. One quarry is being 

operated in western Taney County. · The cherty and dolomitic Ordovician 

formations underlie by far the greatest portion of the area. Patches of 

Mississippian limestones may locally contain high-calcilll'll stone, but it 

is not considered likely that the area possesses sufficient quantities 

of this raw material base for the manufacture of lime. Sandstone locally 

crops out in eastern Ozark County and may be suitable for dimension stone 

on a small scale. In the three-county area, there are no known fuel re­

sources. 

Lead and Zinc. In the past, small lead and zinc mines were developed 

in Taney and Ozark Counties. The Caulfield area in Howell County was pro­

ductive, but there has been no recent activity . The deposits were small 

and are largely worked out, and although the possibility exists that 

other deposits occur underground, recent exploration has not been intensive . 

Iron. Iron ore was formerly mined in Ozark County from surficial 

deposits. Ozark County lies at the western edge of the West Plains brown 

iron ore district. The iron ore was shipped to out-of- state steel plants. 

Near-surface deposits have now been mined out, and there is little like­

lihood that additional economic deposits are present. 

Water Resources 

Surface Water. The principal source of surface water in the three­

county area is the White River. Impoundments on this river are Table 

Rock Lake, Lake Taneycomo, and Bull Shoals Lake. A large part of Nor­

fork Lake (built on the North Fork of the White River) extends into 

Missouri. A good deal of the southern portion of the three-county area 

is covered by the impounded rivers . Many other small streams are in the 

area, but none are used as sources of water supply. These large im­

poundments were built primarily for power generation, flood control, and 

recreation. The chemical quality of these surface waters is good with all 
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chemical constituents being well below the maximum permissible amounts 

allowed by U.S. Public Health Service standards. 

Springs are numerous in this area . Only a few of these springs, 

however, are large enough to supply adequate amounts of water. There 

are two such springs in Stone County and seven in Ozark. Their flows 

range from 200,000 gal lons per day at Reeds Spring in Stone County to 

130 million gallons per day at Double Springs in Ozark County , Chemical 

characteristics of this spring water are quite similar to those of the 

streams. 

Groundwater. Groundwater of adequate quantity and quality is plen­

tiful. Depths necessary for a home well are dictated by the topographic 

setting of the well. Wells drilled on ridges can be expected to pene­

trate greater thicknesses of rock strata than those drilled in valleys. 

Depths of these wells average from 100 ' feet to more than 800 feet. Red­

clay fillings in fractures, joints, crevices, and caverns crea te con­

siderable problems. This is a problem not limited to home wells alone 

and has led to difficulty at Gainesville. At some of the municipal well 

sites , it has been physically impossible to construct a well through 

this weathered zone in a satis factory manne r. 

Public water supply wells of municipalities and water districts 

range in depth from about 1,000 feet to 1,700 feet. These wells pene­

trate the Gunter Sandstone to achieve maximtun yield from this aquifer. 

Deeper fonnations arc generally not sufficiently productive to warrant 

deeper penetration. These wells now produce 100 to 350 gal lons per 

minute. Water quality is good. Total dissolved solids range between 

250 and 350 parts per million; total hardness between 150 and 300; and 

iron, sodilnn, chlorides, and sulfates are all low. 

As elsewhere in carbonate terrains, wells are vulnerable to pol­

lution. Properly designed structures prevent leakage and penetration 

into the deeper aquifers. Cave-stream systems and solution channels 

often provide avenues for water movement. With proper site-selection 

investigations , well construction, and intelligent disposal of waste 

materials, it should be possible to continue to produce water of good 

quality. Recharge capabilities at present exceed rate of withdrawal . 
\ 

By proper wel l spacing, excessive drawsowns can be avoided. Water 
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resources in the three-county area are ample for supplying all future 

anticipated needs . 

Land Use 

In order to gain a proper understanding of what the land is best 

suited for, a comprehensive study of its engineering properties is 

necessary. Tile planner and developer will need to consider the bedrock 

and its soil as a single unit in relating geo logic features to construc­

tion and development. The Ozark, Stone and Taney CoW1ty area is divided 

into eight engineering geology units. niese units are directly related 

to the physiography of these counties. 

Unit One - Variab le Soil Thickness Over Massive Carbonate Bedrock (Ca-V) 

Northwestern Stone County is characterized by massive limes tone bed­

rock with a thin soi l cover. Tile bedrock is a finn, competent unit, unless 

caves and near-surface, solution- enlarge<l openings are extensive. The 

development of k.arst is widespread in the southeastern portion of the 

area . Steep slopes persist in the southeastern part of the area, while 

a more moderate topography with gentler slopes is characteristic in north­

western Stone County . 

Sewage Lagoons . •Sewage Lagoons require careful construction. Careful 

site selection and thorough subsurface investigation are strongly advised . 

Tile subsurface soil and bedrock contain caves, pinnacles, and solution 

channels . Lagoons built above one of these voids could possibly cause 

collapse of the bedrock roof or be the victim of collapse, with loss of 

sewage into the underground strata and pollution of any groundwater in 

these strata. Lagoons built in this unit should be lined with impermeable 

clays; the red clays associated with this soil can be used, but may require 

special sealants . Brown clays mixed with bentonite provide the most suit­

able liners for lagoons. 

Septic Tanks . Waste disposal is an extremely difficult problem due 

to the rugged topography and either insufficient or inadequate overburden . 

Clays in this unit have been derived from weathered bedrock. Septic- tank 

effluent will seep rapidly through this clay soil, thus reaching ground­

water sources. As a result of this high permeability, the effluent will 

not be properly filtered . These relatively untreated waters can enter 

weathered joints and bedding planes in the bedrock and move laterally and 
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vertically for long distances from thei.r original points of discharge. 

Use of septic tanks should be restricted to fanns to avoid concentration 

of effluent in the soil and possible groundwater contamination. 

Sewage Treatment Plants. Sewage-treatment-plant effluent can be 

safely discharged in a few areas where plentiful surface water is avail­

able for dilution. However, many receiving streams lose surface flow 

to the subsurface. Thus they must be thoroughly explored to determine 

the extent of this possible hazard to groundwater supplies. 

Sanitary Landfills. Sanitary landfills should not be built with­

out prior geologic investigation. '!1le practice of using sinkholes and 

abandoned mine shafts as waste disposal dumps should be strongly dis­

couraged. Inadequate amounts of proper fill material hinder operations 

over much of this area. Sites can be located where bedrock has con­

tributed to development of more impenneable soils. 

Impoundments. The development of lakes in this area is favorable 

because of good stream flow ~ While there is relatively little water 

loss to bedrock if precautions are taken leakage into bedrock and soil 

is a likely hazard. Many sites have either inadequate or unsuitable 

borrow material for dams. 

Construction. Construction poses a problem only in those cases 

where a lot of fill material is needed such as in construction of large 

buildings or roads. Red-clay soils perfonn poorly in compacted fills. 

Unit 'lwo - Shallow Residual Soil Over Carbonate Bedrock (Ca-S) 

This unit is located in portions of all three counties. The bed­

rock in this unit consists mainly of medium-bedded dolomites . Maximum 

soil cover is seldom more than 15 feet and is usually much thinner and 

in many cases nonexistent. The dolomite is characterized by persistent 

horizontal parting planes and vertical fractures. 

Sewage Lagoons. Sewage-lagoon construction is difficult because 

of steep hillsides and little soil cover over bedrock. Possible lagoon 

sites lie at the bases of hills where soils are somewhat thicker, or on 

tops of slopes where there is sufficient soil depth. Many of the small 

creek channels that cross this unit could be used for lagoon sites if 

diversion channels were constructed for the stream flow. However, soils 

are usually gravelly. Clay materials which can be found in the creek 

bottoms are suitable to prevent waste fluids from leaking out of the la­

goon. Lagoon sites should not be excavated into bedrock. Loss of pol­

lutants will occur, especially horizontally into the cut slope by way of 
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fractures and joints in the bedrock. At some sites, bedrock excavation 

can be accomplished if sealing is possible. 

Septic Tanks. Waste disposal must be carefully planned. Steep 

slopes with thin soil cover are not well suited to septic tank usage 

since there is too little room for septic tank effluent to disperse. 

As a result, the effluent usually comes to the surface and causes a 

pollution problem. If septic tanks are to be used, they should not be 

used in highly populated areas, but on farms or in sparsely populated 

areas. 

Sewage Treatment Plants. Treatment plant effluent in most cases 

will be sufficiently diluted with surface water . Nost waterways only 

suffer minor losses to the bedrock, usually when caves or sinkholes 

are nearby. 

Sanitary Landfills . 'l1lese sites are hard to find because of the 

relatively thin soil overburden and steep slopes. 'l1le major factor is 

the availability of soil for landfill and clay for lining the land-

fill site to prevent percolation of polluted surface waters. Sufficient 

soil cover is usually available at the bases of hills, or in some cases 

at the tops of hills. Exploration of soil depth should be carried out 

at each proposed landfill site to check on the amount and type of soil 

present. 

Impoundments. Lakes can be constructed if extreme care is given 

to location, design, and remedial measures. 'l1lere are, however, many 

regions where it is foolish to consider water impoundments, since there 

would be leakage into the permeable bedrock. 

Construction. Foundation problems are usually minor in this unit, 

but those developments where much e~;co.vation is required and where bed­

rock would be encountered will require careful planning. Little soil 

is available for construction where much fill is needed. 

Unit Three - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

11lis unit comprises portions of northeastern, central and southern 

Ozark County. Bedrock consist of dolomite and cherty dolomite. Soil 

cover is generally a cherty-clay type. Thicknesses usually vary from 

20 to 40 feet, but may be less locally. On-site investigation will be 

necessary to determine the exact depth to bedrock at each proposed site. 
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Sewage Lagoons . Suitable sites for development of sewage lagoons 

can be located without great difficulty. If bedrock is encountered dur­

ing excavation, remedial measures will be necessary. The soil cover pre­

sent in this unit is quite penneable and clay padding or a bentonite-and­

clay-mixture sealant will be necessary to insure that leakage is kept to 

a minimt.un. 

Septic Tanks. The use of septic tanks should be restricted to rural 

areas where soil thickness is greater than 20 feet and septic tank density 

is low (generally one tank per three acres). Septic tanks constructed 

where thin soil cover is present will cause pollution problc~s because 

of unfiltered effluent surfacing . 

Sewage Treatment Plants . Because of the permeable nature of both 

bedrock and soil, most of the streams in this unit have surface flow 

lost by seepage into groundwater supplies. Treatment-plant effluent 

should not be discharged within this area because of the danger of pol­

luting groundwater resources. 

Sanitary Land~. Sites suitable for development as sanitary 

landfills can be located without too much difficulty. However, remedia l 

measures will be necessary in order t o prevent leachates from leaking 

into bedrock. Subsurface exploration prior to site selec tior, wi 11 be 

necessary and at times somewhat costly. 

Impoundments. Because of the penncable bedrock and soil, remedial 

measures will be necessary to insure success for small impoundments 

bui 1 t in this area. Larger impoundr.ients may be impossible to seal 

effectively and may also fail because of catastrophic collapse. 

Construction. Problems encountered include possible catastrophic 

collapse. 

Unit Four - "niick Residual Soil Over Carbonate Bedrock (Ca-T) 

This unit is located in portions of northeastern Ozark County. Bed­

rock consists of dolomite and cherty dolomite. Soil cover is thick (40-

100 feet) and is generally a stony-clay type . 

Sewage Lagoons. Suitable sewage lagoon sites will be difficult to 

locate . nie soil and bedrock have high penneability and leakage of 

effluent from the lagoon into the groundwater system is possible . Remedial 

measures such as using bentonite and impenneable clays can be used in most 

cases to prevent this leakage . 
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Septic Tanks . The use of septic tanks should be restricted. Areas 

that are sparsely populated are best suited for this type of sewage 

treatment . 

Sewage Treatment Plants. The high permeability of the soil and bed­

rock formations has resulted in a nwnber of losing streams . Effluent 

could easily enter the groundwater system and cause pollution problems 

if discharged in an unsuitable location along a stream valley. 

Sanitary Landfills. Sites s uitable for develo~nent as sani tary land­

fills can be located without grea t difficulty, Proposed sites will require 

that test pits, and perhaps borings, be dug to detennine site suitability. 

If the soil present is permeable, it may be possible at some sites to cor­

rect this problem by using bentonite mixed with clay to seal the floor and 

walls of the landfill site. However, this is a costly procedure. Collec­

tion of leachates by using a small lagoon may also be necessary. 

Impoundments . The same problems encountered with locating a suitable 

lagoon site will also be faced here. The success of a small pond or lake 

will depend largely on the permeability of the soil found at each proposed 

site . 

Construction. Locally, problems include karst conditions, losing 

streams, variable strength of soils and possible catastrophic collapse of 

bedrock . 

Unit Five - Karst (Ca-K) 

This unit is located in portions of eastern Ozark County and central 

Stone County. Bedrock consists of very permeable dolomite. Karst features 

such as caves and sinkholes are well developed throughout the area and pre­

sent a considerable challenge to successful land development. Soil depths 

vary from Oto 100 feet and the composition is generally a very cherty clay. 

Sewage Lagoons. Sewage lagoons should not be used in this atea. The 

high penneability of both soil and rock will prevent the lagoon from re­

taining effluent. As a result of this, contamination of the area's 

groundwater resources is likely to occur . Contamination can also occur 

as a result of catastrophic collapse of bedrock supporting the lagoon 

structure. 

16-10 



I 

l 
[ 

l 
n -

n 

Septic Tanks. Many problems will be encountered in locating suitable 

sites for septic tanks. Only those areas where thick clay- rich soils are 

present should be considered acceptable. Septic-tank use, in most cases, 

should be restricted to rural or fann settings only, where three acres or 

more are available as a filtration field for each tank. 

Sewage Treatment Plants. Because of the highly permeable nature of 

the soil and bedrock, dischar ge should be limited to streams with con­

tinuous flow. Many streams lose surface flow to groundwater supplies. 

Sanitary Landfills. Suitable sites for sanitary landfills will be 

difficult to locate. Gullies and small, tight valleys with deeper soils 

are possible sites. Remedial measures, such as using a bentonite addi­

tive or clay padding for the lagoon floor, may be necessary to insure 

that leachates will not leak into t he soi.l and bedrock. Sinkholes 

should not be used as sanitary landfi.lls because of the direct connec ­

tion they have wi. th the groundwater system. Wha tever the setting, sub­

surface exploration will be necessary before final decisions can be made. 

Impoundments. Suitable sites will be difficult to locate. Small 

farm ponds may be constructed, but remedial measures will probably be 

necessary. Bentonite and/or impenneable clays can usually be used 

successfully to control leakage. l~ere is some danger of catastrophic 

collapse with larger impoundments, because of the increased loss of 

strength due to wetting of subsoil. Careful investigation will be 

necessary to detennine the strength of bedrock at the various proposed 

sites. 

Construction. Problems encountered i nclude catastrophic collapse, 

variable soil depth to bedrock, and remnant bedrock blocks (enclosed 

within soil). 

Unit Six - Shallow Residual Soil Over Sandstone Bedrock (SS-S) 

This unit is located in a small portion of northeastern Ozark County . 

n1e bedrock consists of massive sandstone . The soil cover is 0-20 feet 

thick and consists of red sandy clay mixed with sandstone boulders and 

cobbles. Permeabilities of both soil and bedrock are high. 

Sewage Lagoons . Suitable sites for sewage lagoons will be difficult 

to locate. Remedial measures such as impermeable clay padding will be 

necessary to insure that the lagoon will not leak effluent into the sand-
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stone bedrock. If bedrock is encountered during excavation, it will be 

necessary to over- excavate and seal with packed clay. 

Septic Tanks. Septic t anks should be used sparingly . Only in 

those areas where deeper (20 feet) soil cover is present can they be 

utilized. Septic tank density should not be greater than one tank per 

three acres . Areas with thin soil cover or high septic tank density 

wil l have groundwater-pollution problems. 

Sewage Treatment Plants. There are few suitable areas within this 

unit. Effluent discharged could easily permeate into the soil or ex­

posed bedrock over much of the area and cause pollution. 

Sanitary Landfills . Suitable sites for development as sanitary 

landfills can be located with some difficulty. Thorough exploration 

and remedial measures will be necessary in each case, but these will 

vary with the size of landfill and the type of soil and bedrock present. 

Impoundments . Suitable sites will be very difficult to locate. 

High rock and soil permeability 1.,rill make it difficult to retain water 

in a pond or lake , 

Construction. Problems encountered include occasional sinkhole 

collapse and moderate to severe hillslope erosion . 

Unit Seven - Intennediate-Thickness Residual Soil Over Sands tone Bedrock (SS-I) 

This unit is located in northeastern Ozark County. Bedrock con­

sists of massive sandstone and dolomitic sandstone. Overlying these 

bedrock are soils which usually have a thickness of 20 to 40 feet, but 

locally the thickness may vary. The soi l is primarily a silty or sandy 

clay . 

Sewage Lagoons . Suitable sites wi ll be difficult to locate . Re ­

medial measures will usually be necessary to insure that effluent will 

not l eak into soil and bedrock. Compacted clay or bentonite can usually 

be used successfully to prevent leakage. 

Septic Tanks. Septic tanks can be used successfully in those areas 

where deeper (JO to 40 feet) soil cover is present. Septic-tank density 

should not exceed one tank per three acres . 

Sewage Treatment Plants . As with unit four, suitable sites will be 

diffi cult to locate. Effluent lost to bedrock will usually cause some 
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groundwa ter poll uti on. Discharge points must be chosen carefully to 

prevent such pollution. 

Sanitary Landfills. Sites suitable for development may be difficult 

to locate because of the high permeability of bedrock and soil. In most 

cases, remedial measures will be necessary to insure that leachates do 

not leak out of the landfill. Exploration will be necessary to determine 

the best site . 

Impoundments . The same problems encountered with selecting a site 

for a successful sewage lagoon will be faced here . 

Construction. Problems encountered include catas trophic sinkhole 

collapse and moderate to severe hillslope erosion. 

Unit Eight - Thick Residual Soil Over Sandstone Bedrock (SS-T) 

'n1is unit is located in portions of northeastern O;~ark County. Bed­

rock consists of sandstone and dolomitic sandstone . A thick, silty clay 

or sandy clay overlies bedrock. Thicknesses vary from 40 to 100 feet, 

but may vary locally. 

Sewage Lagoons . The ease with which sites suitable for sewage 

lagoons can be located will depend largely on the permeability of the 

soil cover. Some areas within this unit have a silty-clay soil that 

has sufficient impermeability to permit building of a lagoon. Other 

areas will have a very penneable, sandy clay soi l and therefore be un­

suitable for development. Careful geologic investigation will be necessary 

to determine soil permeability at each proposed site . 

Septic Tanks. Septic tanks can be used in most cases within this 

unit. Because soil permeability is of ten high, it is recommended that 

the use of septic tanks be limited to rural settings . 

Sewage Treatment Plants. Suitable sites can be located for 

effluent-discharge points. Because of the very penneable sandstone 

bedrock, it is recommended that discharge be limited to streatns with 

perennial flow. 

Sanitary Landfills. Suitable sites may be difficult to locate be­

cause of variable permeability of the soil. In many cases remedial meas­

ures, such as using bentonite, will be necessary to prevent leakage of 

leachates. Exploration pits and borings, ~oupled with soil testing, may 

be necessary prior to site evaluation . 
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Impoundments . Problems are the same as those encountered in locating 

sewage lagoon sites . 

Construction. Problems encountered include poss ible catastrophic 

sinkhol e collapse, moderate to severe hillslope stability and variable 

soil permeability . 

* * * For additional geologic infonnation concerning Ozark, Stone 

and Taney Counties see these selected references: l, 2 , 3, 6, 7, 8, 13, 

14, 15, 16, 17, 18, 19, 20, 21. 
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HOWELL COUNTY, soum CENTRAL OZARK REGION 

Summary 

The topography of Howell County is both rugged and varied. Relief 

commonly ranges from 75 to 300 feet, with greatest relief along the 

northern, eastern and western boundaries. Sinkholes are very conmon in 

the karst regions of the county. The f loodplains of major streams are 

generally narrow and rarely exceed 1/3 mile. 

Bedrock units consist primarily of dolomite, cherty dolomite and 

sandstone with minor amounts of shale. Soil cover consists of cherty 

clay and sandy clay. Alluvial soil is found in valleys of the major 

streams. Thickness of the soil varies from 20 to 100 feet, with the 

thicker soils in northern and central Howell County. 

Howell County is not considered to be in danger of earthquakes . 

There are a number of springs and caves in Howell County. Big 

Spring near Willow Springs has the greatest flow of any of the county's 

springs, with a flow of 910,000 gallons per day. 

Mineral production in Howell County is currently limited to stone, 

sand and gravel . Iron, lead and zinc occurrences are known in the area 

but are not profitable to mine. 

Water resources are plentiful and a three - to five-fold increase 

in groundwater use could be tolerated. Public wells are often over 

850 feet deep and need to be cased to prevent clay and surface pollu­

tants from entering. These wells yield bea~een 80 and 500 gallons per 

minute. 

Proper land use (waste disposal and construction) require detailed 

geologic investigations at proposed development sites. Eight engineering­

geology units are in Howell County and each have different requi r ements 

for successful development. 

Problems similar to those encountered in Howell County, especially 

those dealing with the development of natural resources and waste dis­

posal, are encountered in the surrounding five counties. 

'n1is report is intended to serve as an appraisal of the geologic 

features, resources and problems in Howell County . It is not intended 

to take the place of on-site geologic investigation and evaluation. 
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Landforms and Relief 

Howell County has rugged topography. Along the county's northern 

and western boundaries and along portions of its eastern boundary the 

dominant landform is a highly dissected plateau. Here relief is great­

est and in general varies from 100 to 300 feet. In the central portion 

of the county and along portions of its eastern boundary the dominant 

landfonn consists of isolated rolling plains. In this region relief is 

not quite as great and in general varies from 75 to 100 feet. The flood­

plains and valleys of the county's principal streams, the Eleven Point 

River, Spring River and North Fork River vary from as little as 1/10 

mile to, usually, no more than 1/3 mile . Sinkhole topography is common 

in central Howell County. 

Rock and Soil Fonnations 

Bedrock formations are limited to dolomite, cherty dolomite, sand­

stone and minor amounts of shale. Locally, overlying these dolomite 

units are unconsolidated clay and sand deposits. The soils developed 

over these units are directly related to the parent material from which 

they were derived by weathering. These soil types are generally cherty 

clay and sandy clay. Alluvial soils are in the valleys of the major 

streams. Sandy clay soils are found in portions of northern and central 

Howell County. Soil depth is usually 40 to 100 feet thick, but may be more 

or less, depending on Local conditions. Soil thicknesses in the remainder 

of the county vary from 20 to 40 feet, but again will vary with local con­

ditions. 

Earthquake Potential 

'nle bedrock tmits in Howell County are, for the most part, flatlying. 
0 

'nlere is a very slight (l) dip to the south. 'nlere are no mapped faults 

or folds within the county; however , the Alice Mine fault structure in 

nearby Ozark County may extend into Howell County . Additional geologic 

mapping is necessary to determine the extent of this fault and the possi­

ble presence of other faults . 11te area is not considered to be in danger 

of earthquake activity. 

Scenic Natural Features 

'nlere are a number of springs and caves in Howell County that are of 

geologic and scenic interest. Fifteen caves are reported but none are 

large enough to commercialize. Many springs can be found scattered about 

the county. Big Spring has a flow of 910,000 gallons per day. Blowing 
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Spring near Mountain View has an average flow of 630,000 gallons per 

day and Flat Spring, also near Mountain View, has a flow of 200,000 

gallons per day. '.ltie flow of most of the area's small springs is less 

than a few thousand gallons per day. West Plains karst recharges Mam­

moth Spring in Arkansas. 

Mineral Resources 

Mineral production in Howell County is restricted to sand, gravel 

and stone. 

Iron Ore. The West Plains brown iron ore district includes all of 

Howell Cotmty and adjoining areas. In the past, Howell County was the 

leading producer of brown iron ore in the state, with produc tion reported 

from 23 mines. 'Ihe ore was shipped out of state, for use as blast fur­

nace feed. Peak production was reached in 1957. 

A prominent magnetic anomaly near the Howell-Oregon County line has 

been penetrated by several exploratory drill holes but to date there have 

been no indications of buried iron deposits. 

Lead and Zinc. The Alice Mine area in Ozark County near the Howell­

Ozark County line was discussed in the section on Ozark, Stone and Taney 

Counties. 

Stone. Crushed and broken stone are produced from dolomite in the 

West Plains area. Dolomite is the principal reserve for aggregates, 

asphalt, road metal and aglime, but thick residuum over much of the 

area requires careful site selection and some exploration. 

A few limes tone outliers are known, but their potential has not been 

fully explored. 

Sandstone units within the county are a potential source of dimen­

sion stone. 

Sand and Gravel. Gravel for paving, bituminous surfacing , road 

metal, ready-mix concrete, and fill is produced mainly from stream de­

posits. Sand is present in areas where streams drain across sandstone 

outcrops. Most streams have the potential for producing large amounts 

of gravel but production is expected to remain relatively static. 

Water Resources 

Water resources in Howell County are primarily limited to ground­

water. 'Ihe only surface water source of any significance is the Eleven 

Point River, which drains the northern part of the county. In fact, 
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many of the stream valleys in this area carry no water except immediatel y 

after heavy rains, since sinkholes and other solution phenomena act as 

"drains" to divert the surface water underground. Streams which do main-

tain a year-round flow do so by water diverted from groundwater to seeps 

and springs . 

Thick residual deposits, coupled wi.th widespread solution activity 

in the bedrock, make this area hydrologically complex. Because of the 

extremely permeable residual material and the "open" nature of the bed­

rock (in some instances to great depths), response of the groundwater re­

servoir to rainfall is extremely rapid. Observation wells located at 

Noblett Lake, in northern Howell County, and at West Plains indicate a 

time l ag of only a few hours after it rains before water levels in the 

well start to rise . One public water-supply well in West Plains, which 

has over 800 feet of pressure-grouted casing, has been known to yield 

t urbid water shortly after heavy rains. This would indicate rapid move­

ment of recharge water to depths in excess of the casing depth of 800 

feet . 

Extreme care should be exercised in construction of both domestic 

and public supply well s in this county. Casing should be set deep enough 

to exclude all mud seams and other solution phenomena from the well. The 

casing should be grouted (cemented) to effect a water- tight seal against 

shal low groundwater, surface water and other possible pollutants. 

In some instances casing depths for public water-supply we l ls may 

be in excess of 900 feet. In most instances, however, casing depths for 

this type of well have averaged approximately 500 feet, with total drilled 

depths ranging between 851 and 2,692 feet. 

Yields of the public water supply wells range between 80 gpm and 500 

gpm, with deeper wells having the higher yields. Almost all of t he high­

yield wells are completed in highly permeable dolomite at an average 

depth of approximately 1,500 feet. 

Domestic wells in the area often have depths ranging between 350 

fee t and 550 feet. Casing depths for these wells should range from 125 

fee t to 200 feet . 

With properly constructed wells, groundwater quality is qui t e good . 

Total dissol ved solids range between 270 to 320 parts per mil l ion and 
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chlorides are usually less than 10 parts per million. Naturally occurring 

nitrate levels are virtually niJ. 

Because of the rapid recharge of groundwater supplies in this county, 

a three - to five-fold increase in water use could easily be tolerated. 

Land Use 

Proper land use in Howell County requires detailed geologic investi­

gation. Bedrock and soil conditions are quite variable. Eight of the 

engineering geology bedrock-soil tm.its designated by Hoffman 1.!l Stout and 

Hoffman (1973) are present in the county. 

Unit One - Karst (Ca-K) 

This unit is in portions of northeastern Howell County. Bedrock con­

sists of very permeable dolomite. Karst features such as caves and sink­

holes are well developed throughout the area and present a considerable 

challenge to successful land development. Soil varies from Oto 100 feet 

thick and generally the composition is a very cherty clay. 

Sewage La&oons. Sewage lagoons should not be used in this area. 11le 

high permeability of both soil and rock prevent lagoons from retaining 

effluent. As a result, contamination of the area's groundwater resources 

is likely to occur. Contamination can also occur as a result of a catas­

trophic collapse of bedrock supporting a lagoon structure. 

Septic Tanks. Many problems are encountered in locating sites suit­

able for septic-tank development. Only those areas where thick, clay­

rich soils are present should be considered . Septic-tank use in most 

cases should be restricted to rural or farm settings, where three or more 

acres are available as a filtration field for each tank. 

Sewage Treatment Plants. Treatment plants sliould not be used in 

this un:i.t, except in those areas where effluent can be safely discharged 

without danger of polluting the groundwater. Because of the highly per­

meable nature of the soil and bedrock, discharge should be limited to 

streams with continuous flow. 

Sanitary Landfills. Sites suitable for sanitary landfills are dif­

ficult to locate. Gullies and small, tight valleys with deeper soils 

are usually best. Remedial measures such as using a bentonite additive 

or clay padding for the lagoon f l oor are necessary to insure that leach­

ates will not leak into the soil and bedrock. Sinkholes should not be 

used as sanitary landfills because of the direct connection they have 

with the groundwater system. 
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Impoundments. Suitable sites are difficul t to locate. Small 

farm ponds may be constructed> but remedial measures will probably be 

necessary. Bentonite or impermeable clays can usually be used success­

fully to control leakage. 'nlere is some danger of a catastrophic col­

lapse with larger impoundments because of the increased load placed on 

the bedrock. Careful investigation is necessary to determine the 

strength of bedrock at all proposed sites. 

Construction. Problems include catastrophic collapse, variable soil 

depth to bedrock, and remnant bedrock blocks (enclosed within soil). 

Unit Two - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

This unit is in portions of northeastern, central and southern 

Howell County. Bedrock consists of dolomite and cherty dolomite and 

soil cover is generally a cherty-clay type. Thicknesses usually vary 

from 20 to 40 feet, but may be thinner locally. On- site investigation 

is necessary to determine the exact depth to bedrock at each proposed 

site. 

Sewage Lagoons. Sites suitable for development as sewage lagoons 

can be located without great difficulty. If bedrock is encountered dur­

ing excavation, remedial measures will be necessary. The soil cover 

in this unit is quite penneable, and clay padding or a bentonite and 

clay mixture will be necessary to keep leakage to a minimum. 

Septic Tanks. Septic tanks should be restricted to rural areas 

where soil is more than 20 feet thick and septic tank density is low 

(generally one tank per three acres). This will be necessary to insure 

proper filtration of the sewage effluent. Septic tanks constructed where 

the soil cover is thin will cause pollution problems because of unfiltered 

effluent surfacing. 

Sewage Treatment Plants . Because of the permeable nature of both 

bedrock and soil, most of the streams in this unit are losing. Treatment 

plant effluent should not be discharged into these streams because of the 

danger of polluting groundwater resources. 

Sanitary Landfills. Sites suitable for development as sanitary 

landfills can be located without too much difficulty. Remedial measures 

are necessary to prevent leachates from leaking into bedrock. If bedrock 

is encountered during construction, additional bedrock will have to be 

excavated from the site and replaced with a packed-clay pad. 
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Impoundments. Because of the permeable bedrock and soil, remedial 

measures are necessary to insure the success of small impoundments built 

in this unit. Larger impoundments may be impossible to seal effectively 

and may also fail because of catastrophic collapse . 

Construction. Problems include possible catastrophic collapse. 

Unit Three - 'l'hick Residual Soil Over Carbonate Bedrock (Ca-T) 

Tilis unit is in portions of northern, central and southern Howell 

County. Bedrock consists of dolomite and cherty dolomite. Soil cover 

is thick (40-100 feet) and is generally a stony-clay type. 

Sewage Lagoons. Suitable sewage lagoon sites are difficult to lo­

cate. 'l'he soil and bedrock are highly penneable, and leakage of efflu­

ent from the lagoon into the groundwater system is likely. Remedial 

measures such as using bentonite and impermeable clays can be employed 

in most cases to prevent this leakage . 

Septic Tanks. Tile use of septic tanks should be restricted. Areas 

that are sparsely populated are best suited for this type of sewage 

treatment. 

Sewage Treatment Plants. 

for this type of development. 

Most areas within this wiit are unsuitable 

The high permeability of the soil and bed-

rock fonnations has resulted in a nwnber of losing streams. Treated 

effluent can easily enter the groundwater system and cause pollution 

problems. 

Sanitary Landfills. Sites suitable for development as sanitary 

landfills can be easily located. Test pits should be dug at all proposed 

sites to determine the depth to bedrock. If the clay soil is too per­

meable, it may be possible to use bentonite mixed with clay to seal the 

floor and walls of the landfill site. 

I mpoundments. The same problems encountered in locating a suitable 

lagoon site will also be faced in finding a site for any irnpoundment. 

The success of a small pond or lake will depend largely on the pennea­

bility of the soil. 

Construction. Problems include karst conditions, losing streams, 

variable strength of soils and possible catastrophic collapse of bedrock. 

Unit Four - Shallow Residual Soil Over Sandstone Bedrock (SS-S) 

This unit is in a small portion of northwestern Howell County. The 
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bedrock consists of massive sandstone. The soil cover is from Oto 20 

feet thick and consists of red, sandy clay mixed with sandstone boulders 

and cobbles. Permeabilities of both soil and bedrock are high. 

Sewage Lagoons. Sites suitable for sewage lagoons will be difficult 

to locate. Remedial measures such as impenneable clay padding will be 

necessary to insure that the lagoon will not leak effl. uent into the sand­

stone bedrock. If bedrock is encountered during excavation, it will be 

necessary to overexcavate and seal with packed clay. 

Septic Tanks. Septic tanks should be used sparingly, and only in 

those areas where there is deep soil cover . Septic tank density should 

not be greater than one tank on every three acres. Areas with thin soil 

cover or high septic tank density will have groundwater pollution problems. 

Sewage Treatment Plants . There are no suitable areas for treatment 

plants within this unit. Any effluent discharged would soon penneate the 

soil or exposed bedrock and cause pollution problems. 

Sanitary Landfills. Sites suitable for development as sanitary land­

fills are difficult to locate. Remedial measures, necessary in each case, 

will vary with the size of the landfill and the available soil cover. 

Ime9undments. Suitable s ites are very difficult to locate. High 

permeability of the rocks and soils make water retention in a pond or 

lake difficult 

Construction. Problems include occasional sinkhole collapse and 

moderate to severe hillslope erosion. 

Unit Five - Intermediate-Thickness Residual Soil Over Sands tone Bedrock (SS-I) 

This unit is in west-central Howell Cotmty . Bedrock consists of 

massive sandstone and dolomitic sandstone. Overlying the bedrock are 

soils which are usually from 20 to 40 fee t thick. Locally, the thick­

ness may vary. The soil is primarily a silty or sandy clay. 

Sewage Lagoons. Suitable sites are difficult to locate. Remedial 

measures are usually necessary to insure that effluent will not leak in­

to the soil and bedrock. Packed clays or bentonite are usually success­

ful in preventing leakage. 

Septic Tanks. Septic tanks are successful where thick (30 to 40 

feet) soil cover is present. Septic tank density should not exceed one 

tank on each 3 acres. 
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Sewage Treatment Plants. As with unit four, suitable sites are 

difficult to locate. Effluent lost to bedrock will usually cause some 

groundwater pollution problems so discharge points mus t be carefully 

chosen to avoid such pollution. 

Sanitary Landfills. Sites suitable for development are difficult 

to locate because of the highly permeable bedrock and soil. In most 

cases, remedial measures are necessary to insure that leachates do not 

leak out of the landfill. 

Impoundments. The same problems encountered when selecting a la­

goon site will be faced here. 

Construction. Problems include catastrophic sinkhole collapse and 

moderate to severe hillslope erosion. 

Unit Six - Thick Residual Soil Over Sandstone Bedrock (SS-T) 

"nlis unit is in portions of northern Howell County. Bedrock con­

sists of sandstone and dolomitic sandstone. A thick, silty clay or 

sandy clay overlies the bedrock in thicknesses that vary from 40 to 100 

feet. 

Sewage Lagoons . The ease with which sites suitable for sewage la­

goons can be located will depend largely on the permeability of the soil 

cover. Some areas have a silty-clay soil that is sufficiently imperme­

able but other areas h~ve a very penneable, . sandy-clay soil that would 

not be suitable for development. Careful geologic investigation is 

necessary at each proposed site to determine soil permeability. 

Septic Tanks. In most cases septic tanks can be used within this 

unit. Because soil penneability is often high, it is recommended that 

the use of septic tanks. be limited to rural settings. 

Sewage Treabnent Plants. Suitable sites can be located for effluent­

discharge points but because of the very permeable sandstone bedrock, it is 

recommended that discharge be limited to streams with perennial flow. 

Sanitary Landfills. Suitable sites are difficult to locate because 

of the variable soil permeability. In many cases, remedial measures such 

as using bentonite will be necessary to prevent leakage of leachates. 

Exploration pits and borings, coupled with soil testing, may be necessary. 

Impoundments. Problems are the same as those encountered in locating 

lagoon sites. 
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Construction. Problems include possible catastrophic sinkhole 

collapse, moderate to severe hillslope stability and variable soil 

permeability. 

Unit Seven - Very Thick Residual Soil (Re) 

This unit is in the extreme northeastern corner of Howell County. 

Bedrock is covered by very thick residual soil which consists primarily 

of stony, red clay that often contains "floating" bedrock blo·cks . Soil 

is usually more than 100 feet thick. 

Sewage Lagoons. Sites suitable for sewage lagoons are difficult 

to find. Because of the moderate to high permeability of the soil, it 

is necessary to pad lagoon sites with compacted clays. If gravel beds 

are encountered during excavation, it is necessary to overexcavate and 

repack with impenneable clay . Where a lagoon is located in a creek 

valley it is recOtrl'!lended that the floor of the lagoon be kept above the 

groundwater level. 

Septic Tanks. The success of any septic tank in this unit will 

depend largely on the amount of clay in the soil. Because of the vary­

ing soil permeability, it is recOtrlllended that septic tank use be re­

stricted to rural settings . 

Sewage Treatment Plants. There are many losing streams in this 

unit because of the permeable nature of the soil. It is recorranended 

that sewage treatment plant effluent not be discharged within this unit 

because of potential pollution of the groundwater. 

Sanitary Landfills. Because of the permeable nature of the soil, 

a geologic investigation should be made before a decision is made on the 

suitability of any proposed site. In some cases it may be necessary to 

pad the landfill site with impermeable clays to prevent leakage of leach­

ates. 

Impoundments . Problems include those encountered when building a 

sewage lagoon. 

Construction. Problems include leakage from lagoons and landfills 

plus false bedrock surfaces caused by "floating" bedrock blocks . 

* * * For additional geologic infonnation concerning Howell County 

see these selected references: 1, 2, 3, 6, 7, 8, 13, 14, 15, 16, 17 , 

18, 20, 21. 
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Sl:11..ER, ou:,KLn:, ~'.lSSI.s-;~r?I, !\'t\~ MADRI D, PENISCOT, 

RIPLEY, sco rr .. D '::>TODDARD cou:-~TIES' 

OZARK FOOTIIILJ..., ,\~D BOO rtlEEI REGIO~S 

S umn;a rv 

l"n1: topography of Butler, uunklin , >iississippi, '.\e1.; }ladrid, 

Pe;,;i.scot, Ripley. Scott and Stoddi.lrd Counties is \aried . Rui;ged 

h\.11,, and low, ~1ar t!oodplain,:; are present. 11:t' r,:a_jc,r streari,; 

d1--1ini1w the ,1rc.1 .'.lre the Mississippi, Blt.~·k, St. Francis and 

Current River,;. 

111e be!rock units inclt.:dc ~h(•rt;, nnd :.-;1111' -:lolo1 1ite, ·,andsLon~ , 

c l ay and shaie. Surficial material consist of residuum ~nd 

alluv i um . Thicknt's· cs v.1ry but the ~urficia1 :;otci i.1~-; u1 the 

eastern portio·, oi the are.1 ;:ire.> thickest . 

The ei:~ht-county ,.irPa is within ,rn acti·:! .::.,nU1quakL re·c'ion 

.1nd o~·c15io;13l t,,•::,ors can be c:<pvcted . 

SP\'cral 1:1inl'raJ r0sourc,:-s are rroJuced in this region , 

inclu<lin~ stone, ~1nJ , ;ra~cl. and clay . Stone is used for rip-rap, 

a/lime , a:1d construction a"~\;rc1.;ates . Sand ,ind gravel are produced 

for construLtion a~.rcgate& and road material. Clay is produc~<l 

pt·incipally tor lL;ht·.·.Ci\;ht aggre~,ates, .. ~bsorbcnts, and brjck 

:::~rn·:L.1c ture. 

·.-: iter resource,; c.1re plentifui. i~,)th ~;urface ·.,ater and 

.. roa:,d 1,:ater are being utilize<l . A r:iany-told incrLasc in -. .. ,ater 

dc1 1:rn<l can be adequatelv r:1ct. 

Sir::il.1r land co11-li tions and <leve lopn,cnt lini ::ations can be 

found in the f i ,·e CllUnties adjacent to this stuJy area . This report 

i.s not intended to provide :ill the information needed for geologi cally 

oriented d1.:\elop, ent in this ret(ion. It is intended to serve 

as an appraisal onl· and cannot take the place of actual on - site 

in-:es ti ~;,tioro, ·,1hich is rc~corr.'T!cnded 1:or any future land- develop-

:--ent projec ·. 
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Landforms and Relief 

The topograr,hy of thi& eighL-cuunt'. region is di\•erse. In the 

western part of the area there is a highly dissected plateau and re­

lief is con-manly 200 feet. East of this plateau Pnd to the south 

is a broad, flat alluvial floodplain . A high , ridge-like area 

where relief is often as much as 150 feet separates this floodplain 

into eastern and western parts. In Ri plcy anc. northwestern Butler 

Countie.; the valleys are narrow and floodplains are seldom more 

than \-mile wide. 

Rock and Soil Fonnations 

Bedrock units in the western portion consist of. thick, cherty 

and shaly dolomite and sandstonf'. The bedrock in the Crowleys 

Ridge areP is primarily poorly consolidated sandstone and clay. 

East of Crowleys R1.dge alluvial deposits are present covering 

thick, po .. ,rly indurated sedinents . This alluvium was deposited 

by the Mississippi and Ohio Rivers as they changed courses over a 

period of time. Tr,e so~ l cover present over thP. sar.J;:;tor.e and 

do 1 or.ii te bed :ock i:. generally a silty-clay residuum. Thickness of 

the resiriuum varie"" from 20 to 100 feet. 

Earthquake Potential 

Bedrock units within the ijootheel area arc gent·y dipping. 

The Pascola arch is the major structural ieature . The arch 

extends from the center of Butler County southeast through Dunklin 

and PeMiscot Countie~ into Tennessee . The crest of the arch has 

long since been eroded and th~ arch is now only a subsurface feature. 

There are several mapped faults north and west of Sikeston. Displace­

ment at these faults ranges from 30 to 400 feet. The Bootheel area 

lies within the recently active New Madrid fcult zone and thus is 

in an area of potential earthquake activity. 

Scenic Natural Resources 

Several caves and springs are in this area. A total of 12 

caves are reported. Ripley County leads with four caves . Butler 

and Stoddard aounties have three each and Scott has two. 
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Keener Spring near Keener Station in B~tLer County has a d~ily 

discharge of about 13 milli~n ~allons per day and King Bee Spring 

near Flatwoods in Ripley C..:>m,ty hes a discharge o:C about 2 million 

gallons per day . 

Mineral Resources 

Known mineral resource~ of the "Bootheel" regicn are stone, 

sand and gravel, and clay . 

Stolle. ?resent stone production for the area is from Scott 

County. Uses are principally for aggregates, aglime and rip-rap. 

Stone resource, are not well distributed, with the best resources 

i n Scott County and material of lesser quality in Stoddard, Butler, 

and Ripley Counties. 

Sand and C.ravcl . Sand and gravel ptoduction is extensive 

and comes from Crowleys kidge, dredges along the Mi ssissippi 

River, and stream deoosit~ in Ripley and Butler Counties. Resources 

are large but not well distributed. Principal use r are in construc­

tion. 

Clay. ~epo3its are present along Crowleys Ridge and as scat­

tered outliers in Butler County . Principal use is for absorbents, 

with minor production for brick manufacture. Resources of material 

suitable for absorbents are l~rge, but material suitable for brick 

manufacture is restricted to small deposits. 

Oil and Gas. The possibility of oil anc.1 gas oc~urrence in the 

bootheel area depends upon the presence of source roc~s and suit­

able reserviors for accumulation. Present g0ologic knowledge of the 

area is not encouraging. 

W.1ter Resources 

Water is plentiful, and industrial an~ pop~lation increases 

can be many- fold without the water resource.~ bee ming a limiting 

factor. Only Popl·.r Bluff uses surface water; all other community, 

industrial and rural usage is from groundt·'<' ter sources. 

Surface Water . The major stream is the NJ..ssissippi River . 

The magnitude of its flow is so enormous that its voltnne of \later 

will be adequate even with a hundred-fold incrc.ase in water con­

sumption. The lesser rivers of the area are Whitewater, Castor, 
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St. Francis, Black and the Current. Wappapeilo Reservoir, to some 

degree, regul.:ites the flow ot tl,1:: St. f'"aTLcis Ri\C!r. To some 

extent the flow of Black lUv"r · :; regulated :1_ t.., ll:arv.1ate r Reser­

vcl r. A surplus of surface ~at~r over tre }4nd s~rfa~e has been 

les~ened considerably by a system of draina1e cynals. East and 

5,c_, '~east of Crowleys ::Udge tl:e:,e small canals drain to a lateral 

gystcm which runs diapo11ally south-southweJ t from mid- New Madrid 

Cou,,::,·, across a portion of Per.!iscot County and tl:e southe;:,<.tern 

corr:r:.r of Dunklin County, and intu Arkansas. 11-,e;se canals carry 

o :.a1:ge volume ,>f water. If needed, it ;_s conceiv.1rle that ~hiy 

coul~ L~ suprliers of surface water. 

Ground ~ater. In the hill portiuns cf ~1pley and Butler Counties 

t;round water is obtained from Ordovi"ian- and r.arnbrian-age c:::rbon;,tes . 

U,es~ 11~lls range from several hundred f..:!et ii: Je;itl-i for horr.e use 

~o ,?re than 1,000 ~ect for water needs of ~unicipalities and water 

uistricts . Red clay in pockctr- .n the bedrock i~ ~ problem in 

constru(:ting some water wcUs, c;ince ca.si;,~ r'"'"t he teep enough t:o 

exciude this r~d ~ud . Yield expectations for ~h~ de~~ we:ls 3re 

200 to 500 gallon::; µer minute. The quali :..)' of this water is very good. 

Large volumes of ground water can be obtained in the lowlands 

of southeaste~n Missouri. (Reference~ made to Crowieys Ridge also 

include the Bloomfield Hills and the Benton Hills Ri<lge.) The low­

lands to the west and northwest of CrowlE:yr ;.udge ll.:ne al:i.:.ivittM 

cons isting of clay, silt, sand and gravel ranging in thicknes ~ up 

to a b~ut 150 feet. YiLld3 ar~ usually in exc..:!~s of 2,000 gallons 

per minute in indivual wells . Recharge capabilities range from 

poor to good with rccheri,.e 1,ampered in much o .. t~,, a-:-ca by relatively 

thick, dense clay. Obs~rvation wells at'} l.:c1, ·_..;ck Creek and 

NayLOr show quick response to pr~cipi tation, however. The princiµal 

use for wat~r is ioc irrLgation and this ar~~ could cupport a 

many-fold in<..cease. The quality of this \:a_er is good, although 

it does contain Jron which should be removed if the water is to be 

used by in !ti.stries or r11unicipali t~c"· ::,~'lf''e wells in the lo.,lantis. 

that are mar~inal tu ci1e bluff line penetrate the underlying c~rbonates . 
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Quality wise, this water is very sitl'der to dat in the alluvuim, 

and iron is a problem in roe~ w~ll~. 

The northern portion ~f Crn-~leys Riage h~3 exposures of carbonate 

r ocks. Within this part of th~ rioge systere w&~c~ supplies must be 

developed by wells pe!1etrating the carbonates. lo the south, Crowleys 

Ridge is composed of Poft, nonin<lurated sediments. Yields on the 

ridge cOt1111only ~o not exceed 500 gallons per minute, regardiess of 

the formation utilized, 

East and southeast of Crowleys Ridge are alluvial materials 

with thicknesses ranging to more than 200 feet. I~dividual wells 

can readily obtain 2,000 gallons or more per minute. This alluvial 

water is used primarily for irrigation, although several municipal­

ities, water districts and industries also use the water. Compara­

tively , there is less clay cover and hence be~ter recharge conditions. 

The water quality is comparable to that on the west of Crowleys Ridge. 

Water levels on both sides of the ridge commonly range from less than 

one foot to some 15 feet below ground surfAce. 

Croppir,g out along portions of Crowleys :tidge and underlying 

the alluvium to the east and southeast is the Wilcox Sandstone. 

These unconsolidated sediments, composed of clay and sand , are a 

prolific source of water. TI"ticknesses increase to tne east and 

southeast and reach a total of more than l,000 feet. Yields well 

in excess of 1,000 gallons per minute can be obtained over much 

of the area. Recharge is predominately from downward leakage 

from the alluvial naterials, although there is sone at its surface 

exposure along Crowleys Ridge. The chemical characteristics of 

the water are better than those of the alluvium. Cities which use 

the Wilcox as their water source are Sike~ton and Charleston. An. 

aquiclude (~r barrier) separates this aquifer from the underlying 

McNairy aquifer. 

The McNairy is referr~a to locally ~s the Ripley. It crops 

out along part of Crowleys Ridg~; to the west of Crowleys Ridge in 

northwestern Dunklin County a~d southeastern Butler County, it 

directly underlies the alluvium. Qulin is th~ westernmost city 

utilizing the McNairy as its water source. 

For those areas in which the 2quifcr is predominately a sand, 

yields range as high as 500 gallons per minute. To the east and 
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the southeast there are increasing amou.1~s of clay present , i nhibiting 

the water yieldin·g capabilities of tl.c. fon:1stion. In the past, where 

the McNairy was water-productive, the soflness cf th\;! water induced 

most municipalities to use the ?-~cNairy as their source. Hardnesses 

commonly range fro-n 15 to ~5 parts per t"illion. This is in contrast 

t o the hardness of waters fron, the Wilcox and aliuvium, which com­

monly r ange over 300 parts per million. In spite of this softness, 

chemical quality is not always good. Total dissolved soUds exceed 

that which i s pcnnissible for public water supplies. The apparent 

base e xchange which has caused softness has resulted in some ares 

having sodiwn levels in excess of 500 parts per million. ~ater in 

this formation is under sufficient hydrostati.c head that throughout 

mos t of the area where it is utilized wells penetrating it flow 

unde r a r tesian pressure. r.echarge is primarily from its exposure 

at t he surface along Crc,,..1leys Ridge and from those areas where it 

directly underlies the alluvial materials. There is evidence of 

upward leakage fro,n the underlying carbonates, and s<r.ne of the 

hi6h~r mine~3l content originates from these underlying carbonates. 

Eastward and southeastward from Crowi~ys Ridge the carbonates 

unuerlying the soft sediment3 are not used as a source of ground 

water. eenerally the salinity of chis water increescs eastward. In 

eastern Mississ~ppi County, oil tests have encountered water having 

total dissolved solids in exces~ of 40,000 parts per million. 

The total ground-water resource of this area nearly equals that 

of the rest of the state. This very larg,:; gl"ound-water resource, 

plus the wattr of the Mississippi River, precludes a water shortage 

in the fore~eeable future . 

Land Use 

Proper land use in the Bootheel area requires detailed geologic 

inve&tigation. Bedrock and soil conditions are highly variable . 

Twelve vf the engineering geology bedrock-soil units des i gnated by 

Hoffm&r i,, Stout and Hoffman (1973) are present in the county . 

Unit on __ Shall ow Residual Soil Over Carbonate Bedrock (Ca- S) 
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This unit is in southern Ripley cou,ty. Be~rock consists of 

medium-bedded d0lcnite, anJ soi.1 t:!li:rrnc..,3(S ·;:311~1: fror. 0 to 10 

feet. The cl.:ly ;:oil is rei.1civ ... ly i!.'.per-c!:.ihle. 

Sewage Lagoons. Satisf~ct1ry sewage lagoon sites arc difficult 

to find becau~e o~ Lh. thin qoil cov~r. Ins~~ ~ases, bentonite 

can be used to pr1 vent leakage 

satisfac t:orily. 

Areas with LhlL~a1 soils can be utilized 

Septic Tanks. S0!)tiC tani<s should be ufed only in rural s0.ttings . 

The soils are tuu thin ~nd impen~dble to properly filter the effl~ent 

in most cases. and both surface Jnd ground-water pollution are 

extrernelv likclv . ' " . 
Sew&ge Treatment P~~nts. s~wage treatment plants should onl} 

be U5ed in con\une!'...;.on ·,1ith gaining streatns :u~h as the Current River. 

Sanitary L<1n<'fllls. S<.ltisfactory land.till sites are difficult 

to locate hccausc ot tlw thin soil cover. Sites th;,t can be utilized 

for landfills ar~ generally sn·all and could not satisiy the needs 

of a largL! t,.:)T.,11 or city. 

InT'ounr':-:icnts. ~mall farm pond si.tes are easily located. Large 

irnpoundrcnt:, can b, built in some l,~rge creeks that ha-.·e sus!:ained 

flow, ~oil for constrttction rnay not be auquate. 

Constru;:cion. Ne> probleris are anticipate l _;-:cept in areas 

with steep ~lop_.,, where ~.1.idins; r-ay occur. 

Unit 1\-,·o - Intcrmer.iate-Thickn<''-.i S Kt.'.'~ id11a1. S•)il Over. Carbonate B(;drock (Ca-I) 

Thi.,; unit is i, nortion.; of cc1 ::ral and s0utht..!rn Riple) Cnunty 

;md western i3t ... tlc..r county. Bedrock con~0 i ,t:, o' doJ(inite and cherty 

dolonite. s~il cover is gen~rally a ch~~ty-cJaJ. 11iicknesses 

usually vary fror.; 20 to ~O ffet, but .nay :.if> 1 1?.,s locally. On- site 

i.westi~,ation is necessary to Jeternir.e the exact depth to bedrock 

aL ~~;:h propose! site . 

Sewage L.w0on:s. Si tcs suitable for cieve lopment as sewage lagoons 

can ~e 1oc4ted without great difficulty. If bedrock is encountered 

durin.s c ·:c<.lvation, remedial neasures wi 11 be necessary. The soii 

cover in tbi., unit is quite pcr:11eable, and clay padding or a bentonite 

and clay n'ixLurc wi.11 be ·wcessary to keep leakage to a minimum . 

Septic lanks. Septic tdnks should be restricted to rural areas 

where soil is more thBn 20 feet thick and shoul~ generally be limited 
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to not more than one t3nk o~ euch 3 acre~. This is necessary to 

insure proper filtration of tl--~ s-aw ... g..: ,ffluent. Se!)tic tanks con­

structed where the soil cover is thin will ca·1s~ p.:llu::io:1 problems 

because of unfiltered effluent ~~rfacing. 

Se\.;age Treatr'lent Plants. 3ecouse of the per,,,eable natt•re of both 

bedrock end soil, most of the streams in this unit a~e losing. 

Treatment plact effluent should not be discharged into these streams 

because ~f the danger of polluting ground-water resourc~s 

Sanitary Landfills . Sites suitable for development as sanitary 

landfills can be located with some difficulty . Rt:rredial measures 

are necessary to prevent leachates from leaking into bedrock. If 

bedrock is encountered during construction, addition...11 bedrock ~,,ill 

have to be excavated from the site and replaced with a packed-clay 

pad. 

Impoundments. B~cause of the perme~ble b~drock and soil, remedial 

meast1res are necessary to insure the success of small impoundments 

built in this unit. L?rger impo~n~rnents ~JY b0 i~possible to seal 

effective]y and mav also fail because of catastrophic collapse . 

Construction. Problems include possible catastrophic collapse. 

Unit ·n1ree - Thick Residual Soil Over Carbonate Bedrock (Ca-T) 

This unit is in portions of central and ~estern Ripley County . 

Bedrock c,msists of dolomite and cherty dolomite. Soil cover 

is thick (40-lCO feet) and is generally a stony-clay type. 

Sewage Lagoonc;. ;:,uitable sewage lagoon sites are difficult to 

locate. TI-le soil and bedrock have high petT!'ICability, and leakage 

of effluent [rom the lagoon into the ~round water sv£tem is likely . 

Re<iiec!ial measures such ~1s using bentonite and impermeable clays can 

be used to prevent this leak~ge in most cases . 

Septic T·mks. The use of septic tanks should be restricted . 

Sparsely ?OP'.llated areas .. ,re best suited for this type of sewage 

treatment. 

Sewage Treatment Plants. Most areas are unsuit~ble for this 

type. of dcve loprnent. TI-le high permeability of the soi 1 and 

bedrock fonnations ha5 resulted in a number of losing streams; 
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pollution problems. 

Sanitary Landfills . Sites suita~le for development as sanitary 

landfills can be located without great difficulty. Test pits should 

be dug at proposed sites to determine depth to bedrock. If the clay 

soil is too permeable, it may be possible to correct this problem 

by using bentonite mixed with clay to seal the floor and walls of 

the landfill site . 

lmpoundmentE_. The same problems encountered in locating a 

suitable lagoon site are faced in selecting a site £or an iropound­

ment. The success of a small pond or lake will depend largely on 

the premeability of the soil at each proposed site. 

Construction. Construction problems include local karst 

conditions, losing streams, variable s trength of soils, and possible 

catastrophic collapse of bedrock. 

Unit Four - Karst (Ca-K) 

This unit is in portions of northwestern Ripley Cotmty. 

Bedrock consists of very permeable dolomite. Karst features such 

as caves and sinkholes are well developed throughout the area and 

present a considerable challenge to successful land development. 

Soil depths vary from Oto pver 100 feet thick, and generally the 

composition is a very cherj:y clay . 

Sewage Lagoons. Sewage lagpons should not be used in this 

area. 1'1e high permeability of both soil and rock will prevent the 

lagoon from retaining effluent. Contamination can also occur from 

catastrophic collapse of bedrock supporting the lagoon structure. 

SeRtic Tanks. Many problems are encountered in olcating 

suitable sites for septic tank development. Only those areas 

where thick, clay-rich sotls are present should be considered . 

Septic tank use, in most cases, should be restricted to rural or 

farm settings where 3 acres or more are available as a filtration 

field for each tank. 

Sewage Treatment Plants. Treatment plants should not be used 

except where effluent can be discharged witho\lt polluting the 
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ground water. Because of the highly permeable natui·e of the soil 

and bedrock, discharge should be limited to streams with continuous 

flow. 

Sanitary Landfills. Sites suitable for sanitary landfills are 

difficult to locate. Gullies and small, tight valleys with deeper, 

clay-rich soils are usually best. Remedial measures such as using 

a bentonite additive or clay padding £or the lagoon floor are neces­

sary to keep leachates from leaking into the soil and bedrock. 

Sinkholes should not be used for sanitary landfills hecau.e of the 

direct connection they have with the groundwater system. 

Impoundments. Suitable sites are difficult to locate. Small 

fann ponds may be constructed, but· remedial measures are probably 

necessary. Bentonite and/or impermeable clays usually can be used 

successfully to control leakage . There is ~ome danger of catastrophic 

collapse with larger impoundments because of the increased load 

placed on the bedrock. Careful investigation is necessary to 

determine the strength of bedrock at all proposed sites. 

Construction. Problems encountered include catastrophic col­

lapse, variable soil depth to bedrock, and remnant bedrodk blocks 

(enclosed within soil). 

Unit Five - Intermediate-Thickness Residual Soil Over Sandstone Bedrock (SS-I) 

'nlis unit is in northwestern Ripley County. Bedrock consists 

of massive sandstone and dolomitic sandstone. Overlying bedrock 

are soils which usually have a thickness of 20 to 40 feet, but the 

thickness may vary locally. The soil is primarily a silty or 

sandy clay. 

Sewage Lagoons. Suitable sites are difficult to locate. 

Remedial measures are usually necessary to keep effluent from 

leaking into soil and bedrock. Packed clays or bentonite usually 

can be used successfully to prevent leakage. 

seetic Tank&. Septic tanks can be successfully used where 

soil cover is from 30 to 40 feet deep. Septic tank density should 

not exceed one tank per 3 acres. 
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Sew"lge Treatment Pl~nJ:.:~· As ~·i : '1 ,·n~ :: c.,t ..... "'u:·_ :;.able s;_tl"!S .are 

difficult to locate. Ffflua.,t losr L"I )edrc,:'\r rdll u:.,u'.11:?.y cat, $e 

some g..-ound water poL~l1t ·_on ?r~..>l.e;ns o, sc,.•.;..1.pe P"Jn~s :-,:.use !:; ,:, 

chosen carefully t" p';."cve:1t £u<.r. pc,ilutiun, 

Sanitary Landfills. Sites !~ Uitable i.o : dc v..: l on!T'et1t art: C:.J.ffi­

cult to locate because of the high renneabil i.ty of h : drock ana soil. 

In most cases, reme~ial measures are necessary to insure that 

leachates do not leak out of the landfill. 

Impoundmel"ts. The same probler1s en·.:ountered wh~n selec t i..g a 

site for a successful sewage lagoon are fac~d here . 

Construction. Prcblems encountered inr l.ude c3t-a , trophic .;i nk­

hole col lapse and moderate to severe hillslope e rnc:;i ,''1. 

Unit Six - Thick Residual Soil Over Sandstc r.e n edroc 1
, . (:<: S-T) 

This unit is in portions of northern Bi.H. ler Cot.ntv and northera 

Ripley County • .3edrock consists of Sandsto11e and dolomitic sandstone . 

A th.:ck, silty clay or sandy clay overlies the bed ... ·.,ck in thicknesses 

th.?t v.i ry from 40 to 100 feet. 

Beuagc La3oon!, Selection of sites suitable for sewage 

lagoons depends largely on the penneability of soil cover. Some 

are.:s have a silty-ciay soil that is sufficiently impermeable, but 

other areas have a very penneable, sandy-clay soil that is not 

suitable for development. Careful geologic investigation is necessary 

at each proposed site to detennine soi.I penneability. 

SeE,t~£.._Tanks. In most cases, septic tanks can be used. Be­

cause soil permeability is often high, it is recomnended that septic 

tanks be limit~d to rural settings only. 

~ewage :reatrr~nt Plants. Suitable sites can be located for 

effluent-discharre points but, because of the very penneable sand-' 

stone bedror.k, it is recournended that discharge be limited to streams 

with pe:cnnial flow. 

Sanitary Landfills. Suitable sites are difficult to locate 

becauje of the variable soil permeability. In many cases remedial 
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measures s uch as using bentonite are necessary Lo prevent leakage of 

leachates . Exploration pits and bol'in5s. coupled ,.;ith soil testing, 

may be necessary. 

Impoundments. Problems are the same as those encountered in 

l ocating lagoon sites . 

Construction. Problems include possible catastrophic sink­

hole col lapse, moderate to severe hills1ope stability, and variable 

soi l permeability . 

Unit Seven - Poorly Consolidated Clays, Shales, Sands and Gravels (c-s, 
This unit is in those portions of Dunklin, Scott and Stoddard 

Counties Qoutnonly called Crowleys Ridge. The bedrock formations consist 

of poorly indurated clay, shale, sandstone and gravel. Thickness of 

these deposits uange from 250 to 350 feet. 

Sewage Lagoons. Sites suitable for development can be located 

wi th so,,~ difficulty. The better areas have cby or shale bedrock. 

Sand an(: ravel areas should be avoided because these sand and gravel 

outc r ops Jerve as recharge points for the area's ground water supply, 

and pollutants could easily enter the system. 

Septtc Tanks. The use of septic tanks is not recorranended. The 

clay and shale layers, because of their hip:h impermeability, do 

no t adequately filter effluent. Effluent discharged in clay or 

sllale areas surfaces and causes pollution problems. In those areas 

wher e sand or gravel are present, sewage effluent percolates too 

fast t o be filtered properly, and groundwater pollution is likely. 

Sewage Treatment Plants . Discharge from sewage treatment plants 

can be made into gaining streams. 

Sanitat;y Landfills. Sites suitable for sanitary landfills are 

difficult to locate. Problems of perrueal>ility and ground-water pol~ 

lution are similar to those encountered when dealing with sewage 

lagoons. Clay or shale bedrock areas are best. 

Impctundments . No major problems are anticipated. Clay and shale 

areas are best suited for development. 

Construction. Problems encountered include poor stability and 

bearing capacity. 
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Unit Eight - VeJ;Y Thick Residual Soil (Rel 
This unit is in northwestern Butler County and northeastern 

Ripley County. Bedrock is covered by very thick residual soil which 

consists primarily of stony , red clay that often contains "floating" 

bedrock blocks. Soil is usuallv mo-e than lOO feet thick. 

Sewage Lagoons. Sites suitab!2 for sewage lagoons are difficult 

to find. Because of the moderate to high permeability of the soil, 

it is necessary to pad lagoon sites with compacted clays. If gravel 

Beds are encountered during excavation, it is advisable to over excavate 

and repack with impermeable clay. When a lagoon is located in a creek 

valley, the floor of the lagoon should be kept above the groundwater 

level. 

Septic Tanks. The success of an~ septic tank in this unit will 

depend largely on the amount of clay in the soil. Because of the 

varying soil permeability, septic tank use should be restricted 

to rural settings. 

Sewage Treatment Plants. There are many losing stre3llls in this 

unit becGuse of the permeable nature of the soil. It is reconmended 

that sewage treatment plant effluent not be discharged because of the 

danger of ground-water pollution. 

SanitaJ;Y Landfills. Because of the permeable nature of the soil, 

a geologic investigation should be made oefore a decision is made on 

the suitability of any proposed site. In some cases it may be 

necessary to p?d the landfill site with impermeable clays to prevent 

leakage of leachates. 

Impoundments. Problems with impoundments are the same as those 

encoWltered when building a sewage lagoon. 

Construction. Problems with construction include leakage frQm 

lagoons and landfills, and false bedrock surfaces caused by ''floating" 

bedrock blocks. 

U'!lit Nine - Alluvial Soil (Al) 

This unit is not shown on the Hoffman map because of the unit's 

small size. It occupies the alluvial valleys of the area'a major 

streams--the Current, Black and St. Francis Rivers and their tributaries. 
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These valleys are deep and narrow and soil thicknesses vary from 

0 to 40 feet. The soil is an admixtur~ of grevel, sand, silt and 

clay. 

Sew38!!, Lagoons. The construction of a lagoon in this unit may 

lead to flooding of upstream developments, as well as downstream 

water pollution. Therefore, great care should be taken in selecting 

a lagoon site. 

Septic TstJ!.!. Septic tanks can be used with caution, Groundwater 

supplies are easily contaminated by improperly filtered septic tank 

effluent. Septic tanks can be used in rural areas where a 3 acre 

field (or larger) is available for filtration for each tank. 

Sewage Treatment Plants. Treatment plants can be utilized here 

if discharge is limited to gaining streams. 

SanitaEY Landfills. Sites can be located away from the streams 

along the valley perimeter. 

Impoundments. Lakes aan be constructed with some difficulty. 

Each dam site should be overexcavated at the base and sides to 

insure that there will be no leakage around the dam. If penneable 

~-Jr""~ ie encountered, the project may not be feasible because of 

in~reased costs. 

Constructi2!1.:. Problems most often encountered include flooding, 

seepage, and varying soil strength. 

tfnit Ten - Th,i.clt Silty Alluvial SoU (Al-1'n1) 

This unit occupies portiOfl!; of Butler, new Madrid, Ripley, Scott 

and Stoddard Counties. The 8lluvial soil is, for the most part, very 

silty and penneabilit•; :i!; high. Thickness varies, but is generally 

geeater than 40 feet . 

Sew~;o 1~~oons. Sites suitable for development as sewage lagoons 

ar~ difficult to locate. Because of the high ground water table and 

proble.ms with flooding, lagoons should be built on the surface and 

protected by levees. In some cases, it may be necessary to pad -lagoon 

floors or seal them with bentonite to prevent downward leakage of 

pollutants. 
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Seetic Tanks. The use of septic tanks i:l not recoumended, even 

under rural conditions, because chances of polluting ground-water 

resources are great. 

SeYage Treatment Plants. Many of the streams in this unit have 

sustained flow, and treated effluent can be safely discharge into them. 

Sanitary Landfills. There are few sites suitable for develop­

ment as sanitary landfills since the area's ground-water supply may 

be polluted by leaking leachates. Careful on-site geologic investiga­

tion is recommended before any site is considered for development. 

Im~undments. Although small lakes and ponds can be constructed, 

these impoundments may be destroyed by flooding waters. 

Construction. Problems include low wet-strength of the soil, 

high ground-water table, and flooding. 

Unit Eleven· 'nlick Clayey Alluvial Soil (Al-Tc2 

This unit is in portions of Dunklin, Mississippi, New Madrid, 

Pemiscot, Scott and Stoddard Counties. nte alluvial soil is composed 

of clayey sand that becomes coarser with depth. Thickness of the soil 

is greater than 40 feet. 

Sewage Lagoons. Very few problems are encountered since the clay­

rich soil prevents leakage of polluted waters into the ground-water 

system. If gravels are exposed during excavation, the use of senlant 

is necessary. 

Septic Tanks. The soil is not conducive to proper filtration 

of effluent, so septic tanks should not be used. 

Sewage Treatment Plants. Eff luent could be safely discharged 

into gaining streams. 

Sanitary Landfills. Few problems are anticipated. The clay­

rich soil is suitable for preventing leakage of lenchates and for 

covering a fill site. 

Imeound.ments. Few problems at'e encountered. Shallow ponds 

and lakes can be successfully built. 
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Construction. The most comnon problems encountered include 

low wet-soil strength and flooding . 

Unit Twelve - Thick Sandy Alluvial Soil (Tl-Ts) 

'l'his unit is in portions of Dunklin, Mississippi, New Madrid, 

Pemiscot, Scott and Stoddard Counties. The alluvial soil is mainly 

composed of sand, but becomes coarser with depth. Thickness is greater 

than 40 feet. 

Sewage Lagoons. Sites suitable for lagoons are difficult to 

locate. Impermeable clays, needed to seal lagoons, may not always 

be readily available nearby and may have to be imported. Without 

proper sealing, effluent can seep into the groundwater syste. 

Septic Tanks. Septic tanks should not be used except in isolated 

cases. Groundwater pollution is almost a certainty. 

Sewage Treatment Plants. Effluent can be discharged into gaining 

streams. 

Sanitary Landfills. Sites are not generally suitable for devel­

opment. The high permeability of the soil allows leachates to enter 

the groundwater supply. 

Impoundments . Sites are difficult ~o locate because of high 

soil permeability. 

Construction. Flooding is the only significant problem anticipated. 

***For additional geologic information concerning this area see 

these selected references: 2, 3, 6, 7, 8 1 13, 14, iS , 16, 17, 18, 

20. 21. 
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BUTLER COUNTY, OZARK FOOTHILLS REGION 

Summary 

But ler County has a di verse topography which changes from a dis ­

sected plateau with relief as great as 270 feet in the northwest t o a 

broad, flat plain with relief of only 20 feet at most in the southeast. 

Bedrock formations consist of dolo~ite and sandstone . Surficial 

materials in the northwestern part of the county are mainly residual 

soils, while in the southeastern portion of the county the surficial 

deposits are primarily alluvial soils . 

There is some danger of earthquake activity in Butler County. 

Present mineral production is limited to clay for use in brick and 

tile manufacture . Known reserves are not large. Alluvial sand and 

gravel are present in large quantities in the lowlands . Resources of 

l imestone are virtually non-existent, and high- specificati0n construc­

tion aggregates arc in short supply. 

Water resources are plentiful. Both surface water and groundwater 

are utilized . The Black River supplies the water needs of Poplar Bluff 

and can supply additional quantities as the city grows. Other munici­

palities and industries obtain their water from groundwater sources. Do­

mestic and fann needs are also n·et by utilizing groundwater . 

Proper land use in Butler County will require careful on- site ge­

ologic investigation . Several engineering- geologic units are present, 

and the problems associated with waste disposal and construction vary 

with each unit . In general, waste disposal can be accomplished with 

minimwn difficulty. 

Problems encountered with geologically oriented development in 

Butler CoW1ty will be also faced in the surrounding five counties . 

This report is not intended to supply all the answers needed for 

development , but is intended to serve as a regional appraisal of the 

county's geologic features, resources , and problems. Careful on- site 

geologic investigation is recommended before any site is dAveloped . 

Landfonns and Re l ief 

The topography of Butler County is varied . The northern and west­

ern portions of the county, which lie within the Ozarks, are dominated 
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by a highly dissected plateau. l~is plateau is characterized by long, 

ridge-like hills and narrow valleys. Relief is commonly 110 to 270 feet. 

In southern and eastern Butler County a low, flat plain is present. This 

area was once a part of the Mississippi River floodplain and has relief 

of only 5 to 15 feet. Floodplains of the county 's major streams, the 

Bbck and St. Francis Rivers, are narrow ( t/6-mile wide) in the northern 

part of the county, but become wider ( 1/3-roile wide) in the south. 

Rock and Soil Formations 

In the northern and western portions of the county, bedrock units 

consist primarily of thick, cherty dolomite and sandstone. Surficial 

materials are dominated by red, sandy, gravelly clay. This soil is 

generally thickest on hill tops and valleys. Thickness varies from 20 

to 60 feet. In the lowlands, the alluvial soils are dominated by clays 

and sands . Total thi~kness of unconsolidated materials may be as much 

as 325 feet. 

Earthquake Potential 

Bedrock wiits within Butler County are flat-lying or gently dip­

ping. The Pascola arch is the major structural feature. The arch ex­

tends from the center of Butler County southeast to Tennessee. The 

crest of the arch has long si nee been eroded and the arch is now only 

a subsurface feature. McCracken (1971, p. 49) believes the arch to be 

very slowly subsiding. Butler County lies near the recently active New 

Madrid fault zone and thus, is wi thir.. an area of potential earthquake 

activity. 

Scenic Natural Resources 

Several caves and springs are found in Butler County. Keener 

pring has a daily discharge of about 13 million ballons 

Mineral Resources 

The mineral resources of Butl~r County are varied, but production 

is small. 

Sand and Gravel. Significant reserves of sand und gravel are pre­

sent along the Black River and its tributaries. Sand and gravel are 

commonly used as aggregate in ready-mix concrete and construction. Up­

land depoGits are low-grade, and resources are small. Lowland deposits 

are large. 
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Clay and Shale. Clay min~d from small deposits is used locally in 

the manufacture of brick and tile. Known reserves are not large, and 

the industry is not expected to grow. 

Stone. Resources of limestone and dolo~ite are small. There is 

some potential in the northwestern part of the county for low-specifica­

tion materials. 

Iron. In the past, brown iron ore (limonitc) was mined. Produc­

tion declined because of small deposit size and variable ore auality . 

Thes~ mines are no longer in operation and future activitv is not 

expected. 

Water Resources 

Poplar Bluff utilizes surface water from the Black River. Water 

needs are met in the hill countrv by wells penetrating carbonate rocks, 

and in the lowlands by wells penetrating the alluvium. 

Surface Water. The Black River appears capable of meeting the 

future water needs of Poplar Bluff. However, if additional water sup­

plies are needed, large volumes are obtainable from the alluvial mater­

ials in the lowlands to the east of Poplar Bluff. 

Groundwater. Within the hill country, aside from red mud problems, 

no special problems are to be noted in obtaining water sufficient to 

supply homes and small industries. Home wells, commonly deeper than 

300 feet, often have yields in excess of 25 gallons per minute. Pro­

bably, wells having depths of 1,000 to l,200 feet could be drilled which 

would have yeild capabilities approaching 500 gallons per minute. This 

water has a chemical quality within the public health standards for 

public water supplies. 

The thickness of the alluvium in the lowlands ranges to more than 

100 feet. Wells having yield capabilities in excess of 2,000 gallons 

per minute can be constructed. A rather tight clay overlies the sands 

and gravels in some areas and inhibits recharge. Nevertheless, re­

charge is ample to support a many-fold increase in groundwater with­

drawals. Presenl usage is primarily for irrigation. This water is of 

good chemical qua lity, but has an amount of iron which dictates its 

removal if it is to be used f0r municipalities or industry. 

In southeastern Butler County, the McNairy Sand is pr esent and 

directly underlies the alluvial materials. The town of Qulin uses this 

water-bearing formation as its source. 
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This water is of good chemical quality, very soft, and low in iron. 

Where present in. Butler County as a wate r -productive sand, it yields 

water having such good quality that no treatment is required. 

The underlying carbonate aquifers have very limited usage. With an 

abundance of water in the alluvium of comparable quality, it is not 

anticipated that the carbonate aquifers ~ill be utilized in the future. 

The water resources of Butler County are ample to meet all antici­

pated future growth. 

Land Use 

Proper land use in Butler County requires detailed geologic inves ­

ti.gation. Bedrock and soil conditions are quite variable. Four of the 

engineering-geology bedrock-soil units designated by Hoffman in Stout 

and Hoff~an (1973) are present in the county. 

Unit One - Intermediate-Thickness Residual Soil Over Carbonate Bedrock (Ca-I) 

This unit is in portions of west-central Butler County. Bedrock 

consists of dolomite and cherty dolomite, and soil cover is generally 

a cherty-c lay type. Thicknesses usually va ry from 20 to 40 feet, but 

may be less locally. On-site investigation is necessary to determine 

the exact depth to bedrock at each proposed site. 

Sewage Lagoons. Sites suitable for development as sewage lagoons 

can be located without great difficulty. If bedrock is encountered during 

excavation, remedial measures will be necessary. The soil cover in this 

unit is quite permeable, and clay padding or a bentonite-and-clay mixture 

will be necessary to keep leakage to a minimum. 

Septic Tanks. Septic tanks should be restricted to rural areas 

where soi 1 is more than 20 feet thick and septic tank density is low 

(generally one tank per three acres). This wi 11 be necessary to insure 

proper filtration of the sewage effluent. Septic tanks constructed 

where the soil cover is thin will cause pollution problems because of 

unfiltered effluent surfacing or entering the groundwater. 

Sewage Treatment Plants. Because of the permeable nature of both 

bedrock and soil, most of the streams in this unit are losing. Treat­

ment-plant effluent should not be discharged into these streams because 

of the danger of polluting groundwater resources. 
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Sanitary Landfills. Sites suitable for development as sanitary 

landfills can be located without too much diffic~lty. Remedial meas­

ures are necessary to prevent leachates from leaking into bedrock. If 

bedrock is encountered during construction, additional bedrock will 

have to be excavated from the site and replaced with a packed-clay pad. 

Impoundments. Because of the permeable bedrock and soil, remedial 

measures are necessary to insure the success of small impoundments built 

in this wiit. Larger impoundments may be impossible to seal effectively 

and may also fail because of catastrophic collapse. 

Constrnction. Problems include possible catastrophic collapse. 

Unit Two - 'lhick Residual Soil Over Sandstone Bedrock (SS-T) 

This unit is in portions of northern Butler County. Bedrock con­

sists of sandstone and dolomitic sandstone. A thick, silty clay or 

sandy clay overlies the bedrock in thicknesses that vary from 40 to 

100 feet. 

Sewage Lagoons. The ease with which sites suitable for sewage la­

goonds can be located will depend largely on the permeability of the soil 

cover. Some areas have a silty-clay soil that is sufficiently impenne­

able, but other areas have a very permeable, sandy-clay soil t~at would 

not be suitable for development. Careful geologic investigation is 

necessary at each proposed site to determine soil penneability. 

Septic Tanks. In most cases septic tanks can be used within this 

unit. Because soil penneability is often high and u.~derlying bedrock 

is a groundwater source, it is reconmended that the ~se of septic tanks 

be limited to rural settings. 

Sewage Treatment Plants. Suitable sites can be located for ef­

fluent-discharge points, but because o~ the very permeable sandstone 

bedrock, it is reconmended that discharge be limited to streams with 

perennial flow. 

Sanitary Landfills. Suitable sites are difficult to locate because 

of the variable soil permeability. In many cases , remedial measures 

such as using bentonite will be necessary to prevent leakage of leach­

ates. Exploration pits and borings, coupled with soil testing, may be 

necessary. 

Impoundments. Problems are the same as those encountered in locat­

ing lagoon sites. 
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Construction. Problems include possible catastrophic sinkhole 

collapse, modcra,te to severe hi.llslope instability, and variable soil 

permeability. 

Unit Three - Very, Thick Residual Soil (Re) 

This unit is in the northwestern corner of Butler County. Bed­

rock is covered by very thick residual soil which consists primarily 

of stony, red clay that often contains "floating" bedrock b l ocks. 

Soil is usually more than 100 feet thick. 

Sewage Lagoons. Sites suitable for sewage lagoons are difficult 

to find. Because of the moderate to high permeability of the soil, it 

is necessary to pad lagoon sites with compacted clays. If gravel beds 

are encountered during excavation, it is necessary to overexcavate and 

repack with impermeable clay. Wh er e a lagoon is located in a creek 

valley it is recommended that the floor of the lagoon be kept above 

the groundwater level. 

Septic Tanks. The success of any septic tank in this unit will 

depend largely on the amount of clay in the soil. Because of the vary­

ing soil permeability, it is recommended that septic-tank use be 

restricted to rural settings. 

Sewage Treatment Plants. There are many losing streams in this 

unit because of the permeable nature of the soil. It is recommended 

that sewage-treatment-plant effluent not bP discharged within this unit 

because of potential pollution of the groundwater. 

Sanitary Landfills. Because of the penneable nature of the soil, 

a geologic investigation should be made before a decision is made on 

the suitability of any proposed site. In some cases it may be necessary 

to pad the landfill site with impermeable clays to prevent leakage of 

leachates. 

Impoundments. Problems include those encountered when building a 

sewage lagoon. 

Construction. Problems include leakage from lagoons and landfills, 

and false bedrock surfaces caused by "floating" bedrock blocks. 

Unit Four~ Thick Silty Alluvial Soil (Al-Tm) 

This unit occupies the eastern and southern portions of Butler 

County. The alluvial soil is clayey to very silty. Permeability of the 

soil is low moderate. Thickness varies but is generally greater than 40 

feet. 
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Sewage Lagoons. Sites suitab Le for deve 1opment as sewage lagoons 

can be located with moderate difficulty. Because of the high ground­

water table and problems with flooding, the la~oon should be built on 

the surface of the unit and protected by levaes. In some cases, it 

may be necessary to pad the lagoon floor or seal it with bentonite to 

prevent downward leakage of pollutants. 

Septic Ta~ The use of septic tanks is not reconnended except 

in rural conditions. The chances of polluting the area ' s groundwater 

resources ar~ great. 

Sewage Treatment Plants. Many of the streams in this unit have 

sustained flow , and treated effluent could be safely discharged into 

them. 

s._~nitar y I..andfi lls. There arc ff'W sites sui. tab le for development 

as sanitary landfills. Possible poliution o~ the area ' s groundwater 

supply by leaking leachates is a problem. Careful, on-site geo 1 ogic 

investigation is recOtll"'lended before any site i~ cor.~idered for develop-

ment. 

1rnpoundments._ Small lakes ano ponds can be constructed. However, 

these impoundments mav be destroyed by flooding waters . 

Construction.:.. Problems include low wet strPngth of the soil, high 

groundwater tabte, and :looding. 

* * * For additional gLolog,ic informat1.on concerning B:.itler County 

see these selected r<'fercnces: 2, 3, 6, 7, 3, 13, ll+, 15, 16, 17, 18, 

20, 2 l. 
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