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Abstract

ABSTRACT

A hydrologic study of an area
comprising three Missouri Ozark basins
(Niangua River, Osage Fork, and Grand
glaize Creek) and an analysis of
hydrologic methodology for study of
carbonate terranes have shown that
there are intricate relationships between
groundwater and surface water and that
these relationships can best be under
stood by using a number of study
methods. None of the methods, how
ever, can be applied independently to
describe the hydrologic system.

The study area is underlain by about
1800 ft of Ordovician and Cambrian
rocks, largely dolomite, uninterrupted by
a consistent confining bed. As a result,
vertical percolation of water has
enlarged openings along joints and frac
tures throughout the section, allowing
relatively easy passage of water.

An important controlling factor on
the hydrology of Ozark basins is the
amount and type of structural deforma
tion of the rocks. Faulting and jointing
deflect streams, alter streamflows, and
direct the underground movement of
water.

The measurement of streamflow, in
combination with geologic mapping, is
one of the most important tools in
hydrologic studies of carbonate terranes.
Seepage-run data provide excellent
information about the magnitude and
distribution of low flows within and
among stream basins, information that
can be related to distribution and
direction of faulting and jointing, and
development of permeability.

Current and historical groundwater
level data are also essential hydrologic

tools in studying carbonate terranes.
Well depths, water levels, and yields
vary greatly within short distances
because of variable development of
permeability in the rocks. The classic
concept of a water table is approximated
in only a few places in the study area;
these are in alluvial material along
perennial streams such as the Niangua
River and Osage Fork.

An effective way to study
groundwater-surface-water relationships
is to construct basin profiles, using
groundwater levels and streamflow data
in conjunction with topographic,
geologic, and structural information.
Such profiles include much of the
pertinent data for hydrologic analysis.

Dry Auglaize Creek and Goodwin
Hollow in the Grandglaize Creek basin
are underlain by the most extensive
underground drainage system in the
project area. Dye tracing has shown
that both are hydraulically connected to
the Niangua River, beneath a major
divide. Field observations have shown
(J) that more storm runoff is diverted to
Niangua River by Goodwin Hollow than
by Dry AugJaize Creek and (2) that
stream reaches and tributaries nearest
the Niangua River basin have the largest
infiltration capacities.

An engineering geology study in
Conns Creek basin was useful in relating
a si te study to the broader hydrologic
relationships of an entire basin. Test
drilling showed that the alluvial fill is
incapable of transmitting large volumes
of water after a rain and that conduits in
bedrock are required to carry such flows.



HYDROLOGY OF CARBONATE TERRANE

INTRODUCTION

A complex hydrologic system has
evolved in the Missouri Ozarks, where
crustal movement has occurred often
during the geologic past and where more
than a thousand feet of soluble rock
exist with no continuous confining bed to
interrupt the vertical passage of water.
Impose upon the system a hundred years
or so of artificial development reflecting
the increasingly diversified needs of the
inhabitants, allow those needs to
interact with a hydrologic system that
has matured over a few hundred million
years, and a complexity results that
must be clarified to achieve an
understanding useful to the inhabitants
in making decisions on how to live in
harmony with the natural environment.

The Ozark region of Missouri has
many desirable features making it
attractive for future intense develop
ment. For example, the weather is
generally moderate; the area is not
densely populated; the perennial streams
of the area are clear, cool, and fed by
numerous springs; and groundwater
supplies are generally unpolluted and
have been adequate for most uses.

The prospect of extensive
development has caused concern about
the future quantity and quality of water
resources. A primary reason for concern
is that numerous streams and upland
areas in the carbonate terrane of the
Missouri Ozarks recharge the ground
water system, which is used extensively
for water supplies and is the source of
the many large springs in the region.

In areas with losing streams, an
understanding of the hydrologic system
is needed to insure that streams and
aquifers are not contaminated. In order
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for responsible officials to manage water
resources wisely, they must have
information indicating areas where
groundwater pollution could result from
accidental spills or unwise location of
waste-disposal facilities. For example, a
new sewage-treatment plant is currently
releasing effluent into a losing reach of
Dry Auglaize Creek. Highways, rail
roads, and pipelines can be scenes of
accidents and, thereby, sources of
contaminants.

This report contains the results of
hydrologic investigations in three basins
on the Salem Plateau, about 45 mi
northeast of Springfield (fig. 0. The
project area included the drainage basins
of Niangua River and Grandglaize Creek
upstream from Lake of the Ozarks, and
Osage Fork, with a combined drainage
area of approximately 1500 mi2

The natural features of the region
are similar in many respects to those of
carbonate areas elsewhere in the
temperate zone and greatly influence
regional hydrology. A number of the
streams lose all or part of their flow to
underground drainage systems; there are
areas of extensive sinkhole development
and numerous caves, springs, and seeps.

The decision of the Missouri
Department of Natural Resources, Divi
sion of Geology and Land Survey, and the
U.S. Geological Survey to make this
study was prompted by the need to
determine the supportive characteristics
of the various types of data collection
methods and the desire to learn more
about the hydrologic system in karst
terranes. The three basins chosen for
study are considered typical of car
bonate basins in the Missouri Ozarks.



Introduction

PURPOSE AND SCOPE

The primary purpose of this report is
to present hydrologic information on the
Osage Fork, Niangua River, and
Grandglaize Creek basins, with emphasis
on distinguishing losing and gaining
stream reaches and their relationship to
groundwater movement. An important
facet of this phase of the study was the
definition of the low-flow characteris
tics of streams in the area in sufficient
detail to implement Missouri Clean

Water Commission regulations; that is,
estimate the 7-day QlO low flow at as
many si tes as possible. A second purpose
is to evaluate methods used in defining
gaining and losing streams, and to
determine their relation to the flow
system, the geology, and the physio
graphy, thus permitting future basin
studies of this type to be done more
quickly and efficiently.

A - Niangua Basin
B - Grandglaize Creek Basin
C - Osage Fork Basin
D - Pomme de Ter~e River
E - Hahatonka
F - Grand Gulf

EXPLANATION
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Aigure 1. Location of Niangua RIver. Osage Fork. and Grandglaize Creek basins. and other features
mentioned in the report.
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HYDROLOGY OF CARBONATE TERRANE

DEFINITION OF TERMS AND CONVER
SION OF UNITS

1. Conversion of inch-pound units to
International System of units:

7. Cubic feet per second (1t3 /s) - The
unit rate of discharge. One ft3/s is
the rate of discharge of a stream
having a cross-sectional area of I
square foot and an average velocity
of 1 foot per second.
1 ft3/s = 7.48 U.S. gallons per second
=0.646 million U.S. gallons per day.

8. Dolomitization The process
whereby limestone is partly or
completely converted to dolomite by
partial or complete replacement of
calcium carbonate by magnesium
carbonate.

9. Dye tracing - In this report, dye
tracing refers to the use of
rhodamine WT 20-percent dye solu
tion as a tracer in studying
underground movement of water and
treatment-plant effluent, from loss
zones on the surface to points of
resurgence.

10. Evapotranspiration Movement of
water into the atmosphere by the
combined processes of transpiration
from plants and direct evaporation
from the soil.

1L Fault - A rock fracture surface or
zone along which there has been
displacement.

12. Gaining stream or gaining stream
reach - A stream that generally
increases in flow with an increase in
drainage area. Water levels and
saturated zones are very shallow in
such stream basins.

13. Graben - A crustal block, generally
longer than wide, faulted downward
relative to the rocks on either side.

14. Hiatus - A "gap" in rock sequence, as
shown by absence of geological
formations present in other areas,
because of nondeposition, or erosion
before deposition of succeeding beds.

group of
formation

lIQuere kilo_
meter Ikm2)

cubic meter per
58COnd (m3/sl

To obtain
51 units

cubic meter
1m 3)

meter lml

centimeter per
second lem/sl

kilometer (km)

0.02832

2.590

B,

0.3048

0.00035

1233

, .609

4047

Multiply inch
pOlJnd units

mile{mi!

foot per dey
(ft/d)

foot lit)

acre-foot lacre-ttl

cubic foot per
second (ft3 /s1

3. Aquifer - A formation,
formations, or part of a
capable of yielding water.

4. Artesian water _. Groundwater under
sufficient pressure to rise above the
level at which the water-bearing
strata are reached in a well.

To convert temperature in degrees
Celsius (C) to degrees Fahrenheit (F),
use the following equation:
F = 1.BC+ 32

2. Anticline - An upfold or arch of rock
strata in which the beds dip away
from the axis.

5. Base flow - Sustained or fair-weather
flow.

6. Base level of erosion - "An imaginary
surface inclining slightly in all its
parts toward the lower end of the
principal stream draining the area"
(Powell, 1875). The level below
which a land surface cannot be
reduced by the erosional action of
running water.
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15. Horst - A crustal block, generally
longer than wide, faulted upward
relative to the rocks on either side.

16. Hydraulic conductivity - The volume
of water at the existing kinematic
viscosity that will move in unit time
under a unit hydraulic gradient
through a unit area, measured at
right angles to the direction of flow.

17. Karst, karstic A term loosely
applied to solution features and
phenomena in carbonate terranes.
Generally includes a wide range of
features, such as caves or other
underground drainage, into which
surface drainage is diverted by
sinkholes, solution-enlarged crevices,
and related phenomena.

1&. Lithofacies map - A map showing the
areal variation in the lithology of a
stratigraphic unit.

19. Losing stream or losing stream reach
- Stream segment that loses all or
part of its flow to underground
solution cavities.

20. National Geodetic Vertical Datum of
1929 - A geodetic datum derived
from a general adjustment of the
first-order level nets of the United
States and Canada. It was formerly
called tlsea level datum of 1929" or
"mean sea level."

21. Permeability - A measure of the
relative efficiency with which a
porous medium can transmit a liquid
under a potential gradient.

22. Potentiometric surface (map) - A
surface (map) representing the static
head. As related to an aquifer, it is
defined by the levels to which water
will rise in wells.

23. Reconnaissance mapping - Defined as
"a general examination or survey of a

lnnoduction

region with reference to its main
features, usually as a preliminary to
a more detailed survey" (Howell,
1957). Geologic maps for this study
are more detailed than reconnais
sance maps, but not so detailed that
they show all minor structural
features or exactly define all facies
changes in the area. The maps
greatly helped the project hydrolo
gists understand the flow system.

24. Recurrence interval - The average
interval, in years, between occur
rences of a low fJow less than that
indicated by the data. Recurrence
intervals are averages and do not
imply regularity of occurrencej for
example, an event with recurrence
interval of 10 years might occur in
consecutive years or might not occur
in a 20-year period. An event with a
recurrence interval of Ja years has a
probability of 0.10 (or a la-percent
chance) of occurring during any given
year.

25. Residuum Material remaining
essentially in place after all but the
least soluble constituents have been
removed by rock weathering and
decompositionj also called regolith.

26. Seepage run - A series of discharge
measurements made at numerous
sites aJong a stream reach, during a
short period of time, to identify
where gains or losses in flow occur.
At each point, measurements of
temperature and specific conduc
tance of the water provide supple
mentary reconnaissance information.

27. Silicification - The introduction of,
or replacement by, silica, generaHy
as fine-grained quartz, chalcedony,
or opal; it may fill pores and replace
existing minerals.

5



HYDROLOGY OF CARBONATE TERRANE

28. Sinkhole A surface depression,
usually without surface outlets,
occurring in regions of soluble rock
and connecting with subsurface
drainage networks. Sinkholes are
caused by solution and collapse or
subsidence of the underlying
formation(s).

29. Specific capacity - The rate of
discharge of water from a well,
divided by the drawdown of water
level or head in it. For example, if a
well yields 200 gpm (gallons per
minute), with a drawdown of 50 ft,
its specific capacity is 200/50, or
4 gpm per foot of drawdown.

30. Standard deviation - The square root
of the arithmetic average of the
squares of the deviations from the
mean.

31. Stromatolitic reef A structure
made up of stromatolites, laminated,
variously shaped organosedimentary
structures (stratiform to columnar,
nodular, or subsphericaI) produced by
micro-organisms, predominantly (at
least in the case of modern forms)
blue-green algae (Cyanophyta).

32. Syncline - A fold in rocks in which
the strata dip inward from both sides
toward the axis.

33. Transmissivity - The rate at which
water of a prevailing kinematic
viscosity is transmitted through a
unit width of the aquifer, under a
unit hydraulic gradient.

34. Water table - The upper surface of a
zone of saturation except where that
surface is determined by imper
meable overlying rock.

35. Wrench fault - A nearly vertical
strike-slip fault in which the net slip
is partially in the direction of the
fault strike_

36. X-day Qn - The average minimum
flow for X consecutive days, with a
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recurrence interval of n years. For
example, the 7-day QlO is the 7-day
average minimum flow, with a
recurrence interval of 10 years.

37. Zone of saturation - The crustal zone
in which all voids are water filled.

WELL LOCATION SYSTEM

In this report, well locations are
referred to in accordance with the
system of the Bureau of Land
Management Survey, using the following
order: township, range, section, quarter
section, quarter-quarter section, and
quarter-quarter-quarter section (lO-acre
tract). The subdivision of a section is
designated a, b, c, and d in counter
clockwise direction, beginning in the
northeast quarter. If several wells are in
a la-acre tract, they are numbered
serially after the above letters, and in
the order inventoried.

METHODOLOGY AND TYPES OF DATA
COLLECTED

One purpose of the project was to use
a number of methods of investigation
and determine to what extent results
from each method supported the others.

Methodology and types of data
collected included the following:

1. Water-level measurements, including
construction of a potentiometric map
and groundwater profiles.

2. Streamflow measurements, including
seepage runs on all major streams
and on most of the tributaries.

3. Geologic mapping.

4. Identification of plant assemblages at
all streamflow measuring sites.



5. Stream-profile analysis to define
relationships between streamflow,
geology, and stream gradient.

6. Engineering geology study of soil,
shallow bedrock, structural features,
and streamflow in Conns Creek
drainage basin, a losing tributary of
Wet Glaize Creek.

7. Dye tracing to determine subsurface
movement of groundwater from
points of loss to points of resurgence.

S. Soil temperature studies in the flood
plains of streams with shallow
(gaining stream) and deep (losing
stream) water tables.

9. Analysis of drainage density and its
relation to low-flow frequency.

Introduction

10. Analysis of physiographic develop
ment and its relation to runoff and
surface geology.

11. A study of well yields from the
several aquifers to determine
relations between yield and topo
graphic situation, producing forma
tion, and location within a gaining- or
losing-stream valley.

12. Analysis of water-quality data
collected on wells, streams, and
springs. Potential usefulness of such
data in basin-type studies was
evaluated.

13. An analysis of the practicality of
remote sensing and thermal-imagery
data for these studies.
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HYDROLOGY OF CARBONATE TERRANE

DESCRIPTION OF THE AREA

CLIMATE

The project area has a humid
continental climate, with changeable
weather and extremes of temperature
and precipitation in some years. The
average temperature (all averages based
on 1941-70 data at Lebanon) is 56.1 0 F.
The average for July, the hottest month,
is 77 .2°F and for January, the coldest
month, 33.40 F. The average annual
precipitation is 40.4 in. Usually, the
maximum monthly precipitation occurs

in April (4.09 in.); the minimum, in
January (I. 78 in.).

During the current study, the
variability in the climate was evident,
with some significant departures from
the 1941-70 averages at Lebanon. The
following table summarizes abnormal
temperature and precipitation during the
period of data collection for this project:

Temperature and precipitation departures from 1941-70 averages at Lebanon, Missouri

(Data from National Oceanic and Atmospheric Administration)

Year Temperature departure
from average

IF)

Precipitation departure
from average

On.)

1974

1975

1976

1977
(January - September)

PHYSIOGRAPHY AND LAND USE

-Kl.2

-Kl.5

-0.5

+6.5

+3.3

+2.3

·12.7

+9.6

The topography of the project area is
shown in figure 2. The land surface is
gently rolling in the central and southern
parts, where much of the land is
cultivated (fig. 3). Relief in the area
around Lebanon is generally less than
100 ft, and even along the streams
draining from the Marshfield-Lebanon
divide, relief is low.

Along the main stems of the Osage
Fork, Niangua River, and Grandglaize
Creek, relief is greater, especially along
the lower half of the Niangua River in
the northern part of the area. Little of
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the gently rolling land so prominent near
Lebanon remains, and ridges between
tributaries are long and narrow. Slopes
along the lower Niangua River are
mostly wooded (fig. 3 and plate O.
Dolomite bluffs are 200 ft high in some
reaches, and 100 to 150 ft high along
Osage Fork and Wet Glaize Creek.

Total relief along the Niangua River
and Osage Fork ranges from 100 to
300 ft. The character of the relief is
different, however, as shown by the
distribution of woods and cleared land.
The amount of woodland remaining is



Description of the Area
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Figure 2. Topography of the Niangua River, Osage Fork, and Grandglaize Creek basins.
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EXPLANATION

Note: Forest cover interpreted
from ERTS photograph, wave
band 5, December 15, 1972,
Notional Aeronautics and Space
Administration.

HYDROLOGY OF CARBONATE TERRANE
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Figure 3. Areal distribution of forest cover.
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Plate 1. Wooded topography along the lower Niangua River, showing the long, narrow ridges
between tributaries. Note accordance of topography in lA and lB. The broad, flat feature
shown in the center of lC is the valley floor of the Niangua River near Sweet Blue Spring
in T. 36 N., R. 17 W. Photographs by James E. Vandike.

A

B

c



HYDROLOGY OF CARBONATE TERRANE

determined by the relief (plate 2). In
areas of high relief, cleared land is
mainly in the valleys; in areas of
moderate to low relief, it is on the
divides as well as in the valleys.

In recent years, cattle grazing has
greatly increased (Missouri Crop and
Livestock Reporting Service, 1976).
Between 1941 and 1970, a moderate
yearly increase in cattle grazing

A

B

Plate 2. Distribution of woodland is determined by relief. In areas of high relief, such as the view
northward in Dry Auglaize Creek basin, shown in 2A, cleared land is mainly in the valleys.
View 28 shows clearing of moderate slopes in the area of an abandoned meander loop
along Dry Auglaize Creek. Photographs by James E: Vandike.
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Plate 3. Land clearing on slopes, valleys, and upland ridges, resulting from increased cattle grazing
in the area, is shown in 3A and 38. These are views of land clearing in the Jakes Creek
drainage, in sec. 34, T. 36 N., R. 18 W., Dallas County. Photographs by James E. Vandike.

occurred in all of the study area. In
1975 an increase of 45 percent over 1970
surpassed the average increase during
previous 5-year periods. Concurrent
with this increase in cattle population,
much land has been cleared, slopes as
well as uplands (plate 3).

Although there has been considerable
clearing, some tracts have reverted to
scrub timber growth. Cleared land and
timbered land would tend to counteract
each other in their gross effect on
precipitation as it becomes groundwater
recharge and base flow, surface runoff,
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HYDROLOGY OF CARBONATE TERRANE

Plate 4. Modified dendritic drainage patterns in the study area reflect strong structural control. The
gO-degree bends shown in 4A and 48, along the Osage Fork of the Gasconade River, in
T. 33 N., R. 15 W., are examples of such control. Photographs by James E. Vandike.

or vapor. Figure 3 depicts forest cover
in 1972; no doubt the future distribution
will differ in detail.

The hydrologic effect of small
changes in land use is difficult or
perhaps even impossible to measure, but
a substantial conversion from woods to
pasture might allow a comparison of
hydrologic conditions before and after
the change. However, records collected
since significant conversion to pasture
land are few and do not indicate
significant effects on hydrology.

The modified dendritic drainage
pattern in the area reflects the strong
influence of fault and joint patterns.

14

Many 90-degree bends in main stem,
tributaries, and divides occur throughout
the area (plate 4); many short reaches of
streams have straight northwest, north,
and northeast segments that suggest
structural control. Solution along
fracture systems was important in the
position of valleys and divides. For
example, the ridge that divides the
Niangua and Osage Fork, extending from
Marshfield to Lebanon, is offset several
miles to the northwest in the area where
a northwest-trending fault zone crosses
the upper ends of the two basins
(compare figs. 2 and 4, in pocket). The
East Fork of the Niangua is extending
headward into the Osage Fork basin,
offsetting the divide.
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Plate 4 (continued)

B

Other topographic and hydrologic
features reflect structural control:

I. The southwestern boundary of the
project area forms an unusually
straight linej the south corner, a 90
degree angle.

2. The upper Niangua parallels a
northwest-trending fauJt zonej a
pronounced change in the gradient of
Osage Fork occurs at an altitude of
1220 tt, in approx.imate alignment
with the fault zonej and four springs
at the Dallas-Webster County line,
near the intersection of this fault and
a northeast-trending fault, markedly
increase the flow of the Niangua
River.

3. Dry Auglaize Creek flows approxi
mately 7 mi northwest in a graben
(fig. 4, in pocket), a structurally
controlled reach containing the
junction of Goodwin Hollow and Dry
Auglaize. After the junction, Dry
Auglaize Creek leaves the graben,
flows north approximately 18 mi, and
abruptly turns east to the junction
with Wet GJaize Creek.

4. The Niangua River abruptly changes
from a northwest to an easterly
course just downstream from the
mouth of Greasy Creek (fig. 4, in
pocket), continuing thus about 8 mi
before flowing north again.
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5. Probably the outstanding example of
structural control on topography and
hydrology in the three-basin area is
illustrated by the relationship of the
three basins to each other. The
Niangua River reaches a common
divide with the Osage Fork flowing
east and the James River to the
south, and the Grandglaize Creek
basin is cut off (fig. 2). The ridge
separating the Wet Glaize from the
Dry Auglaize, paralleling the graben
in which the Dry Auglaize flows, and
forming a part of the Camden
Laclede County line helped restrain
headward development of the
Grandglaize basin. As a result,
assuming the Grandglaize and
Niangua began their southward basin
development more or less simul
taneously before the last Ozark uplift
(Bretz, 1965), the Grandglaize
system, which includes the Wet
Glaize, Dry Auglaize, and Goodwin
Hollow, did not advance headward
(southward) as rapidly as the Niangua
River. As shown in subsequent
sections of the report, only the Wet
Glaize basin presently (I 978)
contributes continuous flow to
Grandglaize Creek, and most runoff
from Dry Auglaize Creek basin is
diverted westward to the Niangua
basin.

Profiles of Streams

The main streams, such as Osage
Fork and the Niangua River, have
moderately smooth, concave profiles
through the downstream 75 percent of
their reaches (figs. 5 and 6). The
average gradients of Osage Fork and
Niangua River are nearly the same: 3.6
and 3.9 ft/mi, respectively. However,
the rate of descent of the Niangua is
greater in the upper reaches than that of
the Osage Fork, indicating greater
cutting power along the upper part of
the Niangua River.

Description of the Area

In short reaches of the streams (figs.
5 and 6), there are many irregularities
that may reflect lithology or
stratigraphy; others are due to faults
that may abut strong and weak beds.
Still others result from substantial
inflows or losses of water or
combinations thereof. Since running
water is mainly responsible for shaping
valley profiles and for headward
extension of valleys, quantity and
duration of flow are important factors;
nevertheless, lithology and fracturing of
rock are overriding influences on
detailed sculpturing of profiles.

The contrast in gradients in the upper
reaches of the Osage Fork (fig. 5) are
the most pronounced: 28.6 ft/mi and 7.4
rtfmi in adjacent reaches. The
steepened reach is near the southeast
extension of a Niangua basin fault
(fig. 4, in pocket) paralleling the mapped
fault crossing the Osage Fork about 3 mi
downstream. Because several northwest
trending faults cross the area in this
vicinity, variations in lithology between
adjacent fault blocks could cause these
gradient changes. No marked increase in
flow occurs here.

Some of the best indications of a
possible relation between spring inflow
and gradient are evident in comparing
the profiles of three tributaries of the
Niangua River and Osage Fork (fig. 7).
Mill Creek, a spring-fed perennial
stream, changes gradient markedly at
springs about J mi upstream from its
mouth. The profile of Mountain Creek, a
stream generally dry throughout its
length, is nearly featureless. North
Cobb Creek, an Osage Fork tributary,
perennial in its lower reaches, has a
normal concave profile to within 7 mi of
its mouth. In downstream reaches the
gradient steepens as perennial flow
begins, and continues on a new concave
profile to the mouth.
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A long, subtle flattening in the slope
of Niangua River begins near the mouth
of Dousinbury Creek, extends to Bennett
Spring (fig. 8), and includes that reach of
the Niangua River that changes direction
abruptly from a northwest to an easterly
course (fig. 4, in pocket). Where the
flow increase of the stream is not
sufficient to keep it at grade (the dashed
line in fig. 8), the grade flattens. In this
reach of the Niangua River, tributaries
contribute very little water, and there is
1ittle increase in discharge in the
Niangua itself. The profile begins to
steepen in the vicinity of Bennett Spring,
reaching its projected normal profile in
the vicinity of Lake Niangua. Not until
Bennett Spring Creek, Sweet Blue
Spring, and other springs and tributaries
in the downstream reach add their
discharges does the gradient steepen
sufficiently so that there is a return to
what may be considered a "normaJ"
gradient and profile.

In many cases, marked changes in
gradient in short reaches along the main
streams may be logically attributed to
differences in lithology or to structure,
whereas the longer, more gradual
changes are due to discharge. Along the
tributaries, either flow, lithology,
structure, or a combination of these
factors may cause changes in gradient.

Development of Karst Features

Sinkhole topography is prominent on
the level areas extending along the
divides radiating from Lebanon (fig. 9).
The broad area underlain by the
Roubidoux Formation lies between 1200
and 1400 it above the National Geodetic
Vertical Datum (NGVD) of 1929, and
contains most of the sinkholes (compare
figures 2, 4 (in pocket), and 9). In this
karst recharge area, dry or intermittent
streams are the rule and groundwater
levels are deep. Between 1000 and
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1200 ft, there are fewer sinks in the
Roubidoux, and as relief increases, they
become even less numerous. Few lie
below 1000 ft or in the Gasconade
Dolomite, the formation generally
cropping out at lower elevations.

Plate 5.
Aerial view of Grand Gulf, Oregon County,
showing an advanced stage of karst develop
ment in Ozark car~onate rocks. This sinkhole
is approximately 200 ft deep and about one
mile long. Drainage from Grand Gulf is to
Mammoth Spring, Arkansas. several miles to
the southeast. Photograph by Jerry Vineyard.
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Sinks in the area are of two types:
(1) shallow, broad, and open, and {2} deep
and chimneylike. The shallow ones are
caused by steady subsidence, whereas
the chimneylike sinks are due to sudden
collapse. A few have been observed in
the losing reaches of stream valleys
where groundwater levels are 50 to 75 It
below flood plain. Although sinks. are
common in the project area, their
presence does not preclude a welJ
developed surface-drainage network.
Stream density, however, is less where
sinks are common.

Stages in development of karst
topography in the project area can best
be appraised outside it. In Grand Gulf,
Oregon County {fig. 1), the most
advanced stage of development is a
collapsed vaHey, a chasm approximately
200 it deep and a mile long {plate 5}. In
the upland bordering Grand Gulf, it
would probably be necessary to drill
wells more than 200 it deep, as the
water level would probably be below that
depth. Along Logan Creek in Reynolds
County ({ig. 1), an infrequently flowing
intermittent stream, groundwater levels
are as much as 250 it below flood plain
level. Sinkholes, representing an inter
mediate stage of karst development,
occur on the flood plain along the valley.
Just north of Hahatonka spring is a large
sinkhole, spanned at its northeast end by
the natural bridge illustrated on plate
10, that probably has some connection to
the spring system (plate 6).

tn the project area, in a less
advanced stage, Goodwin HoJlow has
water levels 70 to 100 it below the flood
plain, and the stream seldom flows
(plate 7). In each case {Grand Gulf,
Logan Creek, and Goodwin Hollow}, the
surface stream has been pirated, and
each feature represents a different stage
in geomorphic development by cor
rosional work of underground water
replacing much of the abrasive work of
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A

B

Plate 6. Aerial views of a large sinkhole northeast of Hahatonka Spring, in sec. 2, T. 37 N., R. 17 W.,
that probably has some connection to the spring system. Photographs by James E. Vandike.

Sinkholes and caves are surface and
subsurface manifestations of under
ground drainage. Both may have readily

surface streamflow. As subsurface
pirating encroaches from the Niangua
River on the west, Goodwin Hollow may
eventually show more of the
characteristics of Grand Gulf, and Dry
Auglaize Creek will assume more of the

topographic
Hollow.

character of Goodwin
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A

B

Plate 7. Karstic development, less advanced than Grand Gulf, in Goodwin Hollow. 7A is an aerial
view upstream in the headwaters, showing classic losing stream characteristics. 78, taken
from a bridge on U.S. Highway 5, sec. 27, T. 36 N., R. 16 W., during a heavy rain, shows
water moving into the subsurface and marking the farthest advance of surface-water flow
during a single storm event. Photographs by James E. Vandike.

accessible openings into the underground
system at the land surface or the
openings may be completely hidden
beneath the landscape (plate 8).

Much has been written about the role
of caves in a karst drainage system.

24

Stringfield (I 969) lists some of the
investigators who have hypothesized on
whether development of caves and
enlargement of fractures have occurred
above or below the saturated zone.
Following is a tabulation of their
opinions on the subject:
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Cavern development in relation to the saturated zone

Investigator Below Abo.. Near Remarks

Grund (1963) X

Matson (1909) X

Meinzer (19231 X Uplift

Swinnerton (1929) X

Dallis (19301 X Two-qcle; uplift

Piper 11932J X

Gardner 119351 X X

Theis (1936) X

Malott (19381 X

Moneymaker (1941) X

Thombury (1954) X Caves are giant nodes

Bretz (1956) X Three cycle; uplift and filting

Thrailkill (1968) ? ? Calles and sinks only indirectly related

Stringfield (1969) X

Plate a. Aerial view of Carroll Cave, sec. 20, T. 37 N., R. 14 W., Camden County. This cave, one of
many in the study area, is one of the more spectacular karst features familiar to the public.
Only a small fraction of subsurface open spaces resulting from karst development forms
large openings such as caves. Photograph by James E. Vandike.
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It is apparent there are considerable
differences in interpretation, influenced
in each case, perhaps, by the part of the
world where studies were conducted.

The following outline presents our
interpretation of the development of the
Niangua River and Dry Auglaize Creek
basins:

1. Consequent streams initially.
Differential headwater lengthening
of streams, the Niangua lengthening
more rapidly than Dry Auglaize
Creek.

2. Fractures allow penetration of water
below the surface mantle. Movement
of water and opportunity to descend
depend on development of a
discharge area. Early solution rapid
but selective in zone of aeration;
slower but more widespread and more
continuous in the saturated zone.
With increase in head difference
between contributing area and
receiving area, movement becomes
more rapid, and there is increasing
solution near or above the zone of
saturation as greater volumes of
water are lost by the higher stream.
It ·would seem, therefore, that there
must be solution both below and
above the saturated zone, but
initially more below than above.

3. Faulting, jointing, etc., must
influence direction of discharge.
Assuming the Niangua River and Dry
Auglaize Creek began their headward
erosion contemporaneously on an
emerged or rejuvenated land surface,
many factors such as lithology of the
rock units, intensity of fracturing,
and differential uplift determined
why one valley became a receiving
area, and another, a contributing
area. In this case, the Niangua River
became the receiving area and Dry
Auglaize Creek, the contributing
area.
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GEOLOGIC SETTING

Stl'"atigraphy

The project area is undedain by as
much as 1800 ft of Ordovician and
Cambrian rocks, largely dolomite. Table
1 lists the formations in the pl'"oject area
and describes their- lithologic and
hydrologic characteristics.

The stratigl'"aphic section that
includes the principal aquifers through
the Potosi Dolomite is uninterrupted by
a consistent confining bed. As a result,
vertical circulation of water has
enlarged openings along joints and
fractures, allowing freer passage of
water from the surface through the
Potosi Dolomite.

Pleistocene and Recent alluvial,
colluvial, and residual deposits cover
bedrock in the valleys and uplands.
Except along the river bluffs, exposures
of bedrock are discontinuous over much
of the area.

The section can be divided into two
parts. One comprises the upper 1000 ft
or so containing the important aquifers
of this study, including the formations
down to and including the Potosi
Dolomite; the other, those formations
between the Derby-Doerun Dolomite and
the Precambrian igneous and meta
morphic rocks.

Much of the section below the Derby
Doerun Dolomite contains siliceous
material largely deposited in a deltaic
environment. Those deposits above the
Derby-Doerun, which constitute the
major part of the section containing the
important aquifers, were mainly formed
in a shallow carbonate platform environ
ment to which only small quantities of
detrital materials were supplied; hence,
carbonates are the principal rock
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TABLE 1

Stratigraphic column showing generalized lithology and hydrologic characteristics
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material. At times, reefs formed
lagoons in which detrital materials were
deposited and beds of sandstone
alternate with reef deposits. In general,
however, the depositional environment
through the Cambrian and Ordovician
continued to be one in which carbonates
were deposited, resulting in a rock
sequence amenable to later widespread
dissolution, with few beds to interrupt
free circulation of water to a depth of
1000 ft or more.

Cambrian Rocks

Cambrian rocks are 1200 ft thick at
lebanon and thin to about 700 ft at the
western side of the area. They are
predominantly dolomite, with lesser
thicknesses of limestone, siltstone, and
sandstone occuring principally below the
Potosi Dolomite. The Cambrian
dolomite above the shale of the Davis
Formation is massive, with little shale or
sandstone. Quartz druse is present in
the Eminence Dolomite and abundant in
the Potosij it usually indicates
permeable condi tions. Chert is less
abundant than in the overlying
Ordovocian formations. The Derby
Doerun Dolomite, at the base of the
Potosi Dolomite, contains more siliceous
material here than elsewhere in
Missouri; it constitutes the uppermost
limit of the predominantly clastic
materials encountered in the Cambrian.
The underlying Davis Formation contains
the only persistent confining shale bed in
the Cambrian section. The Potosi
Dolomite, the principal aquifer in the
Ozarks and the project area, is 250 ft
thick at Lebanon and thins to lOa ft in
the western part of the project area.

Ordovician Rocks

The Gunter Sandstone Member, at
the base of the Lower Gasconade
Dolomite, is stratigraphically the oldest
Ordovician rock unit in the study area.
The lithofacies map of the Gunter (fig.
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10) shows the percentage of sandstone in
the unit; it also indicates structural
control of sandstone distribution,
inasmuch as the northwest trend of
variations in sandstone percentages
parallels faulting and axes of warping in
the area (Knight, 1954). The Gunter
Sandstone is not exposed in the project
area.

Although the Upper and Lower
Gasconade Dolomite are recognized as
separate units in well logs, they were
combined in mapping for this report. A
principal difference between them is the
abundance of chert in the lower unit and
its sparsity in the upper. Their combined
thickness is between 300 and 400 ft.

The Roubidoux Formation is often
recognized by the sandstone beds in it.
In the project area, however, sandstone
is not as prominent as in some parts of
the Ozarks. Much of the Roubidoux is
dolomite and chert, the chert content
often exceeding 20 percent of the
formation (Carver, 1961). Where the
Roubidoux does not crop out, it may be
as much as 180 ft thick.

The Jefferson City and Cotter
Dolomites are often separated in well
logs, but they were combined in areal
geologic mapping for this project.
Sedimentary structures in the Cotter
Jefferson City indicate frequent
fluctuations of sea level, which led to
formation of conglomerates, sedimen
tary pinchouts, lenses of cross-bedded
sandstones, and mud cracks. The
Jefferson City contains more clastic and
siliceous material than the Cotter, but
the latter is locally argillaceous; their
combined thickness in the project area
approaches 400 ft.

Mississippian Rocks

Mississippian rocks are limited to the
divide in the extreme southern part of
the study area and are unimportant to
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Residual soils developed on the
Roubidoux are stonier, less plastic, and
allow more efficient percolation than
soils on the Jefferson City. Chert beds
derived from the Cotter Dolomite
locally contribute to high permeability
of Cotter-derived soils. The total soil
column on the Roubidoux consists of
alternating zones of gravelly, sandy day,
and broken chert layers having a very
low clay content. Horizontal perme
ability, therefore, is also extremely high,
particularly in the cherty gravel zones.
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area hydrology. They lie unconformably
on the Ordovician sequences described
above. Uplift and widespread erosion at
the end of the Silurian (Snyder, 1968)
account for the lack of Silurian and
Middle and Upper Ordovician rocks in
the Niangua basin.

Uplift and removal of Mississippian
sediments from much of the Ozarks and
of Devonian rocks from the study area,
antedated a Pennsylvanian submergence.
Subsequent Pennsylvanian sediments
were eroded without trace in the study
area.

The most prominent structural
features in the project area are
northwest-trending faults, possibly with
roots in Precambrian rocks, that are
believed to have been active as recently
as Middle Ordovician time (K.H.
Anderson, Missouri Department of
Natural Resources, Division of Geology
and Land Survey, oral communication,
1977) (fig. II, in pocket). VerticaJ
displacements along them range from 10
it to as much as 400 ft. Several grabens
and horsts were formed, of which the
most noteworthy, hydrologically, is the
horst crossing Steins Creek in the Osage
Fork basin (fig. II, in pocket); another is
the graben containing the junction of
Dry Auglaize Creek and Goodwin
Hollow.

Structure

Northeast-trending faults are less
prominent, younger, and were probably
active between the Mississippian and
Pennsylvanian. They appear to be high
angle faults with more horizontal than
vertical displacement (C.E. Robertson,
Missouri Department of Natural
Resources, Division of Geology and Land
Survey, oral communication, 1977).

Associated with the major faults are
numerous smaller, connecting faults and
flexures produced when the major
structures were formed. Displacement
along minor faults is small, ranging
between 5 and 30 ft. Closure on flexures
is also low. Fractures and joints with no
apparent displacement are abundant.
Some of the fractures are related to
major structural development in the
Ozarksj others may be the result of
erosional unloading following uplift of
the region (Currie, 1977).

Location and direction of major
drainage were influenced by warping,
fauJting, and jointing. Streams were

UplandandColluvium,Alluvium,
Residuum

Surface soils in the area are
classified as residual, alluvial, and
colluvial. Colluvial soil development on
the lower valley slopes is very limited.
Alluvial soils are not extensive in the
narrow valleys in the project area.
Residual soils developed on the
Roubiduox Formation and the Jefferson
City and Cotter Dolomites in the uplands
usually have a fragipan 18-24 in. below
the surface, a feature that retards
percolation of water to bedrock; it is
more continuous on the Jefferson City
and Cotter Dolomites than on the
Roubidoux. Water is transmitted
horizontally on top of the fragipan
except where it is cut by gullies or
valleys.



deflected and misfits between
streamflow and basin size developed.
Dissolution of the dolomitic rocks,
leading to development of secondary
permeability, is another result of the
shattering produced by movement. Type
of rock involved, strength and duration
of deforming forces, chemical character
of groundwater moving through crevices,
and position of each affected rock unit
in relation to changing base levels of
erosion are also contributing factors.

In the eastern part of the project
area, the rocks have a northward
regional dip of 31 ft/mi; in the western
part, they dip westward 25 ft/mi.

Erosional unconformities and hiatuses
are important features in studying
carbonate-rock hydrology, because when
carbonate sediments are subaerially
exposed, dissolution removes some of
them.

An erosional interval marks the close
of Cambrian deposition. It is

Groundwater

questionable, however, that significant
dissolution occurred during this interval
in the project area. The actual time

.boundary (systematic boundary)
undoubtedly is somewhere in the upper
part of the Eminence Dolomite and
should coincide with evidence of
structural activity in Missouri (Snyder,
1968). Difficulty in identifying. the
boundary has led to adoption of the base
of the overlying Gunter Sandstone
Member of the Gasconade Dolomite as
the stratigraphic base of the Ordovician.

An important period of erosion,
lea.ding to extensive dissolution, is the
long interval when all post-Early
Ordovician sediments were eroded
before deposition of the Mississippian
limestones. Erosion began after
deposi tion of these limestones, now
present only on the southern border of
the project area (fig. 4, in pocket), and is
continuing. Therefore, it seems probable
that much of the dissolution leading to
the karst character of the Ozarks was
post-Early Ordovician.

GROUNDWATER

DESCRIPTION OF AQUIFERS

All rock units listed in table 1 are
locally capable of yielding water to wells
in the area. Certain uni ts, such as the
Roubidoux Formation, Lower Gasconade
Dolomite, Gunter Sandstone Member of
the Gasconade Dolomite, and Potosi
Dolomite, are more productive than
others and are therefore commonly used.
They are readily recognized in outcrops

and in well cuttings. Springs are
common where the units are exposed;
depending on valley altitudes and the
depth to the zone of saturation, either
losing or gaining stream reaches can
occur in such outcrop areas.

Many domestic wells obtain water
from the Roubidoux Formatiol), Upper
Gasconade Dolomite, or upper part of
the Lower Gasconade Dolomite, or
combinations of these units. Average
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yields of wells completed in these
aquifers are 15 to 20 gpmj specific
capacities range from 0.10 to 0.40 gpm
per foot of drawdown.

Wells penetrating the deeper
aquifers, the lower part of the Lower
Gasconade Dolomite, Gunter Sandstone
Member, Eminence Dolomite, Potosi
Dolomite, and Lamotte Sandstone yield

Groundwater

up to 750 gpm and have specific
capacities ranging from 0.90 to 20 gpm
per foot of drawdownj wells penetrating
the Potosi have higher specific
capacities. The large springs in and just
outside the study area are in Lower
Gasconade and Eminence rocks (plate 9).
Many other solution features, such as
caves, sinkholes, and natural bridges, are
also associated with these major springs
(plate 10).

•Plate 9.
Exposure of Lower Gasconade
Dolomite, Gunter Sandstone
Member of the Lower Gascon
ade, and Eminence Dolomite
at Hahatonka Spring, sec. 2,
T. 37 N., R. 17 W. Photograph
by James E. Vandike.

•Plate 10.
Natural Bridge just east of
Hahatonka Spring. The large
sinkhole pictured in plate 6
is on the other side of the
bridge in this view. The rock
;s Eminence Dolomite, with
the Gunter Sandstone Mem·
ber of the Lower Gasconade
Dolomite near the top of the
bridge, sec. 2, T. 37 N., R.
17 W. Photograph by James
E. Vandike.
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TABLE 2

Transmissivities and storage coefficients of aquifers and specific capacities of wells

Owner or user Location Principal Static Yield Orawdown Specific Transmissivity
aquifer water level (gpml lftl """'''' Ift2/dl

1ft) 19pm per ft
of drawdownJ

Shell Pipeline Company 33-19-17cbd Roubidoux 105 29 3 9.7
Robert StllllOns 34-15-2b<:d 150.3 36 7 5.1
H.R. Grafton 34·19-33abd 145.1 11 48 .03
James Sullivan 35-15-10add 94.6 10 40 .25
Earl York 36-13-8dbd 90.3 7 30 .23
lynn Bohannon 36-13-8<1ab 68 27 72 .39
Bardette Carnes 36·13·19baa 75 20 60 .33
E.R. Ravenscroft 38·13-30aba 170.3 15 40 .8
Runell Hood 31-14-17ccc Gasconade 2002 25 40 .62
Gordon Knight 32-17·10cbb 124.7 35 100 .35
Conway High Schoo' 32-1 HlcOO 150.3 7.5 20 .39
Peter Atkinson 33-17-7ddd 205-0 20 20 1»
Robert Pruitt 34·15·22dad 288.1 21 30 .70
Cliff Springs Camp 35·14-ladb 80.1 60 6 8.3
L.H. Bryant 35·16·1Odaa 171.1 10 10 1»
Archie George 36·16-23aaa 125 10 25 .4
R-6 School 31·15-1788 Gunter 216.0 22 10 2.2
laclede County PWSO 3, Wall 3 33·17-22da 327 80 120 , 230
U.S. Civilian Conservation Corps 34·13-2Odaa 272-0 25 11 2'
Frad Adams 36-18-31ba 90 1,140 22 52
Ozark Fisheries IHurt Well) 37·15-25 Gunterl?l 39' 615 1862 3. 300
Ozark Fisheries lAsh Well) 36-15-25bda 10.6 660 114 ,.
City of Marshfield, Well 2 3O·18-3OOc Potosi 254.4 590 68.5 10 1,730
City of Conway 32-17-8<1cc 172.8 183 104 "laclede County PWSO 3, Well 2 33-16-6aa 405.2 115 33.1 3.5 240
laclede County PWSD 1, Well 31 33-17·1dd 604» 175 62.0 2. 510
lllClede County PWSO 1, Weill 33-17·1ddd 359.0 185 35.0 5.3 720
lllClede County PWSD 1, Well 2 34-16·200 167 46 M 1,200
City of Lebanon, Well 4 34-16-3dcb 345.1 480 85 7.4
Mid'America Dairy 34·16·1Odc 348.8 260 60 4.3
Frisco Railroad 34-16·11bac 345 300 67 4.5
City of lebanon, Well 3 34-16·11cad 335 495 160 3' 960
City of lebaoon, WellS 34-16-14abb 383.2 500 122 4.1
City of Buffalo, Well 2 34-20·26adb 172 205 53 3.
City of Buffalo, Well 3 34-20·26aOO 186.1 200 68.3 a 410
Minouri Highway Department 35-17-31bcc 14' 100 15 6.7

Rest Stop
City of Richland, Wtll1 3S·13·7ccd 252.4 100 5 20
City of Richland, Well 3 36·13-8 263.0 500 113.8 4.4 410
City of Richland, Well 2 38-13-18abc 240 210 60 4.2
Ozark Fisheries, Squirrel Well 36-14-6abc 52.7 753 45 17
laclede County, PWSD 2, Well 1 36-14-31bad Potosi 263.3 68 94.3 • 270

1Storage coefficient equals 0.0002
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The major streams in the study area
have cut only as deep as the lower part
of the Lower Gasconade, and this only in
the extreme northern part of the area.
It is possible that even though high
permeabilities might exist locally in the
upper, less productive rocks, water is not
permanently stored in them, because of
drainage to local streams. The Lower
Gasconade becomes less productive
nearer its outcrop in the Niangua
drainage, as does the Gunter Sandstone

Member in outcrops just outside the
northern boundary of the study area.
One explanation of this phenomenon
could be a reduction in the secondary
permeabili ty of these rocks by deposi tion
of CaC03 (calcium carbonate) in the
pore spaces, because of a change in
groundwater gradients near the outcrop
(Burdon, 1967). More study is needed to
verify this change in permeability and its
effect on well yields.

Yields of many of the large-capacity
wells in this area are lower than those of
comparable depth in surrounding areas.
Transmissivities of aquifers in the
project area range from 240 to 1730
ft2/d (table 2); the higher trans
missivities and specific capacities are in
the southwestern part and across the
northern margin of the study area (fig.
12 and plate II). Some evidence
suggests these productive areas resulted
from uplift and erosion at the end of the
Mississippian. There are higher trans
missivities in Cambrian-Ordovician rocks
in Missouri, along such structural trends
as the Early Pennsylvanian Bourbon arch
(D.L. Fuller, Missouri Department of
Natural Resources, Division of Geology
and Land Survey, oral communication,
1977). The lowest specific capacities
are in the south-central part of the study
area (fig. 12).

the lower
interrelated

higher yields of
result from several

The
aquifers
factors:

l. The lower zones are brittle, massive,
cherty dolomite with little silt or
clay and fracture cleanly.

2. Residue from solution is small and
circulation is not impeded (Reesman
and others, 1975).

3. The productive zones are below the
base level of erosion and the present
zone of water-level fluctuation;
hence, pore spaces are always
:-aturated (Sokolov, 1967).

4. High hydrostatic pressure and mixing
of water from more than one source
promote dissolution of dolomite and
limestone (Jakucs, 1977).
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EXPLANATION
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Plate 11. 11A is a view of a high-capacity well, with a capacity of 615 gpm and a transmissivity of
300 h 2/day, in the northern part of the study area, at Ozark Fisheries, sec. 25, T. 37 N.,
R. 15 W., Camden County. 118 is an aerial view of fish ponds, at Ozark Fisheries, filled
with water from high-capacity wells, springs, and Mill Creek. Photographs by James E.
Vandike.
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GROUNDWATER MOVEMENT

As a first step in collecting
groundwater information, logged wells in
the project area were inventoried and
water levels measured and plotted on a
map of the area (fig. 13, in pocket).
Obvious data gaps were filled by
revisiting unlogged wells and measuring
their water levels. Recent data indicate
that configuration of the potentiometric
surface in the project area has changed
very little in the past 30 to 40 years,
except for some lowering in areas of
municipal pumpage. Table 3 lists wells
that provided data for this study; figure
14 (in pocket) shows their locations.

There are advantages and
disadvantages in construction and use of
potentiometric maps for carbonate
aquifers. Contour shapes can indicate
areas of significant water loss in surface
streams like those in Dry Auglaize Creek
basin; however, areas where more subtle
losses occur cannot be detected from
contouring alone, because contour
intervals are usuaHy too large. Ground
water levels only a few feet below
stream level at the time of measurement
result from vertical groundwater move
ment and streamflow loss not reflected
in contouring.

Because water levels may differ in
wells of various depths in any specific
area, potentiometric maps must be
considered subjective if drawn only on
the basis of selected wel1s of specified
depth or of wells completed in a
particular stratigraphic unit. Construc
tion of such maps does not fully take
into account areal variations of vertical
permeability, because groundwater may
move through condui ts at various angles
to the generalized flow pattern. How
ever, these factors do not detract from
the principal purpose of potentiometric
maps: to show the general direction of
groundwater movement.
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Figure 15 is a map constructed by
drawing flow lines on the potentiometric
map; arrows show direction of flow. The
following conclusions can be drawn from
examination of this map:

a. The groundwater divide as indicated
by the flow lines conforms approxi
mately to the surface drainage divide
between the Niangua River and
Osage Fork.

b. Groundwater movement is generally
toward the principal streams in the
area: the Niangua River, Osage Fork,
and Grandglaize Creek.

c. Runoff from the Niangua River is
increased by groundwater flowing
from the upper Dry Auglaize Creek
basin and perhaps by a very small
amount from the Osage Fork basin.

d. As indicated by the southernmost
flow lines, some groundwater flow
from the drainage area of the Osage
Fork may be reaching the Gasconade
River.

e. Groundwater and surface-water flow
systems of Ozark basins are inter
dependent; anything natural or
artificial affecting hydrology in one
basin may affect it in others.

As shown in the following table,
there appear to be at least three,
perhaps four, separate potentiometric
surfaces in upland areas:

SeqUflnect of 'orm.tions R.nge in depth Avtlrage depth
pen.tI.ted by w.11s to w.t.r, to w.ter,

in ' ..t In ' ..I

Jeffenon City Dolomite '.00 50
Jefferson City Dolomile- 18-205 100
RoubidoUK Formation

RoubidoUK Formation- 14-.300 '50
Gesconllde Dolomit&

Eminene& Dolomite- 15407 200
LemOlle Sanchtone
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13.
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re 15. Generalized directions of groundwater flow in the Niangua River, Osage Fork, and Grandglaize
Creek basins.
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Figure 13 (in pocket) was constructed
using an average water-level depth of
150 ft. When compiling the map, great
care was necessary to avoid including
water levels from more than one aquifer.

The shallowest water levels were
mostly obtained from wells in valleys;
the deepest, from those on or near hills.
All four potentiometric surfaces are not
present in all areas; in most there are
only two or three. In some areas, such
as in the upper part of the Goodwin
Hollow drainage basin just west of
Lebanon, only the deepest zone is
generally present.

Groundwater in all the aquifers
constantly moves from areas of high
head to areas of low head. The
potentiometric surfaces have gradients
toward points of discharge: seeps and
small-volume springs along hillsides or in
small tributary valleys, and high-volume
springs in the large valleys. The
potentiometric surface illustrated in
figure 13 (in pocket) is locally influenced
by structure associated with major
surface drainage, and by large fault
systems.

The multiple water-level phenomenon
and the relation of stratigraphy and
geologic structure to water levels in the
study area are illustrated in figure 16, a
west-to-east hydrogeologic cross section
through the center of the study area.

Sokolov (I967), in describing a similar
multiple system, termed the higher
levels "suspended" karst waters. He
believes the main control upon such
waters is nonuniform permeability of the
rock and the local presence of
impermeable zones, and that the most
favorable conditions for a multiple
system are in uplifted areas with moist
climates.

Groundwater

Because of the predominance of
carbonates, openings along bedding
planes and fractures have been enlarged
by moderate to intense dissolution.
Burdon (I967) believes that fissure
enlargement is predominantly vertical
above the zone of saturation and
horizontal below it. Based on water-well
records, inflows of water often occur
when a bedding plane or other horizontal
opening is penetrated after drilling dry
through massive rock to a considerable
depth below the potentiometric surface.
On the other hand, connection through
vertical openings between shallow and
deep zones is shown during pump tests,
by the declining rate in lowering of the
water level in a deep well when the
drawdown data are plotted semi
logarithmically, indicating drainage from
overlying beds to the principal aquifer
open to the well.

Permeability produced by erosional
unloading and consequent solution along
bedding planes is probably much more
important than previously recognized.
Snow (I968) believes that opening and
closing of these smaller horizontal
features in response to the "breathing"
effect of flUid-pressure reversals or
changes is very important in increasing
permeabilities. He discovered horizontal
permeability increased with pressure
faster than vertical permeability. In
general, solution channels provide
relatively open, if not direct, conduits
for water movement.

Significant local recharge to the
system is proved by differences in head
between the various aquifers.
Observation-well records (fig. 17) in the
Lebanon area indicate a fairly rapid
water-level response to local rainfall.
Water levels in wells completed in the
shallow aquifers ("50-foot" and "100
foot" water-level zones) have been
reported to rise within hours of
substantial local rainfall.
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The drought that affected ground
water levels during the current study
altered expected seasonal trends. Long
term observation wells in other parts of
the Ozark carbonate region show
seasonal fluctuations of water levels,
partly resulting from evapotranspiration,
with highs in March or April and lows in
October or November. Water levels in
the study area, however, maintained a
downward trend during the investigation.
Normal, or above normal, rainfall during
the last year of this study (1977) did not
reverse the downward trend of
groundwater levels, but it did prevent
much lower water levels.

Water levels recovered during the
last part of June 1977 (fig. 17).
Significant rainfall occurred during the
following months, and water levels
declined, but did not reach the downward
trends established earlier in the year.
This indicates a rather rapid movement
of recharge water through large near
surface conduits, with no significant
recharge of the small-diameter network.

The total volume of rainfall in a
karst area such as this is not as
important to recharge as the distribu
tion, both spatially and chronologically,
because the distribution controls the
percentage of annual infiltration
(Kessler, 1967). The amount of infiltra
tion or recharge is not directly
proportional to the amount of yearly
rainfall and may vary in the same area
by an order of magnitude (Kessler, 1958).

Recharge occurs In upland
interstream areas by infiltration of
water into residual material, then into
bedrock. This direct infiltration can be
termed "diffuse circulation"; it enlarges
joints by dissolution (Burdon, 1967). The
amount of infiltration in upland areas
depends on soil types and topographic
setting (Reesman and others, 1975).
Gentle slopes favor increased

Groundwater

infiltration; steeper slopes, increased
runoff and less diffuse infiltration.

The system is rapidly recharged
through stream losses and through
conduits in upland sinkholes. This type
of recharge, called "concentrated
circulation" by Burdon, is illustrated by
the recharge in the Goodwin Hollow
area.

Although much recharged water is
rapidly flushed through the shallow part
of the system during a rainy period, a
significant amount penetrates to greater
depths. This is illustrated in figure 17.
After heavy rain in June 1977, the water
level in the Weaver well rose
conspicuously, a significant reversal of
the steep downward trend that ended in
June. The Vestal Courts well showed a
larger immediate rise, but it also
declined to a level closer to that reached
during the previous downward trend than
did the water level in the Weaver well.
In addition, the discharge of Bennett
Spring (plate 12) increased significantly
by an amount commensurate with the
rise in the Weaver well, suggesting ..that
recharge to the entire system is
significant, because the long-term flow
characteristics of Bennett Spring depend
on the water available from the entire
system.

Fluctuations of water levels in all
these artesian aquifers result from
events such as alternating periods with
and without rainfall, and alternating
periods of pumping and nonpumping of
nearby wells. Every drop of water
recharged to the system tends to
increase the head throughout the system.
In some instances, in response to
recharge, water levels rise in wells that
are miles from recharge areas.

Fluctuations in water levels are more
pronounced and of shorter duration in
the shallow, less productive aquifers

55



HYDROLOGY OF CARBONATE TERRANE

Plate 12A. View of Bennett Spring, looking southwest across the spring pool. Photograph by James
E. Vandike.

than in the deeper, high-yield aquifers
(fig. 17). Proximity to the land surface
is the primary reason why shallow
aquifers show greater water-level
fluctuations than the deeper aquifers.
The deeper are primarily recharged by
water movement through shallow zones,
so response to precipitation is usually
slower but more sustained than in
shallow aquifers.

At depth, seasonal f luctuations are
usually smaller in areas with mUltiple
aquifers than in those having direct
recharge to deeper, high-yield aquifers
(Sokolov, 1967).
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A true artesian hydrologic system is
impossible under physical conditions like
those in the study area. Rather, all
phases from true water-table conditions
to (but not including) true artesian
conditions probably exist somewhere in
the study area.

In the previous discussion of karst
recharge and flow mechanisms, two
important aspects deserving further
discussion were not mentioned: the rate
of flow through the medium, and the
chemical character of the water moving
through the rock. During periods when
the system is full after extended
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Plate 12B. Aerial view of Bennett Spring; south is at the top. The spring pool is visible as a circular
feature in the stream, just left of the central upper part of the photo. Photograph by
James E. Vandike.

rainfall, flow is at a maximum, and in
the large conduits it is turbulent. At
these times the concentration of calcium
carbonate in the water is low. Such
conditions contribute to increasing
permeability by solution. After initial
flushing, residence time of water in the
system is comparatively long, calcium
carbonate concentration is more nearly
in equilibrium, and the rate of solution
of material is reduced. Thrailkill (I968),
however, states that even though water
introduced by diffuse infiltration may
become calcium carbonate saturated
after movement through residual soils
and small secondary rock openings,

undersaturation of the water can result
from the increased pressure at depth,
mIXIng of waters of different
composition, and changes in the rate of
flow. Surface water is undersaturated,
and when it is introduced into the system
through losing streams, solution of
carbonate material is facilitated.

Caves are common in the area, but
these large conduits probably transport
only a relatively small percentage of the
total underground flow. Mijatovic (I 968)
indicates that spring discharges and well
hydrographs in carbonates show three
distinct stages follOWing periods of
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preCipitation. The initial stage is when
spring discharge begins to recede, and
well hydrographs show a rapid decline, a
stage that represents drainage in the
large conduits (3 ft or more in width).
The second stage comprises a longer
decline in spring discharge and a less
steep lowering on the well hydrograph, a
stage that represents drainage in the
numerous water-bearing cracks and
crevices (approximately 4 in. wide). The
final stage represents prolonged drainage
in very small openings (less than 0.5 in.
wide), a stage characterized by sustained
and relatively stable springflow and
moderate to very slight lowering of
water levels in wells. The prolonged
recession indicates that these very small
openings contain many times the storage
capacity of the larger conduits.
Although masked somewhat by drought
conditions and by intermittent rainfall,
these stages are discernible on hydro
graphs of observation wells measured
during this study (fig. 17).

A semilogarithmic plot of water
level elevations versus well depths in the
vicinity of Lebanon, Richland, and
Bennett Spring (fig. 18) shows that, in
the Lebanon and Richland areas, water
level elevations decline with increasing
well depth, and that, at Bennett Spring,
they rise slightly as well depths increase.

At Richland and Lebanon, shallow
wells are completed in the Jefferson
City Dolomite and Roubidoux Formation;
deep wells, in the Lower Gasconade,
Eminence, and Potosi Dolomites. At
Bennett Spring, shallow wells are
completed in the Gasconade Dolomite;
deep wells, in the Potosi Dolomite.
Richland and Lebanon were selected for
comparison with Bennett Spring, because
they are the only places where a
sufficiently large cluster of wells exists
near a divide to warrant analysis.

58

The data plot for the wells in the
vicinity of Richland shows that water
level elevations do not decline
significantly below a depth of about 400
ft. In contrast, the data plot for the
wells in the vicinity of Lebanon shows
that water levels decline with deeper
drilling.

At Bennett Spring, the rising water
level trend in wells indicates they are in
a discharge area and also suggests that
vertical permeability along fractures
results in equalization of water levels.
Friction loss as the water rises to the
surface along fractures from a depth of
600 ft may also be a cause of the gently
rising trend at Bennett Spring, compared
to the steeper trends at Lebanon and
Richland. The steep trend of water
level elevations in the vicinity of
Lebanon would seem to indicate poorer
vertical permeability between deep
aquifers in a recharge area, because a
change in trend like that at Richland is
not evident. The authors do not believe
that the trend at Lebanon is due to
pumpage in that area, because modern
(1972) water levels in the Lebanon area
are comparable to historical (1887-1947)
data (Searight, 1955). The steep,
uniform trend at Lebanon may be due to
lowering of water levels in deep
aquifers, by discharge along the Niangua
River. If Bennett Spring and the
Niangua River did not exist, perhaps
water levels in deep and shallow wells at
Lebanon would have the same relation to
each other that they have at Richland.
No large natural discharge of water
commensurate with that on the Niangua
River exists near Richland.

As indicated by the scarcity of
shallow wells and the need to drill
deeper to obtain water, vertical
permeability increases west of Lebanon,
between Goodwin Hollow and the



Groundwater
LOCATION MAP

,,:3_oo:o:' ,~':O,4~'~'--~-----~'~'~O.:3:0~' ---,380 00'1

8~,,,,,,"

Spring
..£1 850 fI

)

\

SCALE
10 Mil..,o

h
o 10 Kilom".,.

". -".

(1' 5 i J
in 'n' obove 'Not~OI Geodlli<: Vlrli<:ol 001 m of 1929.All elevOllOns

Well deplh, In feel

10 too 1000 to,ooo
0300+----------'------------'----------.:.L

~ •
~ EXPLANATION

"00
,,
B • 'Nells In lhe vlclnlly of Richlond

" , Wells In Ille vi<:inlly af Lebonon..
j

,, , Wens In Ille vi<:lnlty af Senne" Spring

•..
"00 ~ •

0 • •

i "
• •, ,,

z • ,
• , , ' ,

'000
g •0 •.. • I'• •., ,
i ,
; • • ,

• •
"'00 • • '.•

" • I:' • •• •• .. • t •• ,
! •r

'000'00
'oo,-l----------~--------~---------~

'0

~tl depTh, In fIoel.

Figure 18. Water-level elevation versus well depth for welts in selected areas,

59



HYDROLOGY OF CARBONATE TERRANE

Niang~a River. This increase and the
capacity of the rocks underlying
Goodwin Hollow to accept large volumes
of surface flow during heavy rains,
compared to the lesser capacity of Dry
Auglaize Creek (see subsequent section
on groundwater-surface-water relation
ships), indicate increasing east-to-west
vertical permeability.

The connection between Potosi wells
at Lebanon and the Niangua River, as
suggested by figure 18, is not readily
apparent from the potentiometric map
(fig. 13, in pocket). This suggests that
ther~ is hydraulic connection through
conduits and fractur~s transmitting
water, a condition that cannot be
adequately portrayed by water-level
contours in such a heterogenous system.

RELATION OF WELL YIELDS TO
TOPOGRAPHY AND SUBSURFACE
SOLUTION DEVELOPMENT

The large difference in the standard
deviation of the ratio of well depth to
yield (O/Q) in various basins and
topographic situations (table 4)

correlates with results of other lines of
investigation, which show a relationship
between well-completion data, the
permeability characteristics of the
formations, and topographic situations.
An example will illustrate the matter.
The mean discharge of wells in North
Cobb Creek basin is 17 gpm; in Ory
Auglaize Creek basin, 18 gpm.
Similarly, the mean O/Q values for the
two basins are comparable at 19.6 and
22.8 ft/gal, respectively, but the
standard deviations of O/Q are 14.2 and
28.5 it/gal, respectively. The area with
the greater standard deviation is the
basin in which solution has affected the
bedrock more severely and developed a
more hett:.fogenous condition. The rela
tionship correlates with the evidence of
anomalous streamflow characteristics in
the Ory Auglaize Creek basin and the
more normal characteristics of North
Cobb Creek basin.

Wells completed in the Gasconade
Oolomi te along the Marshfield-Lebanon
divide and in the Ory Auglaize basin, a
recharge area, have similar mean O/Q
values, yields, and standard deviations.
Along the Osage Fork, on the other hand,

TABLE 4

Well statistics

Ar••

Ifjg.4'

North Cobb Creele

Dry AUlI~il. ernie

Divide MershfoelcH.ebanon

Osage Fork

Divide Marshfield·Ubllnon

Osage Fork

Bennett Spring

Areawide

South Outcrop

1Ratio of well depth to Vield
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Roubidoull Formation
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Potosi Dolomite
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the values are quite different from those
along the divide. Mean yields along
Osage Fork are a little higher and mean
D/Q values and standard deviations are
much lower than those along the divide
(table 4). In other words, it is not
usually necessary to drill as deeply along
Osage Fork to obtain the same quantity
of water from the Gasconade Dolomite,
and wells are more uniform. The higher
average yields are probably due to more
saturated material, and higher
permeability resulting from solution of
the dolomite. The same relation holds
true for the Roubidoux Formation,
except that standard deviations for both
topographic situations are lower than
they are for the Gasconade Dolomite.

Wells completed in the Gasconade
Dolomite in the vicinity of Bennett
Spring, a discharge area, have values
similar to those for other discharge
areas. The Potosi Dolomite, the highest
yieldin~ unit in the section, has the best
(lowest) D/Q value, the best mean yield
of all units investigated, and the lowest
standard deviation. The Jefferson City
Formation, a silty dolomite, has the
poorest mean yield, the highest D/Q
value, and one of the greatest standard
deviations for the areas sampled.

GROUNDWATER QUALITY

Analyses of water from selected
wells in the study area <table 5 and fig.
19) show that mineralization of
groundwater is typical of karstic, high
circulation groundwater regimes.
Because of rapid recharge and relatively
short residence and transi t time to
discharge points, the water is not highly
mineralized. Continual dilution is
equivalent to rapid recharge.

Groundwater

Differences in mineralization
between aquifers are subtle and must be
evaluated with respect to well depth, the
producing aquifers, location of wells
with respect to recharge and discharge
areas, and the time of the year.

Water entering the system in upland
areas, by seepage through residual
material, tends to become saturated
with calcium and magnesium carbonates
rather quickly. In time, however, as
more and more carbonate is leached
from the residuum, less remains, and
unsaturated water is able to penetrate
more deeply. Thick residual mantles,
such as those west and south of Lebanon,
result from long periods of leaching of
fractured dolomitic rocks. Data from
well logs show 40 to 80 it of residual
material at many sites in this area,
which the potentiometric map (fig. 13, in
pocket) shows is an important upland
recharge area.

During periods of normal or above
normal rainfall, thick residuum
undoubtedly acts as a storage zone for
much water unsaturated with calcium
and magnesium carbonates. Slow
drainage from residuum into bedrock
dissolves soluble carbonates at the rock
residuum contact, leaving an insoluble
residue to perpetuate and thicken the
residual mantle (T.J. Dean, Missouri
Department of Natural Resources,
Division of Geology and Land Survey,
oral communication, 1977).

Mineralization of groundwater
correlates with movement of water from
recharge area to discharge area. Figure
20 is a map showing the total
mineralization of the water from 38 area
wells completed at many depths in all
water-bearing units of Cambrian and
Ordovician rocks.
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In the area along the divides in the
center of the project area, the concen
trations of total ions in milliequivalents
per liter (meq!O are generally lower and
more uniform than in surrounding areas.
The potentiometric map shows th3.t this
is a recharge area. Wells within it are
270 to 1625 ft deep and obtain most of
their water from the Gasconade
Dolomite, Gunter Sandstone, and Potosi
Dolomite. The relative uniformity of
the mineralization indicates vertical as
well as horizontal mixing of the water
through the section. The II ion
concentration values range from 6.9 to
10 meq!l, the medium value is 7.7 meq!l.
Twenty-five ion-concentration values
outside the central area range from 5.2
to 17 meq/l; the median value is 11
meq!l. The range in ion concentrations
in the circumferential area represents a
variety of hydrologic conditions,
inclUding recharge and discharge. For
example, the low concentrations in the
upper part of the Osage Fork basin
probably represent recharge conditions,
whereas the high concentration at
Bennett Spring, in west-central Laclede
County (13 meq/O, and three
concentrations of 11 meq!l along Osage
Fork, in southeastern Laclede County,
probably represent discharge conditions.

A divide area with a considerable
range in concentration values suggests
slower recharge and less mixing. Along
the divide extending from Marshfield to
the southwestern corner of Laclede
County, the sampled wells range from
315 to 1050 ft deep and the values of
mineralization range from 8.0 to 15
meq!l, with a median value of 12 meq!l.

Admittedly, the foregoing analysis of
the data is very general because of the
small number of analyses in relation to
the size of the area and the diversity of
the recharge and discharge character
istics. Within a basin such as Osage Fork
are many subbasins with widely varying

Groundwater

recharge and discharge characteristics.
For a more comprehensive analysis of
the relation of mineralization to
recharge and discharge, additional
analyses are needed; sampling locations
should be determined by the flow system
as determined from streamflow, water
level, and geologic investigations.

In this respect, carbonate-saturation
data have been used successfully in other
carbonate terranes in the United States
to show the movement of water from
recharge to discharge areas and to
correlate such movement with yields of
wells and springs (Norris, 1971; Feder,
1970; Back, 1963). It seems certain such
studies would strongly support the
findings of this project. For future basin
studies, some carbonate-saturation data
should be collected and evaluated.

Two wells on Bear Creek (25 and 27
in table 5) were sampled to determine if
there are any differences, in kind and
concentration of dissolved constituents,
that might be associated wi"(h the flow
system in the valley. Results of the
analyses are given in table 5, except for
fecal coliform and streptococcus values,
which were less than I colony per 100
milliliters (col/lOO mO for both wells.

Well 27 is adjacent to a gaining reach
of Bear Creek (fig. 21); well 25 is at a
dairy farm, downstream in a losing reach
of the stream. The water level in Well
27 stands above'the stream channel; the
level in Well 25, about 40 It below the
stream channel. Both wells are open in
the Roubidoux Formation and Gasconade
Dolomite and have similar lengths of
casing. A sinkhole formerly used as a
garbage dump lies midway between the
two wells (fig. 21). It is not known
whether the dairy operation, the
sinkhole, or a combination of the two is
the source of the high nitrate, chloride,
sulfate, and potassium concentrations in
Well 25, but such concentrations do

65



HYDROLOGY OF CARBONATE TERRANE

0.5 2 Mil..

1---1,',--'-,---,-',I 1 1
o I 2 :3 KIlometers

80.. from U.S. GeoloQlcol Survey 1:62,500 quodrangle15.

EXPLANATION

Sinkhole

0"

...
.. 'M

Figure 21.

66

Well ond number (See TobIe 5)

Sprlnll

Reoch of .treom with no turface
flow during dry weather. Ground
woter levelt below streom channel.

Locations of wells in Bear Creek basin where water-quality data are indicative of ground
water-surface-water relationships.



indicate a source of pollution within the
losing stream reach.

The foregoing suggests that any
source of pollution in a recharge area

Surface Water

where materials at the surface can be
carried downward to bedrock is a
potential hazard to water wells in that
same area. Since many streams in the
study area lose their flow to bedrock,
the potential for pollution is great.

SURFACE WATER

The basis of the surface-water
information in this report is a data
collection network of 1.34 stream gaging
sites (figs. 22, 23, and 24), two of which,
Osage Fork at Drynob, and Bennett
Spring at Bennett Spring in the Niangua
River basin, are continuous-record
stations, used in this study as index
stations for estimating low-flow
frequency characteristics. The others
are partial-record stations and miscel
laneous sites where periodic observations
of streamflow, temperature, and specific
conductance were made.

The purpose of surface-water data
collection was to provide basic infor
mation on flow characteristics (primarily
low flows) for all streams in the area.
These data were then used to study the
relationship between spatial and
temporal patterns of surface-water and
groundwater flow.

MAGNITUDE AND FREQUENCY OF
LOW FLOWS

The low-flow frequency data for
streamflow stations and springs, as
shown in table 6, were computed by
procedures described by Skelton (1976)
and provide reliable estimates of median
values (the 2-year recurrence intervaI),
with somewhat less reliable estimates

for more extreme events. There is no
way, however, to evaluate mathe
matically the magnitude of the errors
involved in these procedures.

The frequency data shown in table 6
are the 7-day Q2' 7-day Q,o' and 7-day
Q2(}l the values most frequently
requested. The 7-day QlO is of special
interest, because it has been designated
by the Missouri Clean Water Commission
as the maximum flow for design of
waste-treatment facilities. For the two
continuous-record stations in the area
(figs. 22 and 23, map nos. 23 and 31),
values for 1, 3, 14, 30, 60, 90, 120, and
183 consecutive days can be obtained
from the Missouri district office of the
U.S. Geological Survey, Rolla, Missouri.

In some cases there are differences
in the low-flow frequency values of
streams of comparable size in adjacent
basins, and the values sometimes
decrease downstream. This is primarily
because of differences in infiltration
rates in losing or non-gaining reaches of
the streams. In this report, discussions
of structural trends and effects on flow
patterns are contained in the sections
Structure and Groundwater-Surface
Water Relationships; variations in flow
are discussed under Seepage Runs.
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" W......, CfHk SE" NE" ..t. 7. T. 31 "I .. R. 11 W.. 11 010,,1"9 ..... " 8-3·15 " .00 21.0 , , ,
lIl. moulll. <\40 ml south...., of Camelln1on. Camden 8·26·16 .'" "" 28,0
County.

" 8.nk B,.ndl SEll. SW% 1tC_ 3. T. 31 "I .. R_ 11 W.••l t>rld~ on •• 8-3-75 <.<0 ... 19.0 ,, ..
County Highway 1(. 2\40 m, 'OUlllWfll of Camd.nlO11. 11·1<·18 '00 '" 11.0
Camd.n County. 3-26-16 .00 ~ "'''

" SponoorC,etk NEll. SE14 lie. 30. T. 37 "I,. R. 16 W... , ford on county 10·15-11 .., 13.5 • • ,
~~wlly. 1\40 mi norm_l 01 Decllu",III. Clmden 8-26-16 •
County.., S_ce.C,ook SWll. NEll. lie. 13. T."R "I .. A. 11 W.. obeUl 2000 It 10·15-11 • • • •
upOl••.., f.om Tu,k.ypen Hollow. Camden County. 3-26·16 •

" Spencer Crook NW% "IE" sec. 1<. T_ 31 'I .• R, 11 W.,,' ford on 10-15-11 .00 • • •
""""ty hiIJllw.Y. 1\\ mi ",lIt!> of CounlY H~wlly 11-14·15 .00 '00 10.5
O,CtrndenCounty. 8-26·16 • ~ 19,5

" S!>tnce' Crook SE" se"...,. 3. T. 31 "I .. A. 17 W.. II bridge 011 ,,. 6-3·15 1.69 .." 210 , • ,
County Hlllhwily O. 2 ml sou'h.....' 01 Camden,OII, 11-14·15 '.00 •• 11.0
Camden County, 6-26-16 •

" H""onka Sp,lng ' Can'.r .... 2. T. 31 "I" R. 11 W.," H.t.. ,,,,,kl. 2 mi 8-26-16 'H .00 14.0 .. .,
00II111 of C..,den<on. C.-nden County, 10-21-16 65.5 "" 14.0 11.5

3-8-11 ~. 1<,0
5-25-11 86,5 14,0
8-23-11 51,3 "" 1<.0

1119.2<1 GRANOGlAIZE CREEK BASIN

Dry AU\llalze C...k2 "IEI' SEll- 'oc_ 2, T_ 34 N_. R. '8 W_,.t b,idgo "" 6-2-1& 1.28 "" 22_0

""""lY hi9hw'V.t n"""" ..l eel"" of leb..."". 8-25-15 '" .." 26.0
lKlede County_ 11·5·15 '" "" 16,5

2-24-16 .00 M' ••
3-24-16 .00 ". 11,5
8-19·16 '"... lM...ure,...n" lIllIl'" ohOWll_.. mlde duri"9 ...... ",n._ M.ny o'h.".,....lloblo In fl,.. of lIl. U .5_ GoololJicol Survey II Rolla. Mo.

'" 2F,eqUOflC'V ..llm.t.. nol p",.ibl. bee&uot of ..';lbI. effecl of ....age·t'.ltment plen, outflow.



"
TobilII lconllnuodl

C>
SUO.ntl_tla.. Lo-tl.... l,oquUlCY d......~. S1..... n..... LOCIli_ Dr';..."" O~ Dlld>",,,, """. W...., Ai. Ann...1!_·ltow (In ril,.) ro<... U~/.I
-~ 'a_ow'" IOrnp"'OW," 1 """......u••~ rt b.,l1",,""

(m~l lIJrnlu""'" '"'" (OCI '.cu,...... m'....ll;" V"")
.. 25"C1 ,

" ~

I!I~ 2", CCWl~n..edl GRANOGLAIZE CflEEK BASIN 1...",lnutdl

"'",,_.-u.._, SEll; "'£1'..,..;. 2. T. ~ N.. R. t6W ••, nol1:l1 ••" ""to H4·76 ,.~ "'" 12.f,
~."t _.nZ (Ilnl 01 L.tIOn"". LI<lod. C""n..... &-6·76 ,.~ "'" 16.0
IloQM <JIlefatln~ In I.te 8·19·711 '.00 ." \B.O
Ftll.....V 1976), Dry AlIQloi .. C,••k'2 NW'ji NW>I sec. 31, T. 36 N.• R, 15 W.• "'o<d "" 6-2-16 ." ~O 22.0

ooun,,,, 01<11...... 1% ml no<1"'", 01 LOll"""", 8·26·16 ." .~ ".
Lad.". Co,,"''!. 11·5-15 .00 '00 165

2-24·711 .00 ." '.0
3·24·7l1 '.00 "'" 11.5
s,e·78 '" ." ".B·I9-16 '00 "'" 20.0, Dry ""III';", c.,,,,,2 NWW; NE% _. XI. 7.35 N., R. 15 W•••tlol'd on 6-2·7!i O.lil '" 21.0

""'""IV It"",".v, '2 mi _'~WltIt 01 $1"1*. lodtd. 8-25·75 .~ = 27.0-.. 11~75 ..,0 ~, 15.5
1.24·76 .00 m '.0
J·24-15 2.lll "'" ".4·2-16 '''' .W 11.0

&-6·76 4.50 OW ...
11·3·111 '" ~O 1&.0

8·24-17 ,." '" :M.O ,,.
• D,V AlIQIOI.. Cro.k2 On 11".I>O_n ...... 18 on<l 111, T. 36 N.. R. 15 W., 01 &'2·'1!i 0

b'la(,JO "'" .....nty hlgllw.... , 111 ...1_.1 01 51.po" g.25-71i 0
LKlodt Coun'v. 11·1i·75 0

2-24·76 0
3·24·76 .'" '00 12.0
4-2·76 .00 '" •••
&-tH6 ." .'" Is.1i
6·111·76 ,
11·3·78 ,

• Drv ""lII0I.. Crwk3 SWIIo NWll. -:. 8, T. 31i N" R. lliW" 01 b,idgo.", g.HIi ,.§ '" n.' , , ,
C""nty H~w.... F, 2 ...' nort!1wnl 01 51.._. l.-e:loodo 8-25·76 0
County. 11-l1·7s .~ no 18.0

2·24·16 .~ "" ,..
3·24·76 ." '" 12.0
4·2·78 .00 '" 11,5

6-11·16 .00 '" 17.0
8·111·1& ,
12·21·76 0

• Willi .......... 6,..<:h NWli: SWl' _. 4. T. 35 No, R 15 W" o,fortl ..... co""lV 6-2-75 0 , 0 ,
hlgllw.... , 21' ...1n"'th 01 SletPO', L..I.... COIlnl\l. 8·25-75 0

11-5·75 0
!t-6·16 0
8·19-76 0

2F'OQ""ncv ."i....... not p""IIll. bee...... "I • .,lob" .fleet "llOwOll"-'nlotmon, ....n' OIl'~OW.

30.",,_ I'''''' ,,_·'nt.uno", pi.., I. di••" ... 10 Ni0"9". RI,or b ..ln ""0'" ~ndo'9'_....~tioo <llonnol. ~l'It"'orn !,"'" ",1••1... 1St. 'ul 10' <10<011.\



T..... 8C_~n.... l

S......._do.. Low-t_'....--.. d...
Mop ..... S....... n_ C_ 0'_ o..

0_ ...... W.... AA ........... _·11_ Hn tt3/tl I",... ltt3hl - .._.ou.. .._.'u'" 1 -..oculi........,. .,__

1..,;21
_.....

0"<' 0"<1 __ in..",.. tin,...,.1
., 250CI ,

" ~

tlit. 2•. contin..... GII,tJlOGlAIZf CAEEK BASIN I<>an_J

D<v Auglol .. CIwI< SWll; Sf'>' OK. 29. T. 36 N~ A. 15W...1bridto .... 8-3·15 , , , ,
....... tv h.......OV. 5"" ...st 01 Stoud_.~ 8-25-15 ,
0..". 11·5-75 ,

3·''''''
,

8-10-18 ,
• Drv ............ CIwI< SEX $WX Me. III. T. 36 101.• R. '5V1...' 1___ 8-3·15 , , , ,

......... County High...... BB. 6X ......, of fldrldlo. 11·5-15 ,
~County. 2·~1B ,

3-2H8 ,
",1-1B ,

• 0.., ...~.... Cooek On .... bo...... ...,..13_2•• T.3BN..A.1BVI.••, 8-2·15 , , , ,
__btidlIt ..........ty ......OV.6 ... _ ... 11~15 ,
of E........ l_County. 8-1.16 ,

" O"' ........ Cooek NWlt. SEl' ...... I•. T. 3B N~ R. 16W~fl_. __ 8-1-1'5 , , , ,
bridto ........nty .........,. 5 ..._.t 01 Eldt.... "'0-111 ,
ledodo County.

" ~--
NElr. NElr. ..... 20. T.:)oI 101, R. IIIVI,.' tIondge ... 8-2-15 , , , ,

SUW Highwov 32. IX mi _., of L_. lus-n ,
lododo County. IUO·}1I ,

" Gooifwin H,,"- NWlt. SEX ........ T.:)oI N~ A. IIIVI.• 01 bridge ... S.... 8-2-15 , , , ,
High...... fIol. hoi'. __I <1/~.l_ 11-25-15 ,
0..". 3-26-111 ,

..»16 ,
" -- On .... _IOCI.28_33. T.:l6N~ A. IIIVI.... 11-'·15 , , , ,

..... ""_ty........,.3..,;_ofL-.. 8-25-15 ,
~,"",,",. 3-26-111 ,

8-»111 ,.. --- NElr.Nwlr.OK.21. T.35N~ A. 16V1~ .. ""'", 8-'·15 , , , ,
-..tyh.......OV. 5 ...._Iof~. LKI_ 8-25-15 ,
0..". 8-20-111 ,

" ~Hollow SWX SWI' Me. 21. T. 36 101 .. A. " w...'bIi<l9o'" 8-US , , , ,
Stnt H;ghway 5. 3"'; NIl or EkIhclge. L.._ 8-25-15 ,
0..". 8-»18 ,

" 0", "'ugI.,..e- o. lin< bo_n lOCI. I I _ I•. T. 3B 101 .. R. '8 W.• II 8-2·15 , , ,
low......, b.... on county highwlV. 5.,., ",1 __, 11·5-15
0' EkIr". lKlodo C<->ty 8-20-16

" D<v .......Ii.. C_ NEll. NE'>' OK. 35. T.31 101 .• R. 16W.... 1__.., '''·15 "
, , ,

..... on .....nty hivhwov. 2\\ "'; ••t or O'U'.....III•. 8·20-76 ,
Cerndof, Coun'v.. Drv ....uglli .. CrHk NEll. SE'>'_. 22. T.31 101.• R. ISW.... I_-w..., ~·15 , , ,
..... on county hivhwIII. 2"" ......"'••, 0' Dee.o...... 8-20·16 ,

~.111•• Cemd'" Covnty,

"'" '"'" n•
'"..~



I
-<
"'"Tobl. 6 lconlinued) 0

~ ....
'" 0

S~",fl_d.tt Low·flowff«J....,cy d... Cl
Mop no. 5......" ••_ LocatiOfl D'''n. 0 •• 01"",,0'11" Specific W...r ., Annu" low.flow lin It='/sl lor -<

.r•• 1tt3/ol e<>nductan". ""-'0"" ..mPOtOtu," 7 oo......,u" .. doy. ot Indl<.t..:l 0Imi2) II<mho/om (OCl (OCI ,"u"e." in...... lin ye.n) ~

ot 250(:1 ,
'" ~ ",.

{fig. 24, contlnuedl GAANDGLAIZE CREEK BASIN (continuedl '"'"" P,nijolln Ii<>ll"", SWll SEll ~c. 14. T. 37 N., R. 16 W., ot low-water 64·75 0 0 0 0 0
Zbridge on coynty hijllwoV. 4 mi IOUthwe" of 8·20·16 0 ,.

Moo".. I, Camden County. --;
~ Dry AU\lI.i,. Creek NEI> SEll ..c. 35, T. 38 N" R. lew" 01 b';dllf on 5-22-15 '00 ~ 21.5 0' "'St.t. Highw.~ 7, 3% mi no<thwtOl 01 Mont,..I, 6-4-75 '00 '" 23.0 --;

"'Camden Coontv_ 7-15.-75 .~ ". 25.5

'"11·5.-15 '.00 ,~ 15.5

'"2-2H6 2.70 = 10.5 ,.
3·24·76 '.00 ,~ 12.5 Z
5-5·16 '.00 "']-He .~ ,~ 22.0
8-21H6 .~ = 23.0
10-19-76 " ,~ 12.0 '0

" Soli." Hollow NWlI SWY. .e<:. 5. T. 37 N., fl. 15 W.• ot low·wa.., 6-4·15 ." ~. 23.5 0 0 0
Dridlll' on StOle H~w,y 7, 1 mi wo" of Mon...... 6·20·76 •
ComdOfl Coun.~.

" Dry AU~laizo C...~ NW'4 SW% .ec:. 17. T. 3S N,. R. 16 W,. It low-wa"', &'21·15 0 0 0 0
bri~ on county hlghway.4 mi nor1h of Mon"aa1. 6-4·75 0
Camoon Coun.y. 1·15·15 0

11·&'75 0 = 19.0
2-24·76 0
1016-76 0

" Dry Au~lai.. C,ook Nw% SW% soc. 22. T, 36 N.. R. 15 W.. allow-w..., 6-4·75 '" '" 22.0 0 0
b<idge on county highw.... , 21' mi noftlloa" of Mon· 7·1&'75 0 ,~ 17.5
...... Ctmelen County. 11·&'76 .~ ,~ 10.0

2·24-76 1,70
8-2076 0
8·9·77 0

" Dry Augl .... C...k 'lE'4 NW% .OC:. 23. T. 3S N.. A. 15 W., 0' bridllO on "" 5·21·15 4.23 "" 26.0 27.0 ., 0
County Highwov A. 2 mi north...... 01 TO,OnIO. 6-4·15 ,." "" 23.5
Camdan County. 7'15-75 1.14 "" ~.

11-&.75 ,~ ,~ 19.0
8·2076 ..
10·19·76 ." "" 11_0 •••6-23-77 .~ '" 30.5

" Sh.ko'09 C..... NE'4 NE'4 100, 26, T. 36 N.. R. 15 W.. a. low-wa.o, 6·3·76 0 0 0 0
bri<lgo on County Highwoy H, 1'4 mi northwest 01 8-18-76 0
S,outlar>d, Camdon Coonty_

'" Rook~ Hollow SE'4 SWII sec. I, T. 36 N.. R. 15 W.... forn on ooun.~ 6'3-75 0 0 0 0
higl'lwOV. 4'4 mi no,th of S.outland, C_n Coon,~. 8-19-76 0

" Soli... C'ook NE% NE'4 '00. 31, T. 37 N.. R. 14 W.• at brid..,. 00 ~ 6·3·76 9,02 '" 22,0
S'". Highway 7. 6 mi north..... ' of Riml.nd. Camden 8-19-76 4_39 '" 23,0
County. 11-29·77 2_75
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GRANOGLAIZE CIlEEK BASIN (conti""od)
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27.0
26,0

21.0

••

21.0

21.0

'"24.0
29,0

•••

".."'..

'"

'"

'"

,..

'"".
'"'"m

'"".

".
",

",,
••
••

9.02
5.16
•.91
5,01,,,,
'",,,

1),6
10,5
.2>..'"
),19,."
3.19,,

11.5
.m
4.19

••
32,3

/1-3·15
7·15·76
8·11P6

6-)·7&
8-19-76

6-3-15
8·19-16
5-2S·71
11-29·11

6-3-75
8·19-16
S·2S·71
"·:29·71

6-3·15
8-19·16
5-25·1]
11·:29·1]

6·22-16
6-3·15
7·15·15
8-19-16
10·20·16
5-25-11
11-2!1-11

/1-3·15
8-19-16

6·3-75
6-19-76

6·)·76
8·19·76
11·2\1·11

6+75
a.19·76

"

"

"

'"

NEl< NW"'-_.4. T, 36 N.• R. 14 W.. 01 b"<kIo ""
5t.to Ilighw.v 1.• mi ""'til....., of RidJl....d. e."d.n

Coun'v.

SWI> NWI>_, 11, T, J6N .. R. 15W•••, lK~ an
.altM'Y hlgllw.V. 4 ml ""'"Ill...." 01 5,,,,,,1.'><1. Comd..,
0..,.

SWy' SWY. let. 25. T.31 N" R. 15 W, ot lKldgrr an
S.... Hlfl ..... 7, 4)1; mllOUth.... of Man"o", Comd,n
0..,.

SW% NE% ... , 27,T 31N.. R.1I'W"'lb"dlltltM
coun'v h"'>ny•• m, _"',... 01 M"""nl, Ctmdon
C"""ty.

SE" Se1' ..e:. 14. T, 37 N., R. IS W..., bridvo "" Stoto
111;;. ..... 1,3\0 ml "''''h.... 01 M"""..I, Comd.n
0..,

NW\I SWY.MC lB. T.37 tL R. 14W low...."',
l>ti<lll< an ••,"'''V IoI",wty,. ml """", , of M",,~".
Corn<Iof, C"'-"'.V.

SE% NWY. Ml;. 7. T. 31 N.. R. 14 W...' law....'"
b'i<!vo "" """nly hlgt1,...•• , 5 mi _"'.... of M""'.....
C....,denC"""ty.

NW% NEIO _. 6. T. 31 N.• R. 14W... llow........
b<idgo an .""nl'/ hlgt1wty, 5 ml nOfth.... of Montr..1,

Comdon CounlV.

SW%SEI' ...., 11. T 31 N•. R. ,.W.... low-w...'

t><idge "" ",",,"tv hl;;.w..... 2:<. mi "ar"'....' 01 W..
Gloiu. e."don CaYntv.

NEll. NWI' """" 29. T, J7 N.. R. 14 W",' I -w... '
l>tldge on CUUMIV h~w,V. Sy; ml Mrl..Ih ' of Ri<:l1-
lor><l, Com<;\"" Ca<lnw.

On Hn. b,l1w..n loe1. 10 on<! IS, T. J6 N,. fl, ,4 W., 0'
bridge "" c""n,V lo~w..... 1 ml ....., 01 RidJlon<I.
C,""",n CaltMty

Mill Cr.....

Murphv C_k "Tom'"",

o..l,llolluw

MiIIC,..k

W., GI.I,. C,..k

We. Glol'" Crook

"



0) Tobie 6 (o;on,;nuodl
0

St,._ll... ",,~ low-flow INquoonq dot.

",",PRO. S"..", no",. l_ti"" D,ol_ DOlO Dischar!i'" Spocifi. W..., ., Annual I"",.flow lin ttl",! tor
.,.. (till,) C<l"dl>ClanOl ,,,,,,,,,,,.tur• ..."pt.Olu•• 1 co......,..\i•• doy. ot I...IA....

Imi 2) lil.molcm <'« lOCI '","u'"'''' Into.... Hn v....1
•• 25OCl ,

'" ~

(fi9_ 24••on,inuodl GAANDGLAIZE CREEK BASIN (continuodl

" We, Gloi,. Creek NE'4 NWJ; He, 31, T, 38 N.• A. 14 W., It bridge on '" 5·22-62 35.2 '" " "Coonty Hi!llw..,. A. 7 mi .",,11> of !l,umlty. camden 7·10-62 "" 24.0

County. 1l·1J.t12 21.2 10.0,.., 17.1
1().S63 14.8 18.0 n,
10-&63 15.2 '00 14.0 ""10·23-64 11.0 .~ 12.0 16.0
9-8-67 16.8 '" 21.0
9-1-70 24.' ~ 24.C1 35.0
l().I5·11 24.3 15.0 ".5
&-22-15 51.9 ,~ "'., 24.5
6-4·15 33.5 '" 21.5
7·15-75 n.ll '" 24.0
8·19-16 16.1 '" 28.5
10·19·16 16.7 .~ 11.5 "8·2J.77 19.7 '" 25.5

" e"r>tll H<>Ilow NW\I SE;; ,0<. 25, T. 38 N" R. 15W._ It bridgo on 6-4·75 , , , ,
County llighw.V A. ~.U. mil. oou'" of To,,,,,'o, 8·20·76 ,
Camden Counr.. 8·23-77 ,

" O'.... C...k. NE% NE% 1eC. 34. T, 38 N.. R. 14 W,... low......' " 8-4·76 ." on ~, , , ,
brOlgo on .O'>or. highww. 4l!< "" .ou...... , ot 2·24-76 ,..,

~ 10.0
Toron'o. Comdon CO!Jnty. 8·21H6 ,

" Do.... C'Hk. SE% NE% <oe. 2B. T. 38 N.• R. 14 W.• lllow.....11O< ~ 6-4·76 ." ." ~., , , ,
bridyt on eounr. b;gt>w..... 3l!< mi 1.1 of To<onto. 2·24·76 .~ '" 11.0
c.ndtn County. 8-21).76 ,

" Dun"C...1< SW% SWI' 1eC, 2(1. T. 38 N .. R. 14 W.• II IOW.....Il.r " 6·1-75 2.43 '" no , , ,
bridyton eounw highw..... I%m; n"' .....' of 2·24·76 10.0 '" 10.6
To'onl0. Candon CO~"lV 8·21).76 ,

« Do.... C'HI< NE% NE% <0£. 18, T. 38 N • R. 14 W.. at brid9' on ~ 9·1-70 , , ,
County HighWay C. 3\\ mi wuth 01 B,umlOy. Mill", 6-4·75 2.79 '" 22.0,-, 2·24·76 11.0 '" 10.0

8·20·76 ,
" 8,uml~ C'Hk NW% <0£, 7, T. 38 N.• R. 14 W.. ot mouth. 3\\ m; ,outh· 7-4·34 , , , ,

....it 01 B'uml ••• 1\11,11.. C"",nty. 7·26-35 "9·'·67 ,
9·11).69 ,
9·'·70 ,
g.3Q·71 ,
8-11H8 ,
10·2(1·76 ,

:I:
-<o
(5
g
-<
o
~

n,.
"~z
!.<
"'
~

""~
"'



St..omflow date low·llow froq....,,,,, dot.
Mol'no. St...m nom. l ....tion D"';~ ,.. D"dl"'go Spocific W.,., Ai, Annuol low·flow lin n3"1 fo<

•• 1n31Jl -- lOmp.,otu.. ..m_.tufO 1 C<K1N1:IIti .. d..,.••t indi<o..-t
Imi 2! l/!mho/"", lOCI ,"0, roc<l'fOnm in.., ... (in V""!

.t 25"'C! ,
" "

(fig. 24. continuodl GIlA~DGlAI2ECREEK OASIN !<:ontin""").. G,.,dvloizo Crook NW~ <eo. 7. T. 3D N.• fl, 14 W.• ju" ""w",troom f,om '00 ,.~ 10.0 " " "O'uml.v Cre.k. 31\ ml .<>Uth_" 01 B,uml.v. M;II., 11-2-34 ~,

~". '2·28-34 ".3·1H5 '.000
5·20-35 '.000
5-29-35 8.170
7-25-35 ,~

7·30-35 75.6
10-13-35 ~,

12·5·35 '"1~·36 '"4·23-35 40.7
4·23,35 ".,
6·2-36 23.6
,.~ 16.4
9·7~1 ".,
9·1D-6ll 00.' = 18.0 17.5
9·HO 40.5 '" 23.0 27.0
9·30·71 57.6 '" 22.0 ",
6-5·75 00.' '" 22.0
1·15·15 41.3 '" 22.0
0-20-76 ", '"10-20-76 '" ." 10,5 "

Ifjg.23l OSAGE fORK AND OEAR CREEK BASINS

Os. Fork NW% NW% <eo. 22, T. 30 N.. R. 17 W, ••t br'dgo "" 11.2 6-2-75 1.16 '" 24,0 "
, ,

Suro H;';'w.V 38. 51> mi "",th<.., 01 M.nhli.,d, 8-25-75 .00 '" 27,5
Wtb".. CoU"ty. 11--4·76 ''''' '00 16.5

8-2]·76 '" '"9·16·76 ." "" 21.0, 0sa90 ForI: T,ibu..", NEil SW" tee. lB. T. 30 N.. R. 17 W.. It brld'l" on " 0·2-75 ." '" 22.0 , , ,
5'.... Highw" 3B. 21> mi "",th••, 01 MonI11iold. 0-26-75 ,
Wob.lOr County. 0-23-76 ." '" 21.0

9-18-76 .'" = 23.0, 0.. Fork On Ion. botw..n ...,.. 5 ond 8. T. 30 N.• R. 11 W,." '" 5-2·75 5.14 '" '"
, , ,

b<id!l' or> County H;gtlw..,. 00. 3 ml not 01 Monh· 8-26-75 ~ "" 29.0
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HYDROLOGY OF CARBONATE TERRANE

SEEPAGE RUNS

A new sewage-treatment plant for
Lebanon began operation in February
1976, in the upper reaches of the basin.
The plant, with an average discharge of
about 1.1 mgd (million gallons per day),
replaced two faciJities active for some
years on Dry Auglaize Creek and
Goodwin Hollow (fig. 24). In the project
area, this reach of Dry Auglaize Creek is
the only place where urban effects on
streamflow are significant. Because of
variable discharges from the sewage
treatment plant, frequency estimates
could not be shown for several stations
in the upper reaches of Dry Auglaize
Creek (table 6).

Most of the seepage-run data were
collected during periods of minimum
streamflow 10 the summer and fall, but
data collected in the winter and spring
(during periods when there is no storm
runoff) can supply valuable information
about areas of significant water loss in
normally dry channels. In many cases,
streams that lose flow to bedrock will
still be dry during the winter and spring
"wet" seasons, whereas streams that are

Data from seepage runs are among
the best sources of information
concerning magnitude and distribution of
low flows and anomalies within and
among stream basins. If several flow
measurements are made at seepage-run
sites during the course of an
investigation, the data can also be used
to estimate low-flow frequency charac
teristics at those sites (plate 13).
Seepage runs in small areas (figs. 25 to
28) are of special interest, because data
collected from them can be used in
studying the interrelation between
groundwater and surface water.
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Plate 13. Taking stream-flow measurements along Mill Creek, sec. 36, T. 37 N., R. 15 W., Camden
County, as part of a seepage run to detennine stream losses or gains. Photograph by James
E. Vandike.

normally dry during hot, rainless periods
of high evapotranspiration will be
flowing. Discharge measurements in the
flowing reaches can pinpoint zones of
water loss that would be otherwise
unnotedj these zones can be related to
geologic and structural features,
vegetation, topography and slope, and
groundwater levels.

Conclusions based on seepage-run
data are as follows:

l. Big Spring, near Morgan (fig. 23),
contributes about 60 percent of the
flow of Osage Fork during Jow base
flow conditions and about 40 percent
during high base-flow conditions.

2. Bennett Spring, at Bennett Spring
State Park (fig. 22), contributes
about 60 percent of the flow of the
Niangua River during low base-flow
conditions and about 50 percent
during high base-flow conditions.

3. The Osage Fork basin contains more
tributaries with base flow during
most of the year than either the
Niangua River or Grandglaize Creek
basins, The greater numbe"r of dry
tributaries in the latter two suggests
that more of the precipitation falling
in these basins is stored, to be
discharged later and at a more
uniform rate from the several large
springs along the main stems.
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Figure 25, Seepage-run measurements in the upper Niangua River basin, November 11·12, 1975,
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HYDROLOGY OF CARBONATE TERRANE

Stream name Tributary Known springs Contributions along Total flow
contribution contribution main stem (percent)

(percent! (percent!

Hi!ll base flow, June 1975

Osage Fork 27 36 37 100
Niangua Riller 8 62 30 100

Low base flow, August 1976

Osage Fork 11 61 28 100
Niangua River 4 68 28 100

4. The tributaries contribute only a
small proportion of the total base
flows of the main stems; most of the
water is contributed along the valleys
by springs. The preceding table
shows the proportions of total flows
contributed by tributaries, known
springs, upwelling of groundwater in
the bed of the streams, groundwater
discharge from any alluvial fills
bordering streams, and along the
main stems by small springs that
have not been inventoried. Flow and
increments of groundwater discharge
are much better sustained along the
Niangua River than along the Osage
Fork, because, in the case of the
former, more precipitation is stored,
to be discharged at a more even rate
throughout the year.

.5. Streams draining the Jefferson City
Dolomite often lose their flow
shortly after reaching the Roubidoux
Formation. Once the zone of
saturation has been intersected by
the stream valleys, however, larger
base flows can be expected [rom the
Roubidoux Formation than from the
Jefferson Ci ty and Cotter Dolomites,
because the Roubidoux is topo
graphically lower and has greater
storage capacity.

6. Discharges of principal streams
increase markedly when they enter
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the Gasconade Dolomite i [ the zone
of saturation intersects the valleys.
In a few places where streams cross
the formation, however, there is flow
only after heavy rains.

CLI\5SIFICATION AND DESCRIPTION
Of STREAMS

On the basis of continuity of flow
(fig. 29), streams in the project area and
in other areas of carbonate-rock terrane
can be divided into four types:

Type I streams are characterized as
gaining from headwaters to mouth; this
does not imply, however, that they will
flow continuously during the year.
Evapotranspiration may deplete the
water in storage, so that none is left for
streamflow, but groundwater levels will
be shallow beneath the valley; Broadus
Branch in the Niangua basin is an
example. Two reaches along the Osage
Fork and one on the lower Niangua River
have small decreases in flow at low
stages. Decreases are small compared
to total flows, however, and are
considered diversions through bedrock
channels to downstream points of
discharge; for this reason, the two rivers
are classified Type 1.

Type 2 streams have low water levels
throughout their Jengths and generally do



Surface Water

Type No. Stream Narrw Basin

Niangua
Niangua
Wet Glaize
Niangua
Niangua
Niangua
Niangua
wet Gla;ze

Niangua
Niangua
Wet Glaize
Osage Fork
Wet Glaize
Niangua
Wet Glaize
Wet Gtaize
Osage Fork

Osage Fork
Osage Fork
Wet Glaize
Wet Glaize
Osage Fork
Osage Fork
Osage Fork
Osage Fork
Osage Fork
Osage Fork
Osage Fork
Niangua
Niangua
Niangua
Niangua
Niangua
Niangua
Wet Glaize
Wet Glaize
Niangua
Niangua
Niangua
Osage Fork
Osage Fork
Osage Fork
Gasconade
Wet Glaize
Osage Fork

Niangua
Osage Fork
Niangua
Niangua
Niangua

Jones Creek
Bennett Spring Creek
Dry Auglaize Creek
Steins Creek
Conns Creek
East Fork Niangua River
Goodwin Hollow
Deberry Creek
Parks Creek

Brush Creek
Centrell Creek
Garman Hollow
Wet Glaize Creek
Panther Creek
Hyde Creek
Bowen Creek
little Bowen Creek
North Cobb Creek
Cobb Creek
Little Cobb Creek
Dousinbury Creek
Mill Creek - Niangua
Jak.es Creek
Halsey Hollow
Durington Creek
Indian Creek
Deane Creek
Mill Creek
Greasy Creek
Banks Creek
Spencer Creek
Myers Branch
Smith Branch
Core Creek
Bear Creek
Murphy Creek
Mill Creek

West Fork Niangua River
Osage Fork
Broadus Branch
Jugtown Hollow
Niangua River

Mountain Creek
Four Mile Creek
Barnett Hollow
Cave Creek
Woolsey Creek
Hawk Pond Creek
Givins Branch
Traw Hollow

2.

4.

Up~nd Surface

3.

1.

GAIN

~",,",:~~:;;':G~,~.~unctwot.r L....I

'-s'reOM Bed

LOSS

..............~GA1N

~.

I.

3.

2.

Figure 29. Flow patterns of streams based on continuity of flow.
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not flow in any reach except after heavy
rainsj Mountain Creek in the Niangua
River basin is an example.

Type 3 streams are characterized by
an upstream gaining reach followed by a
losing reach, a pattern that may be
repeated several times in some streams.
For example, Dry Auglaize Creek has
four gaining reaches alternating with
four losing reaches. The lengths of each
segment in a particular stream vary, so
that the upstream gaining reach may
extend far downstream or for only a
short distance.

Most of the streams are Type 4, in
which the upper part of the basin is a
losing reach followed by a gaining reach.
The upper part is considered a recharge
area, and the zone of saturation is below
the stream channel, which is dry except
after rain. At some point downstream,
the zone of saturation intersects the
level of the flood plain and flow begins.
As in Type 3 streams, the pattern may
be repeated several times. Because of
the potential of unsaturated storage in
the flood plain of a receiving stream,
surface flow may disappear when small
tributary streams reach the flood plain
of the receiving stream.

WATER QUALITY OF STREAMS AND
SPRINGS

A good understanding of movement
of water through the flow system of
carbonate rocks aids in identifying
sources of pollution and areas where
wells, springs, and streams may be
affected; hence, dye traces, seepage
runs, geologic mapping, and water-level
contouring contribute to the inter
pretation of water-quality data and
determination of sites where repetitive
sampling would be useful to verify
anomalous values.
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All water in the system, whether well
water, springflow, or streamflow, is of
the calcium-magnesium-bicarbonate
type. Sodium, potassium, sulfates, and
chlorides are present in small amounts.
During a base-flow period, bacterial
counts were measured and chemical
quality samples taken at seven springs
and nine streamflow si tes (fig. 30 and
table 7).

Fecal coliform and fecal strepto
coccus counts for springs were lower
than those for streams, but counts for
both springs and streams were not
inordinately high. The moderately high
counts for Dry Auglaize Creek, near
Sleeper, are due to effluent, which
accounts for most of the flow, from the
sewage-treatment plant at Lebanon. A
short distance downstream from the
sampling point, the creek goes
underground and the water reappears in
Sweet Blue and Hahatonka Springs
(Skelton and Miller, 1979). Dilution by
groundwater and bacteria die-off reduce
the concentration in the springflow, so
that counts are no higher than those of
other sampled area springs.

It is difficult to account for the
pollution of Dry Auglaize Creek at
Toronto (fig. 30, map no. 15), as few
people live in the valley or on the
adjacent uplands, and the stream begins
to flow only about 3.5 mi upstream. A
possible source is an area near Montreal,
about 4 mi southwest of the site, which
contains a rather unusual cluster of
broad sinkholes, where a number of
families operate turkey farms. The
cluster is unusual, because few sinks
occur within miles of this locality.
Wastes from septic tanks and turkey
farms can be carried down through the
sinkholes, but northwest-trending faults
suggest a more likely route, parallel to
the fault system. On the other hand, if a
northeast-oriented system of intense
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jointing intersected the fault zone, such
a cluster of sinkholes could develop and
underground drainage could be directed
to the site. At present (1978), the
source of the pollution is unknown, but
repetitive sampling and selection of
additional sites on Dry Auglaize Creek
should help identify it.

Bacterial counts in the Niangua and
Osage Fork basins are highest in the
upstream reaches and decline down-
stream. Because of the large
contribution of groundwater from
Bennett, Sweet Blue, and other springs in
this reach, the decline is greatest on the
Niangua River, between Buffalo (fig. 30,
map no. 11) and Tunas (fig. 30, map no.
12). Similarly, the counts are reduced
downstream on Osage Fork (fig. 30, nos.
8 and 9), but not to the degree that they
are along the Niangua River.

Even scant water-quality data can
provide clues to sources of pollution in

Surface Water

the hydrologic system. For example,
when springflow which normally contains
a phosphorous content of 0.01 to 0.02
mgl (milligrams per liter) carries small,
though abnormally high, amounts of
phosphorus, it may be due to capture of
waste-laden streamflQw. On August 24,
1977, Sweet Blue Spring had an unusually
high phosphorus content (0.12 mgl)j on
August 23, 1977, Hahatonka Spring, a
smaller, though stHI unusually high,
content (0.06 mgl) (plate 14). It should
be noted that the norm for streams was
about four times that for springs. A dye
study (see GroWldwater Tracing) showed
that the flow lost from Dry Auglaize
Creek, downstream from the Lebanon
sewage-treatment plant, reappeared in
the two springs; therefore, the high
phosphorus content may indicate the
presence of treatment-plant effluent.
Since Hahatonka Spring has a greater
flow than Sweet Blue Spring, dilution
probably accounts for the smaller
phosphorus content in Hahatonka Spring.

Plate 14A. Hahatonka Spring. Water issues from an opening at the base of the Eminence Dolomite
bluff behind the gravel bar shown in the center of the photo. The water from this spring
has slightly higher than normal phosphorous concentrations. Photograph by James E.
Vandike.
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B

c
Plate 14. 146 is a view of Sweet Blue Spring. Water from this spring had hi~er concentrations of

phosphorous than Hahatonka Spring, due to less total dilution of the pollutant from
increased discharge. The dye trace mentioned on page 99 showed dye emerging from these
two springs. 14C is an aerial view of Sweet Blue Springs, showing its relation to the Niangua
River (view toward southwest, with Niangua River on right and the spring just left of the
bridge). Photographs by James E. Vandike.
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Groundwater-Surface-Water Relationships

GROUNDWATER-SURfACE-WATER
RELATIONSHIPS

FACTORS AFFECTING RELATIONSHIPS

In Ozark basins, a number of related
factors variably affect groundwater
surface-water relationships:

1. How saturated is the system? Ante
cedent conditions must be considered
during any study of groundwater
surface-water relationships. Clima
tic extremes before an investigation
may significantly alter hydrologic
conditions and influence conclusions;
this is a temporal factor.

2. How open is the system? Rock
fracturing and subsequent solution
can range from negligible to intense.
The difference in altitude between
the point of loss and the point of
resurgence and their proximity to
each other are factors that also
influence the rate of solution and the
resulting volume of storage.

3. How soluble are the rocks? Because
of variable lithology, this is a
difficult factor to evaluate.
Brittleness and solubility determine
the development of secondary perme
ability.

4. How large is the system? The area
contributing flow to the point of loss
may be large, contributing more to
the loss area than it can take, except
in dry weather. On the other hand.
the contributing area may be
relatively small compared to the loss
area, so that aU flows, except those
resulting from intense storms, can be
accommodated.

5. What part of the basin is involved?
The geographical position of the loss
area within a basin may also be
significant, i.e., whether it is located
near the headwaters, midway to the

mouth, or near the mouth, a factor
directly related to altitude and
proximity of contributing and
receiving areas (item 2 in this list).
tn general, the greatest depths to the
water table have been observed in
the upper and middle reaches of
losing Ozark streams. In the project
area, water levels are as much as 70
to 100 it below flood plain along the
upper parts of Steins and Dry
Auglaize Creeks, and 10 to 20 it
below it along their lower reaches.
In Ozark locations outside the project
area, water levels may be as much as
250 ft below flood plain.

To study these factors, application of
the methods described below was
investigated. Following these descrip
tions, results of the studies of several of
the basins in the project area are
presented.

GROUNDWATER TRACING

The use of fluorescent dyes to
compute travel times and observe
dispersion patterns in surface streams is
well-established, dependable, and useful
(Wilson, 1968). For the current study,
however, the relationship between
surface water and groundwater was
emphasized, especially in basins where
surface flow is lost.

Groundwater tracing experiments
using rhodamine WT dye (20-percent
solution) were made in the Dry Auglaize
Creek basin from May 1976 to April
1977. The results of these experiments
are described in a paper by Skelton and
Miller (l979); a brief summary of their
findings is presented herein in order to
evaluate the usefulness of groundwater
tracing.
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The location of the dye-injection
site, dye-sampling sites, and the
direction of underground dye movement
are shown in figure 31 and plate 15. The
dye was injected into Dry Auglaize
Creek at site 1, where most streamflow
during rainless periods consists of
outflow from the Lebanon sew~ge

treatment plant (approximately 2 ftJ(s).
Between si tes I and 2, the flow
disappears into the streambed, resurging

in two large springs (sites 4 and 5,
fig. 31) in the Niangua River basin.

The following is some of the
information obtained from the dye study:

1. The upper Dry Auglaize Creek basin
is one of the sources of recharge to
Sweet Blue and Hahatonka Springs in
the Niangua River basin.

Plate 15. Charcoal packets ("bugs") being collected and replaced at Ozark Fisheries spring, sec. 25,
T. 37 N., R. 15 W., Ccrnden County, as part of a dye trace of groundwater movement
discussed on page 99 (Dye sampling site ,*8). Photograph by Jcrnes E. Vandike.
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Not.: For control purposes,
Orynob site 12 w(]s located on Big

Piney River, 19 mile' east
of lIte II.
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Figure 31. Location of dye-injection site. dye-sampling sites, and direction of dye movement.
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2. The underground travel rate, based
on straight-line distance from dye
injection point to resurgence points,
was approximately 0.4 to 0.6 mild.

3. Geologic structure appears to control
direction and rate of groundwater
movement.

4. Studies of groundwater levels,
streamflow patterns, and geology are
insufficient to define resurgences of
losing streams in carbonate rocks;
they only indicate possible areas of
resurgence.

5. Late fall and winter particularly
favor successful groundwater tracing
experiments using rhodamine WT dye,
because background fluorescence is
then lower and more stable.

VEGETATIVE INDICATORS OF HYDRO
LOGIC CHARACTERISTICS

Study of the relationships between
hydrology and bottomland vegetation in
the project area (Harvey and Skelton,
1978) has shown that identification of
plants and plant assemblages is helpful in
the study of carbonate hydrology. The
following are some of the conclusions
reached during the study:

1. Plant assemblages indicate gaining
and losing conditions in Ozark stream
valleys.

2. A change from one plant assemblage
to another in a stream valley not
recently altered or cleared,
especially if the change is abrupt,
suggests a marked change in depth to
the saturated zone.

3. Plant assemblages indicative of
differing hydrologic conditions can be
used in any season (but not as readily
in winter> to help evaluate low-flow
characteristics of streams and
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groundwater-surface-water relation
ships.

Vegetation is most helpful in
carbonate hydrology studies when used in
conjunction with other information, such
as groundwater levels, geology and
structure, and seepage-run data.
Vegetation, however, can be
independently useful in defining areas of
abrupt hydrologic changes.

ANALYSES OF GROUNDWATER
LEVELS AND FLOW PATTERNS

The top of the saturated zone is a
concave surface extending from the
divide on either side of a basin to a
stream and sloping downstream from
headwaters to the mouth. Surface flow
usually begins at places where this
surface intersects tributary streams, at
various distances upstream from their
mouths.

Stream profiles, using groundwater
levels, streamflow data, and topographic
and geologic information are useful in
studying the relationship of groundwater
to surface water. The profiles in figure
32 illustrate the groundwater-surface
water relationships and complement the
potentiometric map (fig. 13, in pocket).

In constructing profiles, water-level
data were generally obtained from wells
within a mile of the stream. In some
cases where control could not be
established near the stream, water levels
were projected I or 2 mi from the
uplands, resulting in a water-level
profile probably somewhat higher in
gaining reaches of the stream than the
actual water level in the valley. In
reaches of abnormally low water levels,
almost all wells used were within a mile
of the stream.
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Dry Auglalze Creek-Goodwin Hollow
Niangua River

Goodwin Hollow and Dry Auglaize
Creek (type 3, fig. 29) are generally dry
along most of their lengths and have the
most extensive reaches of low
groundwater levels in the area (fig. 32).
Both streams flow only after intense
raif'.lstorms; they cease flowing within a
few hours to a day or two. In dry
weather, pools of water are more
common along Dry Auglaize Creek than
along Goodwin Hollow, indicating a more
open underground drainage system -in the
Goodwin Hollow basin (plate 16).

Further proof of the greater
infiltration capacity of Goodwin Hollow
was obtained on March 31 and June 22,
1977. Following a rainstorm on March
28 and 29, in which 2 to 3 In. of rain fell
in the area, landowners reported that
Dry Auglaize Creek stopped flowing by
March 30. However, a field recon
naissance for high-water marks showed
that Goodwin Hollow had not flowed at
all in the reach from mile 45 to the
junction with Dry Auglaize Creek at
mile 29, although there had been some
flow in the creek upstream from mile 45.
High-water marks indicated that rises of
1 to 2.5 ft occurred along Dry Aug1aize
throughout its length. In addition, all
tributaries entering Dry Auglaize Creek
from the east, between the mouth of
Goodwin Hollow at mile 29 and mile 14,
had trash lines and small flows or pools
in their channelsj those entering from
the west, however, were dry, with no
pools or trash lines. The underground
drainage system of Goodwin Hollow and
western tributaries of Dry Augtaize
Creek wi11 accept more storm runoff
than Dry Auglaize Creek and its eastern
tr ibutar ies.

Osage Fork-Niangua River

The Osage Fork and Niangua River
are perennial streams (type 1, fig. 29)
for most of their lengths (fig. 32).
Except for several short reaches,
average groundwater levels stand above
flood plain in each basin. Nowhere in
the Osage Fork basin are groundwater
levels more than 20 ft below flood plain,
and in virtually the whole Niangua basin,
water levels are above flood plain.

In the Osage Fork basin, water levels
are at shallow depth below flood plain, in
the reach from about mile 35 to mile 48,
where Big Spring, the largest in the
basin, is located. This suggests that
there has been karst development, and
that the wells supplying data may have
been drilled into bedding planes or
fractures filled with water having a
lower head than that in the stream.
During the drought of the mid-1950's, a
2-mi reach of Osage Fork upstream from
Big Spring had no surface flow.
Furthermore, as shown in figure 32,
there is some decrease in surface flow in
a lO-mi reach just downstream from Big
Spring during years when base flows are
normal. Thus, this reach of the Osage
Fork, though perennial, does not conform
to the pattern of continuous pickup along
the rest of the main stem.

As noted by Harvey and Skelton
(1978), the Osage Fork and Niangua
River have similar vegetative patterns
indicative of perennial flow conditions in
Ozark streams. In the headwater areas,
sandbar willow (Salix interior), Ward
(Ward's) willow (So caroliniana), stiff
willow (So rigida), sedges and rushes,
watercress (Nasturtium officianale), and
touch-me-nots (Impatiens spp.) gradually
disappear and are replaced downstream
by tall black willows <S. nigro), box
elders, maples, sycamores, ashes, and
elms.

More conclusive
following heavy rains of

observations,
3.5 to 6 in. on
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Plate 16.
16A is a view of Dry Auglaize Creek, sec. 22,
T. 37 N., R. 16 W., Camden County, showing
dry creekbed and pools remaining from a
recent rain. 16B shows poor sorting of gravels
in the streambank along Dry Auglaize Creek
at this site; angular chert fragments indicate
little rounding by stream action (pencil near
center of photo indicates scale). 16C is an
aerial view of Goodwin Hollow, showing
absence of pool s. Photographs by James E.
Vandike.
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June Ig to 22, 1977, confirmed the large
difference in infiltration capacity of
Goodwin Hollow and Dry Auglaize
Creek. Data from a number of
municipal and private rain gages in the
Lebanon area showed that the heavy
rainfall was general in the two basins
(fig. 33). Goodwin Hollow and Dry
Auglaize Creek flowed along their entire
lengths, and rises on the two streams
were commensurate, ranging from 3 to 5
ft. Peak flows had passed by the time
flow conditions were observed in the two
streams on the morning of June 22.
Measurements of flow and site locations
are shown in figure 33.

The volume of storm runoff
transmitted to underground storage was
much greater in Goodwin Hollow than in
Dry Auglaize Creek. Furthermore, the
tributaries entering Dry Auglaize Creek,
downstream from the mouth of Goodwin
Hollow, had not flowed, and they
revealed the same relationship they
showed after the March rain. Both
Goodwin Hollow and Dry Auglaize Creek
are therefore losing streams. Goodwin
Hollow, however, is more deficient in
flow than Dry Auglaize, and the stream
reaches and tributaries nearest to the
Niangua River have the largest
infiltration capacities.

An underground dye trace during this
project (Skelton and MUler. 1979) has
shown that the Niangua River is
receiving flow from the upper reaches of
Dry Auglaize Creek. Earlier dye studies
reported by Vineyard and Feder (1974)
and Dean and others (969) revealed that
Goodwin Hollow is also hydraulically
connected to the Niangua basin; thus,
interbasin stream piracy has been well
established.

Harvey and Skel ton (I978) observed
that the vegetative patterns in Goodwin
Hollow and Dry Auglaize Creek are
typical of those in losing Ozark streams.

Groundwater-Surface·Water Relationships

Plants prominent in perennial stream
basins occur only sporadically; these are
found in the few reaches where
groundwater levels are shallow and
streamflow is perennial, or occasionally
at the base of bluffs along dry streams.
In such cases, however, the variety,
abundance, and continuity of water
loving plants are lacking, and a strongly
localized water-saturated condition
seems ·to be indicated.

Bear Creek

As shown in figure 32, Bear Creek
(type 4, fig. 29) has two dry and two wet
reaches. The upper dry reach extends
from the headwaters to about mile 10.5.
Near this point, surface flow begins and
extends downstream to about mile 7.5.
From this point to mile 4.0 the stream is
dry (plate 17). The downstream reach
from mile 4.0 to the mouth has a shallow
groundwater level, and there is usually
some surface flow in the reach.

The lengths of the four reaches vary
with the season and weather. In dry
weather the wet reaches shorten
considerably and the dry reaches
lengthen, but the wet reaches always
have at least a trickle of flow in them.

Groundwater levels in the two dry
reaches stand below the level of the
stream channel; in the gaining reaches
they stand at or above it. There is the
same relationship along Dry Auglaize
Creek and Goodwin Hollow.

In the reaches of Bear Creek where
there is no surface flow and water levels
stand at some depth below flood plain,
water that leaves the stream moves out
of the basin to the Gasconade River.
This was demonstrated when dye was
injected at Bechtel's Ford in 1977 and
recovered in Cliff Spring (plate 18 and
fi~. 21). Downstream from mile 7.5
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Figure 33. Streamflow patterns in Goodwin Hollow and Dry Auglaize Creek following heavy rainfall.
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A

Plate 17.
17A is a downstream view along a dry reach of
Bear Creek, sec. 5, T. 35 N., R. 14 W., Laclede
County, downstream from Bectels Ford. 17B
shows sorting (or lack thereof) of gravels in
streambank just left of view in 17A. Photo
graphs by James E. Vandike.

B
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A

B

Plate 18. 18A is a view of Bectels Ford on Bear Creek, sec. 7, T. 35 N., R. 14 W., Laclede County.
Dye placed in the stream at this point was lost to subsurface flow a short distance down·
stream and emerged at Cliff Spring, sec. 9, T. 35 N., R. 14 W., Laclede County. Flow from
the spring shown in 18B depends almost entirely on flow in Bear Creek, at Bectels Ford.
Photographs by James E. Vandike.

(fig. 32), there is a steep gradient in the
groundwater level. In effect, there
exists a large depression in the water
level profile, extending to the gaining
reach that begins about 4 mi upstream
from the mouth.

"0

Willows and other water-loving
vegetation are scattered along the dry
reaches of Bear Creek. They do not
become prominent until perennial
groundwater discharge and shallow water
levels occur. The gaining reaches of the



stream have a diversified suite of
abundant water-loving plants; the losing
reaches, on the other hand, have less
variety and abundance.

North Cobb Creek

The longitudinal profile of the
altitudes of the upland, flood plain, and
average groundwater level in North Cobb
Creek basin (fig. 32) shows that about
6 mi upstream from the mouth,
groundwater levels begin to stand above
the stream profile. At this point the
stream (type 4) becomes perennial as
shown by the flow measurements
(fig. 32). Water levels always stand
close to the ground surface even though
evaporation depletes the groundwater
inflow, 50 that in late summer the flow
may be reduced to a trickle between
pools.

Upstream from the point where
perennial flow begins, there is a marked
change in stream gradient, and the
stream profile and groundwater profile
diverge toward the divide, with an
increase in the available volume of
storage between the upland surfaces and
the zone of saturation. In a large part of
the upstream section of the basin, the
Roubidoux Formation underlies the
surface (fig. 4, in pocket). Here the
Jefferson City Dolomite has been eroded
away, sinkholes are common, and the
rock and soil sections of the entire
Roubidoux outcrop area are conducive to
infiltration and storage of precipitation.

Within the reach where the stream
gradient steepens downstream, water
loving plants become more prominent.
Between this point and the mouth of the
stream, no stream losses occur as the
flow gradUally increases to the mouth.
Thus, groundwater levels, streamflow;
topography, and vegetation combine to
define the low-flow characteristics of

Groundwater·Surface-Water Relationships

the stream. Vegetation upstream usually
does not include water-loving types, but
small colonies of willows and sedges may
exist where the stream runs along the
base of bluffs.

Steins Creek-Parks Creek

Steins Creek, an interrupted stream
(type 3, fig. 29) tributary to Osage Fork,
is an example of a stream whose lack of
flow is probably related to faulting and
solution along a fault system. Two
parallel faults forming a horst cross the
basin midway between the headwaters
and the mouth, where the Gasconade
Dolomite is at the surface (figs. 4 (in
pocket) and 32). There is no flow in
Steins Creek (except for a trickle in the
headwaters) until it crosses the horst;
from there it is perennial until it reaches
a point near its confluence with Osage
Fork.

Parks Creek (type 3), in the adjacent
basin to the west, is somewhat smaller
than Steins Creek, but exhibits similar
geology. The base flow of Parks Creek,
however, is larger than that of Steins
Creek in the downstream reach (fig. 32),
and it is possible that flow from the
upstream reach of the latter is being
diverted to the downstream reach of
Parks Creek, along or in the fault block
shown in figure 34, a possibility
suggested by decreasing groundwater
levels to the northwest.

An alternative to northwest
subsurface discharge from Steins Creek
is northeast discharge to the Gasconade
River. Groundwater levels also decline
toward the Gasconade basin.
Groundwater movement in that direction
is possible; in fact, contours on the
potentiometric map {fig. 13, in pocket}
suggest discharge in that direction.

A comparison of elevations along the
two streams also helps to show why

111



HYDROLOGY OF CARBONATE TERRANE

-T't-_T;.'>Z N
---; T31 N

~ f"0,
-o

)
{
(

8a.e from Missouri HI;"wo, Department
county "IQllwoy map., 1'2SO,OOO.

20

1
<;

, ~
~

~
.,
\ 6.0

1
~

0.0

Nat., 2.S to 3 Inch.. minimum wa.
recorded ot Grove Sprlno and Lebanon
on March 28~29.1977.

EXPLANATION

Fault

Streamf~ mealurln; lIt•. Number.
Indicate flaw In cubic IMt per ..cond.

o 2! 4 Mil••
L~'rlfr\ITt-""T...L..--,l.'-,---"----"I II I I I

I 0 2 3 4 Kllam.t.r.

Figure 34. Streamflow in Steins and Parks Creek basins, March 30, 1977.
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hydrologic conditions in the two basins
may differ. The II OO-ft elevations of
both streams are at about the same
latitude, and each stream reaches the
divide at nearly the same elevation
0540-1560 ft). Downstream from the
divide, at the latitude where the
elevation of Steins Creek is 1300 tt, that
of Parks Creek is about 1230 ft.

The relationship between these
adjacent basins was further studied
following 2.5- to 3-in. rains on March 28
29, 1977 (fig. 34). Note that the flow
from the smaller, Parks Creek basin was
still somewhat larger than that of Steins
Creek in the lower reaches and that the
flow in Steins Creek, even under
saturated conditions, was apparently
influenced by the structural features
shown in figure 34. Even under differing
hydrologic conditions, less flow is
contributed from the upstream part of
Steins Creek basin than from the
smaller, Parks Creek Basin.

The distribution of water-loving
plants and their relation to streamflow
and groundwater levels in the Steins
Creek basin have been described by
Harvey and Skelton (978). In Parks
Creek basin, vegetation patterns similar
to those along Steins Creek were
observed. Plant diversity is limited by
~he lack of adequate water in the upper
reach of Parks Creek, where flow is
intermittent. Near the mouth, where
flow is perennial and water levels are
shallow, plants are more diversified.

Similar relationships between
groundwater levels, streamflows, and
vegetation can be anticipated for
tributaries not described here. The
observation of dry-weather flow in the
middle reach of a valley does not
preclude a dry streambed between that
point and the mouthj nor does the
observation of a dry streambed in mid-

Groundwater-Surface-Water Relationships

valley preclude a perennial reach
upstream. Observation of streamflow
condi tions can be used to predict
variations in groundwater levels in a
basinj conversely, observation of
groundwater levels can be used to
predict streamflow characteristics.
Vegetation is a key to both. In addition,
observation of anomalies in these three
elements may suggest that more detailed
geologic mapping is warranted.

Using all available hydrologic data,
the authors classified areas of recharge
and discharge along streams in the
three-basin region, as shown in figure 35.
The illustration is a generalized
presentation intended to show areal
distribution of recharge and discharge; in
effect, it summarizes many of the
conclusions presented in the report.

Drainage-Density Analysis

Using a method described by Trainer
(1969), drainage densities were computed
for a number of streams in the project
area and for several Ozark streams in
other parts of southern Missouri to
determine the usefulness of the method
as an indicator of low-flow
characteristics. Trainer1s studies were
useful in sandstone, shale, and
metamorphic rock terranes in the
investigation of groundwater discharge
and its relation to the development of
the drainage network. Figure 36 is a
plot of drainage-densi ty values for Ozark
streams, versus the 7-day median low
flow (7-day Q2). Because of excessive
scatter, the data plot in figure 36 did not
prove conclusive.

Because of development of
underground drainage, the drainage
density-low-flow relationship is not clear
in karst terranes such as the Ozarks.
Originally a drainage network was
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Figure 35. Recharge and discharge along streams, based on hydrologic data.
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established on a surface with little or no
solution development, underlain by
dolomite. As dissolution of the dolomite
advanced, the surface-drainage network
continued to exist, but groundwater
discharge to the stream declined or
remained at a high level, depending on
the amount of diversion taking place
between basins. As a result, two stream
networks with nearly the same density
can coexist in the same area, with little
or no correlation with groundwater
discharge.

The authors have concluded that
there may be a range of drainage
densities that typify losing or deficient
streams, and that there also may be a
family of drainage-density curves
characteristic of perennial streams.
However, because of the time required
to make a comprehensive drainage
density study of Ozark basins, and the
availability of other methods, considered
more reliable, in defining gaining and
losing streams, the authors have
concluded that drainage density may not
be useful as a predictive hydrologic tool
in carbonate karst terrane.

REMOTE SENSING AND THERMAL
DATA

Satellite imagery may be useful in
defining gross hydrologic differences
between large basins like the Dry
Auglaize Creek and Niangua River
basins. The terrain in the area
comprising Goodwin Hollow, upper Dry
Auglaize Creek, and the adjacent part of
the Niangua River basin has a
characteristic drab appearance on color
enhanced imagery, distinguishing it from
other areas where groundwater levels
are shallow. The drab appearance of the
area is believed to be caused by
moisture-stressed vegetation; howeverJ

these gross hydrologic differences were
already known before the project was
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begun. After examining available
imagery, the authors decided an
evaluation by other methods would yield
specific data more significant to the
project.

In a recent study in Missouri, low
altitude thermal imagery was shown to
be useful in distinguishing between
recharge and discharge areas along
stream valleys on the Salem Plateau
(Harvey and others, 1977). Based on the
results of that study, the authors
concluded that low-altitude thermal
imagery of losing streams like Dry
Auglaize Creek and Goodwin Hollow,
Conns Creek in the Wet Glaize Creek
basin, Jones Creek in the Niangua basin,
and Steins Creek in the Osage Fork basin
should exhibit thermal characteristics
similar to those of Logan Creek, a losing
stream in the Black River basin (fig. O.

Low-altitude thermal imagery and
computer evaluation of the data are very
expensive; in addition, obtaining
significant data requires precise timing
{time-of-day and season) and good flying
weather. The authors have concluded
that it would be necessary to have
locally available equipment, which could
be used within a few hours notice, to
collect low-altitude thermal data
effectively.

Because thermal data are recognized
as potentially useful in distinguishing
between gaining and losing streams, it
was decided to use thermocouples to
obtain shallow-depth temperature data.
A previous investigator (Cartwright,
196&), discovered that soil temperatures
above water-filled sand and gravel lenses
in glacial till were generally higher in
winter and lower in summer than soil
temperatures elsewhere in the till. He
also found that diurnal fluctuations of
air temperature did not significantly
affect soil temperatures at depths
exceeding 1.5 It (Cartwright, 1968).
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"Thermocouples were installed 2.5 it
beneath ground level at three locations
in gaining and losing reaches of Bear,
Dry Auglaize, Conns, and Deberry
Creeks in the Lebanon area. A control
set of thermocouples was installed on
Benton (gaining) and Norman (losing)
Creeks in Phelps County, near Rolla (fig.
1), where more frequent measurements
could be made.

T'able 8 lists observed soil
temperature differences. Winter tem.
peratures (January 19 to March 18) for
Benton Creek and the wet reach of Bear
Creek averaged 2.90 C warmer than
those of Norman Creek and the dry
reach of Bear Creek. In spring (March
24 and June &) the average temperature
of the wet reaches was O.gOC higher
than that of the dry reach. In August
the average of two values for the wet
reaches was still O.150 C higher than that
of the dry reach. In winter, when
vegetation was dormant, temperatures in
the wet reaches were always higher than
those in the dry reach, a finding
consistent with results obtained during
low-altitude flights (Harvey and others,
1977).

Noting the vegetative cover at the
time of the measurements, it became
apparent that cover greatly influenced
the temperature levels in the summer.
As Cartwright (I968) observed, "temper
ature variations caused by changes in
vegetation and shade were the two most
difficult problems faced in the field."
By June 7, 1977, the pasture and hayfield
at the gaining site on Bear Creek had
been cut, but the cover was still fairly
thick at the losing site, where a good
cover of weeds and grass remained. Th'e
temperature was slightly lower at the
gaining than at the losing site. On
August II, 1977, the losing site was a
little cooler than the gaining site. Cover
at the losing site was a fairly tall, thick
stand of weeds; that at the gaining site,
scattered straw and a few clumps of
weeds.
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On June 1, a similar temperature
reversal was noted in comparing Benton
and Norman Creeks and the difference
was more pronounced. Just before June
I, the hay had been cut at Benton Creek,
but that at Norman Creek had not been
cut.

A thermocouple in a losing reach of
Deberry Creek became progressively
more shaded as the year advanced.
Although the water table was deeper on
Deberry Creek than in the gaining reach
of Conns Creek, the Conns Creek site
remained warmer during the summer
than Deberry Creek, probably due
largely to shade and thick cover at the
Deberry Creek site. Thin pasture grass
covered the Conns Creek site through
the summer.

From
concluded

these observations it is
that changes in vegetative

cover during the summer months
measurably affect ground temperatures,
even at 2.5-ft depths, thus complicating
interpretations.

In summary, soil temperature
measurements obtained in the winter
should be more conclusive than those
obtained in the summer, because shading
and the insulating effect of vegetation
are not problems. The temperature
profile in the ground is radically altered
by hay cutting, heavy grazing, or
removal of plant cover. As a tool to
support the findings from other lines of
investigation, shallow-depth soil
temperature measurements are useful,
but the method is neither as practical
nor as specific as other methods, such as
surface-flow and groundwater-level
measurements, in identifying infiltration
characteristics.

ENGINEERING GEOLOGY OF
CONNS CREEK DRAINAGE SYSTEM

Thomas J. Dean

An engineering geology study of
Conns Creek, in the Grandglaize Creek
basin, showed that such a study can be
very useful in relating site evaluation for
waste disposal, water impoundment, or
foundation investigation on a small
tributary or stream reach to the
investigation of an entire basin. Test
drilling showed conclusively that the
alluvial fill is incapable of transmitting
large volumes of water after a rain and
that conduits formed in bedrock by
solution are required to carry such flows.

Conns Creek
percent of the
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represents about 7
Grandglaize Creek

drainage area (plate 19). Its geologic
setting is typical of surface and
subsurface condi Hans in much of the
Ozarks; therefore, the basin was chosen
as one that could serve as a prototype
for future engineering geology work in
the Ozarks.

Conns Creek, with a drainage area of
about 25 mi2 , rises in the city of
Richland and flows approximately & mi
to its confluence with Wet Glaize Creek
(fig. 37). Deberry Creek, a principal
tributary, drains approximately 9 mi2 .



Engineering Geology of
Coons Creek Drainage System

Plate 19. 19A is an aerial view westward of Conns Creek, sec. 22, T. 37 N., R. 13 W., Camden
County. Note the very broad, well-defined valley, a type present even in severely losing
Ozark stream reaches, such as the reach of Conns Creek pictured in 19B. This aerial view
of Conns Creek shOW's the stream immediately downstream from its junction with
Deberry Creek. Photographs by James E. Vandike.

The main stem of Conns Creek follows Faulting may have affected the
the local northwesterly bedrock dip of geomorphic development of the Conns
about 19 it/mi. In ascending order, Creek drainage system, as indicated by
bedrock formations at the surface are the parallelism between Conns Creek,
the Roubidoux Formation, the Jefferson subsurface flow, and a major northwest-
City Dolomite, and the Cotter Dolomite. trending fault {fig. 37} that nearly
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Figure 37. Geologic and hydrologic data and data-collection sites for engineering geology study in
Conns Creek basin.
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bisects the basin and appears to be
continuous, although it is difficult to
trace in the thick residuum at the
eastern edge. Other mapped faults cross
the lower part of the basin, and mapping
suggests the existence of additional,
though minor, faults. Blue Hole Spring,
approximately three-fourths of a mile
downstream from the junction of Conns
Creek and Wet Glaize Creek, lies
adjacent to a northwest-trending fault.

In ascending order, the Roubidoux
Formation consists of massive cherty
reefs, fine- to medium-grained cherty
dolomi te, and massive coarse-grained
sandstone. The reefs are exposed in the
lower reach of Deberry Creekj the
cherty dolomi te, along Conns Creek,
where it forms low bluffs; and the
massive sandstone, on both sides of the
valley, near the mouth of Conns Creek.

Where the Roubidoux is exposed,
rugged topography results from
dissolution and varying lithology, and
from joints, which create a very high
permeability, attested to by the
abundance of sinkholes and slump
features, in the shallow subsurface.
Lateral movement of water along
fractures in drainage divides is as
common as leakage from impoundments.
The Roubidoux outcrop is a recharge
area in many places.

The residual soils developed on the
Roubidoux Formation are 10 to 40 ft
thick and permeable, particularly where
the bedrock contains much chert, and
massive sandstone beds. The total soil
column comprises alternating zones of
gravelly sandy clay and broken chert
layers. Horizontal permeability is
extremely high, particularly in the
cherty gravel zones.

The residual soils of the Roubidoux
are classified in the Unified Soil
Classification System as GC <U.S. Army

Engineering Geology of
Conns Creek Drainage System

Corps of Engineers, 1960). The Atter
burg classification of the fine fraction
(less than 0.03 in.) is ML te rl , with a
clay content of between and 25
percent. Vertical permeability of
undisturbed samples of the stony clay
portion of the soil column is estimated
to be approximately 2.8 x 10.2 to 2.8 x
10.3 It/d.

The soil normally has a low pH,
ranging from 5 to 6, a result of
prolonged leaching. Soil formation in
zones of intense faulting and fracturing
is promoted by percolation of water
through the acid soil. The highly pin
nacled soil-bedrock contact influences
the direction of shallow groundwater
movement.

The Jefferson City Dolomite is
principally a thin-bedded, fine- to
medium-grained, clayey dolomite with
thin, discontinuous beds of chert. The
overlying Cotter Dolomite normally
contains little chert elsewhere in the
project area, but in the Conns Creek
basin its residuum is very cherty. The
Jefferson City is exposed in the uplands
in most of the basin, whereas the Cotter
1s recognized only in study of residual
materials in drill cuttings from wells in
the upper part of the basin.

Residual soils developed on the
Jefferson City and Cotter Dolomites
range from 20 to 45 it thick (fig. 37).
The soils of the two formations are
similar, except that the Cotter soil
contains much more chert than the
Jefferson City soil, approaching 50
percent in some locali ties. Both have a
Unified Classification of gravelly clay,
CL to CHj permeabilities range from 2.8
x 1&2 to 2.8 x 10-4 it/d. Their fabric is
uniform, compared to residual soils on
the Roubidoux Formation.

Permeabilities of the residuum on the
Roubidoux Formation and Jefferson City
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and Cotter Dolomites have a similar
range. Because of the heterogeneity of
the soils derived from the Roubidoux,
compared to the more homogeneous soils
derived from the Jefferson City and
Cotter Dolomites, values based on core
determinations do not completely
represent the permeability of the
Roubidoux. The cores represent a very
small sample of the soil characteristics.

Soils on the Jefferson City and
Cotter Dolomites do not readily allow
rapid recharge of groundwater. Surface
runoff and horizontal, rather than
vertical, movement of water in the soil
is prevalent, especially where a fragipan
exists. Where excessive fracturing and
solutioning of the underlying Roubidoux
Formation have caused slumping and
fracturing of the Jefferson City
Dolomite, infiltration is promoted.

Where residual soils are thin, the
bedrock sheds rather than absorbs water.
The low infiltration capacity of the
Jefferson City and Cotter contrasts with
the high infiltration capacity of the
Roubidoux. Stream-channel develop
ment is well defined in areas underlain
by the Jefferson City and Cotter
Dolomi tesj the streams are gaining
rather than losing. Farm ponds and lakes
constructed in the residual soils of the
Jefferson City and Cotter pond water
readily.

Figure 37 shows the gammg and
losing reaches of Conns Creek (type 3,
fig. 29), as defined by streamflow
measurements and water levels in wells.
The upper reach of Conns Creek is a
gaining stream to a point near its
junction with Deberry Creek.
Downstream from this point, surface

TABLE 9

Dye tracing of subsurface flow in Coons Creek Basin

(Two pounds of fluorescent yellow injected on March 23, 1977, at 1530 hours in Coons Creek, 100 yards upstream
from junction with Deberry Creek. Dye extracted from charcoal packets by elutriating with 5 percent potassium
hydroxide in ethyl alcohol and detected by observing solution with high-intensity lamp)

Site location (fig, 371

Wet Glaize Creek at low-water crossing

Wet Glaize Creek upstream from Blue Hole Spring

Blue Hole Spring
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Date of
observation

3-14-77
3-25-77
3-30-77
4-5-77
4-7-77

3-14-77
3-25-77
3-30-77
4-5-77
4-7-77

3-14-77
3-25-77
3-30-77
4-5-77
4-7-77

Visual results

Negative

Packets lost in flood

Negative

Negative

Weak positive
Very positive
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flow is lost to bedrock (plate 19B).
Similarly, Deberry Creek gains in its
upper reaches, and loses in the lower.

abundant upstream, but
downstream from the Conns
Deberry Creek confluence.

absent
Creek-

In March 1977, fluorescent dye
placed in Conns Creek where water loss
occurs at its confluence with Deberry
Creek was recovered at Blue Hole
Spring, on Wet Glaize Creek (table 9 and
fig. 37), but did not appear in Wet Glaize
Creek farther upstream.

In June 1977, after the dye trace,
exploration holes were drilled on Conns
Creek flood plain to determine if water
was carried in the alluvial fill. The holes
were drilled along sections perpendicular
to the creek, in both losing and gaining
reaches (table 10). Cross sections 1, 2,
and 3 are located in the losing reach of
the stream and show dry alluvium to
bedrock (fig. 37). A marked difference
in depth to bedrock between sections 1
and 2 correlates with faulting mapped
near the mouth of the creek, suggesting
deeper weathering at section 1. Cross
section 4 is in the gaining reach and
confirms the existence of water in the
basal 3 to 4 ft of the alluvial material on
the bedrock. With available equipment,
holes could not be drilled in bedrock in
the valley bottom.

A profile along Conns Creek (fig. 38)
shows the position of the water table in
relation to channel and flood plain. The
profile of the water table, based on a
water-level measurement in a dug well
about 1 mi above the confluence with
Deberry Creek, and water levels in two
wells at Seven Springs Hollow, shows
that the water table declines beneath
the channel, in the vicinity of the
confluence with Deberry Creek. This
confluence is the point at which the
writers and a former landowner have
observed dry-weather flow to cease
numerous times. In addition, willow
growth, an indicator of perennial surface
or shallow subsurface water flow, is

A cross section of the valley at Seven
Springs Hollow (fig. 38) shows the
decline in water level between two wells
at the edge of the flood plain and the
projected altitude of the water table
beneath the flood plain. These data
suggest that the water level is about 10
to 20 ft below the bedrock surface in the
lower reach of Conns Creek, near Seven
Springs Hollow.

The streams and gulleys tributary to
the main stem of Conns Creek, at and
below the Roubidoux-Jefferson City
contact, exhibit very poor channel
development. No sustained flow after
rainfall is indicated or was observed.
Vegetation growing in the channel, very
little to no sorting of alluvial fines, and
very weak channel development are
indicators of vertical water loss from
the alluvium into the underlying bedrock.

The water-holding capacities of six
farm ponds and small lakes in the
uplands bordering Conns Creek, and
stream inflow characteristics before and
after rainfall were observed during the
period of investigation. None of the
lakes or ponds maintained stable water
levels within several days after inflow.
One small lake has a drainage area of
330 acres, yet had no inflow and was d,"y
during a period when heavy rainfall had
produced considerable runoff in Conns
Creek and Deberry Creek.

In the gaining reaches of Conns and
Deberry Creeks, water is discharged into
the stream system through springs and
seeps and contributes to perennial
streamflow. In the losing reaches of the
two creeks, the general absence of
springs and seeps indicates that the
water percolating into the soils and
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TABLE 10

Valley cross sections in Conns Creek Basin, June 6-10, 19n
(see fig. 37 for location of cross sectionsl

Fli!tlt Auger Boring
Section 1. Aver.elevetion 790 ft above Netionalllllodetic vertical detum of 1929

Hole no.

2

3

4

•

6

Loeation

100 ft north of chennel

250 It north of chennel

300 ft north of chennel

500 ft north of channel

700 ft north of chennel

850 h north of channel

Depth 1ft)

0-4.5
4.5·7
7~

9·14.5
14.5

0-2
2·12
12

O~

3-15

"15-16

0-2
2·14
14-15
15-17.5

0-15
15-23
23-24
24

0-2
2~

9-21
21-24
24

Description of materiel

Silt
Gravelly clay
Bouldery silt
Bouldel'$; gre....1 {58ndstone?)
Dolomite -demp

Silt
Grll\Iel; boulders; clayey (dry)
Refu581 on boulders (wet)

Silt
Gre....1 (clayey)
Bouldel'$
Dolomite - soft lwet)

Silt
Grevelly. silty clay
Herd {chert?)
Soft dolomite· dry

Brown silty cley
Grewlly clay - sliff . plastic
Chert bed
Refusel

Silt
Gravelly clay lsome lenses of gravel}
Stiff, dry dey (no gravell
Gravel and boulders
Refusal (probably chert zone)

S&ction 2. Aver. elevetlon 800 ft Ibove Natlonal geodetic: vertical datum of 1929

Hole no.

2

3

4
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Loeation

Chennel bottom

150 it south of chennel on low
terrace

300 ft south of channel

400 It south of chennel

Depth (ftl

0-4
4

0-10
10-'0.5
10.5-11

0-7
7~

8

O~

3-7
7~

8

Desc:ription of materiel

Gravel
Dolomite (dry I

Brown 58ndy silt
Gravelly c1ey
Dolomite (dryl

Brown sandy silt
Bouldel'$
Dolomite (dry)

Brown silt
Gravel (dirty)
Silt, brown, dry
Dolomite (smallemount of weter;

100 it to south valley waUl
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Table 10 (continued)

Right Auger Boril'l9

s.etion 3. A........~on810 ft __ Netion.. ,.oUtic ...niC8l deblm of 1929

Hole no.

2

3

•

5

5

Loution

170 tt soliltl of Mw channel
(bedrock on north lice» of_....,

320 ft south of n_ chenne!

520 It south of new channel
In old channel

630 ft south of new ch8llnel

780 h south of n_ chennel

980 h KlUth of new ctoennel
(75 h 10 IOUth \/IIllr;' welll

o.pth (tt)

0-7
7

0-7
7

O~

5

O~

5-7
7

0<
.~

5.
9·12
12·1.

"0-2
2-10
1().12
12-1.

"

Description of met.rial

Soulderl, gre...1 (dry!
AefuUol on chen

Soulders, gra.."lldry)
Dolomite (dry)

Gre..,,1 (wet but no free weterl
Dolomite

Boulders, gre..,,1 (dry)
Large boulders
Dolomite. tine grtin~ (dryl

Brown 1111

Grevel (dryl
Silty...ndy e1IY
Gra...erty dey
Boulders
DOlomite (dry!

Silt
Gravelly. boulOery (dry!
8rown Illty. sandy cley (plasticl
Soulden. grtlll'l
AefUIII on chert

Hole no.

2

3

•
5

Loution

50 h ~th of chennel

200 ft IOlJth of chennel

150 ft nontl of chltrtnel

350 h north of channel

500 h nontl of chennel

o..,th ltd

0·10
10-11

o.
e.
e
0-7
7

O~

5

DeKrlption of mlterial

Silly. g... \/II1Iy clly
Dolomite; wlter lwlter rOM! to 7 ft

below lend lurlece in 1 hour; U1m1l

It 24 hours]

Herd. dry. gravelly tilt
Soft-wet Ilravel1y cley (weted
Dolomite (250 ft north of south

Yelley weill

SillY; sandy gr.velly cley
Gre....1end bouldery e1IY (weter)
Dolomite

eo.... boulden, minor grlvel
AefUIII on chef-t (dry!

Bouldery;gr_lIv (dry!
Aefusal on chert
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relationships.
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bedrock of the Roubidoux Formation
enters the valley as groundwater flow.

The total flow that the shallow
bedrock in the valley bottom can
transmit can be estimated from
discharge observations. Figure 28 shows
the flow pattern during a seepage run on
April 1, 1976, when the loss was
8.2 ft 3/s in the lower reach of the
creek. On another occasion, March 31,

Summary and Conclusions

1977, Conns Creek flowed continuously,
headwaters to mouth. Streamflow
measurements on the main stem were as
follows: 10.5 ft3/s, 100 ft downstream
from the junction with Deberry Creek;
8.5 ft 3/s, 100 ft upstream from the
mouth of Seven Springs Hollow; and
0.5 ft3/s, near the mouth of Conns
Creek. The capacity of the subsurface
bedrock conduits, therefore, is estimated
to be about 8 to 10 ft3/s.

SUMMARY AND CONCLUSIONS

1. Using most of the available
hydrologic data, the authors
classified areas of recharge and
discharge along streams in the three
basin region.

2. The evaluation of available
methodology for hydrologic analysis
in carbonate terranes led to the
general conclusion that a com
bination of methods will always be
needed; no single method can
completely define the hydrologic
conditions.

3. The most important controlling
factor on the hydrology of Ozark
basins is the amount and type of rock
structural deformation. Northwest
trending faults are older than
northeast-trending faults; hence,
there has been more time for
development of northwest-trending
solution channels.

4. Reconnaissance geologic mapping
should be available early in a project
in order to determine where detailed
mapping may be helpful when
hydrologic data reveal an anomalous
condition.

5. An appraisal of the differences in
elevation between streams in
adjacent basins offers definite clues
to the flow characteristics of the
entire system.

6. The latest 7Y2-minute topographic
maps were extensively used in
studying the hydrology of the area.
Field observations showed that the
actual incidence of perennial and
intermittent streams in the tributary
areas may differ from that shown on
the maps.

7. A study of groundwater levels, in
conjunction with other hydrologic
data, can define areas of significant
recharge and discharge.

8. The classic concept of a water table
is approximated only along some of
the perennial streams, such as
Niangua River and Osage Fork, and
rarely along others, such as Goodwin
Hollow, where the aquifer is
extremely heterogeneous through
dissolution.

9. Except for small declines at
municipal well sites, the potentio
metric surface has changed very
little in the past 30 to 40 years.

10. In upland recharge areas, depth to
water increases markedly with well
depth, whereas in discharge areas
water levels in deep wells are only a
little higher than in shallow wells.

11. In wells deeper than 400 ft, water
level elevations are more uniform
than in shallower wells.
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12. It is not advisable to dispose of
sewage or industrial waste in streams
or construct impoundments in valleys
where groundwater levels are
anomalously deep. Water-level
elevations should be compared with
streambed elevations In order to
detect stream reaches where surface
flow is lost to bedrock.

13. Where surface-water data are
lacking, analysis of groundwater
levels may lead investigators to
predict where perennial flow might
begin. Abnormal decline in
groundwater levels along a stream
valley may indicate streamflow loss,
suggesting solution along zones of
intense fracturing. Adjacent basins
should then be considered areas of
possible resurgence.

14. Well depths necessary for adequate
water supplies are more uniform In

valleys than uplands, a correlation
related to the premise that valleys
are zones of weakness and the lines
of least resistance for draining an
areaj thus, they are the locus of
greater intensity of fracturing and
permeability.

15. Yields of wells completed in all
formations above the Potosi
Dolomite range from 9 to 35 gpmj
however, a few wells reaching the
Gunter Sandstone Member, at the
base of the Gasconade Dolomite yield
100 gpm. Yields of wells completed
in the Potosi Dolomite range from
100 to 750 gpm. Penetration of
formations below the Potosi does not
improve yield.

16. Studies of potentiometric maps,
streamflow patterns, and geology are
inadequate to pinpoint areas of
resurgence of water from losing
streams in carbonate-rock terrane.
Groundwater tracing showed that
upper Dry Auglaize Creek in
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Grandglaize Creek basin is one of the
sources of recharge to Sweet Blue
and Hahatonka Springs, in the
Niangua River basin. The travel rate
measured approximately 0.4 to 0.6
mild. The direction of dye travel
showed that geologic structure
strongly influences direction of
groundwater movement.

17. Measurement of streamflow at
numerous sites during a short period
of time (seepage runs) is one of the
most important available methods in
studying the hydrology of carbonate
terranes. Seepage-run data collected
in the winter and spring (during
periods when there is no storm
runoff) can supply valuable infor
mation about losses in stream
reaches normally dry during summer
and fall.

18. Stream profiles are generally
concave, but irregularities in short
reaches may have lithologic or
stratigraphic significance. Some
irregularities are due to faults that
may abut strong and weak bedsj
others may resul t from substantial
inflows or losses of water.

19. Analysis of flow lines on the
potentiometric map shows that the
principal drainage divide between the
Osage Fork flowing to the east, and
Niangua River and Grandglaize Creek
flowing to the north approximates
the groundwater, divide. Within these
two systems, however, are numerous
groundwater diversions between
subbasins. In a carbonate terrane
subject to a long period of dissolution
resulting in considerable topographic
relief, groundwater and surface
drainage divides become less
conformable.

20. The engineering geology study in
Conns Creek basin was useful 10

relating a site study to the broader



hydrologic relationships of an entire
basin.

21. Ozark soils are 40 it or more thick in
many places and store large
quantities of water. In future
studies, more comprehensive soil
thickness data should be used in
hydrologic analyses of basins.

22. Identification of plants and plant
assemblages common to gaining or
losing stream reaches is useful in
studying carbonate hydrology and
aids in identifying areas of abrupt
hydrologic changes.

23. Thermocouple measurement of
winter soil temperatures showed that
gaining stream valleys remained
warmer than losing stream valleys.
As a tool to support the findings from
other lines of investigation, these
data are useful, but the method is not
as practical or as specific as other
methods, such as surface-flow and
groundwater-level measurements.

24. Only one water-quality sample was
collected at most stream, well, and
springflow sites selected for study.
One set of samples can be useful in
identifying areas with potential
problems, or areas where more
detailed data are needed, but several
are required to explain data, from
other lines of investigation, that
suggest anomalous conditions.

25. Water analyses for wells showed
gross correlation between areas of
low mineralization and recharge
areas on the one hand and high
mineralization and discharge areas on
the other.

26. Analyses of data from two wells in
Bear Creek basin, one in a gaining
reach and one in a losing reach,
showed that wells in losing stream
reaches are more susceptible to

Summary and Conclusions

pollution than those in gaining
reaches.

27. Analyses of single water samples
from Sweet Blue and Hahatonka
Springs in the Niangua River basin
revealed low, but nevertheless
abnormal, phosphorus contents such
as might result from sewage
treatment plant effluent. Although
these single samples were useful for
hydrologic analysis, they would not
have sufficed to identify the source
of the phosphorus, without verifi
cation by groundwater tracing.

28. Land clearing for cattle grazing
increased moderately between 1941
and 1970. Between 1970 and 1975,
the cattle population increased 45
percent, resulting in extensive land
clearing. The scant streamflow and
sediment data available preclude an
analysis of the effect of land clearing
on stream characteristics.

29. Drainage density may not be helpful
as a predictive hydrologic tool in
carbonate terrane for the following
reasons:
a. There is excessive scatter in

graphical plots of drainage
density versus the 7-day Q2,
indicating that there is little
relationship between drainage
density and low-flow charac
teristics.

b. Considerable manual labor is
required to compute drainage
density from topographic maps.

c. Field work is required after
drainage-density computations
are completed, in order to
answer the most important
question: Is a stream gaining or
losing flow?

d. Other methods, considered more
reliable, are available.

129



HYDROLOGY OF CARBONATE TERRANE

ACKNOWLEDGMENTS

The information in this report is
based on data collected by the Missouri
Department of Natural Resources,
Division of Geology and Land Survey,
and the U.S. Geological Survey. The
report was prepared under the direction
of Wallace B. Howe, State Geologist and
Division Director, and the late Anthony
Homyk, District Chief of the Missouri
District of the U.S. Geological Survey,
who was succeeded by Donald L. Coffin.

We thank the following geologists and
support staff of the Missouri Department
of Natural Resources, Division of
Geology and Land Survey: Ira

Satterfield, Larry Stout, Kenneth
Anderson, and Ardel Rueff for recon
naissance geologic mapping identifying
major structural featuresj Thomas J.
Dean, who made an engineering geology
study in the Conns Creek basin; Susan
Dunn and Gary Clark, for drafting and
layoutj and Betty Harris for typesetting.
We also thank Leroy R. Korschgen,
senior research biologist, Missouri
Department of Conservation, for
identifying plants and plant assemblages.
We are grateful to the many landowners
and businessmen of the area for
information and for permitting access to
their property.

REFERENCES CITED

Back, William, 1963, Preliminary results
of a study of calcium carbonate
saturation of groundwater in central
Florida: International Association of
Scientific Hydrology Publication, v.
8, p. 43-51.

Bretz, J H., 1965, Geomorphic history of
the Ozarks of Missouri: Missouri
Geological Survey and Water
Resources, (now Missouri Division of
Geology and Land Survey), v. 41, 48
figs.

Burdon, D.J., 1967, Hydrogeology of
some karstic areas of Greece, in
Proceedings, Symposium on
Hydrology of Fractured Rocks,
Dubrovnic, Yugoslavia, October 1965:
International Association of
Scientific Hydrology, Special
Publication 74, p. 36.

Cartwright, Keros, 1968, Temperature
prospecting for shallow glacial and

130

alluvial aquifers in lllinois: Ulinois
State Geological Survey Circular 433,
p. 36.

Carver, R.E., 1961, Petrology and
paleogeography of the Roubidoux
Formation (Ordovician) of Missouri:
unpublished dissertation, University
of Missouri, Columbia, Missouri.

Currie, J .B., 1977, Significant geologic
processes in development of fracture
porosity: American Association of
Professional Geologists Bulletin, v.
61, p. 1086-1089.

Dean, T.J., Williams, J.H., Lutzen, E.E.,
and Vineyard, J.D., 1969, Geologic
report on the Bennett Spring project,
Laclede and Dallas Counties,
Missouri: Missouri Geological Survey
and Water Resources (now Missouri
Division of Geology and Land
Survey), unpublished manuscript,
15 p.



of geology
2nd ed.:
Institute,

Feder, G.L., 1970, A semiquantitative
method for determining the source of
springflow in the Missouri Ozarks:
Geological Survey Research 1970,
U.S. Geological Survey Professional
Paper 700-C, p. C214-C217.

Gerdreich, f.E., 1966" Sanitary
significance of fecal coliforms in the
environment: U.S. Environmental
Protection Agency (formerly Federal
Water Pollution Control Administra
tion) Publication WP-20-3, 122 p.

Harvey, E.J., and Skelton, John, 1978,
Relationship between hydrology and
bottomland vegetation in the Ozark
Mountains of Missouri: U.S.
Geological Survey Journal of
Research, v. 6, p. 299·305.

Harvey, E.J., Williams, J.H., and Dinkel,
T.R., 1977, Application of thermal
imagery and aerial photography to
hydrologic studies of karst terrane in
Missouri: U.S. Geological Survey
Water-Resources Investigations 77
16, 58 p.

Howell, J.V., 1957, Glossary
and related sciences,
American Geologic
Washington, D.C., p. 240.

Jakucs, Laszlo, 1977, Morphogenetics of
karst regions-variants of karst
evolution: New York, John Wiley and
Sons, 284 p.

Jennings, J.N., 1971, Karst: The M.I.T.
Press, Cambridge, Massachusetts and
London, England, 252 p.

Kessler, D.H., 1958, Estimation of
subsurface water resources in karstic
regions, in Proceedings, General
Assembly of Toronto, Toronto,
Canada, September 1957: Inter
national Association of Scientific
Hydrology, Special Publication 43,
v. 2, p. 199-206.

References Cited

-cc===-" 1967, Water balance
investigations in the karstic regions
of Hungary, in Proceedings, Sympo
sium on Hydrology of Fractured
Rocks, Dubrovnik, Yugoslavia,
October 1965: International Associa
tion of Scientific Hydrology, Special
Publication 74, v. 2, p. 91-105.

Knight, R.E., 1954, The Gunter Member
of the Gasconade Formation (tower
Ordovician) in southern Missouri, in
Kansas Geologic Society guidebook
17th regional field conference',
southeastern and south-central
Missouri: Kansas Geological Survey,
p. 57-59.

McCracken, M.H., 1971, Structural
features of Missouri: Missouri
Geological Survey and Water
Resources, (now Missouri Division of
Geology and Land Survey), Report of
Investigations 49, 99 p.

Mijatovic, Borivojoe, 1968, A method of
studying the hydrodynamic regime of
karst aquifers by analysis of the
discharge curve and level during
recession: Institute for Geological
and Geophysical Research,
Engineering Geology and Hydrologic
Bulletin, ser. B, no. 8, p. 41-74.

Missouri Crop and Livestock Reporting
Service, 197.6, Missouri farm facts:
Missouri Department of Agriculture,
Columbia, Missouri, 50 p.

Norris, S.E., and Fidler, R.E., 1971,
Carbonate equilibria distribution and
its relation to an area of high
groundwater yield in northwest Ohio:
U.S. Geological Survey Professional
Paper 750-C, p. C202-C206.

Powell, J.W., 1875, Expedition of the
Colorado River of the West and its
tributaries: Washington, U.S.
Government Printing Office, p. 203.

131



HYDROLOGY OF CARBONATE TERRANE

Reesman, A.L., Watton, A.W., Sprinkle,
C.L., Godfrey, A.E., and Smith, D.B.,
1975, Hydro-geochemistry in a
carbonate basin - geomorphic and
environmental implication: Water
Resources Research Center,
University of Tennessee, Research
Report 44, 56 p.

Searight, T.K., 1955, The geology of the
Lebanon Quadrangle, Missouri:
Missouri Geological Survey and Water
Resources, Report of Investigations
18,33 p.

Skelton, John, 1976, Missouri stream and
springflow characteristics: low-flow
frequency and flow duration:
Missouri Department of Natural
Resources, Division of Geology and
Land Survey, Water Resources
Report 32, 71 p.

_--,.==,,-' and Miller, D.E., 1979,
Tracing subterranean How of sewage
plant effluent in Lower Ordovician
Dolomite in the Lebanon area,
Missouri: Ground Water, National
Water Well Association, v. 17, p. 476
486.

Snow, D.T., 1968, Fracture deformation
and changes of permeability and
storage upon changes of fluid
pressure: Golden, Colorado,
Colorado School of Mines Quarterly,
v. 63, p. 201-244.

Sokotov, D.C., 1967, Hydrodynamic
zoning of karst water, in
Proceedings, Symposium on
Hydrology of Fractured Rocks,
Dubrovnik, YugoslaVia, October 1965:
International Association of
Scientific Hydrology, Special
Publication 74, v. 2, p. 204-207.

132

Snyder, F.G., 1968, Tectonic history of
midcontinental United States: Rolla,
University of Missouri, Journal no. I
(April 1968), p. 67-77.

Steyermark, J.A., 1940, Studies of
vegetation of Missouri-I, natural
plant associations and succession in
the Ozarks of Missouri: Field
Museum of Natural History, v. 9,
p. 358-372.

Stringfield, V.T., and LeGrand, H.E.,
1969, Hydrology of carbonate
terranes - a review: Journal of
Hydrology, v. 8, p. 353-356.

Thrailkill, John, 1968, Chemical and
hydrologic factors in the excavation
of limestone caves: Geological
Society of America Bulletin, v. 79,
p. 19-45.

Trainer, F.W., 1969, Drainage density as
an indicator of base flow in part of
the Potomac River basin: U.S.
Geological Survey Professional Paper
650-C, p. CI77-C183.

U.S. Army Corps of Engineers, 1960,
Unified soil classification system:
U.S. Army Military Standards no.
619,53 p.

Vineyard, J.D., and Feder, G.L., 1974,
Springs of Missouri: Missouri
Geological Survey and Water
Resources, (now Missouri Division of
Geology and Land Survey), Water
Resources Report 29, 266 p.

Wilson, J.F., 1968, Fluorometric
procedures for dye tracing: U.S.
Geological Survey Techniques of
Water-Resources Investigations, Book
3, Chapter Al2, 31 p.






