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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;l- sec. 27, 
T. 6 S., 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 in the 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, avail­
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 

















































26 GEOLOGY AND GROUND-WATER RESOURCES OF MORGAN COUNTY 

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 * * *, 11 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 NEtNEt sec. 
16, T. 7 S., 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 acc·ount 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, which is 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 deb~is from 
the underlying Gasper Formation, but the lowermost bed may be sand­
stone, shale, or elastic limestone. The elastic 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. 7 S., R. 2 W., is due to filling of a channel 
eroded into the Gasper Formation, lo~al 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 grRined, poorly 
E1orted, and well cemented that most of them are only slightly perme­
aole, and water in the formation is stored and transmitted chiefly in 











GEOLOGIC FORMATIONS 31 

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 of the 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 inMorganCounty(Dodson 
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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 duringthe period ofthis 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 to the 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 orclinarily 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 inMorgan 
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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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 SWtSWt sec. 22, T. 8 S. , R. 4 W., west of 
Lacon" penetrated the Pottsville-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. 8 S., R. 2 Wq 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 80 feet 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. 7 S., R. 1 E. Structure 
along this line possibly is related to the exposed thrust fault in sec. 26, 
T. 7 S., R. 2 W. 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. 2 miles 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 )nterbeds 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 12.-Small fold associa ted with thrus t fault about 1. 5 mi !es sou th of 
F lo rette, Ala.; cul is 30 feet deep. Photograph facin g west. 

The Hartselle Sandstone has collapsed into sol ution cavities i n the 
underlying limestone of the Gaspe r Formation in parts of Morgan Cou n­
ty . Colluvial deposits of broken Hartselle Sandstone a r e abundant al~ng 
the outcrop area of t he Hartse lle (pl. 1) n ear the escar pment bordering 
t he Littl e Mountain dist r ict (fig . 4). Blocks of sandstone in these col ­
lapse structur es may be mor e than 100 feet wide a nd 20 feet thick . 
Collapse structures are present in an a r ea about ha lf a m ile wide and 
extending about a mile along Flint Creek in s ecs . 26 and 35, T. 5 S. , 
R . 4 W. Broke n sandstone fr om the Hartselle is exposed in road cuts 
and outcrops, and s hale that i s probably fr om the Gasper is exposed in 
a road cut in the SEtswt sec. 26; the sandstone a nd the s ha l e are a t 
least 200 feet b e low their normal position. T es t well 8-T in t his a r ea 
passed through 105 feet of unconsolida te d deposits . Mr. C. H. Elliott , 
a driller, reported that in t he SEiNEtswt sec. 35, a well drilled to a 
depth of 180 fe e t did not reach bedrock. In the Talucah a r ea, a nd over 
an area of more than 6 square m iles southward, the Gasper Formation 
locally has bee n completely removed by solution, and the Hartselle has 
collapsed onto the Ste . Genevieve Limestone . 

The broken rock i n colla pse structures is more importa nt as a n 
area of rechar ge to the bedrock aquife r s than as an aquifer itself. Wells 
in the collaps ed Hartselle Sandstone generally yield s upplies inadequate 
for domestic use except in a n a r ea half a mile wide in secs . 26 and 35, 
T. 5 S. , R. 4 W. The high y i e ld of test well 8 - T i s related more to 
r echarge in an area of collapse than to its location on a structural low. 
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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 difficult, 
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 to the 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 in lime­
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 in a 
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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Table 5.-Sample lo~s of test wells in Morsan County, Ala.-Continued 

Thickness 
(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-
gray shale ••.•.•.•......•••••••. 

Dolomite, greenish-gray, very fine grained, 
20 percent silicified; light-bluish-gray 
chert •..••.••••.•.•.•••......•• 

Dolomite, greenish-gray to rnediurn-greenish­
gray, very fine grained, 20 percent silici­
fied; greenish-gray chert, completely silici­
fied dolomite; very light bluish gray to 
bluish-gray chert ••..•.•....•...•. 

Dolomite, light-greenish-gray to rnediurn­
greenish-gray, very fine grained; calcite 
crinoid sterns and stern plates, mostly at 
top of unit; bluish-white to light-bluish-
gray chert .•••••...•.••..•...••. 

. 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 ••.....• 

Test Well 9-T 

SEiNW-1 sec. 8, T. 6 S., R. 4 W. 

Soil, red and yellow; chert rubble ••• 

Tuscumbia Limestone: 

Limestone, white to very light gray, rnediurn­
grained, in part oolitic •••••.••.••••. 

16 

7 

17 

11 

5 

20 

12 

Depth 
(feet) 

258 

265 

282 

293 

298 

20 

32 






























