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ABSTRACT

The water table in the Ocala limestone is the local base level of erosion in sou theastern Alachysy
The basin of Orange Lake has developed in that area as a result of the erosion of insoluble sediments
plateau and solution of the Ocala limestone to that water plare. Usually, the [ake fluctvates with ifg
table. The lake water sometimes becomes perched when impervicus lake sediments prevent loss of
through the lake bottom and solution channels into the underlying permeable limestone. This sif
may develop when the water table falls during periods of diminished rainfall. The recent low stand of
in Orange Lake was cauged by factors in addition to the prevailing drought conditions. The regions}
table in the limestone fell below the Iake bottomn. This resnlted. in suScient hydrostatic pressure to'i
sediments plugging a sinkhole. The lake level suhsequently fell considerably, due in large part to the lianiiy
of water discharged into the underlying limestone through the sink. ;

Santa Fe Lake, located in northeastern Alachua County, is largely sealed off from the principal agy
the Ocala Imestone, by Fleistocene clayey sands and relatively impervious sediments of the Hawih
formation. Sufficient rain water from the youthful plateau of pine-palmetto flatlands, swamps, and m;
slowly drains and seeps into the lake to largely offset losses from evaporation, transpiration, and seep
even during drought periods. In addition to discharge by seepage in an eastward direction through sui
sands, overflow into a swampy area north of the lake oceurs at times of unusually high water, Thes
tions resulf in a more stabilized lake level than that of Orange Lake.

Even though the Hawthorne formation and surficial sands are superimposed on the Ocala limest
the region of Levys Prairie lakes, that part of Putnam County is a recharge area of the Eocene limesta
In this region the upper part of the Hawthorne formation contains considerable carbonate. Solution's o
Tawthorne sediments and the Ocala Yimestone has resulted in slampage that breached the superin;
relatively impervious sediments, thus facilitating and, in some cases, atlowing free downward moveih
water to the principal aquifer, the Ocala limestore. A sink is known to connect one Levys Prairie lak
underlying pervious sediments. The lakes fluctuate markedly with periods of drought and abundant
fall. The lower parts of this prairie surface coincide approximately with the piezemetric surface of the vt
in the Eocene limestones. It appears that the piezometric surface in this area of subsurface drainage is
as a temporary base level of evosion despite the surficial inscluble sediments. The tepography con
markedly with the area of Orange Lake from which maost of the insoluble materials of the plateau haw

eroded away.

INTRODUCTION

During the recent dry wyears of 1954
through 1956 considerable concern devel-
oped in regard to decreasing lake levels
throughout north-central peninsalar Flor-
ida. Some lakes became dry, others partly
dry, and stiil others maintained a rather
constant level. Interest in Florida lakes is
likely to become more intense as the popula-
tion of the state continues to grow and
fishing and resort activities intensify. An
understanding of the lakes cannot be fuily
realized without knowledge of their origin.

The graph (fig. 1) gives precipitation
data for the Gainesville area over the last

! Manuscript received September 16, 1958,
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twenty years. Also, surface levels of Orang
Lake and Lake Lochloosa are indic
The precipitation readings in the grap
from an area near the border of the w
shed of Orange Lake, The average annua
precipitation falling throughout the water
shed is not available. It is believed:
the readings for the Gainesville aréa
representative and adequate for the
poses of this paper. The average ann
precipitation for the 3-year period from:
through 1956 was approximately 43 in
The average annual precipitation for:
11-year period from 1940 through 1950 ¥
535 inches. Thus, during the perjod..wh
the lake levels were falling, the annual pre
cipitation averaged 12 inches less thal




year period from 1940 through 1950.
uration of a period of subnormal

ces Study Commission (1936, p. 30),
stated in regard to the 1954-56 dry
“Although rainfall deficiencies in
12-month period were not of record
ons, the prolonged nature of the de-
¢y coupled with less than normal rains
the intervening normally wet season
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eastern Alachua County and Levys Prairie
lakes of western Putnam County are treated
briefly. These latter lakes are different in
origin from Orange Lake and were selected
to illustrate additional factors in the origin
and hydrology of lakes in north-central
Florida. Principles brought out in the study
can be applied to the other lakes in the
region. Locations are shown on figure 2.

In this part of Florida, lake water is
lost largely by downward drainage through

PRECIPITATICN AND LAKE LEVELS
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G, 1.—Graph of precipitation and lake levels of Orange Lake and Lochloosa Lake. Annual precipitation
cated by the histogram, The scale in inches of precipitation is given on the leflt. The arithmetic mean
bithly lake levels for Orange Lake is plotted with dots and connected by a continuous line; Lochloosa
les and dashes. Scale in fect above mean sea level is given to the right. The level at which Cross Creek
 to flow during the interval 195458 is indicated by C. Point O represents the lowest stand of Orange

ted in one of the severest droughts
cord. Tn many sections of the state,
ticularly in central and northwest Flor-
water levels of 1956 were the lowest
cord.”

For this report, Orange Lake, located
utheastern Alathua County, was se-
d for primary consideration because
the interesting geologic contrels in its
gin and behavior. Santa Fe Lake in north-

whereas the lowest level of water in Orange Sink is indicated by 5.

underlying pervious sediments or selufion
cavities, lateral seepage, discharge through
surface streams, evaporation, and transpira-
tion. Many lakes have no surface streams
feeding into them, Some lakes continuously
or intermittently overflow into creeks or
rivers, whereas others have no surface outlet.
Subsurface drainage often assumes unusual
importance because of the high permeability
of underlying materials, A consideration of
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F1e. 2—Block diagram of Alachua County and vicinity
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ors in the behavior of each lake selected
discussion wili be undertaken.

ecause of the significance of subsurface
inage, brief mention of ground-water
ditions in north-central Florida is neces-
; before discussing the individual lakes.
ewlise mecessary are comments COncern-
“ the major physiographic regions of
chua County and of areas adjoining that
nty to the east and northeast.

FLORIDAN AQUIFER

The Floridan aquifer is a part of one of
mous aquifer systems of North Ameri-
1t contains some Miocene and Oligocene
s but consists mainly of the Ocala (Eo-
¢) and older porous and permeable lime-
nes. Qutcrops of the Ocala limestone oc-
throughout a large region in west-central
insular Florida. This area of Ocala lime-
ne outcrop is structurally the Ocala arch,

ongate dome with several transverse
s. The Hawthorne formation (Miocene)
phosphatic sands, clays, and limestones
an aquiclude over the Ocala through-
arts of Florida, making for artesian
tions in varipus areas of the state.
s the degree of permeability of the Haw-
me formation as compared to that of
Ocala and older limestones that results
tesian conditions. In the region dis-
d in this report there are very few
a5 in which Hawthorne sediments will
1d some water to wells, Many lenses
| beds of this formation yield considerable
ahtities of water. Other lenses composed
y and sandy clay act as an aquifuge.
The hydrostatic pressure level of the
water in the Eocene and older lime
nes is shown in ﬁgure 3, The imaginary
ace, measured in feet above sea level,

ssing the hydrostatic head of Water
aquifer is referred to as the plezometric
ce, Thus, as used in this report, the
fplezometric’’ does not necessarily in-
¢ artesian conditions. In such areas
stern Alachua County the plezometric
ce is the water table in the Ocala lime-
+ However, in much of the pleatean
lachua and Putnam counties, water
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in the Eocene limestones will rise in tightly
cased wells considerably above the aquifer.
Tn the lower ateas of the Florida peninsula
the pressure is sufficient in the artesian
system to raise water above the surface
of the ground and thus produce flowing
wells,

A piezometric high—called the southern
high—occurs in Polk County {eabt of the
city of Tampa, fig. 3); and another high—
the northern high—exists in northeastern
Alachua,; northwestern Putnam, ahd parts
of Clay and Bratlford counties (near Santa
Fe Lake, fig. 3). The areas of piezometric
highs are topographic highs and are under-
laid by the Hawthorne formation. In these
areas recharge through the Hawthorne is
most rapid through sinkholes. The relation-
ship of the piezometric surface of the water
in the Eocene limestones to various iypes
of ldkes is illustrated in figure 4. In areas
of topographic highs the surfaces of lakes
that ate directly connected by open, under-
ground channels to the Ocala limestone cor-
respond closely with the piezometric surface,
Tor a general treatment of ground-water
conditions in central and northern Florida
the reader is referred to the report by Cooper
et al. (1953).

TOPOGRAPHIC REGIONS OF ALACHUA COUNTY

According to Sellards (1912, p. 34), Alach-
ua County can be divided into three phys-
iographic areas: (1) A plateau ranging in
elevation frem 150 to 200 feet above sea
level occurring throughout the north-central
and much of the northeastern pairts of the
county. Santa Fe Lake is located in this
plateau, (2) A western plains region devel-
oped on the Ocala limestone and varying
mostly from 80 to 90 feet in elevation.
(3) An area in the south-central ahd south-
eastern parts of the county characterized
by flat-bottomed lakes and prairies and ero-
sional remnants of the plateau. Orahge Lake
occurs in this akea,

The importance of the Ocala arch in
the development of the present topography
cannot be overlooked. The Ocala limestone
has bheen uplifted in the western, south-
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EXPLANATION

Contour lines represent the hydrostatic
level of water in the Floridan aquifer as ob-
served in tightly cased wells.

25 0 25 50 75 16b
HTrH  —— | Emm—]
APPROXIMATE SCALE IN MILES

CONTOUR INTERVAL 10 FEET
DATUM IS MEAN SEA LEVEL

Tuken from map published by the
FLORIDA GEOLOGICAL SURVEY
Seéptember, 1949

F1c. 3.—Piezomelric surface of water in Eocene limestones




af, and southeastern parts of Alachua
aty as part of the eastern flank of the
This structure is the result of both
nd post-Hawthorne uplift. The Haw-
e formation was Iaid down as the seas
ached on this area during the Miocene,
horne sediments originally covered all
unty but now have been largely eroded
except in the plateau area (fig, 2).

nudation of the Hawthorne sediments
e Ocala arch resulted in a limestone
iin. As the overlying insoluble sediments
he Hawthorne formation were eroded
tirface processes and the Ocalalimestone
ached, underground drainage became
ant ahd karst topography developed.
karst surface in western Alachua Coun-
as. been reduced to a limestone plain
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Prevalent, however, are circular depressions
produced by slight slumpage. They can be
detected by clumps of cypress trees in an
area otherwise forested by pine and pal-
metto, Subsidence of a few inches to several
feet has occurred to produce small basins.
Shallow intermittent and permanent lakes
are present in many of the depressions,

In the eastern portion of the plateau
(from the town of Hawthorne eastward and
northeastward, fig. 2), subsurface drainage
and solution features again dominate the
topography. This region is characterized by
hopper-shaped sinks and circular lakes rem-
iniscent of kettle holes in glacial outwash
plains, The same formations underlie this
part of the plateau as the western platean
section. Tn fact, throughout much of this

DIAGRAMATIC CROSS SECTION, ALACHUA AND &!LEVY COUNTIES

: sediments are still to be found under-
hills and slumped into sinkholes. At
esent time, the water table in the

ty is characterized by stream drainage.
ghout this western part of the plateau

lution features are present hut are
dinate. Only a few collapse sinks occur.

area the post-Eocene formations are thicker.
The changes in drainage and topography
result from an increase in the quantity of
calcareous materials in the upper part of
the Hawthorne formation and the thicker,
coarser, and more sorted character of the
overlying sands.

ORANGE LAKE
LOCATION, SIZE, AND RECENT FLUCTUATIONS

Orange Lake, located in the southeastern
part of Alachua County (fig. 2), is a world
renowned fishing and resort lake. For many
years this lake has had an important eco-
nomic influence on surrounding areas he-
cause of its value as a tourist attraction
as well as its climatic effects. Large citrus
groves are concentrated around the southern
and southwestern borders.
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The watershed of Orange Lake covers
210,000 acres (Rowland, 1957). According
to Sellards (1910, p. 66), Newnans Lake
at one time drained through Prairie Creek
into Orange Lake. Later, Prairie Creek was
captured by the development of Paynes
Prairie and Alachua Sink (fig. 2}. Now,
through a system of canals and pumps the
drainage from Newnans Lake is channeled
hack into the drainage area of Orange Lake.
The water in Orange Lake normally flows
through Orange Creek to the Oklawaha
River and thence to the Atlantic Ocean
by way of the St. Johns River.

The size of Orange Lake has varied con-
siderably. Over the last 15 or 20 years
the lake has covered an area averaging per-
haps 16,000 acres. Data collected by the
Surface Water Branch of the United States
Geological Survey show that during this
time the lake surface has ranged in elevation
from. a high of approximately 61.5 feet above
mean sea level in November, 1941, to a
low of 50.06 feet in August, 1936. An eleva-
tion of approximately 57.5 feet is considered
as the normal elevation of the lake surface.

During January, 1934, the lake level be-
gan to drop, and by late summer of 1956
Orange Lake covered approximately 5,000
acres, less than one-third its average size.
The main channel leading from the lake
into Orange Creek dried in the summer
of 1955. The principal drainage of the lake
after the water fell below the outlet channel
was through a large sinkhole in the south-
western part of the lake area. Interested
groups began to meet and formulate plans
to restore the lake level. However, by the
spring of 1958 the lake again had risen
to its normal level as a result of abundant
rains and a rising water table.

That the low level of water in Orange
Lake was due largely to underground drain-
age through the large sinkhole located in
the southwestern part of the lake area is
indicated by the fact that Newnans Lake
(fig. 2), located higher in the same drainage
system and recelving less surface runoff,
fell only a fraction of that of Orange Lake,
In August, 1956, Orange Lake had lowered
8 feet helow normal, whereas Newnans Lake
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had lowered only 2 feet (Rowland;:
p. 116). If evaporation and transpix
over pre(:ipltatlon were the major f3
the water in Newnans Lake should
fallen at least as much as Orang
Observations at the Orange Lake g
showed water draining into the sink
flowing downward into a large open‘
the Ocala limestone.
The behavior of Lake Lochloosa i
indicates the important part played b
sinkhole in the drainage of Orange 1,
Lake Lochloosa (fig. 2) drains through’
Creek into Orange Lake. At hig
the Auctuations of these two lakes ar
relative. Usually, the level of Lake
loosa is a fraction of a foot higher
that of Orange Lake. However, whe
level of Lochloosa falls helow 55.4 fae
elevation of the highest part of the b
of Cross Creck, the two lakes act
pendently, During the recent low le
water, after Cross Creek dried in the gy
of 1954, Orange Lake dropped more
than Lake Lochloosa. At the loweg
of the water the surface of Lake Loc¢
was about 4 feet higher than that of
Lake proper and 8 feet higher thal
water in the Orange Lake sinkhole,
Drainage of lake water into a sub
nean passage in limestone is not a ne
unique event for Alachua County. W
historic time Alachua Lake, a body-of
that covered an extensive area to th
west of Orange Lake, fluctuated-
a shallow lake and a prairie. Prio
drainage in 1891, Alachua Lake wis
as a shipping route for citrus produc
extensive prairie and marsh that:h:
veloped on the lake floor is mow k
as Paynes Prairvie (ig. 2). o
The development of such flal-l
lake basins and prairies represents &p
phase in the physiographic developm
the region. It must be emphasize
the phyblographlc changes that have
place in southeastern Alachua Cour
ing historic times have been insignif
But the interest shown by the publi
cerning the recent low level of Orange
stimulates speculation concerning th



e of the ground-water level in the
ppment of major physiographic areas
vts of west-central and north-central
sular Florida, where pure, permeable
tones occur at the surface throughout
sive areas, That part of Alachua Coun-
‘which Orange Lake occurs represents
iich example in which the ground-water
‘has played a controlling role in the
opment of the topography.

IMPORTANCE OF WATER TABLE
IN CARBONATE TERRATN

e behavior of the water table in car-
e terrains is different from that in
cof surface drzunage Durlng normal

e area is reduced. This results because
ater table is graded to the level of
erennial streams, In contrast, the level
water table In regions of subsurface
age is in relation to the elevation of
tes of discharge. The degree of develop-
“of the subterranean channels and the
gability of the limestones in a carbonate
1 determine the grade of the water
‘away from the points or areas of dis-
e, Thus the level of the water table
limestone terrains may be maintained
arly the same level or be only slight-
wered during considerable intervals of
tion by solution.

unique example of the changes in be-
r of a stream flowing from an area
predominantly surface drainage into a
1 of subsurface drainage is furnished
e Santa Fe River, which flows along the
ern border of Alachua County west-
to the Suwannee River (fig. 2). The
, Fe River begins in a large swampy

system of iributaries developed in the
u area of Alachua and adjeining coun-
The headwaters of the Santa Fe River
owing over relatively impervious ma-
of the Hawthorne formation and
ocene terrace sediments. The source
charge is the sluggish, surface runoff
the youthful plateau area of pine-
Metto flatlands, swamps, marshes, and
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north of Lake Santa Fe and is fed .
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lakes. In this region the chanmel of the
stream is above the piezometric surface of
the water in the Ocala limestone. To the
northeast of High Springs, Florida (Ag. 2),
at the edge of the plateau, the character
of the stream changes abruptly., From High
Springs to the Suwannee River the stream
is cut into the Ocala limestone and receives
discharge from the many springs along its
course. The only tributaries are the spring
runs, In the short reach of the stream be-
tween these two distinctive courses the chan-
nel has been eroded practically to the lime-
stone. It is here that the plateau course
of the stream suddenly ends in a large
circular, sluggish whirlpool. Three miles to
the west the subterranean stream is dis-
charged upward through a large orifice.
IFrom the point downstream, the Santa Fe
is the regional base level of the water table
in the surrounding limestone terrain,

It is a recognized fact that the greatest
movements of subsurface water, where not
channeled by zone of relative impermea-
bility, are the downward movement of the
vadose water and the lateral movement
of the phreatic water at and immediately
below the water table. This would normally
result in more active solution of carbonate
rock above the water table and to a slight
depth beneath it. Tt should not he inferred
that the writers believe that no solution
or mechanical erosion takes place below
the water table. Some sinkholes have de-
veloped from solution below that surface.
Many wells drilled at depths below the
water table in the Focene limestones inter-
cepted channels of flowing water. But it
is believed that in humid regions of carbon-
ate terrain, solution of carbonate rock in
the zone of aeration is most rapid. Thus
the water table acts as the level at which
or just beneath which rapid solution and
mechanical erosion are arrested.

ORIGIN OF ORANGE TAKE BASIN
During the physiographic development
of the immediate area surrounding Orange
Lake, Hawthorne sediments {Miocene in
age} that once completely covered the region
were stripped away, exposing in numerous
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places the Ocala limestone of Kocene age.
The occurrence of remnants of the Haw-
thorne formation prove that the Hawthorne
once covered the region. In fact, specimens
of Ostrea normalis Dall, a characteristic fos-
sil of the Hawthorne formation, were col-
lected in place in an exposure near the
west side of Orange Lake. That the Ocala
limestone is exposed or is under only a
thin cover of sediments throughout most
of this region is proved by direct observa-

tion of that limestone in place, by abundant

residual Ocala limestone boulders and by
examination of cuttings from numerous wa-
ter wells. During the recent low stand of
lake water Ocala limestone was exposed
in the southwestern part of the Orange
Lake Basin.

Tt should be recognized that in this area
some of the contacts as seen today between
the Hawthorne formation and the Ocala
limestone might not represent the original
surfaces of contact. This is indicated by
conditions encountered while drilling water
wells in some areas of Alachua County.
It is not unusual to encounter cavities he-
tween the Hawthorne and undertying Ocala
limestone. Some of these openings are only
a few inches wide, many are several feet
wide and, in places, cavities with an ob-
served dimension of 20 feet have been noted.
One area where such cavities are numerous
is northwest of the city of Gainesville in
the vicinity of the Mill Hopper (Sec. 15,
T. 9 8, R. 19 E.). Many other examples
of such occurrences could be given west
of Gainesville and between Gainesville and
the town of Alachua. South of Waldo and
only a few miles from Orange Lake, openings
of as much as 20 feet have been encountered
while drilling through remnants of the Haw-
thorne formation into the Ocala limestone.
In most cases these openings have resulted
from solution of the upper part of the Ocala
limestone. Eventually, slumpage of Haw-
thorne sediments closes such spaces. At
times, slumpage of Hawthorne sediments
takes place essentially simultaneously with
solufion of the Ocala. The resulting contacts,
which may later be exposed through erosion
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or artificial excavations, are not the arig
surfaces of unconformity between th'
mations.

As first indicated by Sellards (1910,
52 and 63), it is thought that the gy
water tablein the Ocala limestone has s
as a base level to which the plate:
being reduced. The plezometsic surfag
the ground water of the Eocene hmec;
roughly corresponds to the level of the! 1
bottomed depressions in south-centra)
southeastern Alachua County. An eXdTing
tion of figure 3, based on a map publishe
by the Florida State Geological 8§y
indicates that the piezometric surface
the Eocene limestones in the area of
Lake is from 50 to 60 feet above sea s
The average height of the water siif
of the lake is considered to be approxim
57.5 feet. During the spring of 1958, af
Orange Lake had risen to its average ]ié_1g
the water table in cased wells surround;
the lake was found to cozrespond. ¢l
with the surface level of the lake. Dt
the recent low stand of water in the:
summer of 1956, the surface elevation
Orange Lake reached a low of 50.06:f
above sea level. The greatest depth o
lake water was 4 feet. Water in the smkhole
through which the lake was being draine
by a smalil stream scoured into lake-ho
sediments, had a surface elevation of 46
feet above sea level. At that time in
immediate area the water table had falle
to an elevation of approximately 44
(Rowland, 1957, p. 118). Thus the pie
melric surface was essentially two feet bel
the lowest part of the lake basin durin
the dry period.

Likewise, the extensive flat bottom
Paynes Prairie, located northwest of Ori,
Lake, corresponds closely with the Wa
table. However, natural conditions i
prairie do not exist hecause drainage c
have been dug and huge diesel-driven, ¢
trifugal pumps installed to control flo
conditions. The level surface of the ptai
averages between 53 and 54 feet above
level. The piezomelric surface showi:
figure 3 is indicated to be between 50°a
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foet above sea level. In 1954 the water
od 3 feet beneath the flat surface of
asin in a well, drilled in the central
of the prairie, on property owned by
olivar Kincaid. When measured again
1056, the water level in that well had
:p:ped to a depth of 7 feet. It presently
ads just beneath the surface of the prai-
he water plane in cased wells, drilled
r-the prairie, corresponds closely to the
face of the prairie.
ome of the large flat-bottomed prairies
‘Takes in Alachua County are solution-
rfaces developed on the Ocala lime-
ne; others are erosional surfaces devel-
(I through solution of lenses of calcareous
terials of the Hawthorne formation (e.g.,
wnans Lake Basin); others are erosional
aces developed on insoluble Hawthorne
iments; and still others are depositional
faces resulting fromm the filling of solution
tures formed in the Ocala. Examples of
ious types of these depressions have been
en elsewhere (Pirkle, 1956). Regardless of
e, the flat-hottomed depressions in south-
tral and southeastern Alachua County
ur at approximately the same eleva-
1 (Arredondo Quadrangle). This elevation
alighly corresponds to that of the water
e in the Focene limestones. Because
flat-bottomed depressions which devel-
¢ on the Ocala limestone roughly cor-
ond in elevation with the water table
the Eocene limestones and hecause these
er surfaces conmstitute a large part of
“area of the region, it is believed that
“water table is controlling the level of
radation in the present erosional cycle.,

LAKE-BOTTOM SEDIMENTS

The flat bottoms of such lakes as Orange
ke may become blanketed with sand and
v transported into the water body by
nwash and streams and deposited along
h considerable organic matter. These
iments produce an aquiclude. As the
ter table in the Ocala aquifer gradually
ps during long periods of drought or
becoming readjusted to discharge, the
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lake water is held above the ground-water
level. Under sufficient hydrostatic pressure
this material will fail and be flushed into
solution channels in the limestone. Once
the subterranean outlets are opened, the
lake water will adjust to the level of the
water table in the limestone unless the sinks
again become plugged. Water-table lakes
with bottoms developed in permeable ma-
terials and with no bottom cover of im-
pervious sediments will rise and fall with
the ground-water level,

Most of the bottom of Orange Lake is
covered by a sapropel of fine clastic sedi-
ments and organic material. In order to
determine the nature of the bottom sedi-
ments, six lines of horings, spaced so as to
give maximum coverage of the lake bottom,
were made by the Soil Conservation Service
(Rowland, 1957, p. 118). An examination
of samples from these borings indicated that
the bottom material is sufficiently imperme-
able to prevent appreciable leakage through
the bottom of the lake bed. These imper-
vious bottom sediments are known to be
breached by the large sinkhole in the south-
weslern part of the lake area.

Precipitation in 1953 was 73.3 inches
(fig. 1}. This was by far the greatest annual
precipitation for the period shown on the
graph. The following year, when the lake
level began to drop, was the driest year
in the 2I-year period. The dry year of
1954 was followed by two additional, con-
secutive years of low rainfall. A filled lake
basin, resulting from abundant rain followed
by a Iong dry period with the attendant
lowering of the water table in the under-
lying Ocala limestone, resulted in conditions
favorable for the flushing out of sink fillings.
Drainage of lake water into such an un-
plugged sink was the major factor in the
low stand of Orange Lake in 1956. During
the spring of 1958, with increased precipita-
tion, the water table in the iimestone rose
several feet and presently corresponds es-
sentially to the lake level. Only insignificant
amounts of water, if any, are now being
discharged into or from the sink.
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SUMMARY OF ORANGE LAXT,

The basin of Orange Lake has resulted
from the erosion of the plateau to the water
table in the Ocala limestone. Such lake
basins are areas of large confluent sinkholes.
At times of drought, Jake water may be
held above the water table by lake sediments
that impede subsurface drainage, Abrupt
lowering or dissappearance of this type of
lake is due to breaching of the lake sedi-
ments by the collapse of underlying solution
cavities or by the flushing out of sediment
plugs in sinkholes. The hydrostatic head
resulting from lowering of the water table
is undoubtedly the cause of the breach.
The recent low level of Orange Lake re-
sulted from the unplugging of a large sink-
hole.

SANTA FE LAKE
LOCATION AND SIZE

Santa Fe Lake, consisting of Big Santa
Fe Lake, Little Santa Fe Lake, and Melrose
Bay, is located in the northeastern part
of Alachua County and adjacent Bradford
County (fig. 2). It covers an area of ap-
proximately 8 square miles and does not
experience the extreme fluctuations recently
undergone by Orange Lake. The lake occurs
in a closed basin, with drainage during ex-
tremely high water stages into the Santa
Fe River. No major surface stream empties
into Santa Fe Lake.

COMPARISON OF LAXE LEVEL
TO PIEZOMETRIC SURFACE

The surface elevation of the lake water
is much higher than the piezometric surface
of the water in the Eocene limestones, The
lake surface in June, 1958, was 141 feet
ahove sea level. The piezometric surface
(fig. 3) is about 80 to 90 feet above sea
leve! in the area of the lake, or roughly
55 feet helow the lake level.

The piezometric surface was measured
in a well, drilled on the west side of Little
Santa Fe Lake in November, 1954, on prop-
erty owned by Mr. George Rippey. Ocala
limestone was encountered at a depth of
167 feet. This well was cased into that
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limestone. The surface elevation of the wej
is 158.51 feet. Water from the Ocala liy
stone rose to within 80 feet of the Ig
surface. Thus the plezometric surface w
approximately 62 feet below the water le
of the lake at the time the well was co
pleted. '

NATURE OF SEDIMENTS

Tt is evident that the lake water is h
above the principal aquifer, the Ocala 1i
stone, by impervious sediments. The follo
ing summary of a log made from cutting
collected from the Rippey well (SW.
Sec, 21, T. 8 S., R. 22 E.) indicates
materials occurring in the immediate vici
ty of Santa I'e Lake:

Material

Pepth (Feet} :
Pliocene(?) and Pleisto

043, ... .
cene sands and clayey
sands :
43167, ... ..., Hawthorne formatio;
167-199, .. ........ Ocala limestone
Total 199..........

The relatively impervious materials
peding downward movement of watet
the area of Santa Fe Lake are the H
thorne sediments and the overlying cla
sands. The dominant materials of the H
thorne formation are mixtures of sand, cla
phosphate particles, and carbonate. The ;
bonate content throughout the upper :
middle parts of the Hawthorne is min
but becomes abundant in the lower p
of the formation. g

Superimposed on the Hawthorne for
tion are reddish to yellowish clayey sand
or sandy clays. These sediments have oftél
been considered as a part of the Citron
formation. A veneer of loose surface sa
ranging in thickness generally from om
ten feet, blankets the region. The red
yellow “Citronelle” sediments are sufficieh
ly impermeable in areas to effectively
tard downward migration of ground wa
They constitute an important part of th
impervious materials responsible for
veying rain water seeping underground
the Santa Fe Lake Basin, Likewise, t



yey sands play an important part in
: behavior of other lakes in the region
jmpeding downward flow of meteoric
ter and Increasing lateral movement of
tnd water through surficial sands to low
s and from one lake basin to another.
ere appears to be significant leakage from
nta Fe Lake through the Pleistocene ter-
e sands toward lower lakes to the east.

TMILE
@ TEST HOLE

Brooklyn
Loke
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An extensive swamp, covering an esti-
mated 12 square miles, borders Santa Fe
Lake on the north. The Santa Fe River
rises in the swamp and flows along the
northern border of Alachua County to the
Suwannee River and thence to the Guif
of Mexico. Drainage into the swamp and
Santa Fe Lake from the surrounding youth-
ful, marine Pleistocene terrace is extremely

LEVELS OF SOME TYPICAL LAKES IN
N.E. ALACHUA CO. AND ADJACENT CLAY CO.
PLOTTED WITH LOGS OF TEST BORINGS

Bive Pond  Kingsisy Loke

Sand Milt
Lake

Magnolia
Lake

LEGEND OF LOGS
Sand

Cleyey Sand

E Sandy Clay
€ Woaler Lavel [n Hales Clay

= ~— Higk Loke Leve}
== Lake Levei, June, 1958

Modified from unpublished diagram by L.G. Rowlond H.K.B.

LAKE BEHAVIOR

The lake level of Santa Fe has not varied
atly despite the recent climatic fuctua-
s, During the period from 1954 through
6 the level of Santa Fe dropped only
stimated 3 feet, whereas the surface
-of some lower, neighboring lakes with
itits to the Ocala limestone dropped
derably. These latter lakes in some
‘went dry. The surface level of Lake
okiyn, located only about 4 miles north-
of Santa Fe, lowered more than 20
fig. 5).

Fie. 5,—Diagram of lake levels of selected lakes with index map

sluggish, resulting in a reasonably stable
lake elevation. Little, if any, water is dis-
charged from the lake downward into the
underlying Ocala aquifer. Certainly no di-
rect conduit exists.

SUMMARY OF SANTA FE LAKE

The water of Santa Fe Lake is held
above the main aquifer, the Ocala limestone,
by impervious materials. The red and yellow
clayey sands and sandy clays found out-
cropping throughout extensive areas in east-
central and northeastern Alachua County
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supplement the action of the Hawthorne
formation as an aquiclude. An extensive
swamp occurs lo the north of the lake.
The Santa Fe River rises in this swamp.
At very high water level Santa Fe Lake
overflows into the swamp and river. During
periods of drought it appears that sufficient
waler stored in swamps, marshes, and Pleis-
tocene sands surrounding the lake drains
into the lake to largely offset losses from
evaporation, transpiration, and seepage. Be-
cause of these conditions, Santa Fe Lake
did not experience extreme fluctuations of
lake level during the recent drought.

LEVYS PRAIRTE LAKES
LOCATION AND BEHAVIOR

Levys Praivie is located in a recharge
area of the Focene limestones in western
Putnam County (fig. 2). It is a region of
wet, marshy land covering approximately
5 square miles and surrounded by sand hills.
Water in Levys Prairie fluctuates mark-
edly during periods of excessive rainfall and
drought. A few years ago much of the bot-
tom of this prairie was covered with water.
During the spring of 1955 the level of the
water started to drop. Net until October,
1957, did the water begin to rise. At the
present time there are several disconnected
water bodies covering a total area estimated
at no more than 1 square mile, Two of
these lakes, located in the western part
of the prairie (fig. 2), were investigated
during this study.

The most northern of these two lakes
dried completely during the recent low stand
of lake water. In the last stages of its
depletion, water from this lake flowed and
seeped into the other. Likewise, the water
in the southern lake eventually disappeared
with the exception of a small, shallow pool.
This small pond was investigated and de-
termined to be a sinkhole with a selution
channel at the bottom approximately 3 feet
wide leading downward. Lake water drained
through this sink as the lake lowered dur-
ing the recent drought period. Examination
made on July 17, 1958, showed the sink
had become plugged or partially plugged
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with lake sediments consisting of clas
and organic matter. At that time the |
water over the sink was 12 feet deep.

RELATIONSHIP TO PIEZOMETRIC SURFACE.

The surface of Levys Prairie ranges
elevation from 90 to 100 feet above
level, except in the western part where th
elevation is from 80 to 90 feet (Hawthor
and Tnterlachen quadrangles). According t
figure 3, the piezometric surface in the e
gion of Levys Prairie is close to 80 feet abav
sea level. Ohservations made by membe
of the Ground Water Branch of the Unifg
States Geological Survey in May and ]u'l
of 1957 showed that the piezometric surfag
of the water in the Eocene limestones’
and near the prairie roughly coincided wij
the lower parts of the prairie botfom, Th
surface elevation of one cased well, locate
in the southeastern end of the prairie
88,99 feet. The elevation of the groun
water level, measured in the well on Ju
18, 1957, was 79.13 feet above sea lev
or roughly 10 feet beneath the land surfac
The Ocala limestone was encountered in th
well at an estimated depth of 164 fee
75 feet below sea level.

ORIGIN OF BASIN AND FACTORS IN
LAKE BEHAVIOR

Even though a considerable thickness:
Hawthorne materials separates Levys Prs
rie from the underlying principal dqulf
the Ocala limestone, the basin of the prait
is due to solution. Solution features d
inate the topography of this part of Putna
County. Solution of underlying carbona
rock, both in the Hawthorne formation a;
Ocala limestone, has resulted in slumpa
and collapse that breached relatively .1
pervious sediments such as the red al
yellow clayey sands and sandy clays allg
ing more rapid downward movement.
ground water. The descending lake wal
seeps into pervious sediments of the und
lying Hawthorne formation as well as in
the principal acquifer, the Ocala limestol

Levys Prairie lakes were selected spec
cally because their origin can be proved. Th



scur in Levys Prairie, which undoubtedly
as formed as a result of solution. Sloping
fand leads down {rom all directions into
e prairie. That Levys Praitie is a solution
asin is further evidenced by the discovery
iia sink leading downward through Haw-
orne limestone, Solutional activity in and
ear the prairie is still active. Within the
t few years two sinks developed on the
wstern edge of this prairie through collapse
“gverburden into solution cavities,

A change in facies from impervious clas-
to limestone is known to occur in the
awthorne formation at shaliow depths in
his area. Limestone was encountered in
53 while dredging 2 canal into the south-
most of the Levys Prairie lakes. In places
limestone is silicified.

he downward drainage of lake water
‘through partially plugged solution chan-
els and permeable Hawthorne sediments,
uring periods of drought the drainage of
ie lake waters into the Ocala limestone
pntinues, This results in a continuous drop
- the lake level. At times of abundant
fall the lake levels rise considerably be-
se the water supply from runoff and
¢page from the surrounding sand hills
ncreased, whereas the discharge from
lake is at a rather constant rate,

t is believed that many other lakes in
orthwestern Putnam County have origins
ilar to Levys Prairie lakes. Some of these
es are rather freely connected with the
nderlying permeable sediments, principally
Ocala limestone. The fluctuations of
h lakes would be correlative with the
iezometric surface of the water in the Eo-
e limestones. Regardless of aerial extent,
ing droughts these lakes would drop with
he water table, At times, sinks become
ged with luke sediments restricting the
assage of water. During severe droughts
se lakes may be perched above the water
able. Hydrostatic pressure, under such cir-
amstances, may force out the plug. The
e level then would fall rapidly.

An example of a lake believed to he
ctly connected with the Ocala aquifer
llustrated by a small lake occurring in
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the Devil’s Pit, a steep-sided sinkhole, lo-
cated in Sec. 13, T. 10 5., R, 23 E,, just
a few hundred feet north of Lake Galilee.
The surface level of both lakes is between
80 and 90 feet above sea level and corre-
sponds approximately with the piezometric
sutface of the water in the Eocene lime-
stones. By use of SCUBA diving units, the
lake in the Devil’s Pit was explored to a
depth of 135 feet, The bottom at the center
is flat and about 80 feet beneath the water
surface. This level bottom slopes off at the
sides to greater depths. Tt is significant
to note the contrast in form of the funnel
shape of the subaerial sink developed in
the “Citronelle” formatior and the expand-
ing subaqueous portion developed in the
limestones, shales, and sandstones of the
Hawthorne. The sink is at least three times
larger in diameter at the bottom than at
the water level. The lower portion of the
Hawthorne section in this sink is predom-
inantly of insoluble sandy clays, whereas in
the upper part calcareous sediments are
abundant. Obviously, the sink has devel-
oped through collapse of the Hawthorne
into a large solution cavity betow the depths
investigated. This would be in the Ocala
limestone. The lake has been explored to
a depth of 45 feet below sea level. The upper
surface of the Ocala limestone in this region
usually is encountered at an elevation rang-
ing from 35 to 75 feet below sea level,

SUMMARY OF LEVYS PREAIRIE LAKES

The basin of Levys Prairie has resulted
from solution of underlying carbonate rock,
Stumpage due to solution has breached rela-
tively impervious sediments such that down-
ward drainage to the Ocala limestione is
possible. The southernmost of the two west-
ern lakes in the prairie is known to be
connected through a sinkhole and lake sedi-
ments with underlying pervious materials.
The lake level rises with excessive rainfall
because downward drainage into rocks is
restricted. Over long periods of time these
lakes conform closely with the piezometric
surface of the water in the Ocala limestone,
During droughts which result in a falling
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level of the piezometric surface, the lakes
may or may not become perched because
of retardation to subsurface drainage by
sediments plugging the channel or channels
of discharge. Lake fluctuations, to some ex-
* tent, represent changes in the pressure level
in the aquifer system, However, since these
lake basins and sinkholes are sites of re-
charge of the aquifer, at times of greatest
precipitation the lake water stands above
the hydrostatic head in the artesian system.

AREAS OF LEVYS PRAIRIE LAXES AND
ORANGE LAXKE CONTRASTED

Brief comparison of the stage of phys-
iographic development of the areas in the
vicinity of Levys Prairie lakes and Orange
Lake should be made. The sand-hill region
of Putnam County surrounding Levys Prai-
rie is in a much earlier stage of the erosional
cycle than the area surrounding Orange
Lake. The area of northwestern Putnam
County with the many hopper-like depres-
stons, open sinks, subsurface drainage, and
relatively rough topography is in a stage
of submaturity. Apparently, Levys Prairie
has been reduced essentially to a temporary
base level, the hydrostatic level of the water
in the underlying limestones. In contrast,
the region surrounding Orange Lake is char-
acteristic of a later stage in the erosional
cycle. The water table in the Focene lime-
stones is the base level to which high areas
are being reduced and low areas are being
fitled. This region is characterized by numer-
ous, extensive flat-bottomed prairies and
lakes, such as Paynes Prairie and Orange
Lake, corresponding closely with the water
table. Sinks, resulting from solution in the
Ocala limestone, have heen filled to the
water table with sediments transported by
rainwash and streams. There are abundant
filled sinks in the region and only a very
few open sinks.

BRIEF COMMENTS CONCERNING OTHER LAKES
IN THE CENTRAL LAKE REGION

Tn western Putnam County and adjoining
Clay County to the north, lakes are numer-
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ous. In fact, this is a part of the area t
at one time was known as the Lake Regig;
of Florida. The Levys Prairie lakes w
selected from this area for brief discussig
because their origin is known. Tt is believe
that a large number of the other lake
in the immediate area have similar origing
However, for a treatment of all the lake
other factors would have to he considered
In some parts of this lake section, for e;
arople in Clay County, shell marls of Uppe
Miocene and Pleistocene ages have beg
encountered many times in drilling wate
wells. Sotution of such carbonate rock muig
be considered in the origin of some of
lake basins. Also, certain flat swampy an
marshy areas that at times contain shalloy
lakes may represént tidal inlets associate
with a Pleistocene high stand of the s
And still other swampy and marshy ares
appear to represent strearn valleys that wer
alluviated during encroachment by Plei
cene seas. Differential compaction of sedi
ments and initial irregularities of a Pleisto
cene sea floor may be of some importanc
in the formation of low areas. :
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