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University, Alabama

June 30, 1965

Honorable George C. Wallace
Governor of Alabama
Montgomery, Alabama

Dear Governor Wallace:

I have the honor to transmit the manuscript of a report entitled
““Geology and Ground-Water Resources of Morgan County, Ala-
bama,’’ by Chester L. Dodson and Wiley F. Harris, Jr., with a
section on the ‘‘Chemical Quality of the Water’’ by James C. War-
man, with the request that it be printed as Bulletin 76 of the Ge-
ological Survey of Alabama.

The report points out that the largest quantities of ground water
in the county are obtained from solution cavities in the Fort
Payne Chert. Wells that will yield 100 gallons per minute or more
from the Fort Payne Chert are common in Morgan County; the
largest yield is estimated at 1,100 gallons per minute. Water in
adequate quantity and of satisfactory quality for domestic use is
available in most parts of the county.

Respeetfilly, -,
2

Philif E. LaMoreaux
State Geologist

=7



Abstract

CONTENTS

INtrodUucCtion .. o.innmr i i

Purpose, scope, and methods of investigation

Previous inveStigations .........oiiiiiiiiiiiiiiiiiiiiiiieaiiaeaeans
Acknowledgments ......o.oiiiiiiiiiii e
Physiography .. c.coocrrrereii e
Principles of ground-water oCCUIrence ...............ccooeeemnenees
Geo0logic fOTMATIONS «.cvnnrrsiinathn ittt s
Chattanooga Shale ........oooiii
Fort Payne Chert........oootiiiiiiiiii
Tuscumbia LIMeStone ........coooiiiiiiiiiiiiiiiiiiiieiieareees
Ste. Genevieve Limestone..............o
Gasper e e LA Te) s T s
Hartselle SAandsStone ......ooeemiiiiiiiiiiiiiiiiiiiiiirreeeiaenneanees
Bangor Limestone .......ococoiiiiiiiiiiiiiii e

Pennington Formation
Pottsville Formation
Post-Pennsylvanian undifferentiated
Ground-water resources
Quantity available
Structural control
Depth and areal limits of aquifers
Tennessee Valley district
Chemical quality of water, by James C. Warman
Quality standards

Field determinations ..c..ooiiiiiiiiiiiiii ettt iiiineaneaan,
T@MPETALUTE .. eneemnt ettt ettt a st eaanen
HALADESS « v eenerenaaa e et e s e saneanananeens
(@1 U3 s Ts - USSP P PP

Laboratory determinations .............ooeiiiiiiiniiiiiiiens
SULEALE « o v e e e eee it e e et e et e et e et
Carbon dioxide ....oovoriiiii e
FLUOTIA e .o oottt i iies e e ctaaneae s saeene
N ET S 22X 2 - A R T TR TR S

Summary
Selected

bibliography ........ceoeiiiiiiiiiiii

ST I 2 P



CONTENTS

ILLUSTRATIONS
(All plates in pocket)

Plate 1. Geologic map of Morgan County, Ala.

2. Structure map of Morgan County, Ala., showing
configuration of the top of the Chattanooga Shale.

3. Fluctuation of water level in selected wells and
fluctuation of flow of selected springs in Morgan
County, Ala.

4. Typical electric log and lithologic section of test
wells in Morgan County, Ala.

Figure 1. Area studied and areas of other ground-water
studies in Alabama, 1963 ...................oiiieei....
. Normal monthly precipitation at Decatur ..................
. Location of test wells in Morgan County ..................
. Physiographic map of Morgan County .......................
. Occurrence and movement of ground water in a
limestone aquifer ..................
. Collapse of Hartselle Sandstone onto shale in the
Gasper Formation along U.S. Highway 31 at Flint,
Ala. Photograph facing east, taken by George W.
Swindel, Jr. .o
7. Some causes of fluctuation of water levels in wells
in Morgan County ........ooeviiiiiiiiiiiiiiiiiiiiiiiien,
8. Hydrographs of test well 5-T and Wheeler Reservoir
and graph of the precipitation at Decatur, Ala.,
during 1960 ..o
9. Hydrographs of test well 8-T and Wheeler Reservoir
and graph of the precipitation at Decatur, Ala.,
from January 1 to July 1, 1961 ..............ooiiiiil.
10. Strike-slip fault in road cut 1.2 miles south of
Florette, Ala. Photograph facing west .................. .
11. Thrust fault in road cut 1.2 miles south of Florette,
Ala., showing crushed and broken zone above fault
plane. Photograph facing west ...
12. Small fold associated with thrust fault about 1.5 miles
south of Florette, Ala.; cut is 30 feet deep.
Photograph facing west ...
13. Regional aquifers in the geologic formations.............
14. Fluctuation of the water level in test well 1-T
during PUMPINgG....eviuiiiniiii
15. Fluctuation of the water level in test well 8-T
during PUmMPING .. .ovovieiiiii i

WA B W N

[=)}



CONTENTS

Figure 16. Hardness of ground water in Morgan County..............
17. Location of wells and springs sampled for

chemical analysSis.......oeoeniminiiiiiiiianiii

18. Median values, by aquifers, of dissolved con-

stituents in ground water in Morgan County ..............

19. Fluoride in ground water in Morgan County ...............

Table 1.

W

TABLES

Generalized section of the Chattanooga Shale and
younger geologic formations in Morgan County, Ala.,
and their water-bearing properties ...........coocooceiieeenens

. R'ecords of test wells in Morgan County, Ala ...............
. Discharge from springs in Morgan County, Ala.............
. Chemical analyses of water from wells and springs,

Morgan County, Ala........ccoooiiiiiiiiiiioniins

. Sample logs of test wells in Morgan County, Ala..........

55

58
60

11
17
39

56
66



GEOLOGY AND GROUND-WATER RESOURCES
OF MORGAN COUNTY, ALABAMA

By Chester L. Dodson and Wiley F. Harris, Jr.

ABSTRACT

Morgan County includes an area of 587 square miles in north Alabama.
Ground water occurs chiefly in solution cavities and openings along fractures
and joint systems in limestone of Mississippian age. The principal aquifer is
composed of the Tuscumbia Limestone and the Fort Payne Chert. Aquifers of
less importance are in the Ste. Genevieve Limestone, Gasper Formation, Hart-
selle Sandstone, Bangor Limestone, and Pennington Formation.

Wells that will yield 100 gpm (gallons per minute) or more from the Fort
Payne Chert or Tuscumbia Limestone are common in the Tennessee Valley
physiographic district. Similar yields could be obtained from wells drilled in the
Moulton Valley physiographic district. The largest yield from a well in Morgan
County is estimated to be about 1,100 gpm. This well obtains water from the Fort
Payne Chert. Few wells fully penetrate the Tuscumbia-Fort Payne aquifer so
that at present only a small part of the aquifer is developed. Wells tapping the
Hartselle Sandstone or the Pottsville Formation generally yield less than 10
gpm.

The chemical quality of ground water is generally suitable for most uses.
However, water from the Fort Payne Chert to the contact between the Ste. Gen-
evieve Limestone and the Gasper Formation is generally very hard. Locally the
water is high in hydrogen sulfide or contains excessive iron.




2 GEOLOGY AND GROUND-WATER RESOURCES OF MORGAN COUNTY
INTRODUCTION

Morgan County includes an area of 587 square miles in northAla-
bama (fig. 1). Almost all the county lies within the drainage basin of
the Tennessee River, which is the north boundary of the county. Flint
Creek and Cotaco Creek are the main streams within the county. The
topography is characterized by broad open valleys, plateaus bordered
by escarpments, and a few isolated hills, The total relief is about 780
feet. The lowest area is along the shoreline of Wheeler Reservoir at an
altitude of about 550 feet, and the highest point is in the NW% sec. 27,
T. 6S., R. 1 W., at an altitude of about 1, 330 feet.

According to the 1960 census, the population of the county is
60,454. The population of Decatur, the largest city, is 29,217, and that
of Hartselle, the second largest city, is 5, 000. The county is served
by land, water, and air transportation, including two main-line rail-
roads, three Federal and four State highways, several river barge
lines, and one airline.

The climate of the county is mild. The average annual temper-
ature is about 61°F; the average winter temperature is about 40°F; and
the average summer temperature is about 80° F. The average annual
precipitation is about 50 inches and is mostly inthe form of rain, though
snow is common in winter. Winter is the wettest season of the year,
and early fall is the driest; January is usually the wettest month and
October the driest. The normal monthly precipitation at Decatur is
shown in figure 2, The growing season is about 200 days, from April
to about the end of September.

The investigation of Morgan County was made by the U.S. Geo-
logical Survey in cooperation with the Morgan County Board of Revenue
and Control, Mr. Guy D. Roberts, Chairman, the city of Decatur, Mr.
Murray Dodd, Mayor, and the Geological Survey of Alabama, Philip E.
LaMoreaux, State Geologist.

PURPOSE, SCOPE, AND METHODS OF INVESTIGATION

The investigation was made to determine the occurrence, avaii-
ability, and quality of ground water in Morgan County to aid in the de-
velopment of this resource for agricultural, municipal, industrial, and
domestic use.

The study consisted of five main phases: collecting data from
wells and springs, geologic mapping, determining the chemical quality
of the ground water, drilling and pumping test wells, and writing a
comprehensive report on the geology and ground-water resources of
the county. As a part of the evaluation of the ground-water resources,
2, 548 wells and springs were inventoried; data were collected on type
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Figure 2.—Normal monthly precipitation at Decatur.

of well, owner, driller, depth, diameter, water level, water-bearing
formation, and method of lift, and these data tabulated in the interim
report on the geology and ground-water resources of Morgan County
{Dodson and Harris, 1961, table 2). Water levels in 40 wells were re-
corded biweekly for periods ranging from 6 months to 3% years, and
water-level recorders were maintained on 12 wells for periods ranging
from 1 month to 3 years. Water-level fluctuations in these wells were
correlated with precipitation, changes in water level in Wheeler Reser-
voir, earthquakes, pumpage, and barometric changes.

As a part of the determination of the chemical character of the
ground water in the county, more than 2, 000 samples were collecteq
during the well-inventory phase of the investigation and were analyze(
for hardness and chloride content in the field laboratory (Dodson ang
Harris, 1961, table 2). A more complete analysis was made on 47
samples in the laboratory of the Quality of Water Branch of the Geolog-
ical Survey at Ocala, Fla. The constituents determined included iron
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in solution, calcium, magnesium, sodium, bicarbonate, carbonate, sul-
fate, chloride, fluoride, nitrate, hardness, pH, and specific conductance;
13 samples were analyzed for fluoride, and 4 samples for total iron.

Twelve test wells were drilled in areas where additional geologic
and hydrologic data were needed. Locations of these wells are shown
in figure 3. Pumping tests were made on 10 of the wells to determine
the hydraulic characteristics of the water-bearing formations and the
quantity of water available. The results of bailing tests made on two
wells indicated yields of less than 30 gpm during periods of low water
levels.

The geology of the county was mapped to aid in the determination
of its relation to the occurrence and movement of ground water. It was
drawn on 73-minute topographic quadrangle maps and transferred to the
base map at the publication scale of about 1 inch equals 1 mile (pl. 1).
Because much of the county is covered by unconsolidated deposits, the
bedrock contacts drawn on the map are generalized for many areas.
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Figure 3.—Location of test wells in Morgan County.



6 GEOLOGY AND GROUND-WATER RESOURCES OF MORGAN COUNTY

This report is divided into three main parts: the geologic forma-
tions and their water-bearing properties, the ground-water resources
of the county, and the chemical quality of the water.

PREVIOUS INVESTIGATIONS

Several workers have included Morgan County as part of regional
studies. Among them were Tuomey (1858), Smith (1890, 1894, 1907),
McCalley (1896), Butts (1926), Semmes (1929), Johnston (1933), and
Welch (1958). The report by Johnston (1933, pt. 1, p. 290-296; pt. 2,
tables 35 and 36) outlined the geology, physiography, and occurrence of
ground water in each of the formations and included water analyses
from four wells and two springs.

ACKNOWLEDGMENTS

The information on wells and springs contributed by citizens of
Morgan County, and the extensive help of city and county officials and
waterworks superintendents are acknowledged gratefully. Mr. George
H. Godwin, manager of the Decatur Water and Sewerage Department,
especially aided the investigation. Messrs. J. N. Crowe of the H. N.
Crowe Drilling Co. and C. H. Elliott of the Elliott Drilling Co. have
been especially helpful by furnishing drillers' logs and rock samples
from more than 100 wells in addition to information on ground water in
the county. The technical and material aid given to the investigation by
Messrs. Charles and Hawley Dodson of the drilling firm Hawley Dodson
& Son also is acknowledged gratefully.

PHYSIOGRAPHY

Morgan County lies in two physiographic provinces, the Interior
Low Plateaus province and the Cumberland Plateau section of the Ap-
palachian Plateaus province (U. S. Geol. Survey, 1946). Johnston (1933,
p. 9-10) subdivided the Interior Low Plateaus province into three phys-
iographic districts in Morgan County--the Moulton Valley, the Little
Mountain, and the Tennessee Valley districts. The nomenclature and
definitions of Johnston are used in this report. Figure 4 shows the
physiographic divisions of Morgan County.

PRINCIPLES OF GROUND-WATER OCCURRENCE

Rocks inthe outer crust of the earth generally contain open spaces
called voids or interstices, which range in size from the very small

<.

. e
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Figure 4.—Physiographic map of Morgan County.

spaces between particles of clay to spaces that may be several feet a-
cross, such as solution cavities or caves inlimestone. The ratio of the
aggregate volume of the open spaces in a rock to its total volume is the
porosity of the rock (Meinzer, 1923b, p. 19). If the open spaces are
interconnected, water may be transmitted through the rock. The per-
meability of a rock is its capacity for transmitting water under pres-
sure and is measured by the rate at which it will transmit water through
a given cross section under a given difference of pressure per unit of
distance (Meinzer, 1923a, p. 28). Rocks that do not transmit water
readily are relatively impermeable.

"The permeable rocks that liebelow a certain level are generally
saturated with water under hydrostatic pressure. Their interstices are
filled with water. These saturated rocks are said to be in the 'zone of
saturation.' The water that enters from the surface into the rocks of
the earth is drawn down by gravity to the zone of saturation except as
it is held by the molecular attraction of the walls of the interstices
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through which it passes in its descent. The permeable rocks that lie
above the zone of saturation may be said to be in the 'zone of aeration'
# % % %" (Meinzer, 1923a, p. 29).

The water table is the upper surface of the zone of saturation in
permeable rock, and where the upper surface is formed by imperme-
able rock, the water table is absent (Meinzer, 1923a, p. 30).

If the water in the zone of saturation is confined under sufficient
pressure by impermeable rock so that it will rise in a well above the
base of the upper confining rock layer, it is artesian water. The well
will be a flowing artesian well if the water rises above the land surface,
and a nonflowing artesian well if the water level does not rise above the
land surface. The imaginary surface that everywhere coincides with
the water level in an artesian aquifer is called the piezometric surface
(Meinzer, 1923b, p. 38). Most of the artesian wells in Morgan County
are nonflowing; however, a few flowing wells have been drilled.

An aquifer is a rock formation, group of formations, or part of a
formation that is water bearing (Meinzer, 1923b, p. 30). The term
"water bearing' does not refer to just any formation that may contain
water, but to the formation or rock that will yield water in usable quan-
tities to wells and springs. Shale beds in Morgan County contain water
but yield no water to wells and are not, therefore, aquifers. Limestone
formations that contain water-filled cavities generally yield water to
wells and springs and are, therefore, aquifers. A group of limestone
formations that are hydraulically connected may be called an aquifer.

Ground water is that part of the subsurface water that is in the
zone of saturation (Meinzer, 1923a, p. 38), and in Morgan County,
ground water is derived from precipitation that is almost entirely rain;
less than 5 percent of the precipitation is snow and ice. Part of the
rainfall runs off into streams, and part of it evaporates. The rest
seeps into the soil where it may be partly absorbed or may be used by
vegetation. About one-fourth of the total precipitation inthe county per-

colates downward through the soil and becomes ground water (Curtis,
1953, p. 36),

In Morgan County, ground water is obtained chiefly from lime-
stone and sandstone, but also from dolomite, chert, and conglomerate.
The surficial unconsolidated deposits of sand, gravel, and chert rubble
also are water bearing, and some chert-rubble deposits contain large
quantities of water. Sandstone contains ground water in the interstices
between sand grains, in openings alongbedding planes, and in fractures.
If water can move freely in these open spaces, the sandstone is perme-
gble and large quantities of water may be obtained from it, but if the
interstices between sand grains are filled with cementing material and
other open spaces are few or small, the movement of water through the
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sandstone may be restricted or stopped. All or part of a sandstone for-
mation may be impermeable for these reasons. The permeability of the
sandstones in Morgan County is generally low, and wells tapping them
yield little water.

The most productive aquifers in the county are in limestone in
which nearly all the water occurs in solution cavities. The limestone
itself is impermeable; however, openings alongbedding planes and frac-
tures permit the ground water to move through the formation. Origi-
nally the spaces probably were less than an inch across, but the solvent
and abrasive action of moving ground water has eroded the surrounding
limestone. Although most of the openings still are small, some of the
solution cavities are now several feet across. Probably little or no
open space occurred along the bedding planes as the beds were deposit-
ed, and, unless modified by slippage during subsequent folding or fault-
ing, little ground water has moved along them; therefore, only a few
solution cavities have formed. In Morgan County, the original spaces
between beds have been a secondary factor in the formation of aquifers;
openings along fractures are more important in the formation of exten-
sive solution cavities.

A discussion of the processes involved in the formation of cavities
in limestone is beyond the scope of this report. Meinzer (1923a, p.
131-137), Swinnerton (Meinzer, 1942, p. 656-677), and Hem (1959, p.
70-78, 211-214) discuss the processes in some detail.

A hypothetical cavity system that typifies the occurrence and
movement of ground water in the limestone aquifers of Morgan County
is shown in figure 5. Although the diagram is idealized, some of the
features, such as the fault and the cavity shapes, were drawn from
actual outcrops in quarries, road cuts, and caves in the county. The
path of only one hypothetical particle of water is shown, but all cavities
and fractures below the water table would be in the zone of saturation
and would be filled with water. Water would probably be moving in all
the cavities and in most of the joints. Joints above the water table would
transmit water to the cavity system. If the water were transmitted to
the zone of saturation at a rate greater than the discharge from the
cavity system, the water table would rise above the position shown, and
if it were transmitted at a rate less than the discharge, the water table
would be lowered, perhaps to a position where the upper cavity would
be only partly filled.

GEOLOGIC FORMATIONS

In Morgan County, seven rock formations of Mississippian age
and one of Pennsylvanian age contain the principal aquifers. Summary
descriptions of the formations and their water-bearing properties are
shown in table 1. The distribution of the outcrop areas of these bedrock
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Table 1.—Generalized section of the Chattanooga Shale and younger geologic
formations and their water-bearing properties

11

Thickness
Age Formation (feet) Rock description Water-bearing properties
Clay weathered from shale, Yiclds no water to wells.
&
a
B Clay, silt, sand, and gravel weathered from Yiclds some water to dug wells,
2 sandstonc, :
S Undifferentiated 0-100¢ - i
g Broken rock from collapsed Hartselle Sandstone. | May yicld water to wells in a few amall arcas. J‘
o Broken rock in probable collapse atructurcs. Yields more than 20 gpm (gallons per minute). -
g |
1
£ Nodules and rubble of chert weathered from Some wells developed an this material yicld
limestone, more than 20 gpm. |
Unconf y
. i
e Sasudstone, gray, very thin to thick-bedded, Water occurs along bedding planes and in [
] P’-’]‘_}l"“e L“;;ﬂ"—‘" weathers yellowish brown; contains shale, fractures; typical wells yield Jess than 10 |
€45 ormation siltstone, conglomerate, and coal. £PM. Water contains excessive iron,
- ]
Uncontormity
Limestone, gray, very fine 10 coarse-grained, Water occurs in the hmestone in cavities amt
thin to very thick bedded, partly oolitic, fractures; supplies many small springs;
Pennington 70-150 partly argillaceous, interbedded with shale, some springs yield more than 100 gpm; tew
Formation red and green shale, light-gray dolomite, wells yield as much as 10 gpm. The shale
yiclds no water,
Lim . gray. fincly crystalline, very fine Water occura in cavitics and fractures; mim-
Banger 340 to caarse-grained, thin to very thick bedded, mum flow {rom some springs is greater than
Limestone partly oolitic; contains shale and cherty and | 100 gpm, wells may yield 100 gpm.
dolomitic limestone beds, i |
Sandstone, gray, thin- to thick-bedded, cal- Water occurs in fractures and along bedding |
Hartselle 5-120 careous, weathers yellowish brown, some | planes; wells yield less than 10 gpm. |
Sandstone parts at bottom are silictficd; containg | |
some shale beds. } |
l- Unconformity
3
g Three distinet units: tup and bottom limestone Water occurs 1n cavities and fractures in the
K umits, gray, thick-bedded, medium- to Limestone, the shale yields no water, many !
3 Gasper 20-110 coarse-grained, clastic, partly oolitic and springs issue {rom the top limestone, many 1
2 Formation cherty, cach about 30 1 thick, middle unit is of them yiclding as much as 100 gpm, wells |
Z gray shale about 40 ft thick. commonly yield more than 10 gpm. the bottom |
limestone urut yields less water. !
. . gray, massive, L, | Water occurs in cavities and fractures, chicfly
Ste. Genevicve 60 oolitic. at or near contacts with overiving amt under -
Limestone lying formations; yiclda little water except in
and near its area of outcrop,
|~ Unconformity
L) 01 , fine- | Water occurs in cavities and fractures, s
Tuscumbia 180 L 4 Eray t Rht-gray at r ca » ractures, wells
'\ to coarse-grained, thick-bedded; contains that are capable of yiclding 100 gpm arc i
Limestone nodules and interbeds of chart, common, '
Li . lmestone, dolomite, Water occurs in cavities and fractures; wells
Fort Payne 210 and chert, olive-gray and greenishegray; are capable of yiclding more than 150 gpm, |
Chert contains some shale; does not crop out in estimated maximum yield of one test well 1s
Morgan County. 1,100 gpm. |
Unconformity
3 Shale, dark-brownish-gray, appears black Y¥lelds no water. Main confining bed 1n the
2 Chatwnooga 414 when wet; contains thin sandstone beds at county.
H Shale top and bottom; does not crop out 1n

Morgan County.
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formations is shown on plate 1. The Fort Payne Chert, the oldest Mis-
sissippian formation, does not crop out in the county. The unconsoli-
dated deposits, which cover the bedrock over more than three-fourths
of the area of the county, are treated in this report as a single rock
formation, designated post-Pennsylvanian undifferentiated. Locally,
where these unconsolidated deposits are composed of residual sand or
chert rubble, they may yield adequate supplies of water for domestic
use. Only formations above the Chattanooga Shale, of Devonian age,
can be expected to yield water suitable for ordinary uses. Although the
Chattanooga yields little or no water to wells penetrating it, it forms
an impermeable barrier to the downward movement of the water and is
therefore important to the occurrence of ground water in the county.

The nomenclature and definitions of geologic formations used in
this report are those used by Butts (1926). Welch (1958) placed the rock
units occurring between the Tuscumbia Limestone and the Hartselle
Sandstone into a new formation, the Pride Mountain Formation, but he
was unable to recognize any of the several members of the Pride Moun-
tain in Morgan County. Retaining the names of Gasper Formation and
Ste. Genevieve Limestone, as used by Butts (1926), for rocks between
the Hartselle and Tuscumbia is more appropriate for purposes of this
study than usingthe name Pride Mountain Formation and is the accept-
able nomenclature used by the Geological Survey of Alabama.

Terminology used to describe bedding in this report is that pro-
posed by McKee and Weir (1953). The ""Glossary of Geology and Re-
lated Sciences"” of the American Geological Institute was used as the
reference for definition of other geologic terms. The ''Rock Color
Chart" of the National Research Council was used as a reference in
describing colors of rocks.

The aquifers are chiefly limestone. The bedrock above the Chat-
tanooga Shale is about 60 percent limestone, 15 percent sandstone, 10
percent chert, 10 percent shale, and 5 percent dolomite. Two forma-
tions, the Pottsville Formation and the Hartselle Sandstone, are mostly
sandstone, the Gasper Formation is about one-third shale, but all other
formations are mostly limestone. Solution cavities in the limestone
contain most of the ground water that can be developed in the county.
The permeability of the sandstone is generally low, solution cavities do
not readily form in the dolomite, and the chert and shale are imperme-

able; compared to the limestones, little water can be obtained from
these rocks.

) Pl?.te 2 shows the geologic structure of Morgan County. The re-
gional dip is south about 30 feet per mile, but the normal dip is dis-
rupted locally by broad folds. The structural features of the county are

discussed in the sections on the geologic formations and on the struc-
tural control of ground water,
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CHATTANOOGA SHALE

DESCRIPTION.— The Chattanooga Shale of Devonian age is not an
aquifer in Morgan County. However, the formation, being imperme-
able, confines the circulation of ground water to the formations above.
So far as is known, water below the Chattanooga is highly mineralized
and unsuitable for domestic, stock, and most other uses; therefore, the
formation lies at the greatest depth to which it is practical to drill wa-
ter wells in the county. The formation is the marker bed that was used
to prepare the structure map (pl. 2).

The Chattanooga Shale is classified as a black shale formation,
but dark-brownish-gray fissile shale and two thin beds of yellowish- or
greenish-gray poorly sorted fine-grained calcite-cemented sandstone
generally compose the formation in Morgan County, and pyrite is char-
acteristically abundant. The beds of sandstone, each about half a foot
thick, generally are at the top and bottom of the formation; however, in
test wells 5-T and 6-T more than half the Chattanooga is composed of
sandstone (table 5). The thickness of the Chattanooga penetrated in test
wells ranges from 4 to 14 feet. The contact between the Chattanooga
and the Fort Payne Chert is an unconformity.

GROUND WATER.—The Chattanooga is not an aquifer; however, wa-
ter in contact with the Chattanooga generally is mineralized. Hydrogen
sulfide escapes into the water in wells tapping the formation and causes
the water to become sulfurous. If the amount of mineralized or sulfu-
rous water is undesirable, the Chattanooga is sealed off before com-
pletion of the well.,

FORT PAYNE CHERT

DESCRIPTION.—The Fort Payne Chert, the oldest formation of Mis-
sissippian age that underlies Morgan County, does not crop out in the
county and is everywhere at a depth greater than 40 feet below the land
surface. All rocks between the Chattanooga Shale and the Tuscumbia
Limestone are included in the Fort Payne Chert for the purpose of this
report. The average thickness of the Fort Payne in test wells drilled
in Morgan County is about 210 feet. The formation is not chert, as its
name implies, but limestone, dolomite, chert, and shale, Its average
composition as determined from drill cuttings in 10 test wells is about
50 percent limestone and dolomitic limestone, 25 percent dolomite, 20
percent chert, and 5 percent shale. Most of the limestone and dolomite
is very fine grained. Very fine grains of silica occur in much of these
rocks and are abundant in places. The limestone, dolomite, and silica
were probably deposited by chemical precipitation.
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The lithology of the Fort Payne is so varied that no simple de-
scription is appropriate. The complexity of the lithology and stratig-
raphy can be seen in the logs of the test wells (table 5). The FortPayne
comprises three main units. The lower unit is generally composed of
greenish-gray very fine grained, partly silicified, partly calcareous
dolomite and bluish-gray and greenish-gray chert. Downward from the
top of the unit, the grain size of the dolomite generally decreases and
the dolomite becomes increasingly argillaceous. Locally, the lower
unit contains gray, greenish-gray, and olive-gray very fine grained
dolomitic limestone, Nearly half the lower unit in test well 7-T is
composed of limestone, but limestone is a minor constituent in the other
test wells. A light-greenish-gray shale about half a foot thick that oc-
curs at the base of the Fort Payne has been included in the lower unit.

Drill cuttings indicate that the lower unit is laminated to very thin
bedded and contains a few shale laminae and thin beds of greenish-gray
and gray shale. The shale content of the unit, as seen in cuttings from
test wells, generally increases northwestward. The shale is a minor
constituent in test well 9-T, less than 2 percent, but the bottom half of
the unit in well 4-T is about 5 percent dark-gray shale, and the unit in
well 1-T is about 10 percent dark-greenish-gray shale.

Crinoid stem plates up to half an inch in diameter are locally
abundant in the lower unit, and stem plates, other crinoidal debris, and
bluish-gray chert may compose an extraordinary limestone unit. In
well 7-T, this limestone unit is 5 feet thick and lies about a foot above
the base of the Fort Payne, but a similar bed in well 10-T is 17 feet
thick, contains little chert, and is 55 feet above the base of the forma-
tion. In well 10-T, the abundance of crinoid stem plates gradually de-
creases both upward and downward from the crinoidal limestone unit.
The crinoid stem plates are calcite, but, of those plates that are sur-
{:'ounded by a matrix of chert or dolomite, about 1 mm of the outer rim
is replaced by the matrix material.

) The middle unit of the Fort Payne is chiefly light-olive-gray very
f%ne grained, partly silicified dolomitic limestone, light-olive-gray to
light-greenish-gray very fine grained, partly silicified dolomite, and
light-bluish-gray and very light olive-gray to very light greenish-gray
chert. The olive-gray and greenish-gray chert is the product of com-
plete silicification of limestone or dolomite. The very fine grained
structure of the limestone and dolomite was notaltered insilicification.
A study of cuttings from test wells in the county indicates that the av-
erage composition of the middle unit is about one-third chert.

The upper unit is composed mainly of very light olive-gray fine-
to coarse-grained clastic limestone, light-olive-gray fine-grained,
p_artly dolomitic and partly siliceous limestone, light-olive-gray very
fine grained calcareous dolomite, and bluish-gray chert. The lithology
of the clastic limestone is the same as that of the overlying Tuscumbia



GEOLOGIC FORMATIONS 15

Limestone. The upper unit comprises tongues of Tuscumbia and tongues
of Fort Payne, and the very fine grained chemically precipitated lime-
stone or dolomite differentiates this unit from the Tuscumbia. The
Tuscumbia is a facies of clastic deposition, and the Fort Payne is a
facies of chemical deposition. Lithologies of the two facies do not ap-
pear to be gradational. The contact between the Tuscumbia Limestone
and the Fort Payne Chert has been drawn at the top of the uppermost
tongue of olive-gray very fine grained dolomitic limestone, or dolomite,
and bluish-gray chert. The upper unit is identified in all test wells ex-
cept 9-T, where the chert, ordinarily the most conspicuous constituent,
is absent; however, the curve that is typical at the Fort Payne-Tus-
cumbia contact appeared on the electric log of 9-T. The curve was
approximately the same at the contact as the curve shown on plate 4.
If the contact were drawn at the bottom of the lowermost light-olive-
gray fine to very coarse grained oolitic clastic limestone, which is the
lowermost tongue of the Tuscumbia, the contact in some wells would be
as much as 100 feet lower than where it is drawn. The contact was
chosen at the top of the highest Fort Payne tongue, chiefly because this
choice includes in the upper unit all the Fort Payne lithology of uniform
thickness.

The three units of the Fort Payne are gradational. The colors
gradually become lighter upward and grade from green to olive (yellow-
ish). From about the center of the lower unit, the content of bluish-gray
chert generally increases downward to the bottom of the Fort Payne and
upward into the middle unit. The amount of clastic limestone generally
increases upward from the base of the upper unit, as the amount of
chemically deposited limestone and dolomite decreases. From near
the bottom of the formation upward the dolomite content decreases, as
does the content of very fine grains of silica. The thickness of the
bedding probably increases upward also; at least part of the bedding in
the lower unit is laminated, and some of the clastic limestone in the
top unit is probably thick bedded.

An odd characteristic of part of the chert in the Fort Payne can
be used to distinguish the formation from the Tuscumbia Limestone.
Cuttings of the chert fresh from the well are blue. The colors range
from very light blue to light blue, but they rapidly change to grayish
blue, then to bluish gray or white. The change from blue to grayish
blue occurs within 5 minutes after the sample is bailed from the well,
and the change to bluish gray generally occurs by the ’fimg the washed
sample is dry. The change is probably caused by oxidation, and the
rapidity of the change limits the usefulness of the characteristic.

The greenish fine-grained rock in the lower unit, when fresh
from the well, is grayish green, but the color becomes lighter and more
gray with time, a color change similar to that in the bluish-gray chert.
The shale cuttings probably become brown withtime. McGlamery (1955,
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p. 348-363) recorded much more brown than was observed in the sam-
ples collected during this study. The green is probably due to reduced
iron, which oxidizes to brown on exposure to the air.

GROUND WATER.—Only a few wells penetrate the Fort Payne Chert
in Morgan County, and data available for use in preparing this report
are chiefly from 11 test wells drilled as part of the study (table 2).
Fractured zones and solution cavities are the main sources of water in
the formation. Most of the water-bearing open spaces are so small that
they are hardly noticed in drilling, the openings being detected only by
a change in the consistency of the mud in the bottom of the well. Indi-
vidual solution cavities more than 2 inches thick are not common; these
small cavities may occur in groups, in what could be termed 'cavity
zones.'" The zones of both fractures and cavities are ordinarily 3 to 1
foot thick; however, a cavity zone 13 feet thick was penetrated in well
5-T, and 7 large open cavities were penetrated in well 8-T, a total of
24 feet of cavity in 85 feet. Almost all the rock cut in this well was
broken or brecciated. An open cavity, 4 feet thick, was penetrated in
well 2-T and a filled cavity, 1 foot thick, was cut in well 7-T; none of
the other test wells contained a large cavity. Many of the cavities are
filled or partly filled with mud, silt, sand, gravel, or breccia. The
cavity inwell 7-Tis filled with small, well-rounded pebbles of dolomite

cemented by elongated crystals of calcite that are about 1 mm in diam-
eter,

One explanation of the large number and size of cavities in the
Fort Payne in test well 8-T is that it is in the possible collapse struc-
ture discussed in the section on unconsolidated deposits. Another ex-
p}anation is that the well penetrates a fault zone, although no extensive
high-angle fault has been recognized in the county. Chert breccia re-
cemented by pyrite was obtained from the well between depths of 235

;_md 290 feet, where no cavities occur and where no solution of the rock
1s apparent.

The deep fractured zones in the Fort Payne are probably thrust
fault zones, and the cavity in well 7-T probably formed along a‘fault.
Brecciated rock was obtained from several of the test wells, from zones
that probably are horizontal, If the breccia were from joints, the zones

would appear thicker than they ordinarily do, and the drill would be de-
flected at the bottom.

The Fort Payne Chert and the overlying Tuscumbia Limestone are
effec':tively a single aquifer, as no confining bed separates the two for-
mations. Recharge generally moves downward to the Fort Payne from
tl'lze Tuscumbia. The water-bearing properties of the two formations
differ, as do the properties of the three units in the Fort Payne, but
regionally they are considered as one aquifer.



Table 2.—Records of test wells in Morgan County, Ala.

Walter-bearing formations: Mfp, Fort Payne Chert; Mt, Tuscumbia Limestone; Mb, Bangor Limestone.

Depth Water-bearing| Pumping teots
Altitude Depth to top of zones Dura- Specilic |
of Depth | of 6%- { Water- | Chatta- Tem- Rate of | tion of { Drawdown | capacity
land of inch |bearing| nooga Thick- | per-| Date dis- | pump- obscrved [(gpm per
surface | well | casing| forma-| Shale Depth neas  |ature of charge| ing during test| foot of
Well Property owner (tect) {fect) | (feet) tion (feet) {feet) | (fect) [(* F) test {gpm) | (hours) {fect) drawdown) Remarks
1-T John B, Sewell. .... 568 276.8 84 Mip 271 130 3 17 4 6.3 19
133 2 62 7-14-60} 233 4 19 12 Sec fig. 14.
350 16 35.6 10
2-T Loule and Paul Glenn 502 356.0 48 Mip 343 151 2 62 |11-15-60| 275 24 80 3
1/212 4
3-T City of Decatur and 584 251,0 40 Mfp 246 89 .5 62 3- 4-58| 102 24 52 2
Fruchauf Trailer Co, 178 1
4-T Louhoward Bouldin. . . 606 340.5 40 Mt 329 50 .5 83 2-27-61| 205 24 30 7
60 .5
$-T George H. Burt. . ... 665 439.5 33 Mt-Mfp] 421 102 1
163 1
231 13 62 12-22-59 90 24 76 1 Sece fig. 8,
396 1
6-T Rolan Royer ....... 610 305.6 26 Mt 299 45 . .. .o . . . ..
118 . . . . . .
148 e B . .o
7-T City of Decatur ..... 570 294.8 23 Mip 286 241 1 64 7-23-59 55 1 134 .
8-T U.S. Dept. Interior 624 301,2 148 Mip 203 [1/151 4 108 4 4.5 24
Fish and Wildlife 1/159 5 62 7-11-60| 250 4 15,3 16 Sce figs, 8
Service. L7103 2 350 16 25 14 and 15,
230 .5
9-T Jay J. McMurray. ... 565 382, 7 21 Mt-Mfp| 370 72 ..
293 1 64 [11-24-59| 100 24 22 4
300
337
po-T Enoch Poole .. ... .o 566 361. 4 41 Mt 344 48.5] ... 62 BRI vee .. .
1-T Morgan County Dept. 625 355.8 53 Mt-Mfp| ... |1/ 62 1
of Education. j1/121 .5 200
17224 4 62 5- 3-61 to 24 60 to 75 3
343 250
2-T Morgan County, 592 132, 7 14 Mb 29 1 62 6- 8-61 a3 .5 27 ..
Falkville Road Shop. K] 5

1/ Open crevice

SNOLLVINIOJ DID0TOdID

LI
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In the test wells, generally, the greatest yield was from the upper
unit of the Fort Payne Chert; the yield from the middle unit was inter-
mediate, but only small quantities of water were obtained from the
lower unit.

Tongues of the fine-grained dolomitic limestone and calcareous
dolomite and chert may effectively control the occurrence of ground
water in the upper unit of the Fort Payne. Because these tongues are
less soluble than the coarser grained clastic limestone, they could act
as confining beds not only in creating artesian conditions but also in
creating barriers to the lateral movement of ground water into some
areas. All other factors being equal, the abundance of ground water in

the FortPayne would decrease with an increase in fine-grained rock in
the upper unit.

Several reasons may account for the lack of ground water in the
lower unit. The main reason is that the dolomite or dolomitic lime-
stone is nearly insoluble, so that if solution openings formed at all they
would tend to be small. In the laminated or thin-bedded rock, strain
would be relieved along bedding planes, and no large open fractures
would form. All or most of the carbon dioxide from the atmosphere
and soil would be neutralized before the water reached the depths of
the lower unit, and circulation ordinarily is not great at these depths;
therefore, solution of even the more soluble parts of the unit is likely
to be minimized. The basal part of the lower unit of the Fort Payne is
generally an effective barrier to the movement of ground water, prob-
ably as effective as the Chattanooga Shale.

Only 17 wells are known to have been drilled into the Fort Payne
Chert in Morgan County, excluding oil-test holes and Geological Survey
test wells. Most of these wells are no deeper thanthe uppermost water-
bearing zone in the Fort Payne.

Estimated yields from test wells tapping the Fort Payne range
from less than 10 to 1,100 gpm; most of the wells would yield more than
150 gpm. The estimate of 1,100 gpm from well 8-T is probably low
because the well is cased to a depth of 148 feet, and cavities totaling 12
feet in thickness were cased off to prevent caving. The cavity between
the depths of 120 and 125 feet is free of sediment and contains clear
wa.ter. Sand and rubble in the cavity at 139 to 144 feet interfered with
drilling to such an extent that this interval was cased off, but the cavity
could be cleaned out in a well with a diameter larger than 6 inches.
Test w.ell 8-T is perhaps anomalous, for little brecciation has been
recognized in other test wells; however, the collapse structure extends
about a mile southwest of the test well and covers between 0.2 and 0, 7

squarle.mile. The area affords a possible site for development of large
quantities of ground water,
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The rate of discharge given in table 2 for well 7-T is 55 gpm with
a drawdown in water level of 134 feet below the land surface, but the
well probably would yield more water after complete development to
clear the dolomite pebbles and calcite cement from the cavity.

The FortPayne Chert can be expected to yield quantities of water
from other wells drilled in the Tennessee Valley in Morgan County
comparable to the quantities developed from test wells 1-T through
11-T. In other areas of the county, yields would be much less.

Because the lower unit of the Fort Payne yields little water, wells
ordinarily could be stopped at the top of this unitrather than at the Chat-
tanooga Shale. Identification of the top of the unit is more difficult than
identification of the Chattanooga, however, and if a well were stopped
too high, water in the middle unit of the Fort Payne might be missed.
The lower unit of the Fort Payne can be easily identified by use of elec-
tric logs. The electric log is characterized by a decrease inthe resis-
tivity curve and a positive deflection in the self-potential curve (pl. 4).

TUSCUMBIA LIMESTONE

DESCRIPTION.— The Tuscumbia Limestone is the oldest formation
that crops out in Morgan County. It comprises two formations, the St.
Louis Limestone and the Warsaw Limestone, but because the St. Louis
and Warsaw are lithologically similar and are defined chiefly on pale-
ontological evidence in this area, they have been combined into the one
unit (Butts, 1926, p. 167-177). The area of outcrop of the Tuscumbia
covers about 75 square miles of the Tennessee Valley physiographic
district (pl. 1). The lower 40 feet of the formation does not crop out in
Morgan County. The Tuscumbia is about 180 feet thick and is composed
mainly of very light gray to light-olive-gray fine- to coarse-grained
clastic thick-bedded to very thick bedded limestone, and contains nod-
ules of bluish-gray chert. Limestone in the Tuscumbia is generally
composed of grains of fossil debris and oolites. The relationship of the
Tuscumbia and Fort Payne is discussed in the preceding section.

The Trinity quarry, in the SWiSWg sec. 8, T. 5S., R. 5 W., is
the only place known in Morgan County where the contact of the Tus-
cumbia with the overlying Ste. Genevieve Limestone can be carefully
examined. At this locality it appears to be conformable; however, it is
probably an unconformity (Butts, 1926, p. 177; Welch, 1958).

The gection of the Tuscumbia Limestone exposed in Trinity quarry
is as follows:
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Thickness
(feet)

Ste. Genevieve Limestone:

Limestone, light-olive-gray to yellowish-white,
medium to very coarse grained, oolitic and
fossiliferous, very thick bedded. ... .. s ceee 38

Tuscumbia Limestone:

Limestone, medium to light-olive-gray, very fine
grained and finely crystalline, laminated to very
thin bedded, clayey, silty.......... o ae o e e 12

Chert, pale-yellowish-brown and very pale orange,
very fine grained or finely crystalline, intra-
formational breccia. .. .. .. .. .. e ee ee e 2

Chert and limestone, pale to very pale orange, about
50 percent calcite fossil debris of sand size and
50 percent chemically deposited silica . ....... 9

Limestone, light-olive-gray, fine to very coarse
grained, crystalline. . . .. .. .. .. .......... 1

Chert rubble from the chert beds is conspicuous on the land sur-
face in parts of the outcrop area of the Tuscumbia, The chert beds are
the source of the specimens of Lithostrotionella castelnaui in the soil
in Decatur. This fossil, L. castelnaui, or Lithostrotion canadense as
called by Butts (1926, p. 173), is an index fossil of the St. Louis Lime-
stone.

GROUND WATER.-The water-bearing properties of the Tuscumbia
Limestone are similar tothe ground-water properties of the Fort Payne
Chert, and the two formations are considered as one aquifer. Exten-
sive cavity systems have formed in the Tuscumbia, but individual cavi-
ties generally are no more than a foot thick, and a cavity as much as 5
feet thick is rare.

The Tuscumbia Limestone yields more water than any other for-
mation in Morgan County. The water is obtained from about 1,000 wells
and springs, and is used for domestic and stock supplies. In 1960 the
total withdrawal was nearly 200, 000 gpd (gallons per day), the average
withdrawal per well being a little less than 200 gpd. Data are not avail-
able upon which to base an estimate of the maximum sustained yield of
all wells in the Tuscumbia during times of drought, but if theyield were
only 10 gpm per well, the wells tapping the Tuscumbia would yield 15
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mgd {million gallons per day). The yield is undoubtedly much greater,
because the average of the estimated yield during times of low water
levels in test wells 4-T, 6-T, and 10-T, which obtain water from the
Tuscumbia, is about 80 gpm, and yields of wells 5-T, 9-T, and 11-T
from the Tuscumbia are probably greater. Wells that are capable of
yielding 100 gpm or more are common. It is estimated that no more
than 1 percent of the supply of ground water that can be obtained from
the Tuscumbia Limestone in Morgan County was being used in 1960.

A well drilled in the outcrop area of the Tuscumbia ordinarily
yields a supply of water at least adequate for domestic use; however,
wells drilled in a few isolated hills where the formation is drained yield
little or no water. The quantity of water that can be obtained from the
formation generally decreases downdip, but supplies adequate for do-
mestic use can be expected at least as far downdip as the surface con-
tact of the Hartselle Sandstone and Gasper Formation (pl. 1). A few
wells in the areas of outcrop of the Hartselle Sandstone and Gasper
Formation in the Laceys Spring area probably would yield more than
100 gpm from near the top of the Tuscumbia or at the Ste. Genevieve
Limestone-Tuscumbia contact. The sulfur and mineral content of the
water tends to increase downdip beyond the Hartselle-Gasper contact,
and water of satisfactory quality is not likely to be obtained from the
Tuscumbia more than 2 miles downdip from its area of outcrop.

Several dug wells in the area of outcrop of the Tuscumbia yield
larger quantities of water than are ordinarily expected from dug wells,
but they probably penetrate cavities near the top of the bedrock. For
example, the dug well at the Decatur Country Club in the NE3SEf% sec.
32, T.5S., R. 4 W. (Dodson and Harris, 1961, table 2, C-19) was test
pumped on April 3, 1958, at 130 gpm for 6 hours with a drawdown in
water level of 3.5 feet, and during the period of low water level in the
fall of 1959 the well is estimated to have been pumped at 200 gpm about
12 hours per day for about a month.

Many wells and springs in the county yield water from the cavity
systems under the chert at the top of the Tuscumbia. The cavity that
is cased off in well 9-T between depths of 12 and 20 feet formed below
the chert bed. Clark Spring in the NE3{SE;SEj sec. 36, T. 5S., R. 5
W., yields water from the zone below the chert bed. The owner, P. H.
Clark, stated that the average flow of the spring was about 200 gpm and
the maximum flow was more than 600 gpm before the cavity system
supplying the spring was tapped by shallow wells. The spring now flows
only during times of highest water levels. About 3, 000 gpm is pumped
from wells in the area to supply fishponds; however, the ponds leak, so
that part of the water is being recirculated. Cave Spring (pl. 3) issues
from the zone below the chert bed and the yield ranged from an esti-
mated flow of 100 gpm on October 24, 1958, to a measured flow of 4,100
gpm on April 13, 1960. Wheeler Reservoir covers Blue Spring in the
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NWiNEL sec. 4, T. 6S., R. 4 W., and other springs in secs. 10 and
11, which probably flowed from the same zone.

STE. GENEVIEVE LIMESTONE

DESCRIPTION.— The Ste. Genevieve Limestone crops out in a nar-
row belt across the northern third of Morgan County in an area ofabout
45 square miles (pl. 1). The area of outcrop is in the Tennessee Val-
ley physiographic district (fig. 4). The thickness of the Ste. Genevieve
generally ranges from 40 to 65 feet and averages about 60 feet. The
lower two-thirds of the formation is composed of massive thick-bedded
light-gray oolitic limestone, and the upper third of the formation is
composed of light- to dark-gray laminated to thick-bedded shale, chert,
and limestone.

In the western part of Morgan County, the unit of very thick bed-
ded limestone is overlain by a unit of laminated to very thin bedded
medium-gray shale and limestone, which includes some chert. This
Sha}e and limestone unit is 12 feet thick in Trinity quarry and is ordi-
narily more than half shale. However, changes in the lithology of this
r}llnt Wgre observed as quarrying progressed. In places, shale beds in

€ unit are_ as much as 4 feet thick. The chert content increases east-
Klard, _ar}d in northeastern Morgan County the most prominent part of
th: l'l'nsl}talls abqu‘? 3 fee1.: of chert at its base, This unit is referred to as
fine o ve(; unit" in tl’llS' report. Very thin bedded to thick—bed.ded very
that 1 y coarse grained partly crossbedded partly oolitic limestone
at is 5 to 20 feet thick overlies the shale unit.

disti Tl.ue Ste. Genevieve Limestone contains, among other fossi}s,. the

stinctive stem segments and base plates of the crinoid Platycrinites
pe.:mczllus_ Meek and Worthen. This fossil, where present, was used to
differentiate th.e Ste. Genevieve and the overlying Gasper Formation.
Where the fossil was not present, the uppermost shale bed in the Ste.
Genevieve was used to locate approximately the contact.

) Possibly the Ste. Genevieve is gradational with the Gasper For-
mation., Part of the Ste. Genevieve, as now defined, may belong in the
glasper Formation. Tk?e.shale unit occurs 5 to 20 feet below the top of

leatUppgr'most qutycnmtes- bearing bed; but above the shale unit the
ycrinites fossils are well rounded, and the spines on many of the

stem plates are partly or completely worn i
away. Below the shale t
most of these fossils are intact. Y Y ate anh

The basgl contact of the Ste. Genevieve is discussed inthe section
on the underlying Tuscumbia Limestone.

GROUND WATER.— The Ste. Genevieve Limestone generally yields
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ground water chiefly from small openings along contact zones in quan-
tities adequate for domestic use. Jointing in the very thick bedded
limestone is widely spaced, so that only a few cavities have formed.
The shale unit restricts the downward movement of water to the under-
lying limestone unit. In the western two-fifths of the area of outcrop,
in the northeastern part of the county, and in a few scattered smaller
areas where the shale unit has been removed by erosion, and where the
formation is under rather deep soil cover, water can percolate down-
ward along joints into the lower limestone unit, If the top unit of the
Tuscumbia Limestone is impermeable or nearly so, as it is in places,
the water tends to move laterally into solution cavities along the contact
zone. Cavities also occur along the Gasper-Ste. Genevieve contact, in
the Ste. Genevieve along the top of the limestone below the shale unit,
and to a lesser extent in the oolitic limestone above the shale .unit.

Thrust faulting was perhaps the most significant factor in the
formation of cavities at or near the top of the Ste. Genevieve Limestone
in some areas. In the Trinity quarry, a low-angle thrust fault is ex-
posed between the shale unit and the top of the Ste. Genevieve. The
fault surfaces ordinarily are coated with asphalt and pyrite, and near
the fault some of the coarse-grained or coarsely crystalline limestone
is impregnated with asphalt. Below the water table, the fault zone and
the solution cavities formed along the fault would be filled with ground
water. The extent of the faulting is not known, for the only good expo-
sure is in Trinity quarry. Slickensides were observed in the outcrop
along the county line west of Trinity and in a quarry in Trinity (pl. 1).
No slickensides were found at the quarry in the NWg sec. 19, T. 5S.,
R. 5 W., or at the quarry in the SW§ sec. 35, T. 6 S., R. 5 W. The top
of the shale zone is at or near the land surface at both these inactive
quarries, and, if the fault is present, the slickensides have been ob-
scured by weathering. It has not been possible to determine the extent
of the fault because of the rarity of unweathered exposures.

From the Gasper-Ste. Genevieve contact to a mile.o'r so beyond
and under the shale in the Gasper Formation, small quantities of water
may be obtained from openings along the upper contact zone.

GASPER FORMATION

DESCRIPTION.— The Gasper Formation crops out in an area of a-
bout 70 square miles in Morgan County (pl. 1). The thickness of the
Gasper generally ranges from 90 to 110 feet, but local variation in
thickness may be greater than 20 feet. For example, the formation is
120 feet thick along the Lawrence County line west of Trinity, but 1.5
miles away, along Alabama Highway 24 south of Trinity, it is 98 feet
thick. Differences in thickness are caused mainly by relief on the un-
conformity at the top of the formation and differences in thickness of
the shale unit in the middle of the formation. The upper and lower
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parts of the Gasper Formation in Morgan County are c?mposed of lime-
stone and are separated by shale. The limestones in the Gasper are
ordinarily about 30 feet thick and are medium gray, tthk-bed.d.ed, me -
dium- to coarse-grained, clastic, and in part cher‘ty and oolitic. The
shale is generally about 40 feet thick and is medium gray, soft,' and
calcareous, and in places contains thin beds or lenses of gray lime-
stone. The lithology of the Gasper is not uniform in Morgan County; for
example, in the western part the formation is composed of as much as
60 percent shale, and in parts of the northeast corner of the county the
formation is composed of as much as 90 percent limestone,

The Gasper Formation is unconformably overlain by the Hartselle
Sandstone, as part of the Gasper was eroded and redeposited at the base
of the Hartselle. This contact is discussed in detail in the section on
the Hartselle Sandstone.

GROUND WATER.—Ground water in the Gasper Formation occurs in
solution openings in the limestone. These openings are extensive and
best developed at the contact of the Hartselle Sandstone and the Gasper,
and at the contact of the upper limestone and the underlying shale. So-
lution cavities developed at the top of the Gasper may extend into the
basal conglomeratic limestone of the Hartselle Sandstone. Water in the
cavities is confined by sandstcne or shale in the Hartselle Sandstone
and by the shale in the middle part of the Gasper. A few wells tapping
these cavities in the western part of Morgan County flow (Dodson and
Harris, 1961, wells N-4, N-6, and N-9). Along the escarpment in the
northern part of Morgan County are several hundred springs that flow
from cavities in the limestone in the upper part of the Gasper. Dis-
charges of many of these springs range from 10 gpm during periods of
low water level to 100 gpm during periods of high water level. Shumake
Park Spring (Dodson and Harris, 1961, spring M-232), flowing from a
tubular opening in the limestone bed in the upper part of the Gasper,
had an estimated flow of 100 gpm on February 26, 1959, and an esti-
mated flow of 75-100 gpm during the fall of 1959.

In many areas of Morgan County the upper limestone bed of the
Gasper hasbeen removed by solution, and the overlying Hartselle Sand-
stone has collapsed onto the shale bed of the Gasper. This collapse
feature is exposed in road cuts along Alabama Highway 24 south of
Trinity, along U.S. Highway 31 between Flint and Hartselle, and at
Flint (fig. 6), The collapse of the sandstone in the Hartselle has broken
the sandstone mass, thus increasing its permeability and forming re-
charge areas for the upper part of the limestone in the Gasper.

The shale unit in the Gasper Formation in Morgan County is the
first persistent confining bed above the Chattanooga Shale. It forms an
effective barrier to the downward percolation of ground water, except
in parts of the northeast corner of the county where it is thin and is
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Figure 6.—Collapse of Hartselle Sandstone onto shale in the Gasper Formation

along U.S. Highway 31 at Flint, Ala. Photograph facing east, taken
by George W. Swindel, Jr.

composed of limestone interbedded with shale. These limestone beds
do not yield water to wells penetrating them.

The lower limestone unit in the Gasper is not a productive aquifer
in Morgan County.

In the areas of outcrop of the Gasper Formation and the Hartselle
Sandstone, wells that tap the upper limestone in the Gasper generally
vield 10 to 100 gpm of water of satisfactory quality for domestic and
stock use, Downdip beyond the Hartselle outcrop area, almost allwater
in the upper limestone is in thin tabular cavity systems immediately

underlying the Hartselle, and water supplies from the Gasper are in-
adequate.

HARTSELLE SANDSTONE

DESCRIPTION.—Smith (1894) named the Hartselle Sandstone for
exposures at Hartselle in Morgan County. The Hartselle caps the low
escarpment thatextends from near Trinity to Hartselle and to the north-
east corner of the county near Laceys Spring. The area of outcrop of
the Hartselle in the county covers about 90 square miles (pl. 1). Sand-
stones in the Hartselle are more resistant to erosion than the under-
lying and overlying limestone formations; the sandstones form the es-
carpment and the small plateau that characterize the Little Mountain
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physiographic district (fig. 4).

The thickness of the Hartselle ranges from 5 to 120 feet from east
to west. Butts (1926, p. 193) states that the Hartselle '* * * abruptly
dies out * * * just east of the line, in Marshall County * * *,'" but the
Hartselle is not less than 5 feet thick in all outcrops visited in Morgan
County. The formation is missing in a well drilled in the NEiNEj sec.
16, T. 78S., R. 2 W., but in another well 1.5 miles northeast, in the
SE cor. sec. 3, it is 100 feet thick. The normal thickness of the for-
mation along the Bangor Limestone-Hartselle contact in the outcrop
area near these wells is about 45 feet, Thrust faulting or nondeposition
in one place and fill of a deep channel in the other could account for the
anomalous thicknesses. No narrow, deep channel has been found else-
where; however, many large pieces of slickensided shale from the Gas-
per Formation were bailed from the well in section 16, Faulting in
outcrops near these wells was not in evidence, but the soil cover is ex-
tensive in this area and a fault zone probably would be covered.

The Hartselle consists of gray fine-grained thin- to thick-bedded
partly massive crossbedded quartzose silty, well-cemented calcareous
sandstone, and a few beds of silty or sandy shale and siltstone. Com-
monly, near the bottom the formation contains interbedded, very thin
bedded or laminated gray sandstone, siltstone, and shale, whichis about
10 feet thick. Colors of the rocks are various shades of gray, chiefly
greenish olive or bluish gray. The formation weathers yellowish brown,

The bottom bed of the Hartselle is ordinarily a basal conglomer-
atic limestone that contains limestone pebbles and fossil debris from
the underlying Gasper Formation, but the lowermost bed may be sand-
stone, shale, or clastic limestone. The clastic limestone is conglom-
eratic in places; the pebbles are rounded pieces of fossils. The basal
part of the lowermost sandstone bed in the Hartselle is commonly si-
licified. The silicified sandstone, or quartzite, generally ranges in
thickness from 0.5 to 1 foot.

The Hartselle Sandstone unconformably overlies the Gasper For-
mation. The greatest local relief on the unconformity is 5 feet along a
distance of 150 feet. If the anomalous thickness of Hartselle in the well
in the SE cor. sec. 3, T. 75., R. 2 W., is due to filling of a channel
eroded into the Gasper Formation, local relief here may be greater
than 60 feet, The contact with the Bangor Limestone is gradational.
The stratigraphic relationship of the Hartselle and Bangor is discussed
in the section on the Bangor.

GROUND WATER.—Wells tapping the Hartselle Sandstone ordinarily
yield less than 10 gpm. The sandstones are so fine grained, poorly
sorted, and well cemented that most of them are only slightly perme-
aple, and water in the formation is stored and transmitted chiefly in
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the open spaces along joints. Less commonly, the water is in spaces
along bedding planes. If thrust faulting has occurred in the formation,
moderate quantities of water may occur locally along the spacesbetween
beds separated by bedding-plane faults.

Thrust faulting has not been observed, but local conditions sug-
gest the presence of faulting. Some of the most productive wells in the
Hartselle yield water from the very thin bedded sandstones, siltstones,
and shales near the bottom of the formation. The largest yields from
these beds have beenfrom wells about 0.8 mile eastof Plainview School.
A bailing test of one of these wells indicates a yield greater than 20
gpm, which is the largest capacity known for a well tapping the Hart-
selle.

The basal conglomeratic limestone, which commonly is a good
aquifer, is discussed with the Gasper Formation because there is a
closer hydrologic relation thanthere isbetween the basal conglomeratic
limestone and the typical Hartselle.

The Hartselle Sandstone generally cannot supply the quantity of
water needed for domestic use; however, the maximum thickness of the
formation in the county is only about 120 feet, and water can be obtained
from the underlying Gasper Formation in many parts of the area. Water
may be obtained also from formations older than the Gasper in a few
areas--mostly near the escarpment capped by the Hartselle Sandstone.

BANGOR LIMESTONE

DESCRIPTION.—-The Bangor Limestone crops outovera larger area
in Morgan County than any other formation--about 160 square miles
(pl. 1). Most of the area is in the Moulton Valley physiographic dis-
trict (fig. 4), a feature that resulted from solution of limestone between
two resistant sandstone formations (section A--A' on pl. 1). In much of
the eastern part of the county, the Bangor crops out in the escarpment
along the Cumberland Plateau. The portion of the formation that crops
out in the escarpment diminishes westward until almost all the outcrop
area is in the Moulton Valley.

The average thickness of the Bangor is about 340 feet. No place
was found in the county where the formation could be accurately meas-
ured; chiefly because exposures of the bottom contact are rare. Welch
(1958) reports that the Bangor is about 345 feet thick on Monte Sano in
Madison County, and 470 to 500 feet in Franklin County. If the change
in thickness is at a constant rate, the Bangor is probably about 400 feet
thick in the southwest corner of Morgan County and about 350 feet thick
in the northeast corner.
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The Bangor Limestone generally comprises beds of gray to bluish-
gray finely crystalline or very fine grained to coarse-grained thin to
very thick bedded partly oolitic limestone and a few beds of olive-gray
calcareous shale. Some of the limestone inthe upper half of the forma-
tion is dolomitic and argillaceous and is interbedded with shale. Chert
nodules are common in some of the limestone. The lithology and stra-
tigraphy of the Bangor differ vertically and horizontally.

The Bangor is gradational with the Hartselle Sandstone, and may
interfinger withthe Hartselle. Beds of Bangor Limestone contain abun-
dant quartz sand grains as much as 50 feet above the basal contact. The
base of the Bangor was drawn at the horizon where the lowermost spec-
imens of Prismopora serrulata and other index fossils of the Glen Dean
Limestone occur. Where the gradational zone is thin, the lowermost
part of the Bangor may be limestone or shale that contains little sand,
but where the gradational zone isthick, the lowermost part may contain
more than 50 percent sand. In wells and outcrops studied south and
west of Hartselle, a basal unit in the Bangor comprises very thin to
laminated beds of dark-bluish-gray very sandy, silty argillaceous fos-
siliferous limestone, or a similar calcareous sandstone, interbedded
with laminated or very thin bedded shale.

Welch(1958), in his-section 22, shows about 10 feet of argillaceous
do.lorr?ne‘ at the top of the Bangor Limestone. In this report this dolo-
mite is interpreted as the basal bed of the Pennington Formation, be-

cause a very thin red or green shalebed, characteristically Pennington,
occurs below the dolomite locally.

] GROUND WATER.— The water-bearing properties of the Bangor
.leestc.me are as diverse as its lithologic characteristics or its phys-
lographic settings. The argillaceous limestone or dolomitic limestone
be.ds contain few cavities and, therefore, little ground water, but the
thlc.k.-bedded coarse-grained oolitic limestone beds may contain large
cavities a.nd large quantities of ground water. Along the escarpment,
wate:-r ordinarily drains from the formation and wells yield little water,
but in parts of the Moulton Valley, wells yield large quantities of water.

.The physiographic setting of the Bangor exerts greater control
over 1ts_ water-bearing properties than any other factor. About 75 per-
cent of its outcrop area is in a basin, the Moulton Valley. The shale in
the basal unit of the Bangor and the well-cemented thick-bedded sand-
stone_ near the top of the Hartselle Sandstone form a nearly impermeable
?:')arrlezf tothe downward movement of ground water. Thus ground water
is 'conflned largely to movement within the Bangor. The area is drained
chiefly by only two streams, Flint and Cotaco Creeks, which have cut
shallow breaches through the barrier formed by the Hartselle Sandstone,
The water table is generally shallow. Cavity systems are not extensive
and generally are at a depth of less than 50 feet. Water that is obtained
at greater depths is probably from small openings along joints rather
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than solution cavities.

Several hundred wells and springs yield supplies of water from
the Bangor Limestone adequate for domestic and stock use; other wells,
perhaps an equal number, do not yield supplies adequate for domestic
use. Many of the wells of low yields are within a few feet of more pro-
ductive wells. The difference in yield is a result of local conditions
rather than general water-bearing properties of the formation. The
municipal well at Falkville (Dodson and Harris, 1961, table 2, well X-11)
taps the Bangor and is pumped about 12 hours per day to supply about
30,000 gallons. The well reportedly could yield more than 150,000 gpd.
Test well 12-T is 2, 000 feet S. 60° W. of the Falkville municipal well,
but the yield of the test well was only 33 gpm on June 8, 1961,

The quantity of water obtained from the Bangor is erratic from
well towell, However, the Bangor Limestone can be classed as a mod-
erately good aquifer in Morgan County. This is substantiated by the
occurrence of many springs that issue from thick-bedded limestone in
the Bangor (Dodson and Harris, 1961, table 2). On August 8, 1958, the
estimated flow of Hughes Spring was 500 gpm, and on April 13, 1960,
the measured flow from the spring was 4, 100 gpm (pl. 3). Springs
flowing from the Bangor generally are not as large as Hughes Spring,
but the minimum flow of several springs probably would be greater
than 100 gpm during a drought. ’

Along the top of the escarpment in the area of outcrop of '.che
Pottsville Formation near Williams Cove Spring(I-266), Lamons Spring
(R-125), or Hughes Spring (R-157), wells drilled into the Bangor Lime-
stone might penetrate closely spaced well-developed joints, which could
yield enough water for domestic use.

PENNINGTON FORMATION

DESCRIPTION.—The Pennington Formation crops out in a narrow
band along the escarpment of the Cumberland Plateau and in outliers in
the Moulton Valley district (fig. 4; pl. 1). The thickness of the Pen-
nington ranges from 70 to 150 feet and averages about 100 feet. An un-
conformity at the top of the Pennington causes local variation in the
thickness.

The lowermost bed of the Pennington is a very thin red or green
shale that locally separates the Bangor Limestone from the 10-foot
thick bed of dolomite included by Welch(1958) in the Bangor. The dolo-
mite is light gray, very fine grained or finely crystalline, argillaceous,
and partly calcareous. About 5 to 20 feet of red and green shale that is
characteristic of the Pennington overlies the dolomite and is gradational
with the overlying limestone. The limestone is medium to light gray,
fine grained or finely crystalline, argillaceous, thin to thick bedded,
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and interbedded with red and green shale. In the middle of this argil-
laceous limestone, and gradational with it, is an oolitic limestone that
is medium to light gray, medium to coarse grained, and thick bedded.
The upper 5 to 20 feet of the Pennington consists of the characteristic
red and green shale.

GROUND WATER.— The Pennington Formation generally is a poor
aquifer; wells rarely yield a supply adequate for domestic use. Several
factors account for the poor yield of wells. The Pennington generally
crops out in a steep escarpment so that recharge conditions are poor.
The impermeable shales at the top and near the base of the formation
prevent water in the Pottsville or Bangor from moving to the thick
limestone beds in the middle of the Pennington., Cavities in the lime-
stone and dolomite are small and uncommon; however, locally springs
issue from caves in the Pennington. Fluctuation of flow from springs
issuing from the Pennington generally is great. The flow in the spring
branch below the springs at Cole Spring was 360 gpm on Aprill2, 1960,
but it is probably less than 100 gpm during a drought. Conditions re-
ported by drillers indicate that some wells yield water from cavities in
the Pennington immediately below the Pottsville-Pennington contact. A
chemical analysis of water from one well (table 4, R-115) suggests that
the yield is from limestone inthe Pennington rather thanfrom sandstone
in the Pottsville. A bailing test of this well indicates that its estimated
yield of 20 gpm is greater thanwould be expected from either the Potts-
ville or the Pennington. A few wells considered to develop water from
the Pottsville actually may be supplied from aquifers inthe Pennington,

POTTSVILLE FORMATION

DESCRIPTION.-The Pottsville Formation, the only formation of
Pennsylvanian age. in Morgan County, underlies an area of about 110
square miles in the eastern, southeastern, and southwestern parts of
the county (pl. 1). This area is mountainous and is a part of the Cum-
berland Plateau section of the AppalachianPlateaus physiographic prov-
ince (fig. 4; Fenneman, 1938, p. 333-342, 691, pl. 3). The maximum
thickness of the Pottsville in Alabama is 9, 000 feet (Butts, 1926, p.
217), but erosion has removed much of the formation in Morgan County
so that its maximum thickness is less than 300 feet.

The Pottsville Formation in the county is composed of fine- to
coarse-grained poorly sorted thick tovery thick bedded sandstone; very
fine grained laminated to thin-bedded silty sandstone interbedded with
shale and siltstone; silty to sandy carbonaceous shale; conglomerate;
and, locally, a few thin beds or lenses of coal. The sandstones and
conglomerates are generally quartzose and are well cemented by cal-
cite. Beds and lenses of conglomerate, which contain a few subangular
pebbles of shale from the Pennington Formation, occur locally at the
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base of the Pottsville. Rocks in the Pottsville are chiefly gray, com-
monly greenish, olive, or bluish gray, and they generally weather yel-
lowish brown.

A major unconformity separates the Pottsville Formation from
the Pennington Formation, Relief of the unconformity in Morgan County
may be about 80 feet, as the range in thickness of the Pennington is
probably due to this relief. Local relief on the unconformity can be
observed along the west side of Alabama Highway 157 southeast of Mas-
sey near the county line.

GROUND WATER.—The permeability ofthe Pottsville is low because
the sediments composing the rocks are poorly sorted and the rocks are
well cemented. Ground water occurs mainly in openings along fractures
and bedding planes. Joints are the most common fractures, and faults
occur locally. Few wells yield more than 10 gpm; many supplies are
inadequate for domestic needs during a drought. Because of the com-
plex lithology of the Pottsville, yields differ greatly from place to place.

The inadequacy of ground-water supplies from the Pottsville is a
critical problem in some parts of the county, for instance in the Union
Hill-Morgan City area. The problem will become widespread in areas
underlain by the Pottsville as the demand for ground water increases.
In scattered areas water can be obtained from wells drilled through the
Pottsville into the top of the Pennington Formation. As pointed out in
the section on the Bangor Limestone, wells drilled through the Potts-
ville and Pennington might yield enough water from the Bangor to re-
lieve the critical water shortage in the Union Hill-Morgan City area.
Little water is likely to be available from formations below the top of
the Pennington in the area underlain by the Pottsville in the south half
of the county. Community growth there will depend to a great extent on
how well the ground water available from the Pottsville is developed
and managed.

POST-PENNSYLVANIAN UNDIFFERENTIATED

DESCRIPTION.~Unconsolidated deposits cover about 95 percent of
the bedrock in Morgan County. These deposits are of post-Pennsylvanian
age and consist of soil, alluvium, colluvium, residuum, and other un-
consolidated materials composed of clay, silt, sand, gravel, and chert
rubble. The average thickness of the unconsolidated deposits is esti-
mated to be 30 feet, Generally the thickness ranges from 15 feet for
deposits overlying the Pottsville Formation and Hartselle Sandstone to
40 feet for deposits overlying the Tuscumbia Limestone. Locally the
unconsolidated deposits overlying the Tuscumbia maybe more than 100
feet thick.
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GROUND WATER.— Supplies of ground water adequate for domestic
use are available from the unconsolidated deposits in many areas of
Morgan County. Bailing tests indicate that a few wells yield more than
20 gpm. Supplies from residual deposits overlying sandstone and sup-
plies from alluvial deposits generally are inadequate. Large supplies
are developed locally from chert rubble; well K-30(Dodson and Harris,
1961, table 2) yielded more than 20 gpm between depths of 38 and 48
feet.

Drilled wells develop supplies adequate for domestic use from
unconsolidated deposits only in an area less than 3 miles wide along
Wheeler Reservoir from Flint Creek to a mile east of Talucah. In other
areas only dug wells have proved successful.

Colluvial deposits of broken Hartselle Sandstone are generally not
permeable because of their poorly sorted character; however, they are
more permeable than the Hartselle and they contain large quantities of
water which are slowly released from storage. Much of the water that
flows from springs in the Gasper along the escarpment has come from
storage in the colluvial deposits of broken Hartselle. The discharge of
many of these springs is remarkably constant. In most of the limestone
springs in the county the ratio between the high and the low discharge
is commonly more than 10 to 1, but it may be as low as 2 to 1 in the
springs flowing from the Gasper.

GROUND-WATER RESOURCES

According to Curtis (1953), an average of 11. 4 inches of the an-
nual precipitation in the Tennessee Valley region seeps into the ground
and becomes ground water. If Morgan County is typical of the areas in
the Tennessee Valley region, the daily supply of ground water from
rainfall would be about 300 million gallons. This quantity can be con-
sidered the theoretical maximum that is available without withdrawal
from storage; however, because of hydrologic and economic limits, the
quantity that can be obtained will be much less.

Much of the ground water is lost directly to streams, both from
the aquifers and from less permeable rock. Seepage from a less per-
meable formation to streams over a great distance can equal a large
volume of water. Among variable factors that will determine the quan-
tity that can be economically produced in the future are locations and
depths of new wells, construction and operation costs, pumping rates,
and ground-water demand. The investigation of the ground-water re-
sources of Morgan County has shown that many times as much ground
water is available in the county as was being used during the period
1957-61.

More than 2,500 wells were inventoried in Morgan County (Dodson
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and Harris, 1961, table 2), and the total number of wells being used in
June 1961 is estimated to be about 5,000, Most of the wells are being
used for domestic supplies or to supply a home and a few head of stock,
and the average daily yield is probably less than 500 gpd. If the average
yield were 500 gpd, the total daily yield would be only 2.5 million gal-
lons. Data are not available upon which to base an estimate of the
maximum capacities of the wells, but if the average capacity per well
were only 10 gpm, the total daily yield would be 72 million gallons.
From the tabulation of selected spring flows (table 3), eight springs
showed a total daily yield ranging from 2.1 million gallons to 3. 6 mil-
lion gallons. The maximum daily yield that can be obtained from the
12 test wells drilled in the county is estimated to be about 4.3 million
gallons during periods of low water levels.

All these facts emphasize that the total quantity of ground water
available for use is not of immediate concern in the county. Factors
that affect the quantity of ground water available locally or factors that
periodically affect the available quantity are of more immediate concern
in the utilization of ground water in Morgan County and will be discussed
in the following sections.

QUANTITY AVAILABLE

The quantity of ground water available in the county is constant}y
changing., Variations in rates of precipitation, evaporation, transpi-
ration, and pumping, reservoir stages, and other factors change the
availability of ground water. Fluctuations of water levels in wells and
fluctuations in the flow of springs are the principal indicat.ors.of the
overall quantitative change. Precipitation and evapotranspiration are
the main natural processes that cause significant changes inthe volume
of ground water available. Precipitation that percolates through the
soil and enters the aquifers causes an upward trend of the water table,
and evapotranspiration during the growing season causes a downward
trend of the water table. Minor causes of fluctuations of the water le\'rel
that are most common are illustrated by hydrographs in figure 7. D1§-
tant earthquakes, passing railroad trains, and changes in atmospheric
pressure may cause small fluctuations of water level in Morgan County,
but do not change the quantity of ground water available.

Pumping other wells may cause fluctuations of the wat.er levels in
wells tapping the same aquifer. The amplitude of fluctuations may be
small or large, depending on the rate of withdrawal, distance from the
pumped well, and other factors. The effect of pumping 10 gpm from'a
domestic well on the water level in well 7-T, 800 feet east, is Shovsfn_m
figure 7e. The effect of pumping 200 gpm from well B-330 at Trinity
on the water level in well 5-T, 4,000 feet southeast, is shown in figure
7c. The quantity of available ground water was reduced locally, but
the total quantity available in the county was not significantly affected;
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—Some causes of fluctuation of water levels in wells in Morgan County.
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however, a large number of wells being pumped could reduce the quan-
tity of available ground water in Morgan County. In a few areas near
Morgan City and Union Hill, pumpage exceeded the recharge of ground
water in 1961, but the problem is not expected to be general throughout
the county in the foreseeable future.

The hydrograph of test well 5-T (fig. 8) illustrates the response
of water levels to precipitation. The amplitude of water-level fluctua-
tions caused by changes in precipitation are generally greater in well
5-T than in most of the wells in the county; otherwise, the water-level
reactions are typical. During or after periods of rainfall the water
level rises in the well proportionately to the amount of rainfall, and
during periods of little or no rainfall it declines.

Abnormally heavy rains between August 21 and October 10, 1960,
caused a sharp rise of water levels in wells in the county. During the
24-hour period ending at 7:00 a. m. August 22, 1960, the precipitation
recorded at the Decatur station was 3.99 inches, which is the greatest
amount recorded during the period of this investigation. Similar water-
level fluctuations were recorded for the other observation wells in the
county.

Large seasonal fluctuations of water levels in wells are caused
by evapotranspiration, the process by which ground water is lost to the
atmosphere, both directly and indirectly. Ground water may evaporate
directly tothe atmosphere from the soil, if the water table is at or near
the land surface, or from springs and seeps (Meinzer, 1923a, p. 82;
1923b, p. 48-50; 1942, p. 414-415). Large quantities of ground water
are discharged indirectly by transpiration, the process by which water
vapor escapes from plants and enters the atmosphere. Roots of much
of the vegetation in the county extend into the capillary fringe or into
the zone of saturation below the water table (Meinzer, 1923b, p. 23)
and extract ground water during the growing season.

A general decline of water levels begins in Morgan County about
the last week of March and continues to about the first week in Novem-
ber, unless modified by abnormally heavy rainfall. Figure 8 shows the
decline beginning March 16, 1960, and continuing to August 22, 1960,
when the abnormal rainfall reversed the trend. The amplitude of change
in water level in well 5-T would ordinarily be about 20 feet.

The surface of a stream draining an area is the base level of the
water table in that area, and fluctuations in streamflow will cause fluc-
tuations in the water table. The effect is ordinarily not large in Morgan
County, but fluctuations of the impounded level of Wheeler Reservoir
may cause greater fluctuations in the volume of ground water available
in parts of the county than either evapotranspiration or rainfall. Dur-
ing 1961, extraordinary conditions offered an opportunity to study the
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effects of reservoir fluctuations on ground-water levels in Morgan Coun-
ty. Floods, beginning February 17, 1961, filled the reservoir to the
second highest stage since construction of Wheeler Dam, and the water
level in the reservoir fluctuated in response to flood-control operations
until March 17, when it began the gradual rise to the annual full-pool
stage. Both rainfall and reservoir stages caused fluctuations in ground-
water levels, but the fluctuations were-much larger than they would
have been from the amount of rainfall alone. In the evening of June 2,
1961, the north wall of Wheeler Lock burst while the upstream lock gate
was open, and the water level in Wheeler Reservoir dropped 6.5 feet by
June 4. The effect on the water level in well 8-T is shown in figure 9.
The water level in the reservoir had been held near full-pool stage, a-
bout 556 feet above sea level, since April 12. About April 16 the water
level in the well began the seasonal decline, but it dropped 3.3 feet
after the reservoir level dropped. The level in the well rose with the
rise in the reservoir after the gate was closed until June 8, when the
water table resumed the seasonal decline.

The change in the quantity of water available during periods of
high and low water levels is reflected in part by the change in spring
discharges during these periods (table 3).

The quantity of water that is available ina given volume of hn}e-
stone or sandstone is difficult to determine, because the water-bearing
openings of the rocks differ in size and interconnection from place to
place. Compact, unfractured limestone yields little or no grt?und water
to wells. Within the zone of fluctuation of the water table in Morgan
County, about 10 percent of the total volume of the rock formatmng may
be filled with ground water. If this is true, each foot of fluctuation of
the water table, over the whole area of Morgan County, repr esents 2
change of about 12.5 billion gallons of ground water. This volume 15
equal to about 20 million gallons per square mile, or about 30, 000 gal-
lons per acre; but these figures cannot be applied to a given area of tl?e
size indicated even though the 12.5 billion gallon figure may be .vahd
for the county as a whole. The volume of available grou.nd water is fgr
greater than 30,000 gallons per acre in some areas and is much l.ess‘m
other areas. It is generally greater in the Tennessee Valley district
and less in the Little Moulton district and the Cumberland Plateau sec-
tion (fig. 4).

The fluctuations observed in selected wells and springs .are shown
on plate 3. The bars represent the difference between the h1ghe§t and
lowest water levels of record and the difference between the n?axn’num
and minimum flows from springs. The difference in fluctuation from
area to area and from well to well is clearly demonstrated. Thfe ﬂuff'
tuations of flow of springs are representative of limestone sprmgs. in
the county. The average fluctuation of all wells shown is 14 fee’.c, which
would represent a difference within the county of about 175 billion gal-
lons of ground water if 10 percent of the total volume of rock contained
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Table 3.—Discharge from springs in Morgan County, Ala.

Estimated Measured Date
Spring Water-bearing flow flow of
no. Spring name formation (gpm) Date (gpm) measurement

I-108 Laceys Gasper Formation 40 8-21-29 450 4-13-60
1-266 Williams Cove | Bangor Limestone 300 5-21-58 660 4-13-60
K-1 Cave Tuscumbia Limestone 100 10-24-58 3, 800 4-14-60
Q-70 Peck Bangor Limestone 300 3-10-59 480 4-13-60
R-157 | Hughes Bangor Limestone 500 8- 8-58 4,100 4-13-60
v-17 Copper Pottsville Formation 100 3-18-59 150 4-13-60
w-32 Cole Pennington Formation 50 9-15-58 360 4-12-60
X-93 Blowing Bangor Limestone 100 4- 8-59 100 4-12-60

1/ Johnston (1933)

SHANOSHA JJLVA-ANNOAD
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ground water,

The capacities of about 25 wells have been determined by pumping
tests in Morgan County. The yield of test well 8-T is the highest known
in the county, and its maximum yield during the period of water-level
high is estimated to be 1, 100 gpm. Wells that will yield more than 100
grm are common in the area within the Tennessee Valley district (fig.
4). The yields of Hughes Spring (Dodson and Harris, 1961, table 2, R-
157) and three other springs (table 3), flowing from the Bangor Lime-
stone, indicate the possibility of developing wells that would yield 100
gpm in parts of the Moulton Valley physiographic district.

Several flowing wells have been drilled in the county (Dodson and
Harris, 1961, table 2). Little is known about the flows except from test
well 12-T, which is less than 1 gpm from the Bangor Limestone. This
well has been pumped at 33 gpm (table 2).

STRUCTURAL CONTROL

All the water-bearing formations in Morgan County, except parts
of the Pottsville Formation, were deposited in horizontal beds on the
bottom of the sea. Later the rocks were tilted, folded, and faulted, and
now the beds are only locally horizontal. The structural-geology map

shows the present configuration of the top of the Chattanooga Shale (pl.
2).

The regional dip is south about 30 feet per mile. Ground water
tends to move through the aquifers in the direction of regional dip, but
many factors alter this general trend. The most significant of these

factors are local folding, regional and local fractures, faults, and col-
lapse structures.

The rocks do not dip uniformly with the regional dip but are fold-
ed into broad anticlines and synclines. The dip of these folds in some
places is greater than or opposite to the regional dip. These broad
folds control the movement of the water. They also contain local flex-
ures that exert control over the movement of ground water in like man-
ner. Water flows by gravity from anticlines to synclines. Test wells
6-T and 10-T, in structural highs, were dry holes. Test wells 1-T
through 5-T and 7-T through 9-T all produced over 50 gpm in struc-
turally low areas. The structural high in the vicinity of Hartselle is
the largest in the county. The combined yield of several municipal test
wells drilled at Hartselle was less than 100 gpm, and the maximum
yield of any one well was probably less than 20 gpm.

Joints, nearly vertical, are the most common fractures in the
county and all cavity systems in the limestone aquifers have formed
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along or have been influenced by joint systems. Figure5 illustrates the
control of joints over the movement of ground water. Other forms of
cavities associated with joints have been observed in the county, but
most of them are modifications of those shown in figure 5. Although
not shown as such, the cavity formed in the zone of fluctuation of the
water table, between points C and D, also would ordinarily be formed
along a joint. Even where a cavity is formed along another feature, the
larger parts of the cavity generally tend to form along joints. Locally,
the Pottsville Formation is intensely jointed, and many of the more
productive wells in this formation are probably in areas where jointing
is closely spaced and well developed.

A thrust fault with associated high-angle faults, strike-slip faults,
and small folds is exposed in the Pottsville and Pennington Formations
in Morgan County, an occurrence similar to that in Tennessee (Stearns,
1955). Good exposures of faults in the county are few, and faulting in
the Pottsville and Pennington has been observed only south of Florette
(figs. 10, 11, 12). Insec. 26, T. 7 S., R. 2 W., the exposed Pottsville-
Pennington thrust fault has at least two possible strike-slip faults and
numerous small folds associated with the thrust fault. Part of the ex-
posed fault plane appears to be a high-angle normal fault (fig. 10), but
the fault here is a strike-slip fault, for movement was chiefly horizon-
tal, perpendicular to the road cut. The fault plane probably is nearly
horizontal at a shallow depth below the road cut, as the angle of the

e PN i LT - .
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Figure 10.—Strike-slip fault in road cut 1.2 miles south of Florette, Ala.
Photograph facing west.
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fault is much less at the base than it is elsewhere in the cut. Figure
11 shows the crushed and broken sandstone in a zone more than 25 feet
thick above the fault plane. In association with the thrust fault, small
compression folds occur in the laminated to very thin bedded sandstone
of the Pottsville Formation, These folds were observed in the northern
part of Cullman County southwest of Lacon and are due possibly to the
thrust fault mapped in sec. 22, T. 8 S., R. 4 W.

A well drilled in the SWiSWi sec. 22, T. 8 S., R. 4 W., west of
Lacon, penetrated the Potisville-Pennington contact about 160 feet be-
low the altitude of that contact in an outcrop about 300 feet north of the
well, The block of sandstone in the Pottsville Formation in sec. 10,
T. 88S., R. 2W., is a thrust-fault slice with the Pottsville-Pennington
contact approximately 100 feet lower than the surrounding area. The
block of sandstone dips to the southeast about 80feet in 1 mile, or from
two to three times the normal rate of regional dip. An increase in dip
indicates a monocline from the Cole Springs area east to sec, 10, T. 8
S., R. 2 W., and then northeast to sec. 18, T. 7S., R. 1 E. Structure
along this line possibly is related tothe exposed thrust fault in sec. 26,
T. 7S., R. 2W. A thrust fault similar to that shown in figure 11 is
exposed in the Trinity quarry about a mile north of Trinity, and evi-
dence of bedding-plane faulting has been found in other quarries in the
county.

Springs flowing from the Pottsville Formation generally do not
exceed 10 gpm; but locally three springs by their unusually high flow
indicate movement of water along a possible thrust fault near the base
of the Pottsville Formation. Peck Mountain Spring (Q-68) flowed at an
estimated rate of 100 gpm on March 12, 1959. The spring flows from
the coarse sandstone and conglomerate in the thrust fault area exposed
in a road cut along Morgan County Highway 35, 2miles south of Florette,
Ala, Copper Spring (V-17) flowed at a measured rate of 150 gpm on
April 13, 1960. No surface evidence of thrust faulting was observed in
the vicinity of Copper Spring, or at Lynn Spring (S-39), which flowed at
an estimated rate of 50 gpm on August 1, 1958; but their high yields are
attributed to thrust faulting in the base of the Pottsville Formation or
the Pennington Formation,

In some wells the aquifer is a unit composed of thin /interbeds of
shale, siltstone, and very fine grained sandstone--a lithology that might
be expected to yield little or no water, Slippage along the beds, re-
sulting from faulting in the thrust-fault zone, opened up spaces where
the water was stored and transmitted and could account for the above-
average yields of wells Q-69, R-122, R-197, and V-72, Small folds in
association with the thrust fault south of Florette (fig. 12) could account
for the adequate domestic and stock supplies from wells in the area. A
similar unit of thin-bedded folded Hartselle Sandstone yields above-
normal domestic supplies in the Plainview School area and could be
related to a fault here similar to the area south of Florette.
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Figure 11.—Thrust fault in road cut 1.2 miles south of
Florette, Ala., showing crushed and bro-
ken zone above fault plane. Photograph
facing west.
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Figure 12.—Small fold associated with thrust fault about 1.5 miles south of
Florette, Ala.; cut is 30 feet deep. Photograph facing west.

The Hartselle Sandstone has collapsed into solution cavities inthe
underlying limestone of the Gasper Formation in parts of MorganCoun-
ty. Colluvial deposits of broken Hartselle Sandstone are abundant alcEng
the outcrop area of the Hartselle (pl. 1) near the escarpment bordering
the Little Mountain district (fig. 4). Blocks of sandstone in these col-
lapse structures may be more than 100 feet wide and 20 feet thick.
Collapse structures are present in an area about half a mile wide and
extending about a mile along Flint Creek in secs. 26 and 35, T. 5 5.,
R. 4 W. Broken sandstone from the Hartselle is exposed in road cuts
and outcrops, and shale that is probably from the Gasper is exposed in
a road cut in the SE:SW% sec. 26; the sandstone and the shale are at
least 200 feet below their normal position. Test well 8-T in this area
passed through 105 feet of unconsolidated deposits. Mr. C. H. Elliott,
a driller, reported that in the SE'.I{NE%SW% sec. 35, a well drilled to a
depth of 180 feet did not reach bedrock. In the Talucah area, and over
an area of more than 6 square miles southward, the Gasper Formation
locally has been completely removed by solution, and the Hartselle has
collapsed onto the Ste. Genevieve Limestone.

The broken rock in collapse structures is more important as an
area of recharge tothe bedrock aquifers than as an aquifer itself. Wells
in the collapsed Hartselle Sandstone generally yield supplies inadequate
for domestic use except in an area half a mile wide in secs. 26 and 35,
T. 58., R. 4 W. The high yield of test well 8-T is related more to
recharge in an area of collapse than to its location on a structural low.
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DEPTH AND AREAL LIMITS OF AQUIFERS

The depth of an aquifer below the land surface is generally a
limiting factor in the development of ground water. Joints become
tighter and more widely spaced because of fundamental physical prop-
erties of the crust of the earth, and the circulation of ground water
decreases because of the change in the characteristics of the joints.
The solvent action of the ground water decreases mainly because of the
gradual reduction in the carbon dioxide content inthe ground water. As
the water moves downward from the water table through the carbonate
rocks, chemical reaction removes the carbon dioxide, and the products
of reaction are added to the ground water. At some indeterminate
depth, the solvent action of the ground water in forming solution cav-
ities theoretically ceases. All other factors being equal, the yield ot
ground water from a given formation in Morgan County decreases with
an increase in depth below the land surface. The decrease in circu-
lation and the decrease in the solvent action of ground water with depth
are the principal reasons for the decrease in yield of the aquifers down-
dip from the area of outcrop.

On a regional scale, the water-bearing rocks of Morgan County
probably react as five aquifers (fig. 13). These regional aquifers are
separated by confining beds so that they are mainly recharged from
precipitation in their areas of outcrop, and the yield of the aquifers
decreases with an increase in distance to their outcrop in much the
same way as the yield decreases with depth. The yield of an aquifer
is probably reduced to a near minimum in Morgan County within 2 miles
downdip from the outcrop of the top contact of the aquifer; however, the
change is gradual and inconsistent so that no boundaries can be drawn.

TENNESSEE VALLEY DISTRICT

The water resources in the Tennessee Valley physiographic dis-
trict(fig. 4)are obtained from the lowermost regional aquifer in Morgan
County (fig. 13), and most of the available ground water is in cavities
and fractures in the Tuscumbia Limestone and the Fort Payne Chert.
The water resources of the individual geologic formations and the prop-
erties of the aquifers, such as the water-level fluctuations, are dis-
cussed in foregoing sections of this report. On a regional scale, how-
ever, the hydrology of the Tennessee Valley district reacts as a unit.
The shale in the middle part of the Gasper Formation and the Hartselle
Sandstone are the confining beds that separate the aquifer in the Ten-
nessee Valley district from aquifers in the rest of the county.

Pumping tests, both by the U.S. Geological Survey and by private
organizations, generally have been confined to the Tennessee Valley
district. The results of the tests run on 10 wells drilled in the Ten-
nessee Valley district are given in table 2. Pumping rates ranged from
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Figure 13.—Regional aquifers in the geologic formations.
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55 to 350 gpm. Figures 14 and 15 show the drawdown and recovery of
water levels during pumping tests run on wells 1-T and 8-T; locations
of the wells are shown in figure 3. Pumping tests were not made on two
of the wells, 6-T and 10-T, because water was developed chiefly at
shallow depths in the Tuscumbia Limestone; however, bailing tests
indicate that each well would yield about 30 gpm.

All test wells drilled as part of this investigation are finished in
limestone. A quantitative evaluation of pumping-test data is difficuilt,
since the geometry of the solution system is not known. However, the
specific capacity (gallons per minute per foot of drawdown) determined
from a pumping test is a guide tothe potential yield from the aquifer at
the well site. Specific capacity may be determined by pumping a well
at a constant rate and measuring the drawdown of the water level in the
well until the water level becomes reasonably constant. If the point of
water entry into the well is known, for example the top of a water-
producing cavity, the total yield of the well may be calculated by multi-
Plying the specific capacity by the net available drawdown--that is, the
distance in feet from the seasonally low water level to the point of water
entry in the well. Similarly, specific capacity may be used to calculate
the depth of pump setting necessary to allow a planned rate of pumping--
the planned rate of pumping is divided by the specific capacity to give
the pumping water level in feet below the seasonally low nonpumping
water level,

Sanford and West (1960) investigated the use of step-drawdown
pumping tests to evaluate the characteristics of a well finished inlime-
stone. The pumping tests of wells 1-T and 8-T were run in three steps
(table 2). Experience has shown that sometimes erroneously optimistic
specific capacities are determined from wells pumped at low rates.
Therefore, it is likely that the specific capacities of 10 and 14 gpm per
foot of drawdown calculated for wells 1-T and 8-T are more accurate
than the larger specific capacities calculated from lower rates of dis-
charge of the same wells. If the wells were pumped at their maximum
capacities, they would probably show lower specific capacities. During
the pumping tests, the wells yielded an aggregate of 2.4 mgd (million
gallons per day), which is probably as much water as is ever used ina
day from all wells in Morgan County. The total yield of the wells during
dry seasons probably would be more than 4 mgd.

Yields of the test wells can be considered typical for wells pene-
trating the Tuscumbia Limestone and Fort Payne Chert in the Tennes-
see Valley district. The greatest resource of ground water in Morgan
County is in the Tennessee Valley district and is available for the in-
creasing industrial demand.
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CHEMICAL QUALITY OF THE WATER

By James C. Warman

Water is known as the universal solvent. Water that falls as pre-
cipitation contains only small amounts of dissolved matter, but upon
reaching the ground it begins todissolve minerals from the soil and the
rocks. The chemical quality of ground water depends upon the mineral
composition of the soils and rocks with which the water comes in con-
tact, the length of time the water is in contact with these minerals, and
the solvent ability of the water. The principal factor controlling the
solvent action of water is its content of carbon dioxide, which is dis-
solved from the atmosphere and from the soil.

As part of the investigation of the ground-water resources of
Morgan County, studies were made to determine the chemical quality
of the water. These studies included field determinations of hardness
and chloride content of more than 2, 000 samples and the collection and
laboratory analysis of 47 samples. The chemical analyses do not in-
dicate the sanitary condition of water; bacteriological examinations of
water are not made by the U.S. Geological Survey. Therefore, in this

report the quality of ground-water supplies is evaluated only on the
basis of dissolved minerals.

Some of the terms used in this report are defined as follows:

Part per million (ppm) is a unit for expressing the concentration
by weight of a chemical constituent, usually as milligrams of constituent

per kilogram of solution, or as grams of constituent per million grams
of solution,

Equivalent per million (epm) is a unit for expressing the concen-
tration of a chemical constituent in terms of the equivalent weight of the
electrically charged particles (ions) in solution. One epm of a positive-
ly charged ion (cation) will react with 1 epm of a negatively charged ion
(anion). Parts per million are converted to equivalents per million by
multiplying by the reciprocal of the equivalent weight (combining weight)
of the ion. The appropriate conversion factors, based on 1954 atomic
weights (after Rainwater and Thatcher, 1960, p, 80), are as follows:
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Cation Factor Anion Factor
Calcium (Ca++) 0.04990 Bicarbonate (HCO3~) 0.01639
Magnesium (Mg++) . 08224 Carbonate (CO3") .03333
Sodium (Na+) . 04350 Sulfate (SO4™ ") .02082
Potassium (K+) .02558 Chloride (C17) .02820

Fluoride (F7) . 05263
Nitrate (NO3") .01613

Specific conductance is a measure of the ability of water to con-
duct an electrical current and is expressed in micromhos per centi-
meter at 25° C. Specific conductance can be used to estimate the total
mineralization of water. The dissolved-solids content, in parts per
million, in most natural waters of moderate mineral content may be
approximated by multiplying the specific conductance by 0.65(Rainwater
and Thatcher, 1960, p. 84).

Hydrogen-ion concentration (pH)is a measure of the relative acid-
ity or alkalinity of water. A pH of 7.0 indicates that the water is neutral
(hydrogen and hydroxyl ions in balance). A pH progressively less than
7.0 denotes increasing acidity, whereas a pH progressively greater than
7.0 denotes increasing alkalinity.

QUALITY STANDARDS

The chemical quality of water may limit or prohibit its use for
domestic, municipal, industrial, or irrigation supplies. Standards for
drinking water established by the U.S. Public Health Service (1962) to
control the quality of water supplied by common carriers generally are
quoted as limits for drinking water. According to these standards,
supplies should not contain more than 0.3ppm of iron, 250 ppm of chlo-
ride, 250 ppm of sulfate, 0.8 to 1.7 ppm of fluoride (depending on the
annual average of maximum daily air temperatures), 45 ppm of nitrate,
and 500 ppm of total dissolved solids.

FIELD DETERMINATIONS
TEMPERATURE

The temperature of ground water in a given locality is generally
uniform, varying not more than a few degrees during the year. The
temperature of ground water from moderate depths in Morgan County
is about 63° F, the same as, or a little higher than, the mean annual
air temperature. As more air-conditioning and heat-pump systems are
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installed the temperature of ground water becomes increasingly impor-
tant.

HARDNESS

Excessive hardness is the most common objectionable property
of water. The greater the concentration of calcium and magnesium
salts, the harder the water. Hardness causes scum in bathtubs, gray
laundry, scale in hot-water tanks and lines, excessive soap consump-
tion, and other problems; however, hard water is not generally believed
to have harmful effects on man. Although specific limits of hardness
cannot be set, the following are general criteria:

Hardness Rating Utility
0-60 Soft Suitable for most uses without
softening.
61-120 Moderately hard Suitable for many uses except in
some industrial applications.
121-180 Hard Softening required for use in
laundries and some other in-
dustries.
More than 180 Very hard Softening required for most
uses.

Hardness determinations were made in the field and laboratory
for 2,127 samples of ground water from Morgan County (Dodson and
Harris, 1961, table 2; table 4). Results of these determinations are
summarized in figure 16. Ground water is generally very hard from
the Fort Payne Chert and overlying aquifers up to and including the
contact zone between the Ste. Genevieve Limestone and the Gasper For-
mation, The limestones of the Gasper yield water that is moderately
hard to very hard; and a further decrease in hardness is illustrated in
figure 16 for the Hartselle Sandstone-Gasper Formation contact zone,
where the water generally is moderately hard. This decrease in hard-
ness is attributed to the effect of the shale unit in the Gasper, which is
the first persistent confining bed above the Chattanooga Shale. Thus,
in the contact zone the soft water from the Hartselle mixes with and
beneficiates the harder water from the upper limestone unit of the Gas-
per. Figure 16 illustrates the abrupt change from the soft water in the
Hartselle to the very hard water in the Bangor Limestone. There were
fewer hardness determinations made of water from the Pennington For-
mation; therefore, the graph is less well defined. However, the indi-
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Figure 16.—Hardness of ground water in Morgan County.
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cation is that water from the Pennington is generally soft to hard--
appreciably softer than most water from the underlying Bangor. Water
from the Pottsville Formation is generally soft--even more so than wa-
ter from the Hartselle. As might be expected from its diverse sources,
the post-Pennsylvanian undifferentiated deposits yield water of widely
varied hardness.

CHLORIDE

Field determinations were made of the chloride content of 2, 131
samples of ground water from Morgan County (table 4; Dodson and Har-
ris, 1961, table 2). The chloride content is generally low; in 83 percent
of the samples it was less than 32 ppm. Locally the chloride content
may be high; for example, wells Q-18 and @-45 had 1, 670 and 3, 600
ppm of chloride (Dodson and Harris, 1961, table 2).

LABORATORY DETERMINATIONS

Forty-seven chemical analyses were made by the U. S. Geological
Survey's Quality of Water Branch Laboratory at Ocala, Fla., of water
samples irom 44 drilled wells, 1 dug well, and 2 springs in Morgan
County. The sites sampled are shown on fipure 17. Water analyses in
this report are expressed in two forms: (1) each analysis is listed in
table 4 in parts per million to show the weights of dissolved minerals
present, and (2) median values for the different formations are shown
in figure 18 in equivalents per million to show more clearly the chemi-
cal character of the water with reference to the dissociated ions. The
analyses reported in table 4 and the medians shown for the different

formations in figure 18 probably are typical of water from these forma-
tions in Morgan County.

Generally ground water in Morgan County is moderately miner-
alized and is of the calcium bicarbonate type (fig. 18). The specific
conductance ranged from 83 to 1, 370 micromhos (table 4), indicating a
concentration of dissolved solids that ranged from about 50 to about 900
ppm. Water from the Pottsville Formation is of the calcium sodium
bicarbonate type, and is only slightly mineralized and soft. As noted
elsewhere in this section, the water from the Pottsville in many cases
is of poor quality because of acidity and the presence of excessive iron.
Water from the Gasper-Ste. Genevieve contact, the Hartselle-Gasper
contact, and the Hartselle Sandstone is more mineralized than water
from the other formations and is of the sodium bicarbonate type.
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Figure 17.—Location of wells and springs sampled for chemical analysis.

SULFATE

Sulfur in ground water is reported in the laboratory analyses as
sulfate. The sulfate content is appreciably greater in water from the
Gasper-Ste. Genevieve contact, the Gasper Formation, and the Hart-
selle Sandstone (fig. 18). The sulfur is present in some areas of Morgan
County as hydrogen sulfide, which generally occurs in highly mineral-
ized water. Such water creates acute problems in several areas of the
county. The largest area centers near the intersection of Alabama
Highways 36 and 67 and extends about 4 miles east and west from the
intersection. Other areas are in the vicinity of Stroups Crossroads,
Massey, Lacon, Falkville, Plainview School, Brooksville, and Valher-
mosa Springs. Along a line extending southeastward from Trinity, a
boundary separates wells yielding water containing hydrogen sulfide and
wells yielding water free of hydrogen sulfide. The boundary is sharp
and well defined along Alabama Highway 24 about 900 feet west of the
crossing by County Highway 1, about 500 feet east of the interslectilon of
County Highways 1 and 61, along the paved county road in the SW3SEzNE3
sec. 10, T. 6 S., R. 5 W., and along the road west of Basham. Inan
area extending 1 to 4 miles southwest of this line, water from wells



Table 4.—Chemical analyses of water from wells and springs, Morgan County, Ala.

Well or spring: Numbers with "t guffix denote U. S, Geological Survey Water-bearing formation: Mfp, Fort Payne Chert; Mt, Tuscumbia Limestone;
test wells; other numbers correspond to those used by Dodson and Ms, Ste. Genevieve Limestone; Mg, Gasper Formation; Mh, Hartselle
Harris (1961, table 2). Sandstone; Mb, Bangor Limestone; Mp, Pennington Formation; Ppv, Potts-

ville Formation; pIP, post-Pennsylvanian undifferentiated--includes all
unconsolidated material covering the bedrock. Hyphenated double symbols,
such as Mt-Mfp, indicate the well produces water at or near the contact of
two formations.

Hardness
as CaCOg
Po- Car- Non- | Specific
Cal- | Mag- tas- | Bicar- | bon- Calcium, | car-| conduct-
Water- | Tem-| Iron | cium [nesium |Sodium|sium | bonate ate |Sulfate | Chloride | Fluoride |Nitrate | magne- |bon-| ance

Well bearing | per-[(Fe)l/ | (Ca) | (Mg) (Na) |{K) |(HCO3) | (CO3) |(sO4) cn (F) (NO3) | sium ate |{micro-

or Date of | forma-jature mhos at
spring | collection| tion [(® F) Parts per million 25° C) pH

U.S. Public Health Service 0.3 250 [ 25 | 0.6 [ 45 1702/
drinking water standards 1107

1-T 7-15-60 Mfp 62 .00 29 4.7 81 ces 220 0 2.8 54 3.0 1.9 92 0 517 1.9
2-T 11-16-60 Mfp 62 .00 45 9.1 19 “oe 202 0 3.6 10 1.9 .0 150 0 355 8.0
3-T 2-21-58 Mip 62 .00 27 8.4 9.2 |... 135 0 7.0 3.0 .7 1.4 102 0 224 7.5
4-T 2-28-61 Mt 63 .02] 33 .4 4.2 (0.4 103 0 .8 5.0 .3 1.3 84 0 186 7.2
5-T 12-23-59 | Mt-Mfp| 62 .00} 74 5.7 53 “es 286 0 21 67 .8 .8 208 0 680 8.1
6-T 6-13-61 Mt .o .00 29 22 19 1.4 226 0 6.8 4.0 3.0 .0 163 0 376 1.1
7-T 7-20-59 Mfp 64 .01 4.8 6.3 | 260 cen 430 0 7.6 147 13 .0 38 0 (1,140 8.0
8-T 7-12-60 Mfp 62 .00 | 48 4.4 1.91... 166 0 2.4 2.0 .2 .3 138 2 259 7.9
9-T 11-24-59 | Mt-Mfp | 64 .00 62 1.8 17 e 192 0 26 10 .8 1.1 162 4 381 7.7
10-T 6-13-61 Mt 62 .01 29 3.3 1.7] .4 105 0 .3 3.0 .2 .0 86 0 169 7.4
11-T 5- 3-61 | Mt-Mfp| 62 .01 53 8.8 42 2.0 284 0 7.6 10 2,7 .1 168 0 477 .5
12-T 1-24-61 Mb 62 .00 1.6 .5 | 250 ve. | 408 28 112 25 3.3 .0 6 0 |1,030 6.8
B-20 5-14-58 Mt 63 .01 38 2.4 1.5)... 126 0 1.0 .0 .1 4.7 105 2 210 7.6
B-30 5-14-58 Mt 62 .00 | 20 1.7 2.91... 58 0 .2 7.0 .0 9.3 57 10 134 7.3
B-66 2-21-58 Mt 62 .05 30 8.0 8.1(.., 140 0 8.5 3.0 .6 1.3 108 0 233 7.5
B-122 5-12-58 Mt 63 01 74 4.7 8.71... 214 0 8.5 18 .0 19 204 28 441 1.6
B-158 4-29-60 Mt 62 .00 51 6.6 24 vee 104 0 .8 42 W1 78 154 69 442 7.7
B-258 $-14-58 | Mg-Ms | 65 .00 1.2 1.0 | 245 .o 444 0 135 5.0 9.6 1.0 7 0 984 8.1
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B-280 5-14-58 Mt 63 .00 |79 15 4.8)... 302 0 8.5 8.0 .8 2,8 258 11 493
B-322 9-21-60 Mt 62 .00 |49 4.3 1.0}... 164 0 .4 2.0 .0 2.1 140 6 261
B-330 5-31-61 Mt 62 .01 )69 1.0 2.6 .6 207 0 5.6 4.0 .2 .2 176 6 338
c-19 5-15-58 pP 65 .01 |40 .5 2.2(... 123 0 2,0 3.0 .0 1.9 102 1 211
H-63 5-14-58 Ppv 62 .00 2.4 1.2 11 . 8 0 .0 10 .0 17 11 4 83

4-29-60 | Mg-Ms | 65 .00 |67 2.2 2.2|... 206 0 4.8 4.0 .0 3.0 176 7 343
1-115 4- 6-59 Mg 62 .00_ 185 17 11 .« 334 0 86 8.0 1.3 6.5 282 8 701
1-343, 4-29-60 Ppv 65 3.6 34 5.6 3.4 7.00... 13 0 26 3.5 .1 .0 28 18 104
J-92, 4- 6-59 Mg 61 .00 142 1.2 2.3}... 126 0 4.4 4.0 .0 3.9 110 6 227

4- 9-59 Mh 62 .00 |52 18 52 ce 212 0 138 6.6 .8 .7 204 30 623
K-30 4- 6-59 plP 63 .00 |96 2,6 7.3|... 256 0 3.2 22 .1 21 250 40 S22
L-83 4- 6-59 Mt 61 .01 |40 21 25 ves 276 0 5.6 16 3.0 4 186 0 454
M-86 5-14-58 | Mg-Ms | 64 .01 |42 7.5 103 “oe 310 0 58 37 .8 .2 136 0 691
M-98 4- 9-59 | Ms-Mt | 62 .00 |84 1.6 2.2(... 241 0 13 3.5 .1 .0 218 18 401
M-100 4- 9-59 | Ms-Mt | .. .00 |69 23 12 e 326 0 22 6.0 1.5 .4 266 0 538
N-33 5-15-58 Mb 64 .02 6.4 4.6 | 348 “os 842 0 2,0 50 3.8 .1 35 0 |1,370
N-34 4- 6-59 Mb 63 .00 |52 2.8 31)]... 162 0 3.4 5.0 .1 5.1 141 8 280
0-59, 4- 6-59 | Mh-Mg| 61 .00 |12 1.0 8.00... 51 0 7.2 8.5 .1 11 34 0 146
P-32 4-29-60 | Mh-Mg| 64 .00 .8 LT 224 o 508 12 19 7.0 4.0 .0 5 0 856
Q-24 5-12-58 | Mh-Mg| 66 .00 9.6 4.4 118 PR 324 0 13 10 2.2 .1 42 0 552
R-115 4-29-60 Ppv 63 1.4021 41 2.3 2,9(... 130 0 11 .0 .1 .1 112 6 229
R-157 4- 6-59 Mb .o .00 |25 1.1 1.9].. 81 0 3.8 3.0 .1 1.5 67 [ 144
R-187 4-29-60 Mp 64 .00,_ |26 5.6 12 e 77 0 45 14 .1 3.8 88 25 280
u-72 5- 2-60 Ppv 64 .3321 16 5.1 10 .o 92 0 5.2 3.0 .1 .0 61 0 164
w-31 2- 6-61 Mp 62 .00 |60 25 50 .o 392 0 21 12 1.3 .1 252 0 650
w-32 4- 6-59 Mp 60 .00 |33 .4 L5|... 28 ] 2.8 2,3 .0 2.8 84 4 173

5-14-58 Mh 63 .01 2.8 2.2| 140 e 354 0 1.2 16 1.2 .0 16 0 576
X-11 5-15-58 Mb 65 .01 |93 6.8 18 cee 264 0 44 18 .1 29 260 44 580
Y-43 4-29-60 Mb 64 .00 159 1.7 1.8/... 190 ] .4 1.0 .1 1.1 154 0 302

1/ In solution at time of analysis unless otherwise noted.
2/ Calculated.
3/ Total iron.
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Figure 18.—Median values, by aquifers, of dissolved constituents in ground water in Morgan County.
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drilled below the valley floor generally contains hydrogen sulfide. The
boundary is less distinct southeast of Basham.

CARBON DIOXIDE

Water from well N-33 contains an extraordinary quantity of carbon
dioxide(?), and upon release of pressure the gas is given off and a white
mineral precipitates. The water does not contain hydrogen sulfide;
neither do other wells in the vicinity.

FLUORIDE

Most fluoride minerals are only slightly soluble and are present
in most natural waters in small amounts. The literature contains many
references to the beneficial effect of optimum amounts of fluoride in
drinking water as an aid in the reduction of tooth decay in children and
to the detrimental effect of excessive amounts of fluoride inthe mottling
of children's teeth. The U.S. Public Health Service (1962) states that
the optimum concentrations of fluoride are between 0.7 and 1.2 ppm,
depending upon the annual average of maximum daily air temperatures;
presence of fluoride in average concentrations greater than two times
the optimum values constitutes grounds for rejection of the supply.

Figure 19 shows the location of 57 wells and springs from which
water samples were collected for fluoride analysis and the fluoride
content of the water in parts per million. Several wells produced water
having excessive amounts of fluoride. There is no correlation recog-
nized betweenthe concentrationof fluoride and the geologic environment
in Morgan County.

NITRATE

Nitrate concentrations in unpolluted water seldom exceed 10 ppm.
Nitrate and chloride are major components of animal wastes and ferti-
lizers, and the occurrence of abnormally high concentrations of both
constituents suggests possible pollution of the water. Nitrates in large
amounts interfere with the dyeing of some textiles. Hem (1959, p. 239)
cites studies by four different workers who link nitrate in domestic
water supplies to cyanosis in infants. Waters should be considered
hazardous for infants if concentrations given in the usual "sanitary"
analysis exceed 10 ppm nitrate expressed in terms of nitrogen (N). A-
nalyses made by the Geological Survey report nitrate in parts per mil-
lion of NO3~, and as NO3~ the concentration should not exceed 45 ppm
as recommended by the U.S. Public Health Service (1962). Except in
water from well B-158, nitrate concentrations listed in table 4 are less
than 25 ppm.
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Figure 19.—Fluoride in ground water in Morgan County.

Anything in solution in nonicnized form is not normally reported

in terms of epm; therefore, for silica, iron, and certain other con-
stituents, concentrations are generally expressed in parts per million

or other weight-based units.

SILICA

The silica content of water from six wells tapping the Tuscumbia
Limestone and (or) the Fort Payne Chert ranged from 2.3 to 11 ppm,
well within generally accepted limits for most uses.

TRON

One of the most annoying quality-of-water problems is the pres-

ence of excessive iron. Water from many wells contains dissolved iron,

which causes ''red water.' Manganese has a similar effect; however,
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it is much less abundant in nature than iron and is generally present in
lower concentrations. Some wells contain iron bacteria, which are
living organisms that feed and multiply on metal piping and pump sur-
faces. These iron bacteria may be easily killed by chlorination and
removed by filtration. The U.S. Public Health Service (1962) recom-
mends that in drinking and cooking water on carriers subject to Federal
quarantine regulations iron should not exceed 0.3 ppm and manganese
should not exceed 0.05 ppm. These limits are not based on toxicity but
on esthetic and taste considerations. Iron can produce brown stains on
plumbing fixtures and laundry; produce an objectionable flavor and ap-
pearance in tea, coffee, and other beverages; and, where the iron is
insoluble, form sludge and deposits in pipelines and water heater coils.
Industry's tolerance for iron varies, but concentrations exceeding 1 to
2 ppm generally are not satisfactory. For many process waters, iron
concentrations exceeding 0.01 or 0,02 ppm result in a product of infe-
rior quality. Iron-bearing waters may be successfully treated with
polyphosphate, manganese greensand filters, zeolite filters, or chlo-
rination or aeration followed by filtration. Selection of the correct
method of treatment depends upon the type and amount of iron present
in the water.

Water from the limestone aquifers in Morgan County generally
contains little iron; but water from the sandstone aquifers, the Hartselle
Sandstone and Pottsville Formation, ordinarily contains iron that in
many cases is in objectionable amounts. Most iron determinations in
table 4 were made of the iron in solution at the time of analysis. Be-
cause iron is generally a problem in water from the Pottsville, three of
the four samples from that formation were analyzed for total iron. The
results ure:

H-63 0.00 ppm iron in solution
1-343, 344 3.6 ppm total iron
R-115 1.4 ppm total iron
U-72 .33 ppm total iron

Each of the total iron determinations exceeds the standard of 0.3 ppm
established by the U.S. Public Health Service (1962).

pH

The pH of potable water is not pathologically significant; however,
the pHof a water indicates its chemical activity toward metal surfaces.
The pH of naturally occurring soft water is usually lower than that of
hard water. Low pH in well or spring water is ordinarily caused by
free carbon dioxide, which forms carbonic acid when dissolved in wa-
ter. Water that has a low pHis corrosive to iron and galvanized piping,
tanks, and plumbing equipment, and, to a lesser extent, copper. The
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water may become rusty red, blue, or green. As the pH increases, the
corrosive activity of the water normally decreases; however, exces-
sively alkaline waters are corrosive to some metals, particularly zinc,
The pH value also has a marked effect upon the efficiency of chlorine
treatments. A decrease in the pH (and an increase in the temperature)
will accelerate both the rate and extent of chlorine reactions (Am. Wa-
ter Works Assoc., 1950, p. 207). Other chemical freatments of water
are also influenced by pH although the effect is less than inchlorination.
Water having extreme pH values generally cannot be used by industry.

Acidic waters are commonly treated with either a neutralizing
filter (for example, lime or soda ash) or a polyphosphate solution feed-
er. The neutralizing filter contributes additional hardness tothe water;
for this and other reasons, a solution feeder is generally more satis-
factory.

Of the 47 samples analyzed from Morgan County, the pH ranged
from 6.5 to 8.8 (table 4). Water from the Pottsville Formation in many
cases is acidic. :

SUMMARY

The chief aquifers in Morgan County are the Tuscumbia Limestone
and Fort Payne Chertof Mississippian age. Ground water in these for-
mations occurs mainly in solution cavities and fractures. The maxi-
mum yield from wells penetrating solution cavities in the Tuscumbia
Limestone and Fort Payne Chert, determined from the results of test
pumping, is about 1,100 gpm. Supplies of ground water in the county
were adequate for all needs in 1961, except in a few local areas where
domestic supplies were inadequate. Many times as much ground water
is available as is being used. The largest supplies of ground water
available for future industrial development are in the area within the
Tennessee Valley physiographic district. Large supplies of ground
waler are available for future development also in parts of the Moulton
Valley physiographic district.

The chemical quality of the water from wells and springs in Mor-
gan County is satisfactory for most ordinary purposes, although hydro-

gen sulfide and the excessive iron content are problems in a few small
areas,
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Table 5.—Sample logs of test wells in Morgan County, Ala.

Thickness Depth

(feet) (feet)
- v Lo / O«
@'5(""“’ Test Well 1-T &> /%ong
N FY.C 77503
NEzNWz sec. 5, T. 53., R. 5 W. 7. 080906
SO1Y; Yediwsmi i@ as s /@ E My WaE s e oy 45 45
Limestone boulders and chert rubble, yellow 38 83
Fort Payne Chert:
Upper unit:

Limestone, light-olive-gray, very fine to

very coarse grained, partly oolitic. . .. .. 11 94
Limestone, light-olive-gray, very fine

grained, slightly dolomitic . ... ....... 4 98
Dolomite, light-olive-gray, very fine grained,

very calcareous, petroliferous ... .. ... 4 102
Chert, light-bluish-gray, weathered ... ... 3 105
Limestone, light-olive-gray, very fine grained;

contains coarse-grained calcite fossil

detritus, dolomitic; very light bluish gray

chert, mostly near bottom of unit. . ... .. 9 114

Limestone, yellowish-gray, very fine to

very coarse grained; very light to light-

bluish-gray chert about 1 foot thick near

middle of unit. .. .. TR R RO E B S 17 131
Limestone, light-olive-gray, very fine

grained; contains coarse-grained calcite

fossil detritus, dolomitic; very light

bluish gray chert. .. ..... Gi% %3 25 .85 4 135

Middle unit:

Chert, bluish-white to bluish-gray; light-
olive-gray very fine grained partly
silicified petroliferous dolomite; light-
olive-gray to yellowish-gray very fine
grained limestone; medium-olive-gray
shale, mostly at top of unit. .. ....... y 38 173
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 1-T--Continued
Fort Payne Chert--Continued

Middle unit--Continued

Dolomite, greenish-gray, very fine grained,
mostly silicified; greenish-gray chert,
composed of completely silicified dolomite;
some dark-greenish-gray shale; some
bluish=gray chert) . . o cow e miow w e s mows 22 195

Lower unit:

Dolomite, greenish-gray, very fine grained,

partly silicified; some dark-greenish-gray

shale; a few fragments of bluish-gray

CRBPE: 4 & 45 0l e o i mr mom oy s 8 K . 39 234
Dolomite, pale-green to light-greenish-gray

and greenish-gray, very fine grained;

greenish-white calcite crinoid stems and

stem plates; dark-greenish-gray shale . .. 30 264
Chert, bluish-gray. ..o v vavvnnean 3 267
Dolomite, pale-green to light-greenish-gray,

very fineg graifieds s s s on i v vow aume e 3 270

Shale, light-greenish-gray, probably the
Maury Formation

Chattanooga Shale:

Shale, brownish-gray and dark-brownish-gray,
pyritic; light-greenish-gray very fine to
medium grained poorly sorted quartzose
calcareous sandstone at top and bottom of
formation. . . .. ... ... . 0 oo o 5 276

Test Well 2-T Estr Lat/e ang -

g o 2% ¢c262402
A 1} NW3zSEz sec. 9, T. 5S5., R. 5 W. 87, 056534/

Soil, red and yellow; chert rubble. .. .. ... 48 48
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth

(feet) (feet)
Test Well 2-T--Continued
Tuscumbia Limestone:

Limestone, very light olive gray, very fine to

very coarse grained, fossil detritus, some

OOLIEEE: v s o % w v v o @ o e e % e e e 12 60
Limestone, yellowish-gray, fine- to coarse-

grained, fossil detritus, partly oolitic . .. 29 89

Limestone, light-greenish-gray, very fine to

coarse-grained, mostly fine-grained; very

light bluish gray cherti. . c o e o v e nn on 26 115
Limestone, light-olive-gray, very fine to

coarse-grained, mostly fine-grained;

medium-bluish-gray chert . ... .. .. N 23 138

Fort Payne Chert:
Upper unit:

Limestone, very light olive gray, very fine

grained, dolomitic; very light olive gray

very fine grained calcareous dolomite; very

light bluish gray to medium-bluish-gray

chert, replaces dolomite . ... ........ 8 146
Limestone, light-olive-gray and yellowish-

gray to white, very fine to very coarse

grained, fossil detritus; some light-olive-

gray Cherft v s wsmew s wn s w s @ 85 83 27 173
Limestone, very light olive gray, very fine

grained, dolomitic; bluish-gray and light-

olive-gray to yellowish-gray chert, com-

pletely silicified limestone . . .. .. .. ... 8 181

Middle unit:

Limestone, yellowish-white to yellowish-gray,
very fine grained, contains very coarse
grained fossil detritus; yellowish-gray to
light-olive-gray chert, completely silicified
limestone; some light-bluish-gray chert . . 27 208



BASIC DATA 69

Table 5.—Sample logs of test we Is in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 2-T--Continued
Fort Payne Chert--Continued
Middle unit--Continued

Chert, bluish-white to medium bluish-gray;
yellowish-gray to light-olive-gray chert,

completely silicified limestone ... ... .. 4 212
Cavity; mud, sand, and rubble about a foot

thick at DOt < w s e o w v o0 v 6 % v e = @ 4 5 217
Limestone, light-olive-gray, fine-grained. . 3 220

Lower unit:

Dolomite, yellowish-gray and light-olive-

gray to medium-greenish-gray, very fine

grained, partly calcareous; bluish-white to

medium-bluish-gray chert; very light

brownish gray to brownish-gray and

vellowish-gray to olive-gray chert; light-

greenish-gray very fine grained dolomitic

IIMeStONE. v« s & & s i v ma s o 9w amios s 24 244
Dolomite, light-greenish-gray to medium-

greenish-gray, very fine grained and very

finely crystalline, partly calcareous,

partly silicified; very light brownish gray

to brownish-gray chert, completely

silicified dolomite; bluish-white to light-

bluish-white chert; some dark-gray shale . 40 284
Dolomite, light-greenish-gray to medium-

greenish-gray, very fine grained to finely

crystalline, partly calcareous; light-

greenish-gray chert, completely

gilicified dolomite; some dark-gray

ghale. « « wie ¢ imt s w280 % e 8 W E R A S S 21 305
Dolomite, light-greenish-gray to greenish-

gray, very fine grained, partly silicified;

yellowish-gray calcite crinoid stems and

stem plates; light-greenish-gray chert,

completely silicified dolomite; some light-

olive-gray chert and brownish-gray shale . 14 319
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet)

(feet)

Test Well 2-T--Continued

Fort Payne Chert--Continued
Lower unit--Continued

Dolomite, grayish-green to light-greenish-
gray, very fine grained and very finely
crystalline, about 50 percent silicified;
some white to grayish-green and light-
greenish-gray chert, completely silici-
fied dolomite; greenish-gray and
brownish-gray partly silicified shale . .

Limestone, pinkish-gray to very light
brownish gray, medium-grained; contains
abundant pinkish-white calcite crinoid
stems and bluish-white to light-bluish-
gray silicified crinoid stems; light-
greenish-gray shale, less than half a
foot thick, probably the Maury Forma-

Chattanooga Shale:

Shale, light-brownish-gray to brownish-black,
pyritic; yellowish-white to olive-gray very
fine to coarse-grained, mostly fine-grained,
poorly sorted calcareous quartzose sand-
stone at top and bottom of formation. For-
mation contains conodonts. .

19

10

338

343

353

\

R Test Well 3-T

NEINE: sec. 14, T. 5S., R. 5 W.

SOy Pedi oz w5 505 how n e e .
Chert rubble, brown and yellow

10
27

EST. Lo Lovg:

2y 6085908

£7. 019054/
10
37
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 3-T--Continued

Fort Payne Chert:
Upper unit:

Limestone, very light olive gray, very fine to
medium-grained, partly dolomitic; some

light-bluish-gray chert. . . . .. ... ... . 67 104
Limestone, very light olive gray, very fine to
coarse-grained; very light bluish gray chert 17 121

Middle unit:

Dolomite, greenish-gray, very fine grained,

partly silicified; bluish-white to very light

bluish gray chert. . . . .. .. .. ... ... .. 16 137
Dolomite, greenish-gray, very fine grained,

partly silicified; very light bluish gray to

bluish-gray chert . ... ........... .o 18 155

Lower unit:

Dolomite, greenish-gray, very fine grained;

light-bluish-gray to bluish-gray chert; unit

contains abundant very light greenish gray

calcite crinoid stem plates . . . ... .. ... 85 240
Dolomite, greenish-gray, very fine grained;

very light greenish gray calcite crinoid stem

plates; light-greenish-gray shale, less than

half a foot thick, probably the Maury For-

MEEION, o s wow s e v wowa o a W W W 6 e e X S W e 6 246

Chattanooga Shale:

Shale, brownish-gray to dark-brownish-gray,
pyritic; light-greenish-gray very fine to
medium-grained poorly sorted calcareous
quartzose sandstone at top and bottom of
fOrMmation: - s i Ml iNeREEHEE 58 4 2560
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

A

J 2
e

Thickness Depth

(feet) (feet)

[Q//;/V:J T
7 |

Test Well 4-T

NELINEZ sec. 21, T. 5S., R. 5 W.

Soil, red. . v o0 00 Gw s ve m FEBEEE w4
Chert rubble, yellow. .. .. EREE S 4w

Tuscumbia Limestone:

Limestone, very light olive gray, fine- to
coarse-grained, partly oolitic; some light-
bluish-gray to medium-bluish-gray chert .

Limestone, very light olive gray to light-
olive-gray, fine- to coarse-grained,
oolitic. . ... .. ... P AR EIE R s

Limestone, very light olive gray to light-
olive-gray, very fine grained to finely
crystalline, in part very coarse grained;
some light-bluish-gray chert. . . .. ... ..

Limestone, very light olive gray to light-
olive-gray, in part medium-olive-gray,
very fine to coarse-grained, in part very
coarge grained and 0elitit. . « w s s o500 s

Fort Payne Chert:
Upper unit;

Dolomite, very light olive gray, very fine
grained, calcareous; some bluish-gray
CHETES s i s 5o 68/ 806 B3 F @ am a0 num s

Limestone, very light olive gray to light-
olive-gray, very fine to coarse-grained,
in part oolitic and silicified; bluish-white
to bluish-gray chert; very light olive gray
to light-olive-gray chert; some very light
olive gray calcareous shale. . . . . e

Limestone, very light olive gray, very fine
to very coarse grained; bluish-white to
light-bluish-gray chert; very light olive
gray chert, completely silicified lime-
stone; some light-olive-gray to olive-gray
shale

EST 0’-‘-¢?‘/£a“

2Y. e0p755,
§2. 085 3563

15 15
24 39
18 57
29 36
10 96
22 118
3 121
36 157

48 205



BASIC DATA 73

Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 4-T--Continued
Fort Payne Chert--Continued
Upper unit--Continued

Limestone, light-brownish-gray, very fine to

coarse-grained; light-bluish-gray to bluish-

gray chert; light-brownish-gray chert,

completely silicified limestone . ....... 5 210
Limestone, greenish-gray, medium- to

coarse-grained; some bluish-gray and

greenish-gray chert, completely silici-

fied limestone; some light-greenish-gray

and brownish-gray shale. . . . .. .. ..... 10 220

Middle unit:

Dolomite, light-olive-gray to olive-gray, very

fine grained, calcareous to very calcareous,

partly petroliferous; light-bluish-gray chert;

light-olive-gray chert, completely silicified

dolomite and limestone; light-olive-gray

very fine grained dolomitic limestone; some

greenish-gray and olive-gray shale ... .. 26 246
Chert, light-olive-gray to medium-olive-

gray, completely silicified dolomite; light-

olive-gray to olive-gray and greenish-gray

very fine grained dolomite; bluish-gray

chert; some olive-gray shale. . . .. .. ... 21 267

Lower unit:

Dolomite, light-greenish-gray to dark-

greenish-gray, very fine grained, partly

silicified, argillaceous near bottom of unit;

some light-olive-gray and greenish-gray

chert; bluish-gray chert; some greenish-

gray to dark-greenish-gray and olive-gray

shale; light-greenish-gray shale about a

foot thick, probably the Maury Formation . 62 329
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth

(feet) (feet)

Test Well 4-T--Continued

Chattanooga Shale:

Shale, dark-brownish-gray, pyritic; light-
greenish-gray to greenish-gray very fine
to coarse-grained poorly sorted quartzose
dolomitic and calcareous sandstone at top
and bottom of formation. .. ..........

10

339

s

Test Well 5-T
SE:SW3: sec. 20, T. 5S., R. 5 W.

Soil, red and yvellow; chert rubble
Chert rubble and limestone boulders, yvellow.

Tuscumbia Limestone:

Limestone, yellowish-white, fine- to coarse-
P 5=k o[- 7o U
Limestone, yellowish-white to very light olive

gray, very fine grained; bluish-white to
medium-bluish-gray and yellowish-white to
very light olive gray chert, in part silici-
flod LIimestone, - vu s s s msw s o808t 0
Limestone, very light olive gray to light-
olive-gray, fine- to coarse-grained, in
part oolitic; bluish-white to medium-
bluish-gray and yellowish-white to very
light olive gray chert, in part silici-
fied limestone. . . . .o v i it
Limestone, very light olive gray to olive-
gray, coarse-grained, in part fine-grained;
bluish-white to medium-bluish-gray and
yellowish-white to very light olive gray
‘chert, in part silicified limestone
Limestone, very light olive gray to olive-gray,
very fine to coarse-grained; light-bluish-
gray, in part very light olive gray chert . .

£5T La.f,/éa,,(,?

Fy. S U25%0,

16
17

17

31

46

58

7. 05235

16
33

38

55

86

132

190
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 5-T--Continued

Fort Payne Chert:
Upper unit:

Limestone, light-greenish-gray and very

light olive gray, very fine to medium-

grained, dolomitic, in part silicified;

very light bluish gray to medium-bluish-

gray chert; light-olive-gray shale . ... .. 217 217
Limestone, very light olive gray, very fine

grained, partly very finely crystalline,

dolomitic; bluish-gray chert ... ... . ... 7 224
Dolomite, very light olive gray, very fine

grained, in part very finely crystalline

and silicified; yellowish-gray chert,

completely silicified dolomite; bluish-

graychert.....oouve v AP — . s 9 233
Limestone, yellowish-gray to olive-gray,

very fine to very coarse grained, dolomitic;

light-olive-gray chert, completely silici-

fied limestone; some bluish-gray chert and

olive-gray shale . . . . ... .. A T L 62 295

Middle unit:

Limestone, yellowish-gray to olive-gray,

fine- to coarse-grained; very light bluish

gray to bluish-gray chert; yellowish-gray

to light-olive-gray chert; some olive-gray

shale, . . . i i v i e et e e e s 14 309
Chert, yellowish-gray to light-olive-gray,

completely silicified limestone and dolomite;

very light bluish gray to light-bluish-gray

chert; yellowish-gray to light-olive-gray

very fine grained dolomite; some yellowish-

gray to light-olive-gray very fine grained

limestone and olive-gray shale ... ..... 43 352
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Table S.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 5-T--Continued
Fort Payne Chert--Continued
Lower unit:

Chert, greenish-gray, completely silicified

dolomite; medium-greenish-gray to dark-

greenish-gray very fine grained silicified

dolomite; bluish-gray chert; some brownish-

SPEY SRALE o o w0 500w o0 w2 ik e w e e e e 25 377
Dolomite, greenish-gray to dark-greenish-

gray, very fine grained, partly silicified;

some greenish-gray chert, completely

silicified dolomite; some bluish-gray chert

at top of unit and medium-light-gray and

brownish-gray shale; pale-yellowish-gray

shale about a foot thick, probably the

Maury PePBation: .« ¢ wisw s s 5 5 500 5 9 % : 44 421

Chattanooga Shale:

Sandstone, greenish-gray, light-olive-gray,
brownish-gray, very fine to coarse-
grained, poorly sorted, quartzose, cal-
careous, in part dolomitic, pyritic, at
top and bottom of formation; brownish-gray
to brownish-black pyritic shale; greenish-
gray to dark-greenish-gray, light-olive-
gray to olive-gray sandy silty shale, mostly
highly silicified and somewhat fractured,
pyrite in the fractures; some medium-
light-gray calcareous silty shale ., . ... .. 14 435

Test Well 6-T
NWiNEL sec. 25, T. 5S., R. 5 W.

Soil, red and yellow; chert rubble. ... .. .. 20 20
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 6-T--Continued

Tuscumbia Limestone:

Limestone, light-olive-gray, fine to very
coarse grained, in part very fine grained
and oolitie , . .. ... .. e e e e e e 66 86

Fort Payne Chert:
Upper unit:

Limestone, greenish-gray, very fine grained,

in part SIMCIfigd « « v s o v woo w6 we v non i 9 95
Limestone, light-greenish-gray to greenish-

gray, very fine grained and very finely

crystalline, dolomitic, in part silicified;

calcite fossil detritus; some bluish-gray

CheTt: s o was ssmiswmemanPymasuen . 9 104
Dolomite, greenish-gray, very fine grained

and very finely crystalline, in part cal-

careous and silicified; some very light

bluish gray to light-bluish-gray chert. . .. 46 150
Limestone, light-greenish-gray, fine- to

coarse-grained and very fine grained,

dolomitic, in part silicified, mainly

composed of clastic grains of fossil

detritus cemented with very fine grained

dolomite; bluish-white to light-bluish-

gray chert; some medium-greenish-gray

8hale: s v s m e s § N R e § A e e . 40 190

Middle unit:

Dolomite, greenish-gray, very fine grained,

calcareous, 50 percent silicified .. ..... 15 205
Dolomite, greenish-gray, very fine grained,

partly silicified; calcite crinoid stems and

stem plates, mostly at top of unit; some

dark-greenish-gray shale. ... .... i 36 241
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 6-T--Continued
Fort Payne Chert--Continued
Lower unit:

Dolomite, greenish-gray to medium-greenish-

gray, very fine grained and very finely

crystalline, 50 percent silicified; some

light-bluish-gray to bluish-gray chert at

top of unit and greenish-gray shale. . . . .. 55 296
Chert, bluish-white to light-bluish-gray;

light-greenish-gray shale, probably the

Matry Formation . . v w .« e ¢ o avs R E T 3 299

Chattanooga Shale:

Sandstone, yellowish-gray to very light
greenish gray, very fine to coarse-grained,
poorly sorted, quartzose, calcareous,
pyritic, at top and bottom of formation;
greenish-gray and light-olive-gray silt-
stone; brownish-gray to dark-brownish-
graypyritic shale . o o wv s s v aw 5w v v 6 305

Test Well 7T-T
NWiNWsi sec, 21, T. 5S., R. 4 W.

Soil, red. . . ... L. e e e e 10 10
Soil, yellow and white; chert rubble. ... ... 10 20

Tuscumbia Limestone:

Limestone, white to medium-light-gray,
fine- to medium-grained and finely
crystalline, in part oolitic; some light-
Bray Chert woe s v ws e v v w0 o w a6 e s 37 57
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness
(feet)

Depth
(feet)

Test Well 7-T--Continued

Tuscumbia Limestone--Continued

Limestone, very light brownish gray to
brownish-gray, very light olive gray to
light-olive-gray, light-gray to medium-
gray, fine- to medium-grained and very
firlely crystalline, ;s wssu i s ow 3o s @3

Limestone, white to medium-light-gray,
very fine to medium-grained and very

finely to medium crystalline, in part
oolitic. ..

R

Fort Payne Chert:

Upper unit:

Limestone, greenish-white to greenish-gray,
very fine grained to medium-grained and
very finely crystalline to medium crystal-

line; in part bluish-white to medium-bluish-

gray pyritic chert
Limestone, very light gray to medium-dark-

gray, fine- to medium-grained and finely

to medium crystalline . .

Middle unit:

Limestone, very light gray to medium-light-
gray, fine- to medium-grained and finely
to medium crystalline; bluish-white to

light-bluish-gray chert mostly at top of the
units . e o

Lower unit:

Limestone, white to medium-light-gray and
yellowish-gray to very light olive gray,
finely to medium crystalline and fine- to
medium-grained; bluish-white to dark-
bluish-gray, brownish-gray, medium-gray

15

21

17

20

32

29

72

93

110

130

162

191
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness
(feet)

Depth
(feet)

Test Well 7-T--Continued
Fort Payne Chert--Continued
Lower unit--Continued

Dolomite, light-gray to medium-gray, very
fine to fine-grained; light-gray to medium-

gray fine-grained some medium crystalline

limestone, containing crinoid stem plates;
light-bluish-gray to medium-bluish-gray
chert, in part completely silicified dolo-
mite and limestone . ... .¢ 00 ihe .
Limestone, very light gray to medium-light-
gray and light-greenish-gray to greenish-
gray, fine-grained and finely to medium
crystailine; light-gray to medium-gray
and greenish-gray very fine to fine-
grained dolomite; light-gray to medium-
gray and dark-greenish-gray shale; light-
bluish-gray to medium-bluish-gray chert;
white to very light gray calcite . .. .. ...
Limestone, white to light-gray, medium
crystalline, probably composed of crinoid
stems and stem plates; white to very light
bluish gray chert; light-greenish-gray
shale, probably the Maury Formation. . . .

Chattanooga Shale:

Shale, medium-dark-gray to grayish-black
and brownish-gray to brownish-black,
pyritic; medium-gray very fine to coarse-
grained poorly sorted sandstone. . . ... ..

49

40

240

280

286

293

Test Well §-T

SWiSEZ sec. 26, T. 55., R, 4 W.

35
70
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness
(feet)

Depth
(feet)

Test Well 8-T--Continued
Sandy clay and gravel, yellow, ... .. .. ...
Fort Payne Chert:
Upper unit:

Limestone, light-olive-gray to medium-

21

olive-gray, very fine to very coarse grained,

in part dolomitic, highly weathered .. ...
Limestone, vellowish-gray and light-olive-
gray to medium-olive-gray, very fine
grained and fine- to medium-grained,
AOLOTATELC o & o v v v mvia w o s 3 ma s e
Limestone, very light olive gray, very fine
grained and medium-grained to coarse-
grained, dolomitic; some greenish-gray
shale, . . . . i v v i i i it st s s e

Middle unit:

Limestone, very light olive gray, very fine
grained to very coarse grained, dolomitic.
Dolomite, greenish-gray, very fine grained .
Limestone, greenish-gray, very fine to fine-
grained, dolomitic; some bluish-gray
cherf: . v v e s e GEEEE ¥R e e e .
Dolomite, very light olive gray, very fine
grained, calcareous, about 30 percent
silicified; very light olive gray very fine
grained limestone, 30 percent silicified;
some bluish-gray chert .. ........ -

Lower unit:
Dolomite, greenish-gray, very fine grained,

40 percent silicified; some bluish-gray and
greenish-gray chert. . . .. .. TR EE X

15

[8%]

14

20

22

91

149

164

176

184
186

200

220
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 8-T--Continued
Fort Payne Chert--Continued
Lower unit--Continued

Dolomite, yellowish-gray and greenish-gray,

very fine grained, 25 percent silicified;

bluish-gray chert; some dark-greenish-

grayshale . .. .. ..o v v ineeennnns 16 258
Dolomite, greenish-gray, very fine grained,

20 percent silicified; light-bluish-gray

chert. . . ... it it it 7 265
Dolomite, greenish-gray to medium-greenish-

gray, very fine grained, 20 percent silici-

fied; greenish-gray chert, completely silici-

fied dolomite; very light bluish gray to

bluish-gray chert ., .. .............. 17 282
Dolomite, light-greenish-gray to medium-

greenish-gray, very fine grained; calcite

crinoid stems and stem plates, mostly at

top of unit; bluish-white to light-bluish-

graychert ... .o v cv et oo e v oeecees 11 293

. Chattanooga Shale:

Shale, dark-brownish-gray, pyritic; very
light greenish gray fine- to medium-grained
poorly sorted quartzose calcareous sand-
stone, at top and bottom of unit........ 5 298

Test Well 9-T
SE{NW% sec. 8, T. 6S., R, 4 W.
Soil, red and yellow; chert rubble........ 20 20
Tuscumbia Limestone:

Limestone, white to very light gray, medium-
grained, inpartoolitic. . . ... e v v vt 12 32
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 9-T--Continued

Tuscumbia Limestone--Continued

Limestone, light-gray to medium-light-gray,

medium-grained, in part oolitic, ... .. .. 18 50
Limestone, yellowish-gray to medium-olive-

gray, medium-grained, in part oolitic;

light-bluish-gray to medium-bluish-gray

chert; some light-brownish-gray chert,

completely silicified limestone . ... .... 62 112
Limestone, yellowish-gray to light-olive-gray,

fine- to medium-grained, in part oolitic,

dolomitic near bottom of unit. . .. ... ... 48 160

Fort Payne Chert:
Upper unit:

Limestone, yellowish-gray to light-olive-

gray, very fine to medium-grained, dolo-

mitic, in part oolitic . . . ... ... .. . 27 187
Limestone, yellowish-gray to light-olive-

gray, and light-brownish-gray to brownish-

gray, very finely crystalline to medium

crystalline, in part dolomitic; very light

brownish gray to brownish-gray chert;

bluish-white to bluish-gray chert. ... ... 25 212
Limestone, greenish-white to greenish-gray,

fine- to medium-grained, in part finely

crystalline; bluish-white to medium-bluish-

gray chert .. . ... 34 246

Middle unit;

Limestone, yellowish-gray to very light olive
gray and light-gray, very fine grained and
very finely crystalline, dolomitic, in part
silicified; bluish-white to medium-bluish-
gray chert............. I - 24 270
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 9-T--Continued
Fort Payne Chert--Continued
Middle unit--Continued

Dolomite, very light olive gray and greenish-
gray to dark-greenish-gray, very fine to
fine-grained, in part calcareous; very
light olive gray and greenish-gray chert;
bluish-white to medium-bluish-gray chert;
very light olive gray very fine grained
dolomitic limestone; some dark-greenish-
grayshale . . . .. .. ...t eennenn. 20 290

Lower unit:

Dolomite, greenish-gray to dark-greenish-

gray, very fine grained; greenish-gray to

dark-greenish-gray, and medium-gray to

medium-olive-gray chert, completely

silicified dolomite; bluish-white to medium-

bluish-gray chert; some dark-greenish-gray

shale .., .. e 47 337
Dolomite, light-greenish-gray to medium-

greenish-gray, very fine grained; some

bluish-white chert and yellowish-gray to

olive-gray and brownish-gray chert,

completely silicified dolomite . . ... .. .. 20 357
Dolomite, greenish-gray, very fine grained;

white to yellowish-gray medium to coarsely

crystalline limestone, probably composed

of crinoid stems and stem plates; yellowish-

gray to light-olive-gray chert; some light-

bluish-gray chert ... .............. 7 364
Shale, greenish-gray to moderate grayish-

green, calcareous, dolomitic, silicified,

lower part soft, clayey, probably Maury

Formationinpart................. 6 370
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 9-T--Continued
Chattanooga Shale:

Shale, olive-gray to olive-black and brownish-
gray to brownish-black, pyritic; yellowish-
white to dark-olive-gray fine-grained
medium sorted quartzose calcite cemented
sandstone at top and bottom of formation. . 12,5 382.5

L— — Test Well 10-T
NE{NW% sec. 15, T. 6., R. 4 W.
Soil, red and yellow; chert rubble........ 20 20
Tuscumbia Limestone:

Limestone, very light olive gray to medium-

olive-gray, fine to very coarse grained, in

Part 0Olitic. v v v s vt i ittt e e et 31 51
Limestone, very light olive gray to light-olive-

gray, very fine to medium-grained, in part

very finely crystalline . . v « c c oo v o os oo 59 110
Limestone, very light olive gray to medium-

olive-gray, very fine to very coarse grained

and very finely crystalline; some bluish~

white to medium-bluish-gray chert. . .... 23 133
Limestone, light-greenish-gray to dark-

greenish-gray, very fine to coarse-grained,

in part very finely crystalline; some bluish-

white to medium-bluish-gray chert. ... .. 24 157

Fort Payne Chert:
Upper unit:

Limestone, yellowish-gray to light-olive-gray,
very fine to very coarse grained, in part
silicified; light-olive-gray chert, completely
silicified limestone; some bluish-white to
bluish-gray chert . .. ... e 8 165
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 10-T--Continued
Fort Payne Chert--Continued
Upper unit--Continued

Limestone, light-olive-gray, very fine grained
and very finely crystalline, in part dolomitic;
bluish-white to light-bluish-gray chert; some
light-olive-gray chert . . ... .. .. ..... 35 200

Middle unit:

Limestone, light-olive-gray, very fine grained,

in part very coarse grained and very finely

crystalline, dolomitic; light-olive-gray,

light-greenish-gray, and moderate yellowish-

brown, very fine grained petroliferous

dolomite; bluish-white to light-bluish-gray

chert; some olive-gray shale. . .. ...... 22 222
Dolomite, light-greenish-gray, very fine

grained and very finely crystalline, cal-

careous; bluish-white to light-bluish-gray

chert; light-greenish-gray chert; completely

silicified dolomite. .. .. CE A e s - 15 237

Lower unit:

Dolomite, greenish-gray, very fine grained and

very finely crystalline; bluish-white to very

light bluish gray chert . .. ........... 14 251
Dolomite, greenish-gray, very fine grained

and very finely crystalline; bluish-white to

very light bluish gray chert; calcite crinoid

stems and stem plates . .. ........... 24 275
Limestone, greenish-white to light-greenish-

gray, finely to very coarsely crystalline,

mostly crinoid stems and stem plates; some

bluish-white chert and dark-greenish-gray

BIMslONe v va v s w56 o3 5 E 17 292
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 10-T--Continued
Fort Payne Chert--Continued
Lower unit--Continued

Dolomite, light-greenish-gray to greenish-

gray, very fine grained to finely crystalline;

calcite crinoid stems and stem plates; some

bluish-white to very light bluish gray chert 30 322
Dolomite, light-greenish-gray to greenish-

gray, very fine grained to finely crystalline;

light-greenish-gray to greenish-gray chert,

silicified dolomite; bluish-white to very light

bluish gray chert; calcite crinoid stems and

B PLAtEE & ws we v wwe s e s wow 5 % w8 e 18 340
Limestone, light-greenish-gray and pinkish-

gray to medium-brownish-gray, very fine

grained and finely crystalline, contains

crinoid stems and stem plates; mixed bluish-

gray and greenish-gray chert, contains

calcite crinoid stem plates; greenish-gray

silty shale; some greenish-gray siltstone;

light-greenish-gray shale, probably the

Maury Formation . .. ... ... .. .. ... 7 347

Chattanooga Shale:

Shale, medium-brownish-gray and dark-
brownish-gray, in part sandy and silty,
pyritic, contains Lingula sp. probably L.
melie; pinkish-gray to medium-brownish-
gray very fine to very coarse grained
poorly sorted calcite cemented sandstone,
mostly at bottom of the formation. . ... .. 12 359
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Table S.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 11-T
L

NELINEZ sec. 13, T. 6S., R. 4 W.

Soil, yellowish-brown, sandy........... 20 20
Soil, yellow. « ¢« v v ¢ v e e e e v v et e nn e oen . 15 35
Limestone boulders and sand, yellow. ... .. 16 51

Tuscumbia Limestone:

Limestone, yellowish-gray to light-olive-gray,

medium- to coarse-grained, oolitic; light-

olive-gray very fine grained to finely crystal-

line limestone. . . .. .. vvvtvinennn.. 3 54
Limestone, light-olive-gray, very fine to

coarse-grained, in part oolitic and silicified;

light-bluish-gray and light-greenish-gray

chert. .. ........ .. ..., 66 120
Limestone, light-olive-gray, very fine to

coarse-grained and finely crystalline, in

part oolitic; light-greenish-gray to dark-

greenish-gray very calcareous silty shale;

some light-bluish-gray chert.. ... .. .. . 40 160
Limestone, light-olive-gray, very fine to

coarse-grained and finely crystalline, in

part oolitic; some light-greenish-gray to

dark-greenish-gray shale. . . ......... 40 200

Fort Payne Chert:
Upper unit:

Limestone, yellowish-white to light-olive-gray
and greenish-gray, very fine to coarse-
grained and finely crystalline, dolomitic, in
part silicified; bluish-white to medium-
bluish-gray, some light-olive-gray chert and
medium-greenish-gray to dark-greenish-gray
shale. . . ..., .. ..t innnnnn. 70 270
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness
(feet)

Depth
(feet)

Test Well 11-T--Continued
Fort Payne Chert--Continued
Upper unit--Continued

Limestone, yellowish-white to very light olive
gray, very fine to coarse-grained, dolomitic,
in part silicified; calcite crinoid stems and
stem plates; bluish-white to medium-bluish-
gray chert; medium-greenish-gray to dark-
greenish-gray shale. . . .. .. ......... 7

Middle unit:

Dolomite, very light greenish gray to greenish-
gray, moderate yellowish-brown at top of
unit, very fine grained, in part very finely
crystalline, 10 percent silicified, petrolif-
erous; very light greenish gray to greenish-
gray chert, completely silicified dolomite;
bluish-white to very light bluish gray chert;
some greenish-gray shale. . ... ... .. ... 50

Lower unit:

Chert, greenish-gray; greenish-gray chert,
completely silicified dolomite; greenish-
gray very fine grained and very finely
crystalline dolomite. . . .. .. .. ....... 18
Dolomite, light-greenish-gray, very fine
grained and very finely crystalline, in part
silicified; light-greenish-gray chert; light-
bluish-gray chert ., . ... ............ 11

277

327

345

356
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Table 5.—Sample logs of test wells in Morgan County, Ala.—Continued

Thickness Depth
(feet) (feet)

Test Well 12-T
NEiNW3 sec. 12, T. 8S., R. 4 W.

Soil, light-brown............. 11 11
Soil, dark-brown . .. .. .. cceeeeeeeeses 3 14

Bangor Limestone:

Limestone, greenish-gray, very finely to
coarsely crystalline and very fine to medium-

grained . . . .. ittt it e i e e e, 23 37
Limestone, light-olive-gray, very fine to
coarse-grained. . .. .. .. ¢ttt h et 66 103

Limestone, light-olive-gray, very fme to
coarse-grained, very sandy, silty; some
light-olive-gray shale near bottom of
unif, . ..l i et e i i i e 22 125

Hartselle Sandstone:
Sandstone, greenish-gray, very fine to medium-

grained, poorly sorted, quartzose, very
calcareous, calcite cemented ......... 8 133
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GEOLOGICAL SURVEY OF ALABAMA BULLETIN 76 PLATE 3

EXPLANATION

o8 Scale T ©

Water well

Bar and number indicate - 5
fluctuation of the

water level, in feet.

L 10 feet

Scale {1000 gpm

360 Q‘ Spring
] Bar and numbers indicate
50 fluctuation of flow, L 500
in gallons per minute.
Top number is maximum flow,
bottom is minimum. L
0
. OO(/
ini e NOTE: Maximum flows were measured with current meter.
Trinity 13 Y 07 \J.v}}— Minimum flows were estimated. Figures given for
240 \ I . Cole Springs are totals from all springs. “TY
28 Decatur ~. M)
) 105 } ~. ot
b . ~ -
- o 5] - e
& I 8"' \“"-.__ E S ~
o) e N \
- ! o=l \
b= 3l 16 3 Tl / "
z I 36 M = il R 4 3l .
N O N S § S B mEmean el e 0 W e S
) | - \
o 6 ' 8 & 02 | I 6 m \
o | Cave Spring I 6
: 3eooq~ Loceys \
0 ! 9o ; Spring ]
by
n 2 o
1 o] l 67 ]
Jint 393 Priceviile ~STN |
T. ‘ i / :
& y, wWinton o T.
s ] / 4 6 Zz
,J_\fi /Vo!herrnoso s =
Springs i
m ki |50 (]
8, 5
1 231 !
' 10 Morgar
o _gﬂﬂ
6, S | 5 = N City
33 g [o]
36 31 3) ¢ 3i
Somerville Union
f \ .
" Neel J:’_\er/"\/?a;/. I a il
¢ 2 | I o0 ' 6 6 /
1 N | /
' I 19 / ]
]
artsell
|2o I
100 I B :
:’ ' \ T L
N Hughes v Tz
S e it B
l4 Floréjte e Spirtng s, v
9 | Danville ﬁ\ _ I 4‘|00°\ :
T
| : N
i N I ,
N i
. |
© | Center L
=z 4 3 i " . u . Grove 3% /
w N o ’
[+ 4 \
= . ! § | 6 2
) \ 3 y § | & )
- ' AN 2 12 o
Falkville .
Cole Springs '
N, | 2
o
E Massey : 360 31 N
. 3 l I . Ryan| Yo
: \ 50 rossroads Ly
N 8
3 \ﬁ'\ I Lacon _ 25 o EVO 70 5.
. . _ |
\ I i !
RS W. R4 W R.3 W, R.2W. R.I W. i R.IE.

CULLMAN COUNTY

FLUCTUATION OF WATER LEVEL IN SELECTED WELLS AND FLUCTUATION OF FLOW
OF SELECTED SPRINGS IN MORGAN COUNTY, ALA.




GEOLOGICAL SURVEY OF ALABAMA

BULLETIN 76 PLATE 4

Tuscumbl& Limestone

A

Upper unit

Fort Pu)ine Chert

A

Middle unit

Lower unit
Al

Chatmnocigo Shale
(—L\

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320

340

360

WELL 4-T
POTENTIAL RESISTANCE
20 mv 100 ohms
el e I o]
=
G|
[
T
o

a )

ol ol H

F
o U —l = H H oo

P

~ N

e
‘«
C

RV

M RpEPE PR P R HE B FPH R A EPTH H O A H e

el e e e e e e

e PPHHHHHHAAA M

7 )

il

FAVAVAVAY:
Vi

il

B
5

P
N

R E N b N R
N

TYPICAL ELECTRIC LOG AND LITHOLOGIC SECTION
OF TEST WELLS IN MORGAN GCOUNTY, ALABAMA

EXPLANATION

Limestone

oo

I
=)
I

O—0H

Qolitic limestone

= |
3
[ &

Limestone and chert

%
1 %
%

Dolomific limestone

A
AT

Dolomite

Shale

Sandstone

AYAYAYA

AVAVAN
Chert

Contact

bttt e b

Solution cavity






