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GROUND-WATER RESOURCES OF
MANATEE COUNTY, FLORIDA

ABSTRACT

Manatee County comprises an area of about 800 square miles adjacent
to the Gulf of Mexico in the southwestern part of peninsular Florida.
Deposits of sand, limestone, and shells, mainly of Pleistocene age, but
probably partly of Pliocene age, are exposed at the surface throughout
most of the county. These range in thickness from a few feet to about
90 feet. They are underlain by interbedded marl, limestone, and sand
of the Hawthorn formation of middle Miocene age. The Hawthorn
formation is underlain, at depths ranging from about 175 to 350 feet
below sea level, by a series of limestones of Tertiary age which have
a total thickness of more than 4,000 feet. The upper part of the limestone
section consists of the Avon Park limestone of late middle Eocene age,
the Ocala group! of late Eocene age, the Suwannee limestone of Oligo-
cene age, and the Tampa formation of early Miocene age.

Usable quantities of ground water are obtained in the county from
all formations penetrated by wells. Small supplies for domestic use are
obtained from the surficial deposits of sand and shells, which contain
water under nonartesian conditions. Most domestic supplies, however,
are obtained from the permeable beds in the upper part of the Hawthorn
formation and from younger formations in which the water is under a
slight artesian pressure.

The Suwannee limestone and Tampa formation are the principal
sources of artesian water. All the large industrial, irrigation, and public
supplies are obtained from them, but many domestic and small irrigation
supplies are obtained from permeable beds in the Hawthorn formation,
which serves as a confining bed for the water in the underlying limestones.

Records of the fluctuations of artesian head show that the withdrawal
of large quantities of artesian water causes an extensive lowering of the
piezometric surface. During periods of heaviest withdrawal, the piezo-
metric surface declines at least four or five feet throughout the county
and as much as 10 feet at some places. The magnitude of the seasonal
fluctuations has increased and a progressive decline in the artesian head

'The stratigraphic nomenclature used in this report conforms to the usage of
the U. S. Geological Survey with the following exceptions: the Ocala limestone is
herein referred to as the Ocala group, and the Tampa limestone is referred to as
the Tampa formation. These exceptions are made in order to conform to the nomen-
clature used by the Florida Geological Survey.
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has occurred in some parts of the county since about 1948, because of an
increase in water use.

Determinations of the chloride content of the artesian water indicate
salt-water contamination in a zone about 3 to 10 miles wide along the
coast. The degree of contamination increases with depth and seaward.
Throughout most of the zone, the water in the Tampa formation contains
less than 250 parts per million (ppm) of chloride and is suitable for
most purposes, but some wells in the vicinity of Palma Sola Bay yield
water from the Tampa formation containing more than 400 ppm of
chloride. The chloride content of the water in the Suwannee limestone
is more than 2,000 ppm at some places but is generally less than 500 ppm.
The water in the Eocene formations along the coast is probably too
salty for most uses.

Periodic analysis of the water from many wells shows that the
chloride content varies with the seasonal fluctuations of artesian pressure
head. Some wells that show a progressive decline in artesian pressure
head also show a progressive increase in chloride content of the water,
indicating that significant declines in head result in upward movement
of salty water from the deeper formations. This upward movement is
probably retarded considerably by the beds of low permeability that
separate the principal water-bearing zones.

INTRODUCTION

Ground water is the principal source of fresh water for public, domes-
tic, agricultural, and industrial supplies in Florida. The increased use
of ground water in the State, resulting from the growth of population
and industry, has caused a large number of water-supply problems,
particularly in coastal areas where population and industry are concen-

trated. Most of the water-supply problems in these areas can be classified
as “salt-water” problems.

In much of the coastal area of southern Florida, a part or all of the
formations capable of yielding large quantities of water contain naturally
salty water. Thus, the problem in this area is one of finding supplies of
fresh water that are adequate to meet the increased demand and are
economically feasible to develop. The problem in other areas is to
protect present supplies from contamination by salt-water encroachment
from the sea or from underlying formations that contain naturally salty
water. Encroachment of salt water from either source occurs as a result
of excessive lowering of the fresh-water pressure head.

A large part of western Manatee County (fig. 1) is used for growing
winter vegetables and citrus fruits, and large quantities of artesian water
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are used for irrigating these crops. The large withdrawals of artesian
water for irrigation and for processing agricultural products result in a
considerable seasonal decline of the artesian head, particularly in the
western part of the county. This seasonal decline of artesian head has
increased in proportion to the increase in withdrawal of artesian water.

The progressive increase in seasonal decline of the artesian head
intensifies the danger of salt-water encroachment in the artesian aquifer.
The presence of salty water in the artesian aquifer in parts of the coastal
area of the county suggests that slight encroachment may already have
occurred. Recognizing this possibility, and in response to the concern
expressed by the farmers of the county, the Board of County Commis-
sioners and the Supervisor of the Manatee River Soil Conservation Dis-
trict requested the U. S. Geological Survey and the Florida Geological
Survey to make an investigation of the ground-water resources of the
county. As a result of this request, an investigation was begun in Decem-

ber 1950 by the U. S. Geological Survey in cooperation with the above
agencies.

PURPOSE AND SCOPE OF THE INVESTIGATION

The purpose of the investigation was to make a detailed study of the
geology and ground-water resources of the county, principally to deter-
mine whether salt-water encroachment had occurred or was likely to
occur. The investigation consisted of the following phases:

1. An inventory of more than 900 selected wells, to obtain information related
to the occurrence and use of ground water in the county.

A collection of data on water levels for use in determining progressive trends
and the magnitude of seasonal fluctuations, and in constructing maps show-
ing the altitude to which water will rise in artesian wells.

2.

3. Determinations of the chloride content of water from about 750 wells, to
define the areas in which the ground water is relatively salty.

4. Periodic determinations of the chloride content of water from selected wells,
to find the relation between salinity and artesian pressure.

5. A study of geologic conditions governing the occurrence and movement of
ground water.

6.

Exploration of selected wells with deep-well current meter, to determine
the depth and thickness of the principal water-bearing zones.

7. Chemical analyses of water samples from selected wells.
Studies to determine the water-transmitting and water-storing properties of
the water-bearing formations.

The field work of this investigation from December 1950 to January
1954 was done by R. B. Anders of the U. S. Geological Survey. An
interim report covering this part of the investigation was published in
March 1955 (Peek, H. M., and Anders, R. B., 1955). The field work from
January 1954 until the investigation was completed in December 1955
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was done by the author of the present report. The present report includes
most of the data from the earlier field work and report.
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PREVIOUS INVESTIGATIONS

No detailed investigations of the geology and ground-water resources
of Manatee County had been made prior to the present study. However,
several short studies were made, and the results have been published in
the reports of the Florida Geological Survey and the U. S. Geological
Survey. Some of the more informative reports are described below.

A report by Matson and Sanford (1913, p. 237, 254, 362-364; pl.5)
includes a section on the geology and water supply of Manatee County
and a table of selected well records. A report by Sellards and Gunter
(1913, p. 266-269; fig. 16) also includes a brief summary of the geology
and ground-water resources of the county and a map showing the area of
artesian flow.

A report on a reconnaissance investigation of several counties in the
State by Stringfield (1933, p. 3-5) contains a brief discussion of the
geography, geology, and ground water of Manatee County. Another
report by Stringfield (1936, p. 145, 164, 167, 170, 180, 182, 191, 192; pl.
10, 12, 16), which gives the results of a study of the artesian water of
the Florida Peninsula, contains water-level measurements and other data
on about 90 wells in Manatee County. The 1936 report also includes
maps of the Florida Peninsula showing the area of artesian flow, the
height above sea level to which water in the principal artesian aquifer
will rise in wells, and the areas in which water having a chloride content
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of more than 100 ppm is present at moderate depths.

The formations that crop out are briefly described in a report on the
geology of Florida by Cooke (1945, p. 138, 153, 157, 208, 223, 307). A
report by MacNeil (1950, pl. 19) describes Pleistocene shorelines in
Florida and Georgia and contains a map showing the general configura-
tion of these shorelines in Manatee County.

Chemical analyses of water from several wells and springs in Manatee
County are included in a report by Collins and Howard (1928, p. 220-
221) and a report by Black and Brown (1951, p. 77).

WELL-NUMBERING SYSTEM

The well-numbering system used in this report is based on latitude
and longitude. As shown in plate 1 and figure 2, the county has been
divided into quadrangles by a grid of 1-minute parallels of latitude and
l-minute meridians of longitude. The wells have been assigned numbers
according to their location within this grid. Each well number consists of
three parts: The first part is the latitude, in minutes, of the south side of
the 1-minute quadrangle, the second part is the longitude, in minutes, of
the east side of the quadrangle, and the third part is the number of the
well within the quadrangle. For example, the number 27-34-3 designates
the third well listed in the quadrangle bounded by latitude 27" on the
south and longitude 34" on the east. The degrees of latitude and longi-
tude are not included as a part of the well number because they are the
same for all wells in the county (fig. 1). Well locations are shown on
plate 1 and figure 2. Complete well descriptions, locations, and other
data are to be published as Florida Geological Survey Information Cir-
cular No. 19, and may be obtained for one dollar per copy.

GEOGRAPHY

Manatee County comprises an area of about 800 square miles adja-
cent to the Gulf of Mexico in the southwestern part of the Florida
Peninsula (fig. 1). It is bounded on the north by Hillsborough County,
on the east by Hardee and De Soto counties, on the south by Sarasota
County, and on the west by Tampa Bay and the Gulf of Mexico.

CLIMATE

Manatee County has a subtropical climate and a mean temperature
of about 72°F. According to the records of the U. S. Weather Bureau,
the mean monthly temperatures at Bradenton range from 6L.5°F in
January to 81.2°F in August, as shown graphically in figure 3. For com-
parative purposes, the figure includes also the average maximum and
minimum monthly temperatures during 1954.



82°15' 82°10'

82°05

NO RECORD N ~ }j ] // l
MANATEE \ . 70 ’(
OF WELLS * I~ ( )
S22 MYAKKA CITY <
L P
| b — -
IN THIS AREA ' kQ\/
( 27°20 ’ I
Vﬁg | \
SHADED PART SHOWS AREA RILG . I
COVERED BY THIS ILLUSTRA- I NS
TION @
\ P\‘l\(\p ~
r \f\f/\’s 2§| Ol ;-9—
EXPLANATION |
O' i\ﬂ*?
Well penetrating aquifer above the Floridan |
showing number assigned to well . | r
02 . \
Well penetrating the Floridan aquifer, 27°15 X
showing number assigned fo well . i |
i f
27°|2'L—- = = = = = J
82°15' 82°10 82°05'

SARASOTA COUNTY

0 12 3 4 Miles

27°23'

27°15

27012

HARDEE COUNTY

COUNTY

DE SOTO

Figure 2. Map of eastern Manatee County showing locations of wells.

QT "ON SNOLLVOLLSIAN] JO IHOJHY]

~1



Frormma GEeoLocGICAL SURVEY

PRECIPITATION IN INCHES

INCHES

IN

PRECIPITATION

T T T
EXPLANATION

MEXIMUM
1880-1954

100 . ‘
= A ) o 1954 | |
= rage moumum 1954
= 50 vergge maximy 54 ; — -
o : RN
7 Ll A O + TN
¥ea 80 oo T
7 £ o2 ||
/ g L T e pa I~
20 soF—=—-1-4 _1_. ‘ I IN S
-4 / 1 bw] 1 /~raveroge mvmnumylef)‘;' T
N niS "age |
SSRGS P74 e — il i | i | .
‘\‘\\\\:s S 50 ‘ ‘ T Fo | ’ T
ANNNNINNN NN a - | | |
JAN FEB MAR APR MAY JUNE JULY. AUG SEPT OCT MOV DEC JAN FEB MAR APR MAY JU& JULr AUG SEPT OCT MOV DEC
,-
87 . i 5
i 4
AVERAGE g

77 n 546 3 p
0 : _',’7 7 7]

Shl
L
|
|
|
NN\

N

N
5
<
S
SSSERSSSSHT

%%%% 2
VYV /|
% g
%" #
$%%% %
72 e

AA %% /]

4 %
9% é_‘-
1) ) ) 3 =) =) ) 8
o a o F~ N 2 T [ a
2 @ =3 = @ 2 & @ =

Figure 8. Precipitation and temperature at Bradenton.



ReporT oF INVESTIGATIONS NoO. 18 9

The average annual rainfall at Bradenton from 1880 through 1955
was 54.6 inches (fig. 3) but it ranged from as much as 75.78 inches in
1900 to as little as 29.45 inches in 1944. The average monthly rainfall
during the period of record ranged from 1.84 inches in November to 9.5
inches in July. About 60 percent of the yearly precipitation occurs
between June 1 and September 30.

PHYSIOGRAPHY

Manatee County lies within the Terraced Coastal Lowlands as de-
scribed by Vernon (1951, p. 16), a subdivision of the Coastal Plain Prov-
ince. The topography is largely controlled by a series of marine terraces
formed during Pleistocene time, when the sea several times stood above
or below its present level.

The history of the Pleistocene epoch and the marine terrace deposits
in Florida that are associated with the fluctuations of sea level are dis-
cussed in detail in reports by Cooke (1945, p. 11-13, 245-312), Vernon
(1951, p. 15-42, 208-215), and Parker (1955, p. 89-124). The rise and fall
of sea level are attributed to the advance and retreat of the great conti-
nental ice sheets; the sea level declined as the glaciers expanded and rose
as they melted. When the sea was relatively stationary for long periods,
shoreline features and marine plains were developed. The remnants of
five marine terraces and four shorelines in Manatee County have been
previously mapped (Cooke 1945, figs. 43-47; Parker 1955, pl. 10) as listed
in the following table:

TasLE 1. Pleistocene Terraces and Shorelines in Manatee County

Terrace Altitude of shoreline
(feet above msl)

Sunderland _____ 170°

WicomiCo 100

Penholoway 70

Talbot 42

Pamlico 25

*The highest land surface in Manatee County, about 140 feet above sea level,
represents a shallow sea bottom of Sunderland time.

Figure 4 shows the general configuration of the Pleistocene terraces
in the county as determined from aerial photographs, topographic maps,
and field observation. The highest and oldest surface represents an off-
shore portion of the Sunderland terrace (Cooke 1945, p. 278-279), which
was formed when the sea was about 170 feet above the present level
and covered practically all of southern Florida, including Manatee
County. During Wicomico time, when the sea was at an altitude of
about 100 feet, the only land area was in the northeastern part of the
county. It consisted of the Sunderland terrace and associated islands.
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The shoreline of the Wicomico sea is marked by an escarpment that is
well preserved in many places. The base of the scarp is generally at an
altitude of about 90 to 100 feet.

The Penholoway terrace was formed when the sea was about 70 feet
above the present level and covered about two-thirds of the present
land area of the county. The shoreline of the Penholoway sea is marked
by a scarp that is well preserved in many places. The altitude of the
scarp base is generally about 60 to 70 teet.

The Talbot terrace was formed when the sea was 42 feet above the
present sea level and covered most of the western part of the county.
The shoreline of the Talbot sea is poorly preserved in most places and
is generally difficult to trace in the field. In the southeastern part of the
county, however, the shoreline is fairly well defined by a low escarp-
ment whose base is at an altitude of about 40 feet.

The Pamlico terrace is the youngest Pleistocene terrace that has been
recognized in the county. It was formed when the sea was about 25 feet
above the present level. A well-preserved scarp, whose base is at an
altitude of 20 to 25 feet, and other shoreline features generally mark
the shoreline of the Pamlico sea.

The Pamlico terrace forms a relatively flat coastal lowland that is
generally less than 20 feet above sea level, although it contains a few
low hills and ridges that rise to altitudes of 30 feet or more. The older
terraces form an upland of rolling hills that extends inland from
the Pamlico shoreline and gradually rises toward the northeast to an
altitude of about 140 feet. The Talbot and Penholoway terraces have
been modified to some extent by stream dissection but consist predomi-
nantly of low rolling hills having broad, relatively flat summits at alti-
tudes of about 50 to 80 feet. The Wicomico and Sunderland surfaces
have been more completely dissected by streams and the relief is more
pronounced; however, in many places t]l(‘ are still relatively flat and
drainage is poorly developed.

The surface drainage of the county is principally through the Mana-
tee, Little Manatee, and Myakka rivers and their tributaries. Much of
the coastal area is drained by small streams that empty directly into the
Gulf of Mexico. A large part of the county, however, is poorly drained
and contains many ponds and swamps. A network of canals has been
dug throughout most of the county to supplement the natural drainage.

HISTORY
Manatee County was established in 1855 and originally included
the area that is now Hardee, De Soto, and Sarasota counties. De Soto
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County was separated from Manatee County in 1887, and Sarasota
County was created from the southern part of Manatee County in 1921.
The county received its name from the manatee, or sea cow, which
inhabited the surrounding waters. The Spanish explorer, Hernando De
Soto, landed on Terra Ceia Island in 1539. His army landed on the south
side of the Manatee River at Shaws Point, which is now a national
monument.

POPULATION

The population of the county in 1950 was 34,547, an increase
of 32 percent from that of 1940 (fig. 5). About 90 percent of the total
population is in the western one-third of the county. Bradenton, the
county seat and largest city, had a population of about 13,000 in 1950.
The growth of population in Bradenton and Palmetto from 1895 through
1950 is shown graphically in figure 5.

INDUSTRY

The principal sources of income are agriculture and associated indus-
tries, commercial fishing, and the tourist trade. The mild climate and
the ready supply of water for irrigation have been the predominant
factors in making the county one of the State’s most productive agri-
cultural areas. The agricultural use of land in the county in 1954, accord-
ing to the U. S. Bureau of the Census, is given in table 2. In 1948 more
than 3.5 million pounds of food fish were caught and marketed, in addi-
tion to shellfish, crabs, shrimp, and miscellaneous seafoods. The mild
climate, beaches, waterways, and game fish annually attract thousands
of tourists from all parts of the country. Mineral products from the
county include limestone, dolomite, sand, and shells.

TasLE 2. Agricultural Use of Land in Manatee County in 1954

Acres

Approximate land area .......... 448,640
Farmland . 309,125

Cropland harvested ... . 15,614
Vegetables . 4,558
GroveS 8,407
Flowers and shrubs . 2,082
Other L 567
Cropland not used _ . 7,330
Total land pastared .. . 266,803
Cropland pastured
Pastureland
Woodland pastared .
Woodland not pastured _
Other land not pastured

10,602
8,776
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TRANSPORTATION
U. S. Highways 19, 41, and 301, in addition to many State highways,
provide easy access to all parts of the county and to adjacent counties.
The Atlantic Coast Line Railroad and the Seaboard Air Line Railroad
provide rail transportation, and scheduled air flights and bus service
also are available.

GEOLOGY

The known geologic formations of Manatee County range in age from
Recent to Cretaceous. They are listed and briefly described in table 3.
The surface formations consist predominantly of undifferentiated depos-
its of Pleistocene and, probably, Pliocene age; however, beds of Miocene
age are exposed at some places. The subsurface formations are described
on the basis of studies of rock cuttings, electric logs, and drillers logs of
wells in Manatee and adjacent counties. Detailed logs of selected wells
are included in table 7.

PRE-TERTIARY ROCKS

Rocks older than middle Eocene in Manatee and adjacent counties
are known only from a few deep oil-test wells. The data from these wells
indicate that rocks of Cretaceous age occur at a depth of about 5,000
feet in Manatee County. Well 26-22-1, drilled in 1955 by the Magnolia
Petroleum Corporation, entered the Upper Cretaceous at 5,120 feet
below sea level and ended in Cretaceous rocks at more than 10,000 feet
below sea level. The Cretaceous rocks consist of interbedded shale,
limestone, and anhydrite and contain highly mineralized water. Water
from near the bottom of well 26-22-1 contained more than 100,000 ppm

of chloride, whereas sea water generally contains less than 20,000 ppm of
chloride.

TERTIARY SYSTEM
The formations of Tertiary age in Manatee County and their approxi-
mate thicknesses are listed in table 3, but only those formations that are
penetrated by water wells (fig. 6) are discussed in this report.

EOCENE SERIES
Avon Park Limestone: The upper part of the late middle Eocene
in Florida was named the Avon Park limestone by the Applins (1944, p.
1680, 1686). It crops out in Citrus and Levy counties and is the oldest
tormation exposed at the surface in Florida. It is also the oldest forma-
tion penetrated by water wells in Manatee County.

Lithologically, the Avon Park, in the county, ranges from white or
tan, fairly soft, coquinoid or granular limestone, to dark brown, hard,
crystalline dolomite. Most of the formation is dolomitized to some
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Table 3. Geologic Formations of Manatee County

| ;
 — | Thickness|
Syst(ilj Series J IF'ormation { Characteristies : (t’egtl)e
| L TN N .
i | |
| Soil, muck, alluvium, sand. [ 0-20 ‘
I o |
l’:lvnlu 0 \:md nd, shells, limestone. 0-20 |
Older terrace and. 0-60 |
deposits ’ |
R = | 4
! Caloosahatchee Marl, sand and gravel of quartz and phosphate, shells, 0-10 [
marl? I)onc fragments.
Bone Valley Sand and gravel of quartz and phosphate; clay, bone 0-30?,
formation fragments. [
] o]
| | Hawthorn Clay and marl, gray, greenish and bluish gray, sandy, | 150-360
| formation phosphatie, calcareous. interbedded with sandy
limestone, silt, sand, and shells. The saund, shell, and
limestone bezl\ are the source of small water supplies.
| The water in the Hawthorn formation is under ar- |
} tesian pressure and is generally less mineralized than
the water in the Tampa and older formations. !
Tampa Li.nestone, white, gray and tan, generally hard, dense, |
| formation sandy, phmph.}h(‘ in part, silicified in part, fossil- 1‘
‘ iferous. Porosity due primarily to solution cavities.
I Yields large quantities of artesian water.
| & \u\\ annee Limestone, creamy white and tan, soft to hard, granu- | 150-300
| g limestone lar, porous, crystalline, and dolomitic in part, very |
| 2 fossiliferous. Generally a more productive source of
| & artesian water than the Tampa, but water is some-
Z 3 what more mineralized in the western part of the
2 (‘ounty
+*» S — P P
Ei) | Ocala group Ilnextonc white, cream, tan, chalky, soft, granular,
| porous, (‘oqumold in part, with some hard, deunse
layers and some thick beds of brown, crystalline
dolomite. Probably a productive source of artesian
water but penetrated by only a few wells. Water is
relatively high in mineral content in the coastal area.
Avon Park Li nestone, cream, tan, and brown, soft to hard, granu- 700
2 limestone lar and coqummd in part, crystalline and dolomitic
s in part, very porous. Probably a very productive
2 source of water, but tapped by very few wells. Water
- is probably hi,l.'l\ in mineral content in the coastal
area.
! Lake City Limestone, cream and tan, chalky to granular, dolo- 500
| limestone mitic and gypsiferous in part, and very fossiliferous
| in part.
| Oldsmar Limestone, tan and brown, granular, porous; inter- 950
limestone bedded with chert, anhydrite, and tan to brown,
crystalline, porous, dolomite.
i Cedar Keys Limestone, cream to tan, fairly hard, granular, gyp- 2,000
g formation snferous, interbedded with tan to brown, erystalline
£ £ dolomite, fossiliferous in part.
| — B, S
1 n l | " "
23 = Limestone, shale, anhydrite
G & ] ‘




16 Frormpa GEOLOGICAL SURVEY

k/lz} NO W ede £ £Rape 6 » IT:IJ
AULLE T TAMPA = MANZTEE o ., FADEN I L
. /uvva 8ar 3-37 6, FIVER 93V RivER 28293 428271 = W
I = —F—
2 200 HAWTHORN . FORMATION (MIOGENE) — 1
- |
H PA
£ <00 Lt FORMATION (MIOCENE) —————]
z ——
]
2 e00 SUWANNEE — LIMESTONE (OLIGOGENE) =
\
3 S—
w 800 — S S— = NSNS "
] ocapa GROUP (EOCENE)
- -
& e —— -—_—r P
% 1000 e e —— )
H
L o — - SR " Seen o _ ]
: (EOCENE)
Z cool—  _AVON.____PARK LIMESTONE e ——m———————— =
§ C r;'
E,v.ecsv — e - S )
= 0O+ 2 3 awnigs 2 € St ™t
1800 LAKE CITY LIMESTONE (EOCENE) MANATEE

COUNTY

‘\
i TS, T
& e c _ "
T itn & S 5 3 3 fr e P H i
poed® g 3 & i 2 £ SEEod § vmare B L3 PP
o g SrEaToder ¢ I oo —— 1 4
B e : ﬂ PLEISTOCENE B PLIOCENER |
< 1IOCENED - i
H 0 o FORMATICN (MIOCENE) L=
——
3E)
FORMATION (MIOCE L
e
L £STONE (OLIGOCENE)
SnNN IMESTONE
Zo'g SUWANNEE L . i
£ — P s P s T e _—
- o 2 3 wILES CALA G & o ' 2 3 MLES
< Ee—ie OCALARGHOUR OCALA GROUP (EQCENE) —r——
800!

Figure 6. Cross sections showing the geologic formations penetrated by water wells
in Manatee County.

degree and much of it is very fossiliferous, containing bryozoans, coral,
echinoids, mollusks, and many foraminifers, including specimens of

Dictyoconus cookei, Lituonella floridana, Spirolina coryensis, and Valvu-
lina intermedia.

The Avon Park limestone is about 700 feet thick in Manatee County
and is generally very permeable, owing to the extensive development of
solution channels. Several wells obtain water from the Avon Park and
it is probably a productive source of artesian water throughout the
county. In the coastal area, however, the water probably is highly
mineralized.

Ocala Group: Until recent years, all the limestones of late Eocene
(Jackson) age in peninsular Florida were considered a single formation,
the Ocala limestone. As shown in table 4, Cooke (1945, p. 53-62) and
the Applins (1944, p. 1683) referred all the late Eocene limestone to the
Ocala limestone; however, the Applins recognized an upper and a lower
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member on the basis of lithologic and faunal differences. After comple-
tion of his studies in Citrus and Levy counties, Vernon (1951, p- 111-171)
separated the late Eocene limestones into two formations: the Ocala
limestone, restricted to the upper part, and the Moodys Branch forma-
tion. Vernon also divided the Moodys Branch formation into two mem-
bers: the Williston member (upper) and the Inglis member (lower).

Table 4. Stratigraphic Nomenclature of the Upper Eocene in Florida

|
U.S. Geological Survey ‘ Florida Geological Survey
[
Cooke (1945) Applins (1944) | Vernon (1951) Puri (1953) ;
Upper [ QOcala limestone Crystal
member | (restricted) River
‘ formation
Ocala Ocala Ocala
limestone limestone | group
Lower ' Moodys Williston Williston
member | Branch member formation
|| formation
! Inglis Ingli§
\ member formation

Puri (1953, p. 130) changed the Ocala limestone (as restricted by
Vernon) to the Crystal River formation and gave formational rank to the
Williston and Inglis members of the Moodys Branch formation. The
Crystal River, Williston, and Inglis formations are now referred to as
the Ocala group by the Florida Geological Survey.

The Ocala group lies unconformably on the Avon Park limestone in
Manatee County and is about 300 to 325 feet thick. The upper part con-
sists predominantly of cream, tan and grayish-tan, soft, chalky, highly
fossiliferous limestone. The lower part is similar but contains beds of
brown and tan, hard, crystalline dolomite and dolomitic limestone. The
Ocala group is penetrated by only a few wells in the county, although
it may be a productive source of artesian water. In the coastal areas,
however, the water in the Ocala group has a relatively high mineral
content.

OLIGOCENE SERIES

Suwannee Limestone: As used in this report, the Suwannee limestone
includes all deposits of Oligocene age in Manatee County. The Suwannee
is differentiated from the underlying Eocene formations and overlying
Miocene formations on the basis of lithology and fossils, and is separated
from these formations by unconformities.

The upper part of the Suwannee is generally a creamy-white to tan
soft to hard granular porous limestone, with some beds of crystalline and
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dolomitic limestone. It contains many echinoids, mollusks, and foramini-
fers. The lower part is generally tan to gray, and it is harder, more crys-
talline, more dolomitic, and less fossiliferous than the upper part. Dictyo-
conus cookei and Coskinolina floridana are found in the Suwannee in
the western part of the county. They are generally restricted to the lower
part of the Suwannee and may be diagnostic of the lower Suwannee in
that area. However, these foraminifers were not found in the Suwannee
in the eastern part of the county. Specimens of Rotalia mexicana are
fairly abundant in the Suwannee limestone throughout the county.

The contours on the map in figure 7 represent the approximate alti-
tude and the configuration of the top of the Suwannee limestone in
Manatee County. The contours were drawn on the basis of well cuttings,
drillers logs, and electric logs. The dashed lines in the eastern part of
the county, where no control wells were available, were drawn on the
basis of information from wells in adjacent counties. As shown on this
map, the top of the formation ranges in depth from about 325 feet below
sea level in the northeastern part of the county to more than 550 feet below
sea level in the southern and southeastern parts of the county. The thick-
ness of the formation ranges from about 150 feet in the northeastern part
of the county to about 300 feet in the southwestern part.

The Suwannee is the most productive source of artesian water gen-
erally tapped by wells in the county. In the coastal area, the water in
the Suwannee is somewhat more mineralized than the water in the over-
lying Tampa formation.

MIOCENE SERIES

In this report, the deposits of Miocene age in Manatee County are
referred to the Tampa formation of early Miocene age (Cooke 1945, p.
107) and the Hawthorn formation of middle Miocene age. Both the
Tampa and Hawthorn formations are of marine origin, but they repre-
sent different depositional environments and are probably separated by
an unconformity.

Tampa Formation: The Tampa formation lies unconformably on the
Suwannee limestone of Oligocene age and consists of white, gray and
tan, hard, dense, sandy limestone which contains fine-grained phosphorite
in some places. The limestone is crystalline and dolomitic, in part, and
contains thin beds of chert. It is generally fossiliferous, containing echi-
noid plates and spines, ostracods, foraminifers, and many molds and
casts of mollusks. Specimens of the foraminiters Archaias floridanus and
Sorites sp. are fairly abundant throughout the formation.

The contours on the map in figure 8 represent the approximate alti-
tude and configuration of the formation. They were drawn on the basis
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of information from electric logs, drillers logs, and the study of well
cuttings. The dashed lines in the eastern part of the county, where control
wells were not available, were drawn on the basis of information from
wells in adjacent counties. As shown on the map (fig. 8) the top of
the Tampa ranges in depth from about 200 feet below sea level in the
northern and northeastern parts of the county to more than 350 feet
below sea level in the southwestern part. The thickness of the formation
ranges from about 125 feet in the northeastern part of the county to about
235 feet in the southeastern part. The average thickness is about 150 to
175 feet.

The Tampa formation generally has a relatively high permeability
owing to numerous interconnecting solution cavities. It is a very produc-
tive source of artesian water in most parts of the county.

Hawthorn Formation: The Hawthorn formation, as used in this
report, includes all deposits of Miocene age that are younger than the
Tampa formation. The Hawthorn consists of gray, bluish-gray and
greenish-gray, sandy, calcareous clay interbedded with white, gray, and
tan sandy limestone and thin beds of sand and shells. The clay and lime-
stone layers contain different amounts of chert, dolomite, sand, and phos-
phorite grains and pebbles. The limestone layers are fossiliferous, in part.
The top of the Hawthorn is an irregular erosion surface that generally
ranges from about 10 feet above sea level to about 50 feet below sea level
in Manatee County. The Hawthorn is exposed along some streams and
in shallow ditches in several places in the western part of the county.
The thickness of the formation ranges from about 150 feet in the north-
eastern part of the county to more than 350 feet in the southern part,
increasing in the direction of dip of the formation.

The beds of sand and limestone yield artesian water to many domestic
and some irrigation wells. The water is generally less mineralized than
that in the Floridan aquifer. Because of the low permeability and the
thickness of the clay layers, the formation serves as a confining layer for
the water in the underlying limestone formations of the Floridan aquifer.

PLIOCENE SERIES

Deposits of Pliocene age in Manatee County were referred by Cooke
(1945, p- 208-223), to the Bone Valley formation and the Caloosahatchee
marl. The Bone Valley formation consists of sand, gravel, clay, and phos-
phorite pebbles and is supposed to be present in much of the eastern part
of the county. In well 17-11-1, sediments from the interval between five
feet above sea level and about 40 feet below sea level consist of sand and
gravel of quartz and phosphorite, with some clay and impure limestone
near the base. These sediments, which are underlain by the Hawthorn
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formation, probably represent the Bone Valley formation. Material of
similar lithology, in a ditch north of Ellenton, was referred to the Bone
Valley formation by Cooke (1945, p. 208).

The marl, shell, and limestone beds overlying the Hawthorn forma-
tion in the western part of the county were included in the Caloosahatchee
marl by Cooke (1945, p. 223). In some places the Hawthorn formation
is overlain by a thin bed of sandy weathered material containing pebbles
of quartz, phosphorite and bone fragments. In other places it is overlain
by a thin bed of marl containing sand and gravel of quartz and phos-
phorite, marine shells, and bone fragments. These beds, which appear
to be discontinuous and are gcnelal]y less than 10 feet thick, may be of
Pliocene age. The shell and limestone beds at or near the surface tln()u(rh-
out much of the coastal area have been previously referred to the Caloosa-
hatchee marl, but they appear to the author to be of Pleistocene age.

PLEISTOCENE SERIES

Pleistocene sediments older than the Pamlico sand consist predom-
inantly of nonfossiliferous sand which ranges in thickness from a few
feet to about 65 feet. In some places the sediments contain a layer of
hardpan a few feet beneath the surface, which confines the water beneath
it under slight artesian pressure. They are a source of water for small
irrigation and domestic supplies in the eastern part of the county.

The Pamlico terrace is underlain by sand, sandy limestone, and shells.
The beds of limestone and shells generally occur at altitudes less than 20
teet above sea level and pinch out seaward from the Pamlico shoreline.
They were probably deposited during late Pleistocene time. The bed of
ﬁhcll contains a fauna very similar to that of present beach deposits;
however, Cooke (1945, p- 222-223) reports that extinct species have been
found in a bed of shells of apparently the same age in Hillsborough
County. The Pleistocene sediments beneath the surface of the Pamlico
terrace range in thickness from less than 1 foot to about 50 feet and are
tapped by a few domestic wells.

GROUND WATER

PRINCIPLES OF OCCURRENCE

Practically all the usable water of the earth moves through the vast
circulatory system known as the hydrologic cycle. In this cycle, water
condenses from the moisture in the atmosphere and falls as rain or snow.
Then it moves over and beneath the land surface to the oceans and is
returned to the atmosphere. Actually, the cycle may be modified or
completed at any time after the water condenses from the atmosphere,
as evaporation may begin even before the water reaches the earth, ancl
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continues throughout the entire cycle whenever air undersaturated with
moisture has access to the water. Also. great quantities of water are
returned to the atmosphere by the transpiration of plants.

Subsurface water may be divided into two general classes—suspended
(vadose) water and ground water. Suspended water is the water in the
zone of aeration—the zone in which the interstices of the soil or rocks.
whether, full or not, contain water, under less than atmospheric pressure.
Ground water is the water in the zone in which all the interstices are
filled with water under pressure greater than atmospheric. This saturated
zone is the reservoir that vields water to all springs and wells.

The water in the zone of saturation may occur as (1) unconfined
ground water (under nonartesian conditions) or as (2) confined ground
water (under artesian conditions). Where the ground water is not con-
fined, and its upper surface is under atmospheric pressure and is free
to rise and fall, it is said to be under nonartesian conditions. Its upper
curface is called the water table. Where the water is confined in a per-
meable bed that is overlain by a relatively impermeable bed, its upper
surface is not free to rise and fall and it is said to be under artesian
conditions. The term “artesian” is applied to ground water that is con-
fined under sufficient pressure to rise above the top of the permeable bed
that contains it, but not necessarily above the land surface.

An aquifer is a formation, group of formations, or part of a formation,
in the zone of saturation that is permeable enough to transmit usable
quantities of water. Recharge is the process of replenishment of the
aquifer with water, and areas in which it occurs are known as rechargo
areas. Generally, nonartesian aquifers may receive recharge throughout
their extent, whereas artesian aquiters receive recharge only where their
confining beds are absent or somewhat permeable.

The piezometric surface of an aquifer is an imaginary surface to which
water from an artesian aquifer will rise in tightly cased wells that
penetrate the aquifer. Where the piezometric surface is above the land
surface, artesian wells will flow under natural pressure.

GROUND WATER IN FLORIDA

Ground water occurs in Florida under both nonartesian and artesian
conditions. Nonartesian conditions occur generally in the shallow deposits
of sand, gravel, shells, and limestone which constitute many aquifers of
relatively small areal extent. These deposits are the source of many
domestic water supplies throughout the State and also of public and
industrial supplies in areas where the deeper formations contain salty
water. The water in the nonartesian aquifers is supplied chiefly b:\’
infiltration of local rainfall.
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ARTESIAN WATER

Most of Florida is underlain by a thick section of permeable limestone
formations of Eocene, Oligocene, and Miocene ages. These formations
make up an extensive artesian aquifer from which most of the large
ground-water supplies of the State are obtained. Stringfield (1936, p. 125-
132, 146) described the aquifer and mapped the piezometric surface in
1933 and 1934. The name “Floridan aquifer” was introduced by Parker
(1955, p. 188-189) to include “parts or all of the middle Eocene (Avon
Park and Lake City limestones ), upper Eocene (Ocala limestone ), Oligo-
cene (Suwannee limestone), and Miocene (Tampa limestone, and per-
meable parts of the Hawthorn formation that are in hydrologic contact
with the rest of the aquifer).” The artesian water is confined by relatively
impermeable layers in the limestone formations and by the overlying clay
beds of Miocene age which are present in most of the State. The water
in the artesian aquifer is replenished chiefly by rainfall in areas where the
confining beds are absent or sufficiently permeable to permit the passage
of substantial quantities of water from the surface into the limestone.

Piezometric Surface: The configuration of the piezometric surface in
peninsular Florida is shown by contour lines in figure 9. These contour
lines represent the height, in feet above sea level, to which water will
rise in wells that penetrate the Floridan aquifer. The lines indicate the
areas in which recharge occurs and the direction of movement of the
water in the Floridan aquifer. In areas of recharge, the piezometric surface
is relatively high. The water moves away from these areas in the direc-
tion of steepest gradient, at right angles to the contour lines, toward
areas of discharge, where the piezometric surface is relatively low. The
piezometric surface in central Florida forms an elongated dome which is
centered in northern Polk County. This dome indicates that the lake
region of Polk County is the center of a relatively large area of recharge
which probably extends into adjacent counties ( Stringfield, 1936, p. 148).
The water enters the limestone formations in this area through the num-
erous sinkholes that penetrate the confining bed, or at places where the
confining bed is absent.

The small ridge on the piezometric surface in Pasco County indicates
that recharge occurs also in parts of Pasco, Hernando, and Hillsborough
counties. The basin-shaped depression in the piezometric surface in the
vicinity of Tampa Bay is the result of discharge of water from the artesian
aquifer through springs and wells.

GROUND WATER IN MANATEE COUNTY
Ground water in usable quantities occurs in all formations penetrated
by wells in Manatee County. The beds of shell and sand of Pliocene and
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Pleistocene age yield water to many domestic wells. The water in these
deposits is replenished by local rainfall. In some places it is confined
under slight artesian head by layers of hardpan, clay, or limestone.
Reports by drillers indicate that most of the shallow wells in the county
penetrate at least one thin bed of clay or limestone that confines the
underlying water under artesian pressure, although the pressure is not
generally sufficient to produce a flowing well.

ARTESIAN WATER

In Manatee County, as in most of the state, the Floridan aquifer is the
principal artesian aquifer. Probably most of the water in the Floridan
aquifer in Manatee County comes from rainfall that infiltrates into the
aquifer in the recharge area of Polk County. From there it moves south-
westward into Manatee County, as indicated by the configuration of the
contours in figure 9. However, some recharge may occur in the north-
eastern part of Manatee County, where the piezometric surface is con-
siderably lower than the water table and ground water from the non-

artesian aquifer may percolate through the confining beds into the
Floridan aquifer.

The Avon Park limestone and the Ocala group are penetrated by a
tew wells in the county and are probably capable of yielding large
quantities of water, but they have not been used extensively because the
Suwannee limestone and Tampa formation yield enough water to supply
most wells. The water in the Suwannee limestone and the Tampa forma-
tion occurs in permeable zones that are generally separated by layers
of low permeability which retard the vertical movement of water. These
layers are discontinuous and are not completely impermeable, however;
hence, water may move from one to another permeable zone.

The Hawthorn formation, consisting predominantly of clay and marl,
serves as a confining bed for the water in the underlying limestone forma-
tions. Thin beds of sand, shells, and limestone within the formation, which
are generally separated by relatively thick beds of clay, are the source of
many domestic and small irrigation supplies. These permeable beds
within the Hawthorn are generally separated from the Floridan aquifer
by layers of clay or marl.

The piezometric surface of the Hawthorn formation has not been
mapped; thus, the area of recharge is not known. Some recharge, at least
to the upper part, probably occurs in eastern Manatee County. The
lower part of the Hawthorn probably receives considerable recharge
from upward leakage of water from the Floridan aquifer, as the artesian

pressure in the Hawthorn is considerably less than that in the Floridan
aquifer.
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Current-meter Exploration: In order to determine the depth, thick-
ness, and relative productivity of the permeable zones in the limestone
formations, explorations were made in several selected wells with a deep-
well current meter, a device for measuring the velocity of the flow of
water through a well bore. The results of the current-meter traverses,
and other data pertaining to these wells, are shown graphically in fig-
ures 10-16. The velocities are expressed in revolutions per minute (rpm)
of the current meter. Actual flow rates, which are a function of velocity
and cross-sectional area, cannot be computed accurately, as the diameter
of the uncased part of the well bore is not uniforn.

The results of a current-meter traverse in well 27-28-2 are shown
graphically in figure 10, which includes also an electric log of the forma-
tions and a diagram showing the construction of the well. The well was
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Figure 10. Graphs showing data from well 27-28-2, seven miles southeast of
Bradenton.
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flowing at the rate of about 450 gpm while the traverse was being made.
The velocities show that little or no water entered the well below a depth
of 615 feet. Some water entered the well between depths of 615 and 570
feet, but most of the total yield of the well was obtained from the interval
between 560 and 540 feet. The permeable zones of the Tampa formation
above 450 feet yielded some water. The large variations in velocity in
the uncased part of the well probably represent differences in size of
the well bore. The higher velocities in the cased part of the well indicate
that the diameter of the uncased part is considerably larger than eight
inches.

The velocities in well 28-29-3 (fig. 11) were determined when the
well was flowing at the rate of about 60 gpm. They indicate that the
Suwannee limestone yielded no water below a depth of 605 feet and that
most of the water from this formation was obtained from the intervals
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Figure 11. Graphs showing data from well 28-29-3, six miles southeast of Bradenton.
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between depths of 605 and 585 feet and 525 and 505 feet. Most of
the total yield of the well was obtained from the Tampa formation,
between depths of 445 and 405 feet and 365 and 340 feet. The variations
in velocity between depths of 335 and 200 feet are due to differences
in size of the well bore, and they reflect the hard and soft layers in the
Tampa and Hawthorn formations. The higher velocities in the 6-inch

casing indicate that the diameter of the uncased part of the well is more
than six inches.

The velocities in well 28-41-4 were determined when the well was
flowing at the rate of about 60 gpm. They are shown in figure 12. Most
of the water from the Suwannee limestone entered between 590 and 520
feet. Some water was obtained from the Tampa formation between
depths of 480 and 470 feet, but most of the water from this formation
entered the well between 420 and 365 feet. The productive zones
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Figure 14. Graphs showing data from well 30-28-1, seven miles east of Bradenton.
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indicated by the velocities correlate generally with changes in chloride
content and temperature, as shown in the figure.

Well 29-29-4 was flowing at an estimated rate of 110 gpm when the
velocity measurements shown in figure 13 were made. The velocities
indicate that most of the total yield was obtained from the Tampa for-
mation, in the interval between depths of 450 and 360 feet. The large
variations in velocity probably represent differences in the diameter of
the well bore. The decrease in velocity above a depth of 50 feet may
represent a loss of water to a permeable zone in the Hawthorn formation.

Well 30-28-1 was flowing an an estimated rate of 500 gpm when the
velocity measurements shown in figure 14 were made. The velocities indi-
cate that no water entered the well below a depth of 500 feet. Some
water entered the well between depths of 500 and 470 feet and a large
quantity entered between 465 and 430 feet. Most of the water came from
the Tampa formation in the interval between 375 and 350 feet, but some
may have entered the well from the upper part of the formation, between
240 and 230 feet. The large variations in velocity above a depth of 350
feet probably represent differences in the diameter of the well bore.

The velocities in well 38-32-5 were measured when the well was
flowing at the rate of about 400 gpm. They are shown in figure 15. The
velocities indicate that no water entered the well below a depth of 450
feet. A large part of the total yield was obtained from the upper part of
the Suwannee limestone between depths of 450 and 420 feet. Some water
probably entered the well from the Tampa formation between depths
of 380 and 360 feet, but most of the water from this formation entered
between 350 and 325 feet. The decrease in velocity above a depth of
225 feet represents a difference in the size of the well bore, as shown in
the diagram.

Artesian Head: Water-level measurements were made in many wells
during the investigation, to determine the altitude of the artesian pres-
sure head in different parts of the county and in the different formations.
These measurements, published separately as Florida Geological Survey
Information Circular No. 19, show that the water in the Tampa formation
and the water in the Suwannee limestone are under approximately the
same artesian pressure head; however, small differences may occur locally
during periods of heavy withdrawals. The head in the Hawthorn forma-
tion is generally several feet lower than the head in these underlying
formations of the Floridan aquifer.

Because the head in the Floridan aquifer is higher than that in the
Hawthorn formation, water from it moves up through partially cased
wells and flows out into the permeable beds of the Hawthorn formation.
This is illustrated by the graph in figure 16 which shows the results of
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a current-meter traverse in well 29-37-10. This well does not flow at
the surface, and at the time the traverse was made the water level stood
about eight feet below the top of the casing. Water entered the well from
the Tampa formation and the top of the Suwannee limestone in the inter-
val between depths of 450 and 325 feet, moved up the well and out into
the Hawthorn formation above the top of the 6-inch casing, in the
interval between depths of 70 to 60 feet.

Fluctuations of water level in artesian wells range from a fraction
of a foot to several feet and are caused by one or several factors. The
larger fluctuations are generally due to daily and seasonal variations in
withdrawals of water from wells or to recharge from rainfall. Minor
fluctuations are caused by such factors as ocean tides, atmospheric-
pressure changes, winds, earthquakes, and passing trains. These factors
and their effects on water levels are discussed in detail in a paper by
Parker and Stringfield (1950).
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Figure 16. Graphs showing data from well 29-37-10, four miles west of Bradenton.
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Records from continuous recording gages installed on four wells and
water-level measurements made periodically in more than 30 wells pro-
vide information on the fluctuations and progressive trends of the
artesian pressure head in Manatee County. These records show that the
largest fluctuations were caused by the variations in daily and seasonal
withdrawals of water from wells; however, observable fluctuations were
caused by earthquakes, changes in barometric pressure, and ocean tides.
Figures 17 and 18 show hydrographs prepared from records of the con-
tinuous recording gages, and figures 19-23 show hydrographs of 17 of
the wells in which water levels were measured periodically. Water-level
measurements in other wells are listed in table 6.

Measurements of water level in well 26-18-1 were begun in 1941. A
continuous recording gage was installed in February 1945 and is still
in operation. The hydrograph of this well (fig. 17) shows seasonal fluc-
tuations and the general trend of artesian pressure head from June 1941
to December 1956. The seasonal use of artesian water in the area is
indicated by a decline in head during the periods of least rainfall when
large quantities of water were being used for irrigation. The higher head
during periods of greater rainfall may be due partly to recharge, but it
is due principally to a decrease in withdrawal. Seasonal fluctuations of
several feet occurred during the period from 1941 to 1948, but there was
apparently no progressive change in head. As shown by the hydrograph,
the magnitude of the seasonal fluctuations has increased and the head has
declined progressively since 1948, indicating a progressive increase in
both seasonal and perennial use of water. The water level in this well
reached a record low of 32.17 feet above sea level on April 28, 1956.

The hydrographs in figures 19-23 show the effects of seasonal use of
water from 1951 through 1955. Most of them show a slight progressive
decline in artesian pressure head during this period. The lowest water
levels were recorded in April and May 1956.

Earthquake waves passing through the earth’s crust cause a rela-
tively rapid expansion and contraction of artesian aquifers and force
the water levels in wells to rise and fall. The effects of earthquakes on
the water level in well 26-18-1 are shown on the hydrographs in figure
24, which were traced from charts of the automatic recording gage.
The destructive earthquake that occurred in the Dominican Republic
on August 4, 1946, caused a maximum water-level fluctuation of 1.15
feet, and an after shock of this earthquake on August 8, 1946, caused
a maximum fluctuation of 0.17 foot. A severe earthquake in north-
western Costa Rica on October 5, 1950, caused a maximum fluctuation
of 1.55 feet.

The daily changes in atmospheric pressure cause minor fluctuations
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of water levels in most artesian wells. These fluctuations, however, are
often masked by larger fluctuations resulting from local pumping, ocean
tides, or other causes. The effects of atmospheric-pressure changes on
the water level in well 26-18-1, which is not affected by pumping or
ocean tides, are revealed by the hydrographs in figure 24. Periods of
high barometric pressure occur about noon and midnight and are shown
by low water levels at these times. The periods of low barometric
pressure in the early morning and late afternoon are represented by
high water levels on the hydrographs. The magnitude of the fluctua-
tions in this well is generally less than 0.1 foot but may be considerably
greater when barometric pressure changes are greater than normal.
As shown in figure 24, the water level rose 0.45 foot on October 7, 1946,
when the center of a hurricane passed about 40 miles west of the well
at approximately 11:30 p.m. The lowest recorded barometric pressure
at Sarasota was 29.26 inches, and at Cortez it was 28.95 inches, or about
one inch lower than normal.

Piezometric Surface: The contours on the map in figure 25 show the
configuration of the piezometric surface of the Floridan aquifer in
Manatee County in September 1954. The piezometric surface was more
than 65 feet above sea level in the northeast corner of the county and
sloped westward to about 20 feet above sea level along the coast, in-
dicating a general westward movement of water. East of the 30-foot
contour, the piezometric surface has a fairly uniform gradient of about
1% feet per mile. The uniformity of the gradient indicates that no large
quantity of water was gained or lost by the aquifer in this area. West
of the 30-foot contour, the gradient is less than one foot per mile. The
configuration of the 20-foot and 22-foot contour lines indicates that
appreciable discharge is occurring near Palma Sola and Palmetto. As
the quantity of water being withdrawn from wells at the time the
water-level measurements were made was small, the low-pressure
t}‘Ough around Palma Sola shown by the 20-foot and 22-foot contour
lines, is probably due in part to a movement of water from the Floridan
aquifer into the younger formations through unused irrigation wells.

Figure 26 shows the configuration of the piezometric surface in June
1955, during an extended period of dry weather when large quantities
of water were being withdrawn from irrigation wells. The altitude of
the piezometric surface ranged from about 60 feet in the northeast
corner of the county to less than 13 feet in the vicinity of Palma Sola.
A comparison of figures 25 and 26 shows that throughout the county
the piezometric surface was about five feet lower in June than in Sep-
tember; at some places in the western part of the county it was about
10 feet lower. The configuration of the contour lines in the coastal area
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in figure 26 shows that the low-pressure trough in the Palmetto-Palma
Sola area had expanded and deepened as a result of the increased
withdrawals of water from irrigation, industrial, public supply, and
domestic wells. The depression shown by the 20-foot contour line, in
the northern part of the coastal area, was caused by the combined
drawdowns of a large number of irrigation wells.

Depth to Water Level Below Land Surface: Figure 27 shows the
areas of artesian flow and the approximate depth to water, below land
surface, in wells that penetrate the Floridan aquifer. It is based on the
piezometric surface in June 1955 (fig. 26).

The areas of artesian flow are along the coast and in the southeastern
part of the county, and they extend several miles upstream along the
valleys of the major streams. There are several isolated areas within
the areas of artesian flow where the land surface is relatively high and
wells will not flow.

In most of the county water levels are less than 25 feet below the
land surface but in the northeastern part of the county they range in
depth from 50 to more than 75 feet.

Temperature: The temperature of the earth’s crust increases with
depth at the rate of about 1°F for each 50 to 100 feet. The tempera-
ture of ground water generally increases with depth at approximately
the same rate.

Measurements of the temperature of water from many wells were
made during the investigation. The temperature of water in formations
less than 100 feet deep is generally between 74° and 75°F, and that
of water from the Hawthorn formation is between 75° and 77.5°F.
The temperature of water from the Tampa formation generally ranges
from 77.5° to 79°F, according to the depth of the principal producing
zones and the proportion of the total yield of the well that is obtained
from each zone. Water from wells that penetrate the Suwannee lime-
stone and older formations ranges in temperature from about 79° to
more than 84°F, according to the amounts of water obtained from the
various producing zones in both the Tampa formation and the Suwan-
nee limestone as well as in the older formations. Water samples taken
with a deep-well sampler indicates that the temperature of the water
in the Suwannee is 81° to 82°F (fig. 12).

The temperature of the water in the Hawthorn and older forma-
tions generally increases in the direction of dip, because of the in-
creased depth of the various producing zones.
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USE OF WATER

Ground water is the source of practically all irrigation, industrial
public, and domestic water supplies in Manatee County except the
Bradenton municipal supply, which is obtained from the Braden River.
The use of water from that municipal supply averages about 3 million
gallons a day; however, numerous private wells throughout the city
furnish water for lawn irrigation, air conditioning, and other uses.

The individual records of 865 wells are published as Florida Geo-
logical Survey Information Circular No. 19 and their locations are
shown in plate 1 and figure 2. The wells that penetrate the Floridan
aquiter are generally between 350 and 600 feet deep. They range from
3 to 12 inches in diameter, but most of them are 6 to 10 inches in
diameter. They are cased to depths ranging from about 25 to more
than 100 feet. In addition to the surface casing, some wells are lined
with an inner casing to prevent the caving of sand from the Hawthorn
and Tampa formations. The wells generally yield several hundred
gallons per minute, but the yields differ according to the permeability
of the aquifer, the diameter of the well bore, and the thickness of the
aquifer that is penetrated by the well.

Shallow wells range from about 25 to more than 200 feet in depth
and from 1% to 6 inches in diameter. Most domestic wells are two
inches in diameter and yield about 30 to 75 gpm.

There is no practical method for determining accurately the average
daily use of water in the county, because of the large variations in daily
and seasonal withdrawals, and the fact that accurate records of with-
drawal are available for only a few of the many wells. It is roughly
estimated that the average daily use of water in Manatee County is in
the range of 15 to 20 million gallons.

QUANTITATIVE STUDIES

The withdrawal of water from an aquifer creates a depression 1
the water table or piezometric surface around the point of withdrawal.
This depression generally has the approximate form of an inverted cone
and is referred to as the cone of depression. The amount by which the
water surface is lowered at any given point within this cone is known
as the drawdown. The size, shape, and rate of growth of the cone of
depression depend on several factors: (1) the rate of pumping, (2) the
water-transmitting and storage capacities of the aquifer, (3) the in-
crease in recharge resulting from the lowering of the water surface,
and (4) the decrease in natural discharge due to the lowering of that
surface. The yield of the Floridan aquifer in Manatee County is limited
by the extent to which the piezometric surface can be lowered without
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impairing the quality of the water or making the cost of obtaining it
prohibitive.

The principal hydrologic properties of an aquifer are its capacities
to transmit and to store water, for all aquifers serve as both conduits
and reservoirs. An artesian aquifer functions primarily as a conduit,
transmitting water from places of recharge to places of discharge; how-

ever, it is also capable of storing or releasing water, by expansion and
compression.

A measure of the capacity of an aquifer to transmit water is the
coefficient of transmissibility. In customary units, it is the quantity of
water, in gallons per day (gpd) at the prevailing temperature of the
water, that will flow through a vertical section of the aquifer one foot
wide and extending the full saturated height, under a unit hydraulic
gradient. The coefficient of storage is a measure of the capacity of an
aquifer to store water, and is defined as the volume of water it releases
from or takes into storage per unit surface area of the aquifer per unit
change in head normal to that surface.

Pumping Test: A pumping test was made in August 1955 to deter-
mine the transmissibility and storage coefficients of the Floridan aquifer
at one location in Manatee County. Well 34-30-1 was pumped at the
rate of 1,000 gpm for a period of 123.5 hours, beginning at 11 a. m. on
August 22 and ending at 2:30 p. m. on August 27. Water levels were
measured periodically in wells 34-30-2, 34-30-3, and 34-30-4 (fig. 28)
throughout the period of pumping, to determine the rates and magni-
tudes of drawdown at different distances from the pumped well. After

N
34-30-4
EXPLANATION
Pumped well
°
Observation well
o 500 1000 FEET
[ = __ = __ —
34-30-3
34-30-2 L = -
°® 34 -30-1

Figure 28. Sketch of pumping-test site, showing location of pumped well in relation
to observation wells.
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pumping stopped, measurement of water levels in the observation wells
was continued for about 72 hours. Hydrographs prepared from these
water-level measurements are shown in figure 29.

The Theis graphical method (Wenzel, 1942, p. 87-89) was used to
compute the transmissibility and storage coefficients from the draw-
downs in the observation wells. This method relates the drawdowns
in the vicinity of a discharging well to the rate and duration of dis-
charge and is based on several simplifying assumptions, including the
following: (1) the aquifer is of infinite areal extent and is uniform
in thickness, (2) the aquifer is homogeneous and transmits water with
equal facility in all directions, (3) the discharge well penetrates the
entire thickness of the aquifer, (4) there is no recharge to the aquifer
in the area of influence of the discharging well, and (5) the aquifer is
losing water through only the discharging well.

As shown in figures 30 and 31, the data for each of the observation
wells plotted as a separate curve and the upper part of each curve fell
below the type curve. These deviations indicate that the aquifer does
not closely conform to one or more of the conditions assumed in the
Theis equation. The downward deviation of the data curves from the
type curve during the latter part of the test is an indication that the
aquifer was receiving recharge — probably from the overlying Haw-
thorn formation. The data curves were analyzed by using a leaky-
aquifer type curve (unpublished) developed by H. H. Cooper, Jr., of
the U. S. Geological Survey, Tallahassee. The curve for well 34-30-3
best fitted the leaky-aquifer type curve. The results obtained by using
data for well 34-30-3, therefore, are believed to be most representative
of the Floridan aquifer in the area of the pumping test.

The coefficients of transmissibility and storage computed by match-

ing the observed-data curves against the type curves are as follows:

Coeflicient of Transmissibility

Coefficient of Storage
Well Drawdown Recovery

Drawdown Recovery
34-30-3 100,000 96,000 1.1x10-* 1.4x10-*
34-30-4 140,000 140,000 4.3x10-* 4.3x10-*
34-30-2 460,000 480,000 1.0x10-* 8.7x10-*

The data for well 34-30-3 were also analyzed by a method devised
by Cooper and Jacob (1946, p. 526-534), which gave a transmissibility
of 100,000 gpd per foot and a storage coefficient of 1.1x10-* (fig. 32).

Theoretical Drawdowns: The results of the pumping test indicate
that the transmissibility coefficient of the Floridan aquifer near the test
site is about 100,000 gpd per foot and the storage coefficient is about
0.00014. The coefficients of transmissibility and storage may differ con-
siderably from place to place, and because of this, it is not practicable to
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predict drawdowns in one place on the basis of aquifer properties deter-
mined in some other place. However, in order to illustrate how water
levels are affected in the vicinity of a pumping well, figure 33 was con-
structed. This figure shows theoretical drawdowns in the vicinity of a
well pumping at the rate of 1,000 gpm from an aquifer having a trans-
missibility coefficient of 100,000 gpd per foot and a storage coeflicient
of 0.00014.

QUALITY OF WATER

The water that falls on the earth’s surface as rain or snow is practi-
cally free of dissolved mineral matter except for small quantities of
atmospheric gases, smoke and dust. Therefore, the mineral constituents
and degree of mineralization of ground water depend generally upon the
composition and solubility of the soil and rocks through which
the water passes, and upon the time of contact. In some cases mineraliza-
tion of ground water may result from the mixing of relatively fresh water
with highly mineralized, residual sea water within the water-bearing
formations.

Chemical analyses of the water from 137 selected wells in Manatee
County (fig. 34) were made by the Quality of Water Branch of the U. S.
Geological Survey (table 5). The wells range in depth from about 50 to
more than 700 feet. In addition to these analyses, the chloride content
of water from about 750 wells and the hardness of water from 287 wells
were determined during the investigation and the results are published in
Florida Geological Survey Information Circular No. 19.

Constituents and Properties: The principal mineral constituents and
physical properties of water from wells in Manatee County are discussed
below. The concentrations of mineral constituents are given in parts per
million —1 ppm is approximately equivalent to 8.34 pounds per million
gallons of water. Specific conductance is expressed in micromhos at 25°C,
and the hydrogen-ion content in standard pH units. The tolerable limits
given for the ions, unless stated otherwise, are taken from standards
prescribed by the U. S. Public Health Service (1946).

Calcium: Calcium (Ca) is dissolved from limestone, which is predom-
inantly calcium carbonate, by water containing carbon dioxide. Calcium
Is a principal cause of hardness in water.

Water from wells that penetrate the Suwannee limestone or older
formations was generally a composite of water from the Tampa formation
and the Suwannee limestone and contained 50 to 320 ppm of calcium.
The calcium content of water from the Tampa formation, ranged from
50 to 325 ppm. The Hawthorn and younger formations yielded water
having a calcium content of 36 to 204 ppm.
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Magnesium: Magnesium (Mg) is dissolved principally from dolomite
or dolomitic limestone, and, like calcium, it causes hardness. As magne-
sium is one of the principal mineral constituents of sea water, ground
water that has been contaminated with sea water has a relatively high
magnesium content.

The magnesium content of water from the Suwannee limestone and
older formations ranged from 28 to 167 ppm. Water from the Tampa
formation contained 13 to 113 ppm, and water from the Hawthorn and
younger formations contained 5.8 to 99 ppm, but generally less than 50
ppm.

Sodium and Potassium: Sodium (Na) and potassium (K) are dis-
solved in small amounts from many types of rocks but they constitute
only a small part of the total mineral content of fresh ground water. The
sodium content of water that has been contaminated with sea water is
generally high, as sea water is primarily a solution of sodium chloride.

Water from the Suwannee and older formations contained 0 to 628
ppm of sodium and potassium; water from the Tampa formation con-
tained 0 to 246 ppm; water from the Hawthorn and younger formations
contained 0 to 218 ppm. ‘

Bicarbonate: Bicarbonate (HCO;) in ground water is obtained from
the solution of limestone and other carbonate rocks by water containing
carbon dioxide.

Water from the Suwannee and older formations has a bicarbonate
content of 102 to 264 ppm, and water from the Tampa formation had a
bicarbonate content of 162 to 270 ppm. The bicarbonate content of water
from the Hawthorn ranged from 48 to 557 ppm, but it was generally
higher than that of water from the Floridan aquifer.

Sulfate: Sulfate (SO.) in ground water may be due to the oxidation
ot sulfides or to the solution of sulfates of calcium, magnesium, sodium,
or potassium that were deposited by the sea. Large quantities of sulfate
salts in water may impart a bitter taste and have a laxative effect. Sulfates
of calcium and magnesium cause boiler scale. The tolerable limit of
sulfate in drinking water is considered to be about 250 ppm.

Water from the Floridan aquifer in Manatee County is generally high
in sulfate. Wells penetrating the Suwannee and older formations yielded
water having a sulfate content of 22 to 803 ppm (fig. 35). Water from
the Tampa formation contained 22 to 750 ppm (fig. 36). Water from the
Hawthorn and younger formations contained 5 to 550 ppm, but generally
less than 200 ppm.

Chloride: Chloride (Cl) in small quantities may be dissolved from
most rocks and soils and is found in large quantities in water that has
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been contaminated by sea water. Chloride salts do not generally decrease
the potability of water except when present in sufficient quantity to cause
a salty taste. Water high in chloride content is very corrosive to metal
surfaces and is harmful to most cultivated plants.

The chloride content of water from wells in Manatee County is dis-
cussed in detail in this report under the heading “Salt-Water Contamin-
ation.” The chloride content ranged from 12 to more than 1,500 ppm in
water from wells that penetrate the Suwannee limestone and older forma-
tions (fig.37) and from 10 to 920 ppm in water from wells that penetrate
only the Tampa formation (fig. 38). The chloride content of water in
the Hawthorn and younger formations ranged from 8 to more than 400
ppm (fig. 39) except at the north end of Anna Maria Island, where it
was as much as 44,000 ppm. The extreme saltiness of the water is
apparently due to the solution of mineral salts that were deposited
in the formation.

Iron: Tron (Fe) occurs in almost all rocks, but the quantity dissolved
by ground water is generally very small in comparison with other con-
stituents. Iron in water causes stains on plumbing fixtures and clothing,
and in concentrations greater than 0.5 to 1.0 ppm it can be tasted. Iron
can generally be removed from water by aeration and filtration.

Fluoride: Fluoride (F) is found in very minor amounts in most ground
water. Water containing fluoride in excess of 1.5 ppm may cause mottling
of the enamel of children’s teeth during formation (Cox and Ast 1951, p.
641-648); however, in concentrations of 1.5 ppm or less, fluoride tends
to reduce tooth decay in children and is added to many public supplies
for this reason.

Dissolved Solids: The dissolved-solids concentration represents the
approximate amount of mineral matter dissolved in the water. Water
containing less than 500 ppm is generally of good chemical quality,
according to U. S. Public Health Service standards, and water contain-
ing up to 1,000 ppm may be used for public supplies if a less mineralized
water is not available.

The dissolved solids of water from wells penetrating both the Suwan-
nee limestone and older formations range from 382 to 3,560 ppm. The
concentration of dissolved solids in water from these wells is shown in
figure 40. Figure 41 shows the concentration of dissolved solids in water
from wells penetrating the Tampa formation, the range being from 376 to

1,700 ppm.

Water from the Hawthorn and younger formations had a dissolved-

solids content ranging from 216 to 1,620 ppm, but most of the water had
350 to 600 ppm.
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Hardness: The hardness of a water is due almost entirely to the salts
of calcium and magnesium. Hardness caused by calcium and magnesium
equivalent to the carbonate and bicarbonate is referred to as carbonate
hardness. Hardness caused by the chlorides, sulfates, and nitrates of
calcium and magnesium is known as noncarbonate hardness. The most
noticeable effects of hardness are the formation of soap curds and the
lack of suds when soap is added to the water. Hard water also causes a
scale in boilers or vessels in which the water is heated.

Water having a hardness of less than 50 ppm is generally satisfactory
for most purposes. Hardness between 50 and 150 ppm does not seriously
interfere with the use of water for most purposes but does increase the
use of soap and is generally objectionable to people who are accustomed
to soft water. Water having a hardness of more than 150 ppm is rated
as hard and is commonly softened for domestic and other uses.

Figure 42 shows the hardness of water from wells that penetrate the
Suwannee and older limestones; it ranged from 240 to 1,680 ppm. Figure
43 shows the hardness of water from the Tampa formation; it ranged
from 228 to 1,090 ppm. Wells that did not penetrate the Floridan aquifer
vielded water ranging in hardness from 140 to 916 ppm, but the hardness
was generally less than 500 ppm.

Specific Conductance: The specific conductance of water is a measure
of its capacity to conduct an electric current and depends on the concen-
tration and ionization of the minerals in solution. It is useful in determin-
ing the mineralization of a water. The specific conductance of water from
the Floridan aquifer in the county ranged from 473 to 5,260 micromhos.

Hydrogen Sulfide: Hydrogen sulfide (H.S) is a gas that gives water
an objectionable odor and causes corrosion of plumbing. It can be
removed by aeration. Water containing hydrogen sulfide is often referred
to as “sulfur water.” No determinations were made of the hydrogen
sulfide content of water from wells in Manatee County; however, the
gas is present in water from most wells that penetrate the Hawthorn
and older formations.

Hydrogen-ion Concentration (pH): The pH value of a water indicates
the instantaneous concentration of hydrogen ions. Water that has a pH
of 7.0 is said to be neutral. Water having a pH of less than 7.0 is acidic
and may be corrosive; water having a pH greater than 7.0 is alkaline and
not generally corrosive. The pH of water from the Floridan aquifer in
Manatee County ranged from 7.2 to 8.5, and the pH of water from the
vounger formations ranged from 7.3 to 8.2.
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SALT-WATER CONTAMINATION

In coastal areas where the water-bearing formations are hydraulically
connected to the sea, the depth to salt water is directly related to the
height that fresh water stands above sea level. The lowering of the water
table or artesian pressure head in such areas may permit sea water to
enter the water-bearing formation and contaminate the fresh water.

Salty water is present in the Floridan aquifer at relatively shallow
depths throughout much of the coastal area of Florida. At some places,
the lowering of the artesian pressure head by the withdrawal of large
quantities of water from wells has caused the encroachment of sea water
into the aquifer. In most of the coastal area, however, the head is suffi-
ciently high to prevent encroachment of water directly from the sea; thus,
the extensive occurrences of salty water are probably due to residuals of
sea water that entered the aquifer prior to Recent time.

The Floridan aquifer was partly filled with sea water several times
during the interglacial stages of the Pleistocene epoch, when the sea stood
above the present level. Since the last recession of the sea, the circulation
of fresh water through the aquifer has been gradually diluting and flush-
ing out the salty water. In much of the coastal area, the flushing
is incomplete and a part or all of the water-bearing formations still contain
water which, although considerably less salty than sea water, is too salty
for most uses. The dilution and flushing of the salty water will continue
as long as the artesian pressure head remains relatively high. Excessive
lowering of the head will retard the flushing action and may cause an
upward movement of the salty water from the lower zones of the aquifer,
except where such movement is prevented by impermeable beds. If the
head is lowered far enough, the seaward movement of water in the aquifer
will be reversed, and thus will permit sea water to enter the aquifer.

The dissolved mineral matter in sea water consists predominantly of
chloride salts. The chloride content of ground water, therefore, is
generally a reliable index of contamination by sea water. Water samples
from about 750 wells were analyzed to determine the chloride content of
the water in the Floridan aquifer and in the Hawthorn and younger
formations.

The analyses show that in most of the county the water in the Floridan
aquifer has a chloride content of 25 ppm or less. In western Polk County
the water in this aquifer has a chloride content of about 10 ppm, and in
eastern Manatee County, about 15 ppm. It gradually increases westward,
in the direction of ground-water movement. The principal constituents
of water from selected wells that penetrate the Floridan aquifer (see
line A-B in fig. 34) are shown graphically in figure 44, to illustrate the
increase in mineral content of the water as it moves toward the coast.
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As shown in figures 37 and 38, the water in the Floridan aquifer in much
of the coastal area has a chloride content ranging from 26 to more than
500 ppm. The areas of highest chloride content are generally the areas
of lowest artesian pressure head (fig. 25, 26); however, the mean artesian
head along the coast is sufficiently high to prevent sea water from entering
the aquifer at depths less than about 650 feet.
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Figure 44. Graph showing the principal constituents of water from selected wells
along line A-B in figure 34.

Two wells on Mullet Key, about five miles north of Anna Maria Island,
yield water from the Floridan aquifer having a chloride content of about
900 ppm. A well on the Sunshine Skyway, about three miles south of
the Pinellas County peninsula, yields water from the Floridan aquifer
having a chloride content of 1,350 ppm. The relatively low chloride
content of water from these wells indicates that most of the salt water
has been flushed from the upper part of the Floridan aquifer in an area
extending a considerable distance offshore.

As shown in figure 38, the water from the Tampa formation contains
less than 250 ppm of chloride throughout most of the coastal area. This in-
dicates that most of the salty water has been flushed out by the circulation
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of fresh water, although a few wells at the northern end of Anna
Maria Island yield water from the Tampa formation containing as much
as 460 ppm of chloride. The flushing of the salty water from the Suwan-
nee limestone and older formations is less complete than it is from the
Tampa formation (fig. 37, 38). The water from wells that penetrate the
Suwannee limestone and older formations is principally a composite of
water from the Tampa formation and Suwannee limestone, and it contains
less than 500 ppm of chloride in most of the coastal area. However,
several deep wells in the vicinity of Palma Sola Bay yield water having a
chloride content ranging from about 1,000 ppm to more than 1,500 ppm.
The chloride content of the water in the Suwannee limestone and older
formations is probably much higher than indicated by the analyses of the
composite samples.

Water samples were collected at various depths in selected wells to
determine the chloride content of water from the different producing
zones. As indicated by graphs in figures 12, 15, 45, and 46, the saltier
water enters the wells from the deep producing zones and is diluted by
fresher water from other producing zones as it moves up the well bore.
For example, the analyses of samples collected in well 28-41-4 (fig. 12)
show that the chloride content of water from the Suwannee limestone at
the bottom of the well was about 2,400 ppm, whereas at a depth of 500
feet, where additional water entered the well, the average chloride con-
tent was about 900 ppm. At a depth of about 380 feet, where a consider-
able quantity of water entered the well from the Tampa formation, the
average chloride content was about 550 ppm.

Periodic analyses of water samples show that the chloride content of
the water changes with changes in artesian pressure head. Generally, a
decrease in head is accompanied by an increase in chloride content, and
vice versa (fig. 20, 22). This relationship indicates that the lowering
of the head causes an upward movement of the salty water from the deep
formations. The relationship may also reflect variations in the proportion
of the total yield of the well that is obtained from each producing zone.
During periods of heavy withdrawal, the head in the Tampa formation
in localized areas is slightly less than the head in the deeper formations.
During such times, the proportionate yield from the deeper formations is
increased, and the chloride content of the water is higher.

Although the periodic determinations of chloride content indicate that
the lowering of the artesian pressure head causes an upward movement
of salty water from the deeper formations, they do not show any lateral
expansion of the contaminated area. However, a continued decline of
the piezometric surface in the coastal area will eventually result in lateral
encroachment from the ocean. Lateral encroachment can be prevented
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Figure 45. Graph showing data from well 27-36-1, four miles southwest of Bradenton.
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and upward encroachment retarded by avoiding excessive drawdown,
through the use of proper well spacing and controlled discharge rates
in the coastal area.

SUMMARY AND CONCLUSIONS

The investigation of the ground-water resources of Manatee County
consisted primarily of collecting and evaluating data from more than
900 private and public wells. The principal results are summarized
below:

The county is underlain below depths ranging from about 175 to 375
feet, by a thick section of limestone consisting of formations of Eocene,
Oligocene, and Miocene ages. The limestone formations penetrated by
water wells are the Avon Park limestone and the Ocala group of Eocene
age, the Suwannee limestone of Oligocene age, and the Tampa formation
of early Miocene age. These formations are overlain by the Hawthorn
formation of middle Miocene age, which consists of interbedded marl,
limestone, and sand. The Hawthorn is overlain by deposits of sand, clay,
shells, and limestone of Pliocene and Pleistocene age, which range in
thickness from a few feet to about 90 feet.

Water in usable quantities generally occurs in all formations pen-
etrated by wells. The sand, limestone, and shell beds of Pliocene and
Pleistocene age yield water to many domestic wells. The water in these
deposits is replenished by local rainfall. The Suwannee limestone and
Tampa formation, which form a part of the Floridan aquifer, are the
principal sources of ground water in the county. The water in these
formations occurs in permeable zones separated by relatively impermeable
layers which retard the vertical movement of the water. The water is
replenished by rainfall in northern Polk County and, possibly, in north-
eastern Manatee County. The Hawthorn formation serves as a confining
layer for the water in the Floridan aquifer. Beds of sand, shells, and
limestone within the Hawthorn are the source of many small irrigation
and domestic water supplies.

The artesian pressure head of the water in the Hawthorn formation is
generally several feet lower than that of water in the Floridan aquifer.
Because of this difference in head, water from the Suwannee limestone
and Tampa formation leaks upward into the permeable beds in the Haw-
thorn formation through wells that are open to all these formations. The
depression in the piezometric surface in the vicinity of Palma Sola (fig.
25) is probably due in part to such leakage through unused irrigation
wells.

Water-level records show that significant changes in artesian pressure
head result from daily and seasonal variations in withdrawal of water
from wells. During periods of heaviest withdrawal, the piezometric
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surface is lowered four or five feet throughout the county and as much
as 10 feet at some places. The increase in both seasonal and perennial
use of water since 1948 has resulted in a progressive decline of artesian
head in parts of the county and a progressive increase in the magnitude
of seasonal fluctuations.

Because of the decline in head, pumping is necessary in many areas
where sufficient quantities of water were formerly obtained by natural
flow. In other areas, the depth of the water below the land surface has
exceeded the lift capacity of centrifugal pumps, and turbine pumps must
now be used.

The chloride content of the artesian water in most of the county is
about 15 to 25 ppm, but in a zone about 3 to 10 miles wide along the
coast it ranges from 26 to more than 1,500 ppm. This indicates that the
ground water is contaminated by salt water. The salty water is probably
a diluted residue of sea water which entered the aquifer during Pleisto-
cene times and which has not been completely flushed from the aquifer.
The mean artesian head along the coast is sufficiently high to prevent the
encroachment of salt water directly from the sea.

A few wells yield water containing more than 400 ppm of chloride
from the Tampa formation, but the water in the Tampa generally contains
less than 250 ppm of chloride, indicating that most of the salt water has
been flushed out. The flushing is less complete from the Suwannee lime-
stone, in which the water at some places contains more than 2,000 ppm
of chloride. Throughout most of the coastal area, however, the chloride
content of water in the Suwannee is less than 500 ppm. The water in the
Eocene formations along the coast is probably too salty for most uses.

Periodic determinations of chloride content show that the chlorinity
of the water changes with significant changes in artesian pressure head.
Some wells that show a progressive decline in head show also a progres-
sive increase in chloride content, indicating that the lowering of head
causes an upward migration of salty water from the deeper formations.

Little or no expansion of the contaminated area has occurred during
the period of investigation; however, if the piezometric surface continues
to decline in the coastal area, lateral encroachment from the ocean will
eventually result. Lateral encroachment can be prevented and vertical
encroachment retarded by avoiding excessive drawdowns, through the
use of proper well spacing and controlled discharge rates in and adjacent
to the contaminated area.
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