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STRATIGRAPHY OF MIDDLE TERTIARY ROCKS
IN PART OF WEST-CENTRAL FLORIDA
By Wilfred J. Carr and

Douglas C. Alverson

F

ABSTRACT

Petrographic studies of the Suwannee limestone, Tampa lime-
stone, and Hawthorn formation yielded data that are useful in cor-
relation in a region where weathering bas profoundly altered the
rocks. Mechanical analysis of sand from these formations was found
to be heldpful in reconstructing weathered sections. Sand of the
Hawthorn formation is coarser than that of the Tampa limestone.
Preliminary work indicates that the kind and distribution of
heavy and clay minerals should also be valusble in any further
stratigraphic studies of this area.

A laboratory method for rapid insoluble residue and mechanical
analysis of sand was developed. |

Mapping of rocks of Oligocene and Miocene age in Hillsborough,
Pasco, and Polk Counties extended the Tampa limestone northeastward
from its former limits; some of the sand and clay previously mapped
as Hawthorn formation in nc;rtheastem Pasco County belong to the
Tampa. A contact between calcareous and noncalcareous paﬁs of the
Hawthorn was mapped in northern Hillsborough and Polk Counties.
More than 50 localities new to the literature were examined. Several

sketches of exposures illustrate structures and textures found in
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weathered Tampa limestone and Hawthorn formation. The occurrence

of chert in weathered sections may help to indicate the pre-weathering
lithology. The period ot major weathering in the area probably took
place in late Pliocene or early Pleistocene, but evidence of periods
of older weathering is believed to be present.

Structural studies indicate a fault in northwestern Polk County
whichjﬁrings rocks of Eocene age adjacent to the Tampa and
Suwannee limestones. Structural and other evidence suggests an
unconformity between the Tampa limestone and Hawthorn formation.

Faunal and petrographic evidence indicate a shifting lagoonal,
insular, and locally fresh-water environment of deposition for the
Tampa limestone, and open sea and relatively static conditions of
sedimentation in Hawthorn time. The increase in, and coarsening of,
clastic material in Miocene deposition can be ascribed to currents
carrying material into the Florida peninsula from sources to the
north, and possibly to distant volcanic activity.

A belt of leached phosphatic material with thin overburden and
moderate uranium content was delimited by mapping in northeastern
Hillsborough County. Phosphate or uranium is not present in commer-
cial quantities in unleached limestones of this area, but the upper
surface of the Hawthorn formaetion in the land-pebble phosphate dis-

trict was found to contain locally nearly 20 percent MgO.
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INTRODUCTION

~Purpose and extent of work

This report presents the results of part of a geologic study
of the phosphate deposits in central Florida, The area in Hills-
borough and Polk Counties called the land-pebble phosphate district
produces about three-fourths of the phosphate mined in the United
States. The present investigation was begun in March 1953 by the
U. 8. Geological Survey on behalf of the Division of Raw Materials,
U. S. Atomic Energy Commission. The ultimate dbjecfive of the work
in Florida is to determine the geclogic history of the phosphate
deposits and associated sediments, in order that the distribution
of phosphate and uranium will be more clearly understood.

As a contribution to +this objective the authors have studied
the stratigraphy of the formations, chiefly limestones, which underlie
(or are closely associated with) the land-pebble phosphate deposits
of west-central Florids. The unconsolidated residue and sediments
above the limestones received less detailed study. For this re-
port work was concentrated on the northwestern fringes of the land-
pebble district because this area contained the bulk of the exposures
and seemed to be the most critical in the solution of stratigraphic
problems. The area mapped (fig. 1) contains about 1,700 square miles
in Hillsborough, Polk, and Pasco Counties. The Hawthorn formation
of middle Miocene age, the Tampa limestone of early Miocene age,
and the Suwannee limestone of Oligocene age were mapped and sampled
in detail. Rocks older than Oligocene and younger than middle Mio-

cene age were not extensively studied.
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To supplement surface observations holes were drilled with a
power suger in critical areas, about 25 core-drilled holes were
logged in detail, and well logs were studied.

Laboratory work, a major portion of the study, consisted of in-
soluble-residue analysis of limestone samples, mechanical analysis
of the residues, and subordinant study of heavy minerals. A
nunber of thin sections of limestone, chert, and phosphatic material
vere examined. Spectrographic, chemical, and X-ray analyses were
made by the Geological Survey laboratories.

The extensive laboratory work done for this study was prompted
by the need for a wniform means of comparing and delimiting for-
mations in a region where weathering and lithologic similarity
of formations, scarcity of fossils, and lack of good exposures has

made mapping difficult.

Previoue work

Geology of the area mapped for this report has not been studied
previously in detail, although Mansfield (1937), Cooke (1945) and
others have studied fossils or mapped the area on a small scale.
Sellards (1915) and Matson (1915) described the Florida phosphate
deposits. More i'ecent work on the phosphate deposits has been sum-
merized by Cathcart, Blade, Davidson, and Ketner (1953). Applin
and Applin (194k, p. 16TL4-1677) give a summary of the important con-
tributions to Floridas stratigraphy. A table of names of Cenozoic

formations in Florida is given in figure 2.






1h

V314014 40 SNOILVINYO4 DI0ZON3D —2 34N9ld

(s8joujocy 10} ix9} 985)

auoysawl] shay appad SO1}SD}O  palDIjudIa}4Ipun mw auan03|dd
auojsawl| Jowsp|O $01}SD|0 Pa}DIuUdId}}Ipun mm
‘ auojsawi| K410 9xD7 $O13SD(2 “JJIpun
*M'N ut 4Jdaoxa "3 u1 juasqo ,
("M juasqo ) _ o0 ‘s] ~ snouayljissop-uon | S 39SSPUDIIDL ussqo
e } auaos03
duUOjsawi] Y40d UoAy ‘Ps  }dsodspo
i _ juasqgo TERE] B aqu sibur | g
) 75 . uoijpwloj youo.id shpoonw = 1qQuw uoiSI|IIM | &
[ 735 ul Ewmﬂu ] ]
alojsawi D|DD >
/e 1 i | 0
’\Il'\’l\’l\}"\A’. - e -
3°N Ul juasqo _o:cwu/@/_/ S| DUUDIIDW mm
JudsqD ut 4ussqo — ;LB @ 3us0061
2u0}sawWl| dauuDMNG ‘wy wolkg| ! o
auojsawl| aauuomng _
— s| ADUMDSDYIIY)
"3'N ul juasqp yuasqp  K1020} | - =
Juasqo S YOOWUWDH
_duojsaw| pdwby /9 auojsawl| pdwp} /T saufod
— s e, s, e § et e rrna ) a—r
¢ ¢ juasqo K||020| ‘wy Djodiy) |w> 2UB20IN
. c M
UOI}OWJIO0}  UJOY}MDH PS 8A0J9 ¥DO |53
— ——— ———— — — Wy MY IDOYS A
‘W lwoiwpy _ b ausosoI 40 (33U03DUMD}5047) Undng
¢ —— puos £94D|)D ) 0] li S
e BUIDOIW
¢ §TETF 7 a0 suog tussqb 40 3uadolld
]
j1ow i— — — ¢ auadolld
" |1DW 33Yd}DyDS00|DD 93Y24DYyDSO0ID) ——r 4UISQD /m\/ Wy 3BUOIID o~
o] u6sdwoy] 13 ST 49}0MU5elf ¢ e
S| 004D Ka)| P42 Pubs p MEEP_
33100 WO sj1sodap |jays puo 2U9901513|d
100wt SpuDs 29DJl2} pajbpliosuodun
(Ajuo }sD0Od }SD3) "Wy DISD4SDUY
gy S i S
$94DU0GJDD puD‘iDad ‘s||8ys‘puUDS PasDPI|OSUODUN juaoay
yinos | Y4iON 4sp3 _ Isam +s03 _ }sam m 3oV
VINSNIN3d H1NOS VINSNIN3d HLHYON FTANVHNVJ 5
‘N o82Z 407 ‘Mo€8 buo







15

Ten footnotes for figure 2, Cenozoic formations of Florida, follow:

1/ Bergendahl, M. H., 1954, p. 45-50. Fluvial sand and fresh-
water limestone in Hardee and De Soto Counties. Probably correlative
with the Fort Thompson formation.

2/ Bergendahl, M. H., 1954, p. 21-29. Marine sand in Hardee and
De Soto Counties, which, according to F. S. MacNeil (oral communication)
is very late Miocene in age.

3/ The age of the Bone Valley formation has not been con-
clusively determined, and the exact stratigraphic relationships
of upper Miocene and Pliocene formations in central Florida are
not clear. Ketner and McGreevy (report in preparation) exclude from
the Bone Valley a weathered zone of the Hawthorn formation.,

4/ Ketner, XK. B. and McGreevy, L. J., U. S. Geol. Survey
Bull. (in preparation). Fine, green, micaceocus, clayey sends, and
brown coarse sands in Polk County. The lower part of this unit may
be uppermost middle Miocene, or upper Miocene; the upper part is
possibly Pliocene in age. 1In southern Polk County the sand of Ketner
and McGreevy probably underlies the unnamed marine sand which
Bergendahl (see note 2) states is late Miocene in age. As Bergendahl
correlates his unit with the Bone Valley formation, Ketner's sand
may be slightly older than the Bone Valley in some areas, but
possibly equivalent to it in others.

g/ The Tamiami formation comprises all the upper Miocene of
southernmost Florida (Schroeder, and Bishop, 1953, p. 2182) and
includes some beds previously called formations, such as the

Buckingham marl.



6/ Puri (1953, fig. 2) proposed that the Miocene in northern
Florida ve divided into 3 stages: Choctawhatchee, stage 3 (includes

Arca, Yoldia, Cancellaria, and Ecphora facies), Alum Bluff staye

(includes Osk Grove, Shoal River, Chipols, and Hawthorn facies),
and Tampa stage (includes Chattahoochee and St. Marks facies).

7/ MacNeil, F. S., 194k, p. 13kk.

8/ Marianna fauna is locally present in a thin zone at the
base of the Suwannee limestone in peninsular Florida (MacNeil, F. S.,
oral communication).

9/ Vernon, R. O., 1951, p. 111. In the type area of the
Moodys Branch formation in Mississippi, the formation is a glaucon-
itic sand with local beds of impure limestone., Vernon's Moodys Branch
formation of Florida is a pure limestone which he divided into the
Williston and Inglis members on the basis of faunal assemblages.
Puri (1953a, p. 130) proposed that all sediments of Jackson age in
Florida be called the Ocala group. He suggested a new name, Crystal
River formation, for Vernon's Ocala limestone (restricted) and favored
raising the Inglis and Williston to formational status.

10/ Applin, P. L. and Applin, E. R., 194k, p. 1688-1603.

Physiography

Central Florida has a subtropical climate, with a range of
average monthly temperature from about 50° in January to about 80°
in July. The yearly precipitation for the area mapped is a little

over 50 inches, most of which falls from June through October.
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Total relief in the area is about 250 feet, from sea level at
the Gulf Coast to 250 feet on the hills near Dade City, Pasco County,
and the ridge north and south of Lakeland, Polk County (pl. 1).

Most of west-central Florida is a sandy plain with minor depres-

sions and ridges, which in general trend north-northwest. The sur-

face topography reflects in a subdued manner subsurface features of

the limestones, modified .in some areas by dune-like sand hills.

There are several ill-defined belts of limestone solution depressions,
sinkholes, and springs in the area. One such belt trends northwest
across central Hillsborough County. Small lakes or swamps fill most
of the depressions. Lakes are particularly numerous north of Tampa
and in the Dade City and Lakeland highlands. Four rivers drain the
mapped area; twgi-the Hillsborough and Alafia, flow westward into
Hillsborough Bay ;nd the Gulf of Mexico. The Peace River begins
southeast of Lakeland and flows southward out of the area, and the
Withlacoochee rises in northern Polk County and flows west and north
out of the area., These rivers are sluggish, swamp-bordered streams
vhich bave a few rapids and are subject to reversal of flow by tides
for distances of 5 to 10 miles from their mouths. In most places
the rivers flow on limestone or chert bedrock. Only 8 feet of section’

are exposed at the thickest limestone outcrop in the mapped area.

- In most of the area the limestone bedrock is covered by 30 to 50

feet of unconsolidated sands and clays.
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LABORATORY WORK

Introduction

This investigation presented special problems in stratigraphic
correlation, chief1y because of (1) scarcity and smell size of out—
crops aﬁd their uneven geographic distribution, (2) lithologic éim-
ilarity of the formations, (3) difficulty of locating the vertical
position of exposures within formations, (U4) intensity of weathering
ahd similarity of residues, and (5) unconsolidated nature of many of

the rocks.




19

A laboratory procedure was therefore developed to process a
large number of samples in order to obtain sufficient data for valid
correlation of formations. Quartz sand and heavy minerals are the
most stable components of these rocks. Under the influence of
weathering all other constituents--carbonates, clays, phosphates--
are subject to change in relative amount and composition. Accordingly,
methods of insoluble residue and mechanical analysis were employed
in the laboratory. The Wentworth (1922) grade scale was used

throughout the work.
Erocedures

After experimentation the following laboratory procedures were
found to be the most practical. The calcareous rocks were broken
untll most of the pieces were 2 or 3 centimeters in diameter.

Enough crushed rock was used to provide at least 5 grams of sand
residue. The weighed sample was dissolved in a 4,000 milliliter
Pyrex beaker by half-strength hydrochloric acid. The sample was
left in the acid for at least 16 hours. Washing and decantation were
repeated until the acidity was low.

The wet residue was washed into the jar of an electric food
blender. This type of mixer was found to be superior to the
"milk shake" blender df’cen used in sedimentary leboratories. The
agitator revolves at very high speed and has large sharp bledes which
are at the bottom of the container. Four minutes of agitation in the
blender was found to be ample., In the few cases when a sample did
not disaggregate completely in the blender the clayey lumps were

carefully crushed with & rubber soil pestle.



After disaggregation the samples were washed through a 230 mesh
U. S. Standard screen in order to separate sand from clay and silt.
Time did not permit size studies of the clay and silt fractions, but
the total amount of fine material was determined by drying and weigh-
ing. Sand fractions were dried in evaporating dishes, weigned, and
screened with a mechanical shaker. The coarser pafticles of impuri-
ties such as chert and aluminum phosphate minerals in the sand samples
were screened out, hand sorted, and the percentage of the remaining
finer impurities estimated, but those samples which contained too
much foreign material were not used in size studies.

Non-calcareous samples consisted of quartz sand, silt, and clay,
and were mostly unconsclidated. They were easily disaggregated in
the blender. The sand fractions of samples which contained cal-
cium phosphate nodules were treated with full-strength hydrochloric
acid, and the dissolved phosphate considered part of the clay frac-
tions for purposes of uniformity. Most of the calcareous saméles ’
contained negligible amounts of phosphate nodules,

All the sand fractions were screened with a mechanical shaker
for 5 minutes. U, S. Standard 20, 30, 40, 50, 70, 100, 140, 200,
and 230 mesh screens were used. ‘Waights of screen fractions were
obtained by accumulative weighing. ILater all plus 100 mesh material
from each sample was combined for heavy-mineral study. The weigut
percentages of the sand were plotted on cumulative curves as 100

percent of the sample, and median diameter, Trask (1932, p. T1-T2)
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sorting coefficient, and fifth percentile values _/ were determined

from the curves.

_/ The fifth percentile value or P5 is obtained from the
cupulative curve, and is a sensitive measure of the proportionate
amount of "coarse" sand in a sample. A P5 of C.l1l5 means that 5 per-

cent of the sand in the sample is as coarse, or coarser than, 0.15 mm,

About 10 representative samples from the plus 100 mesh fraction
of each formation were separated with bromoform and the heavy min-

erals identified.

Evaluation of results

There are several sources of possible error in the laboratory
methods; such as loss of clay in decantation and in acidulation,
attrition of sand, and errors in weighing. Only the laBter two
factors influence the median diame'cer, sorting coefficient and £ifth
percentile values of the cumulative curves.

Care was taken to prevent loss of clay in decantation by allow-
ing plenty of settling time. Grim, Dietz and Bradley (1949, p. 1788)
found that acidulation did not remove a significant amount of aluminum
and silicon from residues. In order to test the effects of attrition
in the blender, a sand sample was mechanically analyzed before and
after agitation in the blender for 8 minutes, twice the normal time.
The sand lost only 3% percent of its weight and was reduced only

0.001 of a millimeter in median diameter.
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To check the reliability of the insoluble residue method and the
consistency of lithology within samples, 2 splits each of 29 samples
were dissolved and total insoluble material measured. The maximum
difference between percent of total insoluble residue in the first
and second determinations was 8.2. The average difference was 2.7,
a reasonably small variation.

It should be emphasized that the obJjective of +the laboratory
work was to compare uniformly obtained data on samples of known age
and formation rather than absolute values for individual samples.

In heavy—mi?eral analysis, it was found that solution of 100
to 300 grams of limestone was necessary to provide 100 grains of
heavy minerals, and not enough samples could be examined in the
time available to permit strict comparisoﬁs of formations. How-~
ever, the small amount of data obtained disclosed some mineralogical
differences which, when used with other information, were helpful
in reaching a decision on doubtful samples and outcrops. |

Some of the illustrations which accompany this report show the
kind of comparisons that may be made with the data. Although there
is considerable overlap in characteristics, there is a definite pro-
gression in data from one formation to another, indicating that at
any particular point & vertical section through the formations will
be characterized by shifts in petrographic values at formational

boundaries.
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STRATIGRAPHY

Eocene rocks .

Ocala limestone .

Previous work.--Dall and Harris (1892, p. 103) first used the

name Ocala to include limestones exposed in quarries near Ocala

in Marion County, Fla. They correlated the Ocala limestone with
rocks which they then regarded as Eocene in age. Mabteon and San-~
ford (1913, p. 70) placed the Ocala limestone in the Oligocene, but
Cooke (1915) proved that it is of Jackson (late Bocene) age and that
it underlies the Vicksburg group. Applin and Applin (194h, p. 1683~
168k4) recognized a twofold faunal division of the formation. Vernon
(1951, p. 111) restricted the name Ocala to the upper part of 'the
formation and correlated the lower part with the Moodys Branch for-
mation of Alsbams and Mississippi. On the basis of faunal zones
Vernon (1951, p. 115) proposed the names Inglis and Williston for
the lower and upper members respectively of the Moodys Branch for-
mation as exposed in Citrus and Levy Counties in Florida. Vernon
(1951, pl. 2) used the top of the Inglis member, a conformable
surface, in his structural studies of northern peninsuler Florida.
Puri (1953a, p. 130) proposed that all sediments of Jackson age in
Florida be called the Ocala group. He suggested a new name, Crystal
River formation, for Vernon's Ocala limestone (restricted), and sug-
gested raising the Inglis and Williston to formational status., He

also listed distinctive faunizones for these formations.
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Age and extent.-~The QOcala limestone is late Eocene and is

correlated with the Jackson group of Alsbama (MaclNeil, 1947). 1In
this report Ocala is retained for all rocks of late Eocene age in
west-central Florida. The Ocals limestone is locally exposed in a
belt from Lafayette County on the northwest to northern Pasco and
Polk Counties on the southeast. It is present in the subsurface over
much of northern and probsbly southern peninsular Florida, but is
missing from many scattered wells in the central part of the penin-
sula. The average thickness of the formation is about 150 feet, but
it is over 300 feet thick in wells in southern Polk County.

Lithology.=-~The Ocala is a pure, massive, marine, white to tan
granular limestone, which is locally a porous friable coquina-like
mass of foraminifers and mollusks in a chalky or pasty carbonate
matrix. Solution pipes filled with clay and large irregular masses
of chert are common locally. A summary of petrographic data for the
Ocala limestone is given in table 10. Details of Ocala petrology
have been studied by Fischer (1949, p. 41-70).

Stratigraphic relations.--The Ocala lies unconformably upon the

Avon Park, Lake City, and Tallahassee limestones (Cooke, 1945, p. 56)
and is overlain unconformably by all later formations.

Fauna. --Large miliolid and camerinid foraminifera are very
abundant in, and characteristic of, the Ocala limestone. Echinoids
are abundant, particularly in the lower part. Mollusks, including
pectens and turritella gastropods, are also abundant but not as con-

spicuous as in the later formations.
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Oligocene. rotks

FRE L ald

Suwannee lifiéstone &

Previous work.--Cooke and Mansfield (1936, p. T1l) proposed the

name Suwannee for limestone of late Oligocene age exposed along the
Suwannee River in northern Florida. Previously Matson and Clapp
(1909, p. 73) had referred these rocks to the Hawthorn formation,

and Mossom (1925, p. T73-77; 1926, p. 81-82) correlated them with the
Glendon limestone, now considered a member of the Byram formation

in Alabama (MacNeil, 194k, fig. 1). Cooke and Mossom (1929, p. 89-
91) had included the present Suwannee limestone in the Tampa limestone,
which was then thought to be Oligocene in age. Vaughan (1910, p.
155) recognized the absence of Oligocene rocks from an area in east-
central Florida. The Applins (194k4, p. 1681) divided the Oligocene
into two faunal units in northern Fiorida; the upper of which is much
more extensive and is correlated with the Suwannee limestone. In
northwestern Florida MacNeil (1944, p. 1316) restricted the Vicks=-
burg group to the middle Oligocene, namely the Marianna limeston;
and the Byram formation. The Suwannee limestone is now considered
by MacNeil (1946, p. 55) to be equivalent to the Byram and Chicka-
sawhay formations combined (fig. 2).

Age and extent.~--The Suwannee limestone is late Oligocene in

age. As used in this report it includes all sediments of Qligo~-
cene age in wes{:-icentral Florida. The formation is locally exposed
in northwestern peninsular Florida. Typical Suwannee limestone |

crops out along the upper Suwannee River. It is also exposed
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locally in southern Citrus and Sumter Counties, most of Hernandg
County, northwestern and eastern Pasco County, the northeast coi'-
ner of Hillsborough County, and the northwest corner of Polk County.
In the subsurface it extends to southern Florida, but is missing
from east-central peninsular Florida. In the area mapped the for-
mation averages 150 feet thick, is missing in eastern Polk County,
but is about 300 feet thick near the Gulf Coast.

The best exposure of Suwannee limestone visited by the authors
in this area is at locality 62, (pl. 2) in Pasco County. Fairly
good exposures are also present at localities 67 and TO.

General lithology.--The Suwannee is a pure, massive, homogeneous

white to light tan limestone which is fairly soft and sometimes gran« .

ular in appearance. It contains only a few percent of very fine=
grained quartz sand but locally has sbundant fossil detritus and
organic structures including casts, molds, and borings of mollusks
and tests of foraminifera and bryozoa. The top of the formation,
where it is not deeply buried by later deposits, has been 1ocaliy
silicified to irregular vitreous masses of translucent brown, rgid,
and gray to black chert, some of which has been altered to poroﬁs
white tripoli.

S’cratig_rg.;ohic relations.~~Elsevhere in Florida the Suwannee

limestone is known to be (Cooke, ‘19?+5, p. 88) unconformable upon
older Oligocene (Marianna limestone) or Eocene rocks (Vernon, 1951,
P. 177) and is overlain unconformably by the Tampa or Hawthorn for-

mation (Cooke, 1945, p. 88). The contects of the Suwannee limestone

were not observed in the aresa mapped for this report, although the

contact with the Tampa limestone is probably present at localities
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8, 65, and 70. At locality 65 a piece of rock dredged from a water-
way contained two kinds of limestone in sharp contact. Part of the
rock was compact and contained molds of a non-marine gastropod; the
other part was porous and granular and contained foraminifera.

Other pieces of rock similar to the latter type contained Cassidulus
gouldii, the Oligocene echinoid., Probably the Tampa-Suwannee contact
was cut by dredging at this locality.

The Suwannee limestone is missing in parts of peninsular Florida,
notably in the northeast corner of the area mapped and beyond, and
the Tampa limestone, and even the Hawthorn formation rest directly
upon the Ocala limestone in some areas. Subsurface data show that
the upper contact of the Suwannee limestone is irregular (pl. 1 and
figs. 3 and k).

A limestone unit which may be an equivalent of either the Byram
formation or Marianna limestone of northern Florids is present in a
well drilled for +the Davison Chemical Corporation in Polk County.
Petrographic characteristics different from those usually shown by
the Suwannee limestone were found in approximately the lower 4O feet
of a limestone which is called Buwannee on the basis of lithology and

the presencé at the top of a fragment of Cassidulus gouldii. The

anomalous lower 40 feet of limestone contained no fossils, but the
quartz sand is coarser, the percentage of sand is higher, and the
sorting poorer than in other Suwannee limestone analyzed from west-

central Florida.
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Fauna. --Mollusks and foraminifera are both abundsnt in the Suwan-

nee limestone. An echinoid, Cassidulus gouldii (Bouve), is apparently

diagnostic.
Fossils in the Suwannee limestone identified for this report
are given in plate 3.

Petrographic details.~--The microscope shows that the Suwannee

limestone is composed mostly of calcareous mollusk and foraminiferal
detritus with a few scattered very fine quartz grains cemented by
microerystalline dusky anhedral caleite or secondary gquachz. Altera-
tion textures include inecipient fracture~filling and minor replacement
in and around fossils by fresh, euvhedral, fine-grained calecite, and
replacement of carbonate by crystalline and cryptocrystalline gquarts.
B8iliecification varies from tiny fossil molds filled with spherulitic
chalcedony to massive chert replacement with only a few relicts of
fossils. Some of the chert contains vugs lined with small guartz
crystals. Pyrite 1is common in the darker cherts. Much of the chert
exposed to leaching has been partially altered to tripoli. Minor
dolomitization shown by roughly rhorbe-shaped areas of fine-grained,
optically continuous carbonate, is also common in some specimens.

The Suwannee and most other Florida limestones have high porosity,
partly because of abundant fossil casts and molds.

Where it does nét contain chert the Suwannee limestone has
fev impurities. By caleulation, (table 1); samples chemically
analyzed for this report contain from 64 to 99 percent calcium car=-
bonate, and the average is 87 percent. Aside from minor quartz sand,

silt, and clay, the percentage of other constituents is negligible.
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Table 1,--Average of partial chemicsl analyses of T samples of
Suwannee limestone from Pasco County, Florida

P05 Ced  Alp03 Feg03 Mg0
Percent 0.2 48,93 0.3 0.28 0.42

_/ Laboratory nos.: 115964 to 115968 and 115971, 115972.
Analysts: TIvan Barlow, Harry Levine, Roherta Smith, Wendell Tucker,

" Maryse Delevaux.

The Suwannee limestone contains very few heavy minerals; several
hundred grams of limestone yield only a few grains. -In some samples
muscovite is the predominant heavy mineral. In a composite sample
from core-drill hole G108 nearly all of the heavy minerals were fine
flakes of muscovite.

Quartz sand in the Suwennee limestone is very fine-grained,
extremely well sorted, rounded to subangular, and fairly uniformly
distributed. Petrographic data obtained from samples of the
Suwennee are summarized graphically in figures 5 through 10. The
data show that a typical sample of Suwannee limestone contains about
5 percent insoluble materiel; the sand fraction is about 2 percent
of the sample, has & median diameter of 0.09 mm, a sorting coefficient
of 1,14, and a fifth percentile value of 0.12 mm.

Iocalities.--A gazetteer of exposures of the Suwannee limestone
examined by the authors is given in table 2., Some of these locali-

ties are new to the literature.

(Text continued on p. 44)
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FIGURE 6—~FREQUENCY DISTRIBUTION OF FIFTH PERCENTILE VALUE AND
SORTING COEFFICIENT IN SAMPLES OF SUWANNEE AND TAMPA LIMESTONES
AND HAWTHORN FORMATION IN WEST-CENTRAL FLORIDA.
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FIGURE IO-TERNARY DIAGRAM OF SOLUBLE AND INSOLUBLE CONSTITUENTS OF LIMESTONE SAMPLES
OF THE HAWTHORN FORMATION,AND TAMPA AND SUWANNEE LIMESTONES IN WEST-CENTRAL FLORIDA.
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Miocene rocks

' Tampa, limestone

Previous-work.--Allen (1846) was apparently the first to record

observations of the rocks now known as Tampa limestone., In 1887
Heilprin (1887) assigned the rocks at Ballast Point on Hillsborough
Bay to the lower Miocene, the present accepted age of the Tampa
limestone, but Johnson (1888, p. 235) was the first to use the name
Tampa to describe rocks exposed near Tampa, Fla. Dall (1892, p. 112)
included in his "Tampa group” the YChipole beds," the "Tampa beds ,'"’
and the "Alum Bluff beds.” Matson and Clapp (1909, p. 84-91)
restricted the name Tampa to the limestones exposed near Tampa, but'
Mossom (1925, p. \77-82) included limestone exposed in Hernando County
in the Tampa, and later (1926, p. .82-184) he added the so-called .
Glendon limestone of Suwannee and Hamilton Counties to the Tampa.

In these reports Mossom used the name "Chattahoochee" formation
for limestone and calcareous clay in northwest Florida which he con-
sidered contemporaneocus with the Tampa limestone. Cooke and Mossom
(1929, p. 78-93) abandoned the name Chattahoochee and included these
rocks with limestones of peninsular Florida in the Tampa formation.
Later Cooke and Mansfield (1936, p. T1) separated the Tampa and Su-
wannee limestones. Puri (1953, p. 19-20, 38) divided the Miocene
in the Florida panhandle into 3 time-stratigraphic units, each sep=
arated by unc;onformities. He divided the lower Miocene Tampa stage
into an updip clayey and siity Chattahoochee facies and a downdip
calcareous St. Marks facies. He considered the St. Marks facies to

be present in the Tampa areea (Puri, 1953, p. 21).
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Age and extent.--The Tampa limestone is of early Miocene age

and in this report comprises all strata lying between the late 0li-
gocene Suwannee limestone and the middle Miocene Hawthorn formation.'
The formation is near the surface from the Alafia River in west-
central Hillsborough County northward and northeastward to central
Pasco and north central Polk Counties. Most of the exposures in this
area are along the Gulf Coast from the vicinity of Clearwater in
Pinellas County to Hudson in northwestern Pasco County, and along the
shores of Tampa Bay and the Hillsborough River. Tampa limestone also
occurs in the bottom of two phosphate pits, one northeast of Lakeland,
the other west of Bartow (Mansfield, 1937, p. 22). The authors were
unable to locate the occurrence west of Bartow and the location of
the collection may be in error. The formation is also exposed in
scattered areas in northwestern Florida. It has been found in wells
throughout much of northwestern Florida, and is present in the sub-
surface as far east as central Polk County in central Florida. The
Tampa limestone appears to extend to extreme southern Florida where
it was identified from a deep well in Monroe County (Cole, 1941,
P ll). The formation once extended northward from the area mapped
in this report but has been weathered and eroded from much of Sumter
and Hernando Counties. Patches of Tampa limestone remain, however
(loc. 100, pl. 2), and in Hernando and northern Pasco Counties several
Peet of sandy clay hawe been identified (Ketner, K. B., oral communi-
cation) as Tampa. Thus the present mapping has extended the Tampa

northward from the area mapped by Cooke (1945).
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In the ares of this report the Tampa limestone averages about
75 feet thick, but the maximum exposure of limestone is only 8 feet.

General lithology.~--Typical Tampa limestone is white to light

yellow, soft; moderately san&y'and clayey, finely granular and locally
fossiliferous. Both marine and fresh-water limestones are present.
Phosphate nodules occur in Tampa limestone at a few localities (loc.
73 and drill holes G90 and G91, pl. 2). In places (locs. 4, 26) cal-
careous fossil remains constitute up to 90 percent of the rock. Many
fossil molds give this type of rock & high porosity. Also present

in the formation are lenses of limestone conglomerate, green and

gray clayey sands, sandy clays, and clay-pebble conglomerates, all
more or less calcareous, except where they have been deeply weathered.
Chert is common, both as surficial crusts, and throughout the formation
as platy fragments, Fossils are thoroughly silicified in some
exposures (loes. 2, 31).

Stratigraphic relations.--From evidence which will be presented

later in the section on geologic history, the writers believe that
erosional unconformities exist at the top as well as the bottom of
the Tampa limestone in most of west-central Florida. Few good ex-
posures of the contacts are known in this area. Cooke (1945, p. 115)
was not certain of the nature of the Tampa contacts, although he
thought the Tampa limestone is probably unconformable upon the
Suwannee at locality 8. No previous workers have conclusively stated
the nature of the Tampa-Hawthorn contact in the area mapped for this
report, but an unconformity has been demonstrated between the middle
and lower Miocene in northern Florida (Cushman and Ponton, 1932, p.
31; Mansfield, 1937, p. 84; Vernon, 1951, p. 153; and Puri, 1953,

p. 38).
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Puri (1953, p. 21) did not mention the existence of his Chatts-
hoochee facies in the Tampa area, although lithologic zones are present
in the formation in west-central Florida (loc. 26, pl. 4) which are
similar to a section with whichk Puri (1953, p. 20) illustrates his
Chattahoochee facies in northern Florida. The writers believe that
both of Puri's facies may be present in west-central Florida. The
intertonguing of relatively pure limestones and calcareous sandy clays
is common in this area, but in most of the region such relationships’
can be studied only by means of well logs.

Fauna. --The Tampa limestone is erratically fossiliferous. 1In
places it is practically a coquina of mollusks whereas other exposures
are completely devoid of megafossils. Tampa fauna in west-central
Florida is charascterized by sbundant marine mollusks, and several
species of land and fresh-water snails are present. Charophyte (fresh
water plant) seeds and insect borings are locally abundant. At Ballast

Point (loc. 2) near Tampa the "silex bed" or Orthaulax pugnax (Heilprin)

zone is exposed from which Heilprin (1887) and Dall (1892, 1890-1903,
1915) described a variety of well preserved silicified mollusks.

Common at some localities, notably Six Mile Creek (loc. 1), is Celli-
forme nuda (Dall) which is thought (Brown, 1934, 1935) to be the silic-
ified larval chamber of a mining bee. Foraminifere are present,
particularly in the lower part of +the formation (Puri, 1953, p. 17).

An association of the three foraminifera Sorites, Camerina, and

Peneroplis was noted by F. S. MacNeil in samples collected by the
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SKETCH MAP AND CROSS-SECTION OF TAMPA LIMESTONE AT LOCALITY 26, HILLSBOROUGH RIVER DAM,

HILLSBOROUGH COUNTY,FLORIDA.
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authors from several Tampa localities. Archias is one of the most
agbundant forms identified in well logs of the Tampas. Only one

echinoid, Lovenia clarki (Lambert), has been found in the Tampa

limestone.
Terrestrial vertebrate fossils, some of which have lower Miocene
affinities, and are associated with depressions or sinkholes in the

Tampa, Suwannee, and Ocale limestones in northern Florida, are des-

cribed by Colbert (1932, p. 55-58), Sellards (1916, p. 82-90), Simpson

(1930, p. 160; 1932, p. T-M1), White (1943) iand Wetmore (1913), -
and others, but none of these remains have been found in the Tampa
formation proper.

Silicified corals of the genus Siderastrzea from several local-

itles were identified by J. W. Wells of the Geological Survey. All

but one of these were identified as S. hillsboroensis Vaughan; the

remaining one was S. silicensis Vaugban. Siderastraea hillsboroensis

seems to be associated with the Tampa-Hawthorn contact, or the lower
part of the Hawthorn where the Tampe is absent.

Fossils from the Tampa limestone identified for this report are
glven in plate 5.

Petrographic detalls.~--Locality 26 shows some of the features

of the Tampa limestone (pl. 4). Lithology varies from a relatively
pure limestone at the top of the section to a slightly calcareous
clayey sand at the bottom. The beds are only a few inches to a foot
or so thick and pinch out or merge laterally into different lithol-
ogies. Note (pl. 4), however, the lateral continuity of petrographic

data of samples from the same beds., Contacts between most beds are



gradational over an inch or two_ and are gently undulating to irfegular.
Clay fragments are abundant .in places; some are cemented by a network
of lime veinlets. Pockets of clayey sand surrounded by calcareous
clayey sand are common.

Most clayey beds in the Tampa. limestone are small lenses, but
several wells in Polk County, including two drilled in 1952 at the
Davison Chemical Corporation in western Polk County, penetrated about
50 feet of rather uniform greenish-gray dolomitic sandy clay (fig. 8).
This unit is tentatively placed at the base of the Tampa; in the Davison
wells it rests in sharp contact upon pure white limestone containing

fragments of the Oligocene echinoid, Cassidulus gouldii (Bouve), The

wells in which the unit was noted roughly delimit an area with cor-
ners near Mulberry, Lakeland, Winterhaven, and Fort Meade.

A limestone breccia which appears to be characterisite of the
Tampa limestone in scome areas is developed in several exposures near
Tampa (locs. 1, 19, 20, 25), and is present, though poorly developed,
at many other exposures. Fragments of relatively pure, white, fine-
grained limestone from a few millimeters to 10 centimeters in diameter
are cememted in a matrix of light gray to light tan carbonate contain=
ing sbundant fine-grained quartz sand. Most of the fragments are
angular, although a few are rounded. Cooke (1943, p. 87), and Steven-
son and Veatch (1915, p. 88) noted a similar structure in Tampa limes

stone of southern Georgia.
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At least two methods of developing this structure may be con-
sidered. Much of the Tampa limestone, which is relatively soft when
wet, becomes quite hard when dried by exposure to the air. Smooth
vertical grooves made by the teeth of a power shovel when the lime-
stone was wet and soft are plainly preserved in one exposure (loc.
20) of dry hard limestone. Alternate wetting and drying of the lime-
stone due to fluctuations of the water table could produce a net-
work of cracks into which sand grains could work down from the
surficial cover. A prolonged rise of the water table might then
cause the cracks to be sealed by precipitation of secondary carbon-
ate. B8everal observations support this theory.  First, most of the
fragments are angular; only a few show any rounding. Some of the
fregments "f£it together" as if they have been separated only a few
millimeters. There is & tendency in some exposures for the fragmente
to decrease in size upward in the outerop, and for the "fractures”
to become tighter downward.

It is also possible that the fragmentsl structure was formed
by breaking up of limestone along a beach in early Miocene time, the
resulting fragments being immediately burled by beach sands and recé-
mented by carbonate without much reworking. The shallow marine and
fresh-water environment of the Tampa, the presence of a few fragments
which are well-rounded, & possibility that most of the occurrences
of this feature are near the same stratigraphic level, and the fact
that in some places the fragmentation does not extend to the upper

surface of the limestone, support the latter theory.
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Chert similar to that developed locally on the Suwannee limestone
is found on'or near thé top of thé Tampa, but well logs indicate
(Heath and Smith, 1954, p. 13) that thin seams of chert are also
present throughout the formation. Some of this chert within lime-
stone may be syngenetic; some or all of it may have developed during
periods of local intrafbrmationalvweathering.

A variety of te#tures may be éeen in thin-sections of the Tampa
limestone., The rock is dominantly microcrystalline but may be largely
organic. Loecally it shows much alteration.

The chief constituent; calcite, is microcrystalline, uniform-
grained, and usually cloudy in appearance due to inclusion of minute
clay particles, Very fine-grained subrounded to angular clear quartz
sand is rather irregularly distributed through the rock. Detrital
particles ofllimestone‘anﬂ clay up to 10 millimeters in diameter are
present locally. The smaller grains are commonly casts of foraminifera
tests. In Tamps limestone which contains clay and limestone fragments
the quartz sand is invariably more sbundant and usually coarser in
the interstitial carbonate,

Crystalloblastic textures are common in the Tampa limestone.

A thin section of a sample from locality 11 showed a microcrystalline
limestone cut by Vveimlets up to 4 millimeter acress econtaining, id order
of deposition, fresh calcite, thin septa of collophane, and micro-
crystalline and spherulitic quartz, Most of the veinlets seen in

thin section seem to be replacements, but a few weré apparently open
fractures, as they alternately pinch and swell like some <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>