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FIELD TRIP INTRODUCTION
by

RONALD D, PERKINS .
Shell Development Company, Coral Gables, Florids

The first geological exploratien of the Calooszhatchee River
was conducted by Angelo Heilprin in 1886, Heilprin (1887, p. 28)
believed these deposits to be the most remarkable vet .discovered in
the state and paleontologically perhaps the most significant deposits
east of the Mississippi River. On the basis of ratic of extinct to
extant molluscan species, Heilprin designated the lower beds the
Floridan and assigned them a Pliccene zge. These lower beds have sub-
sequently been referred to as the Caloosahatchee Formation (Matson and
Clapp, 1909, p. 123). The overlying Pleistocene deposits consisting of
alternations of freshwater, brackish, 2nd marine marls and limestones

were subsequently grouped as the Fort Thompson Formztion (Sellarés,
1919, p. 71).

Heilprin's assignment of the Czloosazhatchee Formation to the

Fliocene was accepted by Dall (1887) and, im general, by most later
workers. However, DuBar (1958, p. $5) seriously questioned the sssign-
ment of the Caloosshatchee to the Pliccene 2nd, "on the basis of the
vertebrate fauns and to a lesser degree o the melluscan fauna and
stratigraphic relationships," assigned the Caloosahatchee to the
Fleistocene. Olsson and Petit (1964, p. 513) reviewed the problem and
concluded "the age assignment of the Calooszhstchee to the mid-Fleistocene

++is, therefore, wholly incompatible with existing information, and
the true position of the Calooszhatchee in the upper Tertiary as held
by all earlier workers remszins more firmly established than ever."

A paper presently in progress by Druid Wilson (neoted in Olsson
and Petit, 1564, p. 513) focuses attention on & mew stratigraphic unit
(Unit 4) between the Caloosahztchee and Fort Thompson Formations and
separated from these units by sherp unconformsble contacts. Unit 4 is
considered to be the earliest Pleistocene in south Florida. Brooks
(1967, personal communication; 1968, this publication) has recently
suggested & reorganization of stratigrephic nomenclature for the
Calooszhatchee River area im which the Czloosahatchee Formation has
been subdivided inte two members, the lowermest of which is assigned to
the Pliocene, the uppermost to the Pleistocene.

With this historical background in mind, it seems Zppropriate
that the Caloosahatchee age problem be reasppraised st this time, in-

corporating some of the more recemt work. We are pleased that Dr. H. Kelly

Brooks, Dr. Axel A. Olsson, Dr. Jules R. DuBar, and Dr. Druid Wilson

have agreed to participate as field trip leaders. It is the intent of
this field excursion to bring these prominent workers together for =
stimulating, free exchange of ideas and for & reevaluation of the field
evidence bearing on the problem. With but one exception, all the
erticles contained within this guidebook have been especially prepared
for this field conference and several interpretations are being presented
for the first time. -




Thée greatest portion of our trip will be devoted to exposures
along the Caloosahatchee River between Ortona Lock and Fort Denaud.
Recent widening of the river by the U. 5. Army Corps of Engineers has
produced numerous fresh exposures, while at the same time destroying
older, more weathered localities. The type section of the Fort Thompson
Formation has been completely destroyed by this most recent dredging
operation (see photograph om title page).

On Saturday evening, Mr. Walter L. Erwin of the Sun Oil Company
will address the group on the "Techniques, History, and Economics of 0il
Exploration in Florida." This talk will provide an introduction to the
second part of our trip which deals with the Sunoco-Felda and Sunniland
oil fields of Hendry a&nd Collier Counties. A brief article on these
fields has been prepared by Clzrence V. Babcock of the Florida Geological
Survey.

The final portion of ocur trip will include stops ealong the
recently completed Everglades Parkway (Alligator Alley) between Naples
and Andytown. New exposures produced by dredging operations aleng the
road will be examined and interpreted stratigraphically.

A detailed road leg is imeluded in the Appendix alomg with
graphic sections for stops along the Cazloosahatchee River,
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TEE PLIO-PLEISTOCENE OF FLORIDA

With speciazl reference to the strata

outcropping on the Caloosahatchee River

by |
H., K. Brooks

University of Flerida
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ABSTRACT

The strata outcropping on the Calossahatchee River in

“Hendry and Glades County are reviewed and stratigraphic sections

presented. One section from Charlotte County is included because

of the occurrence of an early Irvingtonian (Kansan) vertebrate
fossil assemblage., It is believed the most useful means of
delimiting and tracing the six post-upper Miocene cycles of
deposition is by use of the regressionzl fresh-water marls 2nd the
solution-pitted, case hardened limestenes that occur at the top

of each cycle. Leminated caliche crusts are common 2t these horizons
in relationship to subaerial unconformities. The formations are
revised. The two units of the Caloosahatchee Formation, containing
many extinct species, are shown to be Plio-Fleistocene in age. The
lewer member, the Fort Denaud, is probably Late Pliocene age and
corresponds to a 120-140 foot eustetic stand of sea level, the
Okeefenckee Terrace. The Eee Branch Member is probably Aftonian and
corresponds to the Wisconsin Terrace (90 feet) tramsgression. The
Fort Thompson Formation is shown to consist of three marine trans-
gressions., They probably correspond to fluctuations in sea level
during the long Yarmouth interglacisl stage with transgression
(Penholoway-Talbot) 70-40 feet above present sea level. The Coffee
Mill Bammock is re-established as a formation. 1It, and its
equivalents, the Miami Oolite, the Key largo Limestone and the
Anastasia, were formed largely in relaticmship to the +25 foot stand
of sea level, the Pamlico. It is possible that a Mid-Wiegconsin sea
level at +18 feet occurred, the Princess Anne. The older portion of
the Lake Flirt Formation, consisting of three cycles of deposition,
dates from this time.

INTRODUCTIO

. "This is wicthout gquestion the most remarkable fossiliferous
deposit that has yet been discovered in the state, and from a purely
paleontological standpoint, perhaps the most significant in the
entire United States east of the Mississippi River. The fossils...
crop out in 2lmost countleses mumbers a2md attract adttention, apart
from their prodigious development by their great variety, large size
and besutiful state of preservation.”

Heilprin (1887, p. 2B8) wrote the above observations 2s the
result of the first scientific explorstion of the Caloosshatchee
River, It is unfortunate that despite the monumental works of Dall
(1890-1903) and others the true geochronolegical significance of
these deposits has yet to be generally realized. 1In fact, such &
state of confusion presently exists that the time-stratigraphic
significance of the faunas is open to question and the stratigraphic
and paleontological zones are not clearly defined and are frequently
miscorrelated. Most significantly the true relationships of the
strata to the climastic and glacial eustatic sea level events of the
rest of the world have not been firmly established.




The zonations and interpretations that I am presenting in
this paper have not been published elsewhere but are the result of
eleven years of intermittent study. The basic interpretation has
previously been presented orally to the Mismi Geolegical Society
(1%66) and the annual meeting of the Gulf Coast Section of the
S.E.P.M. (1967). Support for this study has been from the Florida
State Museum, the Graduate School of the University of Florida, the
Arundel Corporation of Baltimore, Maryland and the Great Lakes
Dredge and Dock Company of Chicago, Illinois.

This field trip is being conducted to try to resolve
differences of opinion on the stratigraphic and biostratigraphic
interpretation of the deposits and to present data and ideas which
have not been previously published. It is in this spirit that I
have synthesized data from the literature and presented my observa-
tions and interpretations. It is hoped that as the result of
examining the evidence in the field that the strata expcsed on the
Caloosahatchee River can be esteblished as one of the most signii-
icant exposed sectiens for the Plio-Pleistocene in the world.

It would be an errer to coovey the impression that the
geochronological events recorded in the strata are obvious. The
maximum superimposed section that you will see is sbout eight feet
thick. As a result of construction of 2 lock at Olga the water
level has been rzised ome and one-half to two feet zbove the pre-
1965 level. Thue the lower portionm of the sections of earlier authors
are below the present pool level. Within the thin exposed sectioms
there are nine cycles of depositions of which the last three are in
the Mid-Wisconsin to Recent deposits of the Lake Flirt Marl. There
are six transgressional to regressional marine cycles separated by
fresh-water sandy limestones (in places case hardened, capped by
laminated caliche crusts and riddled with solution pipes) and
unconformities. All of this within the sequence presently assigned
to the Caloosahatchee and the Tort Thompsen Formations.

The faunsl assemblage in the Tamiami Formation of Late
Miocene age is distinct. Even this distinct stratigraphic and faunal
unit has been confused as being & Pliocene equivalent to the
Czloosahatchee Formation (Parker and Cooke, 1944, p. 62-635). Olsson
(Olssem and Petit, 1964, p. 511-520; Olsson, 1967, P- 3) has recently
placed the "Pinecrest Beds"” ag & basal unit of the Caloeszhatchee
Formation even though he recognizes the Upper Mioccene age of the rich
fossil assemblage. A study of collections made from ditches along
the Tamiami Trail near Pinecrest at Forty Mile Bend was Mansfield's
(1939, p. 8) basis for proposing the "Tamfami limestone" &s a basal
Fliocene formation below the Caloosahatchee., Not enly is there
controversy as to whether the Calooszhatchee Formation should be
extended to include the richly fossiliferous beds a2t the top of the
upper Miocene sequence, but the discovery of the teeth of a
Fleistocene horse, Equus sp. within deposits assigned to the Formation



has led DuBar (1958, 1962) znd the Florida Geological Survey (Puri
and Vernom, 1964, p. 231) to assign the total post-Miocene sequence
to the Pleistocene. There is clearly something w.ong. The composite
Caloocsahatchee fauna as it is now known consists of over B00 speciles
of mollusks of which about one-half are extinct. Can such a
"Pliocene assemblage" conforming to the classic definition of Lyell
be so wrong? We have always had grest faith in the information that
is straight from the "horse's mouth". To clarify these questioms it
will be necessary to review the stratigraphic units iovolved, their
interrelationships, and faunas. It will also be necessary to review
the concepts and definitions of the Pliocene and FPleistocene.

STRATIGRAPEY

The factual data presented herein will be based as much as
possible on observations at the sites that will be visited. Emphasis
will be placed primarily upon the lithology of the umits, their
transgressive or regresesive nature, facirs, unconformities, and the
fossil assemblages, Large faunal lists have been presented else-
where {Dall, 1903, p. 1605-1614; Mansfield, 1939, p. 11-31; Cole,
1931, p. 1-79; Olsson and Harbisom, 1953, p. 13-26; Parker et z1,
1955, p. B84-88; Dubar, 1958, p. 107-140; DuBar 1562, p. 14-38;
Schroeder, 1954, p. 39-45; Olsson and Petit, 1964, p. 515-521).
Foraminiferal assemblages by zone are being published herein by
C. V. Conklin., It is especially important that the stratigraphic
and paleontolopical sequence be established through careful study at
each outcrop and then literally traced by "walking them out". I
have spent many days in a boat physically tracing the zones along
the nearly continuous exposures from west of the Fort Denmaud EBridge
te Ortona Lock. There are two interruptions im the continuous
exposures., There is a high of the Upper Miocene extending one-half
mile on either side of the LaBelle Bridge over which all of the Flie-
Pleistocene section is absent except the upper ''Chione sand”,

A low area is found between Fort Thompson and Ortona lLock where the
merine section is exposed omly below water.

The stratigraphiec units which we will see will be discussed
in ascending order from Upper Miocene to Recent.

Tamiami{ Formaticn

The Tamiami Formation, as redefined by Parker (1951, p. 823)
includes all strata of Late Miocene age in southern Florida. Thus
it consists of the Tamiami and Buckingham Formations of Mansfield
(1939, p. 8-16) and the upper part of the Hawthorn Formation of Parker
and Cooke (1944, p. 98-112). 1In his original descriptiom of these
two units, Mansfield (1939, p. B) believed the Buckingham Limestone
was of Late Miocene age, whereas the Tamiami Limestone was believed
to be Pliccene, but older than the Caloosahatchee Marl. The type
locality for the Buckingham is in the old marl pits at the south edge
of Buckingham, lee County, Florida. The type c¢f the Tamiami is the




exXposures in the canals 2long the Tamiami{ Trail frem Carnestown
eastward to near Pinecrest (Forty Mile Bend) in Collier County,
Florida.

Parker and Cooke (1944, p. 64) traced by means of cable
tool cuttings rocks, which they thought were subsurface equivalents
of the outcropping Tamiami, eastward directly under the Miami Oolite
as far as Miami. They therefore believed that the Caloosahatchee and
the Tamiami Formation interfingered and were time equivalents. BHoy
and Schroeder (1952, p. 285) obtained better well samples znd dis-
covered six fresh-water limestones within the sequence below the
Miami Oocolite. The earlier error was partially corrected when they
2ssigned these strataz, on the basis of the fresh water marls, to the
fort Thompson Formation.

A specimen of Ecphora guadricostats umbilicata (Wagner)
was found by Schroeder (1954, p. 35) ia the marly elay, silt, and
fine sand facies (Buckingham Marl) just west of Fort Denaud in
Banana Creek, a tributary of the Calcosshatchee River. During the
last several years I have collected a2dditional specimens, as have
students from the University of Floride &nd others, from excavations
in Lee and Charlotte Counties. Recently, several specimens were
collected in & drainage ditch that crosses U.S. Highway 41 npear the
Sarasota-Charlotte County line. Ancther specimen has also been
found a2t Pinecrest on the Tamiami Treil ia Collier County (Olssem
and Petit, 1864, p. 552).

The lithology of the Tamiami Formztion is complex, consist-
ing of a number of different facies. 1In Lee County mear Buckingham
the lithology is @ cream to tan phosphatic caleilutite. There are
varving proportions of fine sand, silt, &nd clay. Northwestward
along the Gulf coastal areazs to Tampe Bay, the Tamiami is generally a
gray to greenish-gray, calcareous, phosphatic sand or sandy limestone.
Oysters and barnacles are common fossils. Exposures in Collier County
to the south reveal an off-white calcarenite, often with abundant
quartz, in wvarious stages of induration. Lithified rocks revealed
in guarries in this formation are largely developed in coarser
calcarenite and shell facies containing 2 richly diverse molluscan
fauna. These lithified deposits have been zltered by solution of
aragonite and redeposition of calcite.

The exposures on the Caloosahatchee River just to the west
of the Fort Denaud Bridge and on either side of the LaBelle Bridge
&re mostly gray to green, fine-grained sand, clayey sand, and clay. In a
barrow pit west of LaBelle there is a lens of very coarse gravel
composed of oblate spheroids of quartz. These pebbles also occur in
the "Pinecrest Beds" of Olsson near Forty Mile Bend on the Tamiemi
Trail. The City of Immokalee owes its excellent water supply to this
coarse clagtiec faecies of the Tamiami Formation. The oececurrence of
these diagnostic pebbles in the Tamiami Formation is excellent support
of Bishop's (1956) interpretation that the Citronelle Formation under-
lying the high hills of central Florida, especially the Lake Wales



Ridge, is late Hin:ene in age.

The "Pinecrest Beds" of Olsson apd Petit (1964, p. 516)
are named from a locality near Forty Mile Bend on the Tamiami Trail
near the Collier-Dade County line. Below a thin, sandy, slightly
colitie, hard limestome (Fort Thompson) "'is & soft fine guartz sand
ranging from 10 to 20 feet in thickness. Owver a2 part of this region,
this sand bed is barren of fossils aside from scattered worn frag-
ments of Turritella and Macrocallista." (Olsson and Petit, 1964,
p. 516). ]

The rich, diverse fauna assigned te this unit (Olssom,
1967) was largely collected from excavations. near Brighton and
Kissimmee north of Lake Okeechobee, Fisheating Creek, Finecrest and
Acline in Charlotte County. Tucker and Wilson (1932 and 1933) first
described new specimens from a quarry at Acline and this problematical
assemblage has become known as the "Acline fauna". Druid Wilson
estimates that the zssemblage consists of about 600 species. DuBar
(1962, p. 38) believes the collection is stratigraphically mixed and
represents & conglomeration of Late Miocene, Caloosahatchee, and
Fecent species. In this I agree, but from my observations I also
recognize that it is possible for pockets of richly fossiliferous
lenses and beds to occur within the Tamiami Formation. It is probably
such beds that are yielding the "Pinecrest fauna".

I certainly cannot agree with Olsson that the "Pinecrest
Beds" of Late Miocene age are a2 lower unit of the Caloosahatchee
Formation. Every place where the base of the true Caloosahatchee
Formation can be seen it rests unconformably on the Tamiami Formation,
such as the exposures west of the Fort Denaud Bridge (Stop 5). That
the stratigraphic sequence from the "Pinecrest Beds" of Late Miocens
age to the Caloosahatchee Formation of Late Pliocene age {or Pleisto-
cene) cannot be conformable is supperted by several lines of evidence.

1) The lower Pliocene is not known to occur inm Florida, 2) there
are 2 number of sites at elevations &2t or near sea level where
assemblages of Late-Middle TFliocene to Early-Late Pliccene age land
vertebrates have been found (Webb and Tessman, 1967). Recently several
vertebrate fossils of this a2ge heve been collected in the Kissimmee
River area near Brighton and, 3) most significantly, the great river
straths of peninsular Florida are zall eroded into Upper Miocene or
older strata. They are back filled with deposits of Late Pliocene or
yvounger age (Brooks, 1966, p. 41). These eroded valleys contain the
lagoonal and fluviatile deposits of the Bone Valley Formation of the
Suwannee, New River, Santa Fe River, and the Peace and other rivers
of the Bone Valley area of central Florida. The Nasghua Marl of the
St. Johns and the '"Caloosahatchee deposits' of the Kissimmee occur in
such eroded straths. The "St. Petersburg Fauna" also is associated
with one of Florida's great estuaries as are the Calogsahatchee beds
exposed in the creeks associated with Charlotte Harbor. It is even




true that the type Caloosahatchee occurs in a2 valley-like depression
between the highlands to the nerth and the Immokalee high to the south,

The Upper Miocene stratigraphy of the Atlantic Coast and
¢f the panhandle of Florida consists of two phases. A cool water
faune assemblage, '"the Ecphora zone", occurs in deposits that underlie
2 deposit containing a fauna indicative of warm tropical affinities,
"the Cancellaria zone'". If it can be proven that these two phases
of the Upper Miocene exist in south Florida, then a) the Buckingham
Marl should be re-established as a member for the lower phosphatic
marl, sand, and clay equivalent to the Ecphora zome at Jackson Bluff
in Leon County, a2nd b) the upper calecarenites, limestones, and
clastics (including the fine to coarse marine clastics containing
the "Pinecrest fauna" with its tropical affinities) should be
recognized a& an upper unit of the Tamiami Formation, the Finecrest
Member, equivalent of the Cancellaria faunizone. It is doubtful that
valicd lithological criteriz will be established in these variable
deposits te warrant both units being recognized as mappable formations.

Flio-Fleistocene Sequence

History

Trom his brief exploratory study of the richly fosgiliferous
beds containing extinct species exposed on the Calcosazhatchee River,
Heilprin (1887, p. 103-104) 1lists 89 species of which 41 are still
members of the Recent fauna. This is 46% of the total sssemblage. He
thus correlated it to the Astian of the Italiazn Pliocene series and
referred to it as the "Floridian Formation" (p. 32-68). The outcrops
from which he collected were eastward of the limestone bluffs at
Daniels (p. 28-33), the present site of the Fort Denaud Eridge, and
extended as

"highly fossiliferous deposits ..... practically without
intermission to Fort Thompson, a distence along the
river of some ten to twelve miles. T made a careful
examination of the banks to ascertain if any dividing
line or horizon, characterized by discinct assemblages
of organic remains, existed, but failed to discover any
such; the fossils appear to be packed almost
indiscriminately, and in several instances when 1
thought that 2 certain localization of some species
could be detected, the same forms would appear in

other parts of the bank .... Only along the top line was
there a true differentiation, the uppermost (marine)

bed being densely charged with the valves of Venus
cancellata, largely to the exclusion of the numerous
forms that so eminently serve to define the bank in
general. Nor did I succeed in obtaining any extinet
species from this topmost stratum, although no true
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junction linme between it and the stratum immediately
underlying could be determined. There i= no question
in my mind that this upper Venus bed, the same as We
found at other points of the river, is of Post-
Pliocene 2g€ ...... FOT SOmE distance below the
Fort Thompson rapids the topmost of the marine
deposits exposed on the river -- the Post-FPliocene
Verus cancellata bed ...... 1s seen to be overlain i
by a heavy stratum of limestone, in which the remains
of fresh-water orgenisms, Planorbis, Limnez, etc., are
very numerously imbedded. This fresh-water limestone...
can be traced to the rapids (and beyond), where it
acquires its maximum development, with a thickness of
rwe to two and a-half feet. It here Tises from two
to four feet above the surface of the water everywhere
everlying the Vemus cancellata bed, which in turn here
and there exposed the older fossiliferous deposits...."”
1n Dall and Barris' classic paper on the correlation of
the "Neocena" (1892, p. 145-146) the Chiome cancellata bed and the
mPlaporbis rock" were included in the Pliocene. They use the name
Calooszhatchee marl in an informal way (p. 145) as Dall (1887, p.
169) had done earlier. Dall's (1889-1903) great contribution was
the description of 639 species of which 49% were extant. Dall's
collections included specimens from the Caloosahatchee River and
Shell Creek, Alligator Creek and Myzkka River in the Charlotte
Harbor area. The other taxomomic studies of importance on faunas
welisved to be contemporaneous inm Fleorida are Olsson and Harbison's
(1853) study of a rich fauna from St. Petersburg and Mansfield's
(1918) study of the Nashua Mar] fauna of the St. Johns River from

south of Palatka to near Deland.

Meaningful stratigraphic zomatiom of the strata exposed on
the Caleosahatchee River dates to Sellards' (1919, p. 71-74) work in
which he defined the Fort Thompson Formation of Pleistocene age &5

the "alternating fresh-brackish water and marine shell marls and

limestones typically exposed at Fort Thompson" &nd the overlying

unconsolidated shell bed consisting predeminately of Chione
cancellata as the Coffee Mill Hammock Marl. Their types were at
Fort Thompson and at foffee Mill Hammock near the present site of

Ortona Lock. Unfortunately Cooke and Mossom (1929, p. 198-211) later

suppressed the Coffee Mill Hammock to & member of the Fort Thompson
Formation. They correlated the other known Pleistocene units on the
east coast and im southern Florida (Anastasia Formationm, Miami
ODolite, and Key largo Limestone) to the Fort Thompson Formatiom.

. As Cooke was deeply involved with marine terraces and
glacial eustatic fluctuatioms of sea level, Parker and Cocke (1944,
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in the Plic-Pleistocene sequence a2nd correlated the terraces then
believed to be of Pleistocene age with the Fort Thompson units
(including the "Coffee Mill Hammock member'). Their diagrammatic
interpretation is reproduced without alteration as figure 1.

A published measured section that has not received
appropriate notice was presented in the guide book of the eighth
field trip of the Southeastern Geological Society {(Schroeder, 1954
p. 28-29). It was a composite section between the lock and the
railroad bridge st Ortona Lock, £ix merine units separated by fresh-
water limestone and unconformities were recognized in the
Caloosahatchee-Fort Thempson sequence. The upper unit of the
Caloosahatchee, the "Vermicularia bed", was incorrectly assigned to
the Fort Thompson Formation. The multiplicity of units assigned to
the Pleistocene was used to refute Parker and Cooke's eustatic
correlation and to support Richards' (1945, p. 404) statement that
he "is still not entirely convinced thet the wvariations between
fresh-water and marine limestone along the Caloosahatchee River
could not have all taken place within a2 single interglacial stage...”

During the summer of 1953, DuBar made 2 startling discovery
of Pleistocene horse teeth within 2n outecrep of the "Calocszhatchee
Marl" aleong the Caloosahatchee River neer Ayers Landing one and one-
half mile upstream from the Fort Densud Bridge. DuBar (19538) d4id an
excellent job of zoming the individual exposures a2nd interpreting
the ecology of the faunas, but I believe he mis-correlated the units
between cutcrops (his diagrammatic correlation between the strata
at Fort Thompson and Ortona Locks is herein reproduced without
alteration 2s figure 2)., Most significantly, he relegated the classic
Czloosahatchee fauna with so many extinct species to the last inter-
glacial stage of the Pleistocene, the Sangamon. The varying units
DuBar assigned to the Fort Thompson were stated to be Wisconsin.
Studies in the Charlotte Harbor area (1962) were used to support his
earlier interpretation. His stratigrephic zonations were mostly
referred to in relation to faunal zones. DuBar did name a secondar-
ily hardened limestone and concretionary marl, the Bee Branch Member
of the Caloosahatchee Formation. In the type erea, this was the
middle marine unit. He later (1958b, p. 136) proposed the name
Fort Denaud member for the lower unit and the Ayers Landing Member
for his upper unict. -

Without teking into account the unconfermities within the
stratigraphic sequence, and the bicstratigraphic significance of the
molluscan fauna, especially the percentage of extinct species, he
based his correlations only on the supposed late FPleistocene age of
the vertebrate fauns. P

‘Overlying the marine stratz on the Caloosahatchee River
and elsevhere in Florida are surface sands. In low places, river
valleys, and especially in south Florida, lake basins such &s Lake
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Okeechobee, there are fresh-water marl sequences. These have been
referred to as the Pamlico Sand and the Lake Flirt Marl.

The Pamlico Formation was proposed by Stephenson (1912,
P. 286-290) for "fine sandy loams, sands and clays and to a limited
extent gravels' near Pamlico Sound in eastern North Cerclina, He
correlated all such deposits underlying the plain that do not exceed
25 feet altitude from North Carclina northward to Maryland. Coocke
(1931 eand later) has assocciated the sand deposits with the origin of
the 25-foot terrace throughout the Atlantic Coastal Plain and Florida.
Richards (1936, 1938) has also assigned the fossiliferocus estuarine
and Chione cancellata beds of the Atlantic and Gulf Coasts to this
formation. He (1936, p. 1643) makes note that fossils of the 100%
extant marine assemblage are found up to an elevation of 25 feet
ebove present sea level, "and never above'. He correlates the beds
as late Pleistocene, probably Sangamon.

Cooke {(1945) disagrees with Richards' usage and would
designate the Pamlico Formation as representing only the surficial
nonfossiliferous sand associated with the 25-foot terrace. Forma-
tional names have alsoc been assigned to the unfossiliferous clastics
essociated with the higher terraces.

It can readily be shown that the surficial sand of the
coestal plain associated with the "marine terraces" are heterogenetic
and heterochronic. In some places they represent beach, dune
deposits, and regressional sand, but in many cases they &re nothing
more than soil profiles developed in the normal course of soil
formation. -

The Lake Flirt Marl was named by Sellards (1919, p. 73-74)
for the deposit overlying the Coffee Mill Hammock shell bed. It
"eonsists of a calcareous mud in which fresh-water shells, chiefly
gastropods, are embedded' and has a2 thickness of three to four feet.
It underlies the lake basin from Old Fort Thompson to Coffee Mill
Hammoeck. It is of "fresh-water origin and quite recent in age.”
Cocke (1945, p. 312) and others have extended it to include the marl
underlying the peat and muck in the Everglades and elsewhere. Cocke
(1945, p. 312) stetes that "Deposition of the marl probably began
during late-Wisconsin (post-Pamlico) emergence and may have continued
locally inte the Recent epoch." Previously Cooke and Mossom (1920,
P. 211) were in agreement with Sellards that it was Recent.

Stratipraphy

DuBar (1958) has been the only person who has previously
published detailed stratigraphic and paleontological sequences. BHis
sections are remarkably accurate relative to lithology and fossil
content, However I disagree with him on the following points: a)

I do not include &ll nodular or zltered rubbly sandy limestone in the



Bee Branch Member of the Caloosahatchee Formation, b) I do not agree
with his correlation of zones between outcrops, and c) I feel he has
not recognized subtle evidences of unconformities between similar
litholegies. i

Six marine zones can be distinguished within the Plio-
Pleistocene sequence. Each marine unit is separated by an unconform-
ity of considerable magnitude. There are regressive marls associated
with each marine unit. Case hardened and soluticn-pitted limestone,
often with caliche erusts, can be shown to occur associated with
each unconformity. At many places the unconformities can only be
detected by careful search for relics of these limestones and "eructs'
or, less convinecingly, through the presence of fresh-water shells
into what appears to be otherwise & conformable marine sequence,

DuBar recognized the presence of fresh-water limestones and unconform-
ities in his sections of the Calooszhatchee. He discounted their
significance in this and in the Fort Thompson Formation as being of
minor time-stratigraphic significance.

The stratigraphic sectionsz criticzl to interpretation of
the post-Miocene strata om the Czloosshatchee River azre presented
together in diagrammatic form . They conform to the scheduled Stops
Z to 8, but will not be discussed in thet erder. For convenience of
reference my formational assignments are Eiven on the stratigraphic
diagrams presented for each stop. There is space on each diasgram
for notes on difference of interpretation by others. In the follow-
ing discussions we will refer to the units of the Caloosahatchee,
Fert Thompson, and Coffee Mill Hammock Formations as Units one to
gix. The Lake Flirt will be referred to by name because there is no
question of its boundaries. See ﬁpie:dix for these graphic sections.

* %

Stop 4. The outerep on the south bank of the Caloosahatchee
Canal about two and one-hslf miles west of the bridge at LaBelle in
the southwest Corner of Section 12, R. 28 E., T. 43 5., Hendry County,
is near the center of the area from which the classic fossil collections
were made and should be considered the type of the Czlooszhatchee
Formation. This is near Station 20 of Parker and Cocke (1944, . 86),
Stop 3 of Schroeder (1954, p. &44) and A 28 of DuBar (1958, p. 234-235).

As Parker and Cooke (1944, p. 86) observed, "This station is
located in an area where wide variztions in lithology are common. In
some places nearly the entire Pliocene section consists of soft uncen-
sclidated shell marl; in other places the top laver of ledge rock is
entirely missing or is represented merely by scattered cobbles. The
Czloosahatchee contains meny coral heads at this station." Parker
eand Cooke's section was apparently measured on the adjacent property
to the west where the upper "Chione sznd" is best developed above &
limestone ledge. DuBar's section appears to be at the same place as
mine.

15
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Figure 3 (also see stratigraphic section for Stop &)
portrays the complexity of the lithological relationship at this
site. There are four fossiliferous marine units exposed here, the
16west and oldest of which is now largely under water (Unit 1).

In ascending order the overlyinmg units are designated 2, 3 (47
or 57) and 6.

Unit 1 consists of three sub-zomes. The lowest zone con-
sists of one to one and one-half feet of sandy calcilutite with
sbundant Turritella and a meager variety of other species. It
grades upward into one to one and one-half feet of calcarenite with
a richly diverse "Caloosahatchee” molluscan fauna including Vassum
horridum, Turritella perattenuta, Scaphella floridana, Strombus
leidyi, Arca wagneriana and Cypraes problematica. Articulated shells
of Cyrtopleura costata &are found burrowing downward into these beds.
Vestward 300 to 400 feet beyond the limestone ledge, this "Cyrtopleura
zone' can be examined again where other fossils are not sd abundant.
There are a few brackish-water indicators present, {ncluding Rangis
nasuta. At this site there are discontinucus relics of herdened
fresh-water limestone above the Cyrtopleurs bed. By the oazk tree
this upper sub-unit is missing, but it can be seen just to the west
of the tree where it forms the rocky substratum for 2 patech of
corals developed within the next transgressive sequence. The uncon-
formity above Unit 1 will be discussed after description of the over-

lying marine unit.

%
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Unit 2 is a calcarenite which at this site contains an
ebundant and diverse Caloosahatchee marine molluscan fauna. A thin
oyster and pecten bed occurs at its base westward of the limestone
ledge. The ledge itself comsists in part of the limestone at the
top of Unit 1, but largely it is 2 szndy, hard, Tubbly limestone that
hee resulted from the weathering of Unit 1. {(This is the Bee Branch

Member of DuBar).

East of the patch reef, the section exposed in the bank
superficizlly appears to be 2 conformsble sequence between Unit 1 and
Unit 2. That there is an unconformity within the sequence is not
only proven by the relic patches of fresh-weter limestone, but also
by the fresh-water snails that have been reworked intc the basal

portions of Unit 2.

Unit 3 (47, 57) appears to be superimposed conformably om
the underlying unconsolidated marls. However, westward of the patch
reef where the second unit is highly altered to Bee Branch type lime-
stone, the richly fossiliferous ''Chione cancellats beds" with
relatively fresh shells are very conspicucus. At the measured sectiom
ir ie difficult to prove the occurrence of an unconformity between
these "Chione cancellata beds" and the underlying unit. Diligent
cearch will reveal that here &nd there a2 contact can be found with an
occasional piece of reliec fresh-water limestone or laminated caliche
crust. DuBar failed to distinguish these two units, and thus grouped
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together the combined materials of my Units 2 and 3,

There are & few extinct species, e.g. Pyrazus (Pyrazisinus)

scalatus (Heilprin), in Umit 3. For the most part, Chione cancellatsa

comprises 20 to 50% of the specimens. This is obviously theVenus
cancellata bed" of Heilprin and Dall. It is in part the Ayers Land-

ing Member of the Caloosshatchee Formation of DuBar. It does mot
contain nearly sll of the extinct species attributed to it by DuBar.
1t is not a "Caloosahatchee assemblage" just as both Heilprim and
Dall had previously recognized. :

"The six teeth of Equus that I have collected here and
apparently the teeth that DuBar ecollected further westward mear Ayers
landing, came from the base of Unit 3, or above the two beds contain-
ing the profusion of extinct species.

These teeth that have been cited as proof of a Late
Fleistocene age of the Caloosahatchee Formation belong to the
caballine horses. In discussing the relationship of the Irvingtonian
sccurrence of this group Savage (1851, p. 239) used the name Eguus
cf. caballae Linnaeus (the modern demestic horse) because of the
problem inherent im the differentiation of species. Sevage (p. 243)
ctates that one "is completely overwhelmed by the multitude of
presumably diegnostic species characteristics which have been used;
he is even more confused to find that most of the proposed distinctions
cellapse into minor variations within a species when a large mumber
of specimens are available from one locality." The type specimen of
E. leidyi (p. 246) "and other teeth which Hay has referred to this
species greatly resemble teeth which have been referred to E.
complicatus Leidy, E. holmesi Hay (nomen wanum) and other proposed
species. 1 regard E. leidyi as a nomen vamm.' How can one be 8O
eure of the Late Pleistocene age of Unit 3 when the caballine horses
have a known biostratigraphic range of Kansan 1O Recent? 1 am deeply
indebted to David Webb and Norm Tessman for the advice and the help

given me with this problem.

Unit 3 consists of relatively fresh shells in a slightly
calcareous sand matrix, but in places it ig weathered at the top tO
s nodular conglomeration. In the esction between the oak tree and
the reef patch, there are relics of laminated crust at the top of
this unit. These relics represent and testify to the occurrence of
2 sub-gerial unconformity.

Unit 6 consists of patches of shell in send above the relic

caliche crusts. The overlying sand is in part residual. The humate
zone is typical of soils developed under poorly drained conditions.

It is estimated that Units 1 and 2 contain 30 to 40%
extinct species, Unit 3 contains 5 to 107 extinct species and Unit
£ containg no extinet species. For convenience the marine fauna of the
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lower two units will be referred to as a typical Csloosshatchee fzuna.
: * b sk % o

Stop 3. The measured section occurs on the south side of
the Csloosahatchee Canal under and on either side of the Fort Denaud
Bridge, north center of Section 15, R. 28 E., T. 43 5., Hendry County.
This must be the area of the limestone cliffs at "Daniels" referred
to by Heilprin. The section presented by Parker and Coocke (1944,
p. 58, station 385) and DuBar (1958, p. 277, 4 39) were measured on
the north bank and to the west ¢f the old bridge. Similarity between
their sections ends with recognition of the surface ssnd as the
Pamlico Formaticn. DuBar correctly recognized the existence of
pockets of Chione sand filling solution pipes in the underlying strata
as Coffee Mill Hammock? (assigned to the Fort Thompson). However,
he included 2.5 feet of weathered rubbly sand and shell above the
deposits containing typical Caloosahatchee species in the Calocsahatchee
Formation, whereas Cocke had assigned his comparable unit, containing
only & few extinct species, to the Fort Thompson Formation.

This is an area of outcrop that requires careful study to
interpret because of thickening and thinning of units and because
much of the marl, sand, and shells has been zltered to & nodular, sandy,
peroug limestone. The lower units slowly rise westward for about one
mile. The upper units are progressively eliminated until the complete
section below the surface sand is fine sand, clayey sand, and marl of
the Tamiami Formation., This relation is diagrammatically shown in
figure &, ©Please refer @lso to the stratigraphic section presented

for Step 5.

Four marine zonee can readily be distinguished. Herein
they will be discussed as representing Unit 1, Unit 2, Unit 3 (4%, 57)
and Unit 6. In some places there is evidence for two cycles of
deposition within Unit 3.

Unit 1, the lowest exposed bed at the bridge, is for the
most part & fossiliferous calcarenite that has been altered to a
sclution riddled, medium to hard, limestone. In some places the
calearenite is relatively unconsolidated. 1In places, laminated
caliche crusts and fresh-warer limestone relics indicate the
presence of an unconformity between this and the overlying unit which
is very similar, even to containing the same "Calooszhatchee fauna',

Unit 2, the Bee Branch Member of the Caloosahatchee of
DuBar, is distinguished here because of the development of oysters and
pectens at many places near its bsse. 1In addition to seeing these
"basal oyster biostromes' of DuBar, one can also find locally a
conglomerate censisting of boulders of reworked fresh-water limestone
in pockets zbove the basal unconformity. Where not altered, this
unit contains an abundance of shells. It is capped nesarly everywhere
by remnants of fresh-water limestones in places with laminated
erusts two to six inches thick.

18



Unit 3 is, for the most part, badly weathered to a nodular,
rubbly porous sandy limestone. It apparently was originally a sand
and shell bed in which Chione cancellats dominated. Here and there
one can find relics of fresh-water limestone and laminsted crusts
within this unit. There is no question about the "cap rock" of this
unit. It dominates the section and consists of a hard sandy lime-
stone riddled with solution pipes. The lower portion contains a
marine fauna whereas the upper portion contains only fresh-water snail
ehelle., This gradation of marine to mixed faupa to fresh-water snails
can be observed at many places and is not restricted to. the regressive
sequence of this unit. The percentage of extinct mollusks in this
unit is difficult to estimate becsuse of the poor preservation, but
there are definitely twe or three species. Because of the conspicuous
"cap rock'", solution pipes, and laminated crusts, therz cam be no
gquesticn about the uncenfoermity at the top of this composite stratum,

Unit & occurs zs pockets and, just to the east of the bridge,
as a continuous stratum up to one foot thick. This sand and shell
depoeit containe an extant assemblage in which Chione cancellata is
dominant. The thick overlying sands two to three feet thick appear
to be largely residual,

* ok F K K

Stop 6. The exposure to be studied is about 2,000 feet east
of the Fort Denaud Bridge on the south side of the canmal. It is on
the south bank in the NE 1l/& of Section 15, R. 28 E., T. 43 5., in
Hendry County.

Besides being a typical exposure this section is of great
significance because here one can clearly see the solution-pitted
regressional fresh-water marl withino the Caloosahatchee Formation below
an intraformational unconformity and above the ocecurrence of the
Cyrtopleura burrowing clame., There are alsco patches of a transgressive
fresh-water marl above the unconformity. (Most of the fresh-water
marle are regrecssive and grade dovnward inte the underlying marine
deposit through a mixed transitional zome which in places contains
beds of oysters and pectens), See DuBar's sectiom A 36 which is
reproduced belew,
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Three cycles of deposition can be distinguished at the
exposures occurring at Stop 6. To either side a fourth marine zome
occurs as weathered "Chione cancellata" shells at the base of the
surficial sand in solution pockets and as discontinuous beds. The
units shown in the diagram for Stop & (with sub-units) are 1, 2, and
).

Unit 1 at the bottom, and below the present water level, is
2 plastie marl with 30 to 40% very fine sand. It contains oysters
end pectens mixed with a fresh-water snail feauna., It grades downmward
into a ¢lavey marl with an zbundance of Turritella. At the top this
regressive sequence grades upward into a sandy limestone containing an




abundance of fresh-water snail shells. This cap rock is case hardened,

discontinuous, and contains solution pipes in relaticmship to the
unconformity.

Unit 2 consists of three intergrading and intermixed
lithologies. At the bottom are patches of an unceonsolidated marl,
zero to six inches thick, with an sbundance of fresh-water smail
shells, In places the snails from this marl are intermixed with the
calearenite. The calcarenite contains considerable quartz sand. The
marine fauna is abundant and diverse and represents & typical
"Caloosahatchee assemblage”. At the bzse of this marine zone are
oysters, pectens, and Rangia shells. 1In places in this vicinity there
are actually ovster biotherms. The czlcarenite and shells are
wezthered to & porous, sandy, rubbly limestone in the upper two feet
or so of this four foot thick unit. Capping the limestone is 2 dis-
continuous layer, zeroc to four inches thick, of a very sandy, hard
rock containing fresh-water snails.

Unit 3 is 2 calcareous sand and shell deposit in which
Chione cancellata shells are very common. -At the top of this marine
cycle are relics of & discontinuous, thin, hard, sandy limestone.
The surficial sands a2re mucky and their origin is questionable.
However, laterally one can find patches nf Chione shells at the base
of the sand sequence.

The diagram presented earlier azs figure 4 displays the
relationship between the zones distinguished here and in the higher
canal banks at the Fort Denaud Bridge.

It is important that two sections measured by DuBar be
presented at this time. They are as follows (1958, p. 236- 23? A 36;
and Puri and Vermen, 1964, p. 245-246, A3S):

A 36: NW 1/4 SW 1/4 see. 11, T. 45 5., R. 2B E., Hendry
County, Florida, left bank of the Calooszhatchee River
about 0.9 mile upstream from the bridge &t Fort Denaud.

Eed Degeription Thickness
(feet)

Pamlico Formation

10 Sand, quartz, fine to medium, fairly well
rounded, unconsolidated; no fossils.......... 0.8

9 Sand, quartz, carbonaceous, fine to
medium, fairly well rounded, black; no
fossils observed ....cuieieri i s 1.3
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Thickness
Bed Description (feet)

Uncenformity

fort Thompson Formatiosn

8 Shell marl (Coffee MillHammock marliy,
sandy, only slightly indurated, brown
with cream shells, occurs as & thin bed

and in solution holes in bed below; .
Chione cancelleta COMMON .......c.ov-= weersnes 0.1 = 0.3 :
Unconformity Eﬁﬁ
- P
Czaloosahatchee Formation ﬁ%%
7 Marl, marine sandy, slightly concretionary, tlg

toe buff, mottled orange; sparsely
fossiliferous., Amusium mortoni

otherwise relatively unconsolidated, tan ;%g
i

charTBctBTiStil vevessarmsonsnssansasanaranes 2.5 .ﬁ

L .. e

6 Limestone, fresh-water, sandy discontinuous, -
tan; very sparesely fossiliferous, Helisoma e
MOELt COMMOTL +sacvscmns tesssirasasassaTEE Leees 0.1 - 0.5 1

5  ghell marl, marine, szndy, cream tO white,
weathers gray; very fossiliferous, typical
Caloosahatchee SPECIES ....varecanrosromens . 1.5

4 Limestone (Bee Branch member)}, marine,
" marly, concretionary, gradational below :
apd ebove solution features common, thin f
oyster bed at top, buff, mottled orange;
foegiliferous throughout ..........- G moBoOo 1.5

3 Marl, brackish, loosely consolidated, cream
to gray; many fresh-water and marine
mollusks, Chione cancellata, Mulinia
gapotilla, and Helisoma conanti
characteristic .. .....ccvens T T 1.6

2 Oyster marl, sandy, hard, porous, tan LO
cream with gray end vhite shells;

Crassostrea virginica and Chlamys
solarioides COMMOT ....oveenrunnrmessees s . 0.5

1 Marl, marine, argillaceous, slightly
concretionary, loosely consolidated, tan
to cream; Cvrtopleura costata characteristic. 1.5




Bed

(A 35): SW 1/4 ¥WW 1/4 seec. 11, T. 43 5., R. 28 E.,
Hendry County, Florida, Right bank of Caloosahatchee
FEiver near Ayers Landing.

Thickness
Description (feet)

Pleistocene Series

Pamlico Formation(?)

6

Sand, quartz, fine to medium, subangular
to subrounded, well sorted, unconsolidated,
light gray; no fossils observed ......... “o o 0.9

Fort Thompson Formation(?)

3

Sand, quartz, medium, subangular to sub-

rounded, fairly well sorted, slightly

consolidated, upper two feet mottled

brown, lower 0.2 foot dark brovn ........cv4s 2,2

Unconformity

Caloosahatchee Marl Formation

Avers Landing Marl Member

&4

£hell marl, sandy, unconsclidated, tan to
gray, insoluble residue 587 by weight,
mostly medium subangular to subrounded
quartz sand; mollusks abundant including
Retusa canaliculats, Anachia
caloosahatcheensis, Mitra heilprini,
Anomalocardia caloosana, Chione cancellata,

Nuculana acuta, Chama heilprini, Spondylus

rotundatus and numerous fresh-water
Eﬂ.ﬁtrﬂpﬂ'dﬁ P F 4 F EEE N ENLTEFEFELNRELFERENERRE ®op & F b WE AW 3!1

Bee Braznch Member

3

Marl marine, hard, calcareous, buff to

gray, insoluble residue 157 by weight,

mostly fine quartz sand and silt; mollusks

sbundant including Chicne canceliata, Chams

willeoxi, Chlamya nodesus, Spondylus

rotundatus, Lemintina decussata, and

Liochlamys bulbosa ..........cccvnmvnnannnn. . 2.6
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Thickness
Bed Description (feet)

Fort Denaud Member

2 Marl, brackish, calcareous, sandy, mostly
medium subangular quartz, buff to gray; mollusks
abundant including both brackish-water and
fresh-water speciss .......cciurrreinisrancanss 1.0

1 Marl, argillaceous, especially near base,
increasingly calecareous upward, white to
1ight gray, insoluble residue 12% by weight,
comprised mostly of fine quartz sand and silc,
and clay; molluscan fossils abundant, includ-
ing Crassostres virginica near the top, and
Cyrtopleura costata in the lower part
i ierasnseso(to water level)l.....iiiiaciinnnn 1.1

Puri znd Vernon (1964, p. 246} quote a statement by DubBar
(1958, p. 236) that "between this section 2nd a distance of 50 yards
upstream there occurs an excellent exposure of the upper Caloosahatchee
chell bed (Ayers Landing Member) that comtains in addition to a2
profusion of mollusks and meny coral heads a good vertebrate fauna

including teeth of Equus (Equus) cf. E. (E.} leidyi."™

They also recognize that "The entire upper section of the
Caloosshatchee Formation which is called the Ayers Landing Marl
member of DuBar (1958b) was included in the Fort Thompsen Formation
by the previous woTkers (Parker and Cooke, 194&4; Parker, et &l., 1955)
and was considered to be Pleistocene in age."

It is here fixed that the major vertebrate fauna cited Dby
DuBar (1958, p. 138) as occurring in the "Upper Shell Bed” and the
"Undifferentiated Beds" are probably from the base of a2 bed equivalent
to my Unit 3. It should further be noted that in section A 36 he
miscorrelates the Bee Eranch Member to the top of the lower regressive
sequence (1, 2, 3, and 4 of his zones) 2nd mot to the seecond cycle
(5 and 6 of his zones). He was apparently misled by the pectens
and oysters which usually do occur in this area at the base of the
cecond unit. At Fort Thompson we will see amother occurrence at the
base of my third unit; this is DuBar's Chlamys gibtbus irradians zome.

% kK % W W

Stop 7. This stop is in the area of the type Fort Thompson
Formation. Most of the previcus sections have been measured on the
south bank of the canal., The two sections presented herein are om
the porth bank about 140 yards east of a drainage ditch entering the
Csloosahatchee Canal from the north and at a waterfall in the same
ditch just north of the culvert. Both are about one and three-fourths
miles east of the bridge at LaBelle, in Sectien 3, T. 43 S., R. 29 E.,
Bendry County, Florida.




There is a great variation in the strata both laterally
iand vertically as the individual lithosomes thicken ard thin znd
rise and fall in elevatiom.

Five cycles of deposition separated by unconformities
overlain by surficial marl and muck can be recognized in the present
exposures. They are Units 2, 3, 4, 5 and 6 plus the Lake Flirt Marl.

Unit 1 is below water and has never been exposed even before
the water level was raised in 1965.

Unit 2 is also now largely under water. In 2 few places
it rises to near water level where its upper portion can be seen as
2 sandy, sclution-pitted, fresh-water limestone just below the Chlamys
gibbus irradian bed of the superimposed unit. In the drainage ditch at
the waterfall the "cap rock" of this uvnit rises 2 foot or more zbove
water. It can be seen to grade downward from a case hardened sandy
limestone to 2 marly s&nd, both containing only fresh-water snails,
to 2 fine sand in which the Helisoma shells are mized with an occasionel
Mulinia. Below this is the typical Caloosahatchee lithology. There
is no question but that Sellards (15919, p. 71) and 21l subsequent
authors have been in error by including the upper freshwater marl and
limestone of this Calooszhatchee unit as the basal unit of the Fort
Thompson Formation,

Unit 3 consists of a gradationel sequence from the Chlamys
beds imto calcareous sand and shell and then back through a mixed
fauna to a2 thick fresh-water marl and limestone. The totzl thickness
is &s much as three feet, but in places it is less than one and one-
half feet. The dominant portion of this unit is the regressive fresh-
water marl and limestome which ranges from one and one-half to two
feet in thickness throughout this area.

Unit 3 appears to be equivelent to the Ayers Landing Member
of the "Calooszhatchee Formation" of DuBar in the westward EXpPOSUTES
between LaBelle and Fort Denzud. Believing it to be a different unit
here, DuBar (1958b, p. 145) has suggested that it be called the
Okzloakoochee Marl Member of the Fort Thompson Formation. He did not
seperete this marl from the overlying unit which, at this site, is
largely a fresh-water marl and limestone nearly identical to that of
Unit 3. Parker and Coocke (1944, p. 88, 90) did recognize the presence
of two units and designated the zones 5a and 5b (see figure 1),

Dnit 4 is & hard to very hard sandy limestonme upon which
hes developed & laminated caliche crust up to one inch thick. This
unit is riddled with golution pipes that extend dewnward through this
U.6 to 1.0 foot thick limestonme into the underlying umit. It is be-
cause of the crusts that have developed within the solution pipes and
the sand and shells that have subsequently filled these sclution pipes
thaet it is difficult to prove here that this represents 2 distinct
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cycle of deposition, About one-third mile eastward pockets of marine
shells, not associated with solution pipes, occur between the marl and
limestone of this unit and the underlying "cap rock of Unit 3. At
Ortona Lock it can readily “be shown that this is truly a second cycle
of the Fort Thompson. Studies slong the eastern shores of Lake
Okeechobee in the canal excavated for construction of the levee prove
the existenmce of marine elements in this, the second cycle of the

type Fort Thompson Formation (not including the Coffee Mill Hammock -
unit).

Unit 5 has been completely overlooked by all previous
investigators. This is not surprising jnasmuch as it occurs only
2¢ pockets between the limestone of the typical Fort Thompson and the
overlying unconsolidated sands and ghells of the typical Coffee Mill
Eammock.

There are very few places on the Calocsshatchee Canal where
remnants of Unit 5 can be seen. Where we will examine it, it consists
of four to twelve inches of a basal, transgressive, slightly calcareous
cand with Helisoma shells cverlain by zere to eight inches of sand
containing a diverse extant fauna, including a few corals, in vhich

Chione cancellatas dominates. In places this appears to give way

imperceptably to the overlying "Chione cancellata gand” of the typical
Coffee Mill Hammock. Close study proves the existence of lenses and
relics of & bed of sandy limestone zero to four inches thick.

Unit 6 is the typically fine sand in which Chiomne cancellata
sccurs 2lmost to the exclusion of specimens of the other molluscan
species. It is one and cne-hall to two feet thick &nd does not here
display transgressive or regressive sub-zones at the bottom and top.

Unit 7 is separated from the underlying bed by a significant
unconformity but here there is little or nc evidence of subaerial
exposure of the marine shell bed. The superinposed marl-to-muck
sequence is the Lake Flirt Marl of Sellards (1919, p. 73-74)., At
the waterfall the Lake Flirt Marl genmerally rests directly upon the
limestone of Unit &, with none of Unit 5 and only a few patchees of
Unit 6 remaining. The stratigraphy of the Lake Flirt marl and the
muck will be discussed in relatiomship to Stop 3.

* ko k Kk %

Stop 2. The section is on the south side of the canal &t &
waterfall in & small drainage ditch 600 feet west of Ortona Lock, SE
1/4 of Sectien 27, R. 30 E., T, 42 5., Glades County. Because of
recent widening of the channel, the excellent exposures that Schroeder
(1954, p. 28) described have temporarily been obscured. It is note-
worthy that the composite section of Schroeder included six FPlio-
Pleistocene marine units separated by fresh-water limestone or marl
and by unconformities. These can all be seen in this area but we will
concentrate our interest on the section at the waterfall and the four
msrine zones, Units 1, 2, 3 and &, that can be seen here. This is



one of the féw sites wvhere the lower unit of the Czloosahatchee Forma-
tion in an.unaltered condition can still be seen above water. (The
other site is on the north side of the cansl about one-half mile west
of Stop 4, approximately three miles west of LaBelle in the south-
central portion of Section 12, R. 28 E., T. 43 5., in Hendry County).
Stop &, north of the cznal, will provide an cpportunity to better
examine the upper cycles of depositionm.

Unit 1 can be seen in the pool below the waterfzll. It is
a calearenite with some quartz sand., There is a rich, diverse
molluscan fauna constituting up to 50% of the deposit. It is this
shell bed that has attracted the attention of the collectors of
Caloosahatchee fossils. Arca wagnerisna, Anadars scalarina, Vasum
horridum, Cyprzea problematica, Strombus leidyi, and Scapella floridana
plus many more the 639 species listed by Dall in the Caloesahatcheea
feuna can be collected here. There is a discontinuous, very sandy
marl to limestone, zero to ten inches thick that caps this unit.
Please note that the snail fauna in this "cap rock" 2lso includes
specimens of 3 terrestrizl snail, Polvgyra. There is an unconformity
between this znd the superimposed unit. :

Cnit 2 presents 8 unigue occurrence of the "reef-forming'
géstropod, Vermicularia rectas, that grew upward from the substratum
provided by the "cap rock" of Unit 1. The beds and patches of
Vermicularis can be seen cccurring in this stratum westwerd nesarly
to the reilroad bridge. The same zone on the north bank of the canal
lacks this interesting fossil. Most geclogists have referred to this
bed a5 the "Vermicularia zone'. A shell hash, mostly consisting of
small or breken shells, surrounds and covers the clumps of Vermicularia
It contains a richly diverse Calooszhatchee faunma. The upper marine
portion of this unit is & less fossiliferous calecarenite which becomes
lithified upward into a hard dense limestone six inches to eighteen
inches thick that forms the rim of the waterfall. The totzl thickness
of Unit 2 is zbout three feet thick.

Unit 3 rests unconformably upon the "cap rock" of Unit 2.
It consists of one to twe feet of calcareous sand in which 50 to 60% is
shell. Most, if not all, of the molluscan species are extznt. There
is a very sharp lithological contrast 2t the unconformity between
this and the overlying unit, but the regressionzl fresh-water limestone
is missing.

Units % and 5 are missing.
Unit & consists of a sandy shell bed in which Chione

ceancellata dominates, It is covered by gbout one foot of dark mucky
sznd.

W % % % %

_ Stop B. It is appropriate that this portion of the field
trip ends at this locality where more the Flic-Pleistocene units can

be seen above water at one time than that at any other site in Florida.:

Here DuBar (1958, p. 75) recognized five marine zones 1, 3 and &4, 6,
B and 10, His disgrammatic section was reproduced above as figure 2.
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The section présented for this stop was measured on the north bank of
the Caloosahatchee Canal at the western entrance to the docking and
launching basin at the Corps of Engineers Park, SE 1/4 of Section 27,
T. 42 §., R. 30 E: From this site the units drop in elevation rapidly
westward toward the railroad. Beyond the railroad bridge the banks
are lower and the upper marine unit, the Coffee Mill Hammock, is
extremely well developed. This the type section of the Coffee Mill
Hammock Formation.

At this time only five marine cycles of deposition can be
demonstrated with the lowest under water on this side of the canal.
The units are 1, 2, 3, 4 and 6.

' Unit 1 is a richly fossiliferous calcarenite; the same that ik
can be seen at the waterfall across the canal at Stop 2. Just beneath ,i;
the water one can collect specimens of a very sandy limestone, four i
to six inches thick, containing abundant specimens of the terrestrial b=
snail, Polygyra (this same bed occurs four to five feet below the =

water level at the type Fort Thompson site in the same stratigraphic g
position). Fred Thompson of the Florida State Huseum in Gainesville
hzs studied specimens from this bed. ZFolvgvra is known to have evolved
rapidly and the fossils are excellent for correlation. Thompson
believes the terrestrial fauna in this unit is probably Fliocene in
age. " '

Unit 2 is the Vermicularia zone, but on this side of the
canal this sessile colonial gastropod is uncommon. There is a basal
porticn, six to eight inches thick of arenaceous calecarenite in which
the molluscan shells of the "Caloosahatchee fauna'' are common. This
unconsolidated to semi-consolidated deposit grades upward into a hard
to very hard sandy limestone about 18 inches thick. Patches of oysters
occur within the upper portion of this unit. There are a few solution
pipes 25 well as case hardening which indicates an unconformity.

Unit 3 is largely a sand and shell bed that has been altered
to a hard to very hard sandy limestome. Here and there at the basal
portion there are patches of sand and shell that are relatively
unconsolidated. A few fresh-water snails occur in the matrix at the
top of the limestome. The total thickness is 18 to 24 inches.

Solution pipes penetrating downward through this unit are common in
relationship to the unconformity between this and the next superimposed
marine bed. There is & thick, laminzted csliche crust developed on

the upper surface of the limestone.

Unit & at the measured section hzs & total thickness of 16
to 18 inches. Eastward in the park near the power line it is reduced
to patches with maximum thicknesses of four to six inches., The main
body of this cycle is a sznd and shell bed in which Chione shells
dominate but in which there is a diverse fauna including some
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Turritella. There is a discontinuous, hard to very hard, sandy
limestone four to six inches thick capping this unit. The ¢ase harden-
ing of the limestone, solution pipes, and the discontinuous nature of
the "cap rock'" are evidences of an unconformity.

Unit 3 cannot readily be demonstrated at the present time.

Unit 6 occurs only as patches at the site of the measured
section. These Chione cancellata sands thicken westward. Beyond the
railroad bridge this bed is &t its maximum development with a thickness
of 25 much as four feet. Chione cancellata shells occur in great
prefusion. Other species are identical to those that now live in the

very shallow water of the Gulf near Fort Myers.

The surficial marly to mucky sand is herein assigned to the
Lake Flirt Marl.

* % k % *

Stop 3. Between Fort Thompson and Ortoma Lock a shallow
topographic basin exists which contained Lake Tlirt before construction
of the Caloosahatchee Canal. This iz the type locality of the Lake
Flirct Marl. At this stop we are at the maximumm development of the
marl and muck of the Lake Flirt which was named by Sellards (1919,

p. 73-74). We ghall see three cycles of deposition plus a Recent
muck exposed in the south bank of the Calooszhatchee Canal, three and
three-fourths to four miles west of Ortona Lock in the west central
portion of Sectien 30, T. 42 S,, R, 30 E,, Glades County.

With reference to the stratigraphic section, please note
thet there ere three distinct marl beds separated by mucks. Eastward
from this site, the lower marl was eliminated by an unconformirty
produced through the downward scouring of channels into underlying
regressive marine sand. Westward from this site the marls have been
destroved by the cnmbinﬂd action of ground water and the associated
gcid mucky sand. A C % date on organic materizl from above the lower

m&érl had a date of 20,900 +lggg years, It is likely that the two
-1

upper marls date from 17,000 to 1B,000 vears and 11,000 te 12,500 as
do similar merls in northern Florida, Additional samples from this site
on the Caloosahatchee River are presently being dated. The upper muck
is Recent in age; thet iz it ig less than 7000 years old. It is not
practical to separazte this upper muck from the Lake Flirt sequence.
Westward from the measured section the complete Lake Flirt Formation,
as it will hereafter be referred, is a composite muck sequence that
cannot be separated for mapping purposes.

k ok ok ok %

Gomphothere Site. It is unfortunate that we cannct visit
the "Gomphothere Site'" because it was here that unequivocal evidence
was obtained that the "Caloosahatchee fauna" is not Late Pleistocene
in age. At this site David Webb and students of the University of
Florida have collected an excellent assemblage of early Irvingtonian
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(Kansan) vertebrate fossils. They were found south of Eridge 18 on
the Jones Loop Road three miles southeast of Punta Gorda on the south
prong of Alligater Creek, Section 26, R. 33 E., T. 41 §., Charlotte

County. My measured section is presented in figure 5.

The vertebrate fossils occcur in the sand just above the
two beds containing a Caloosahatchee fauna. Webb will publish the
results of his study. For the present he has provided the following
partial faunal list:

Cuvieronius sp. (gomphothere)

Mammuthus haroldcooki (primitive mammoth)
Equus cf. scotti (horse)

Odoeoileus sp. {deer)

Terropene carolina putnami (turtle)

Thie is one of the last known occurrences of gomphotheres.
Cuvieronius was the last of this typically Flioccene probescidean
family to become extinct. The primitive nature ¢f M. haroldcooki sets
it apart from the later Pleistocene mammoths (Webb, 1966, oral
communication).

The true Caloosahatchee bede have a2 total thickness at this
locality of only five feet. A hole dug downward three feet below the
then existing water level reached the upper surface of calcareous
sands containing an upper Miocene sssemblage of oysters, pectens,
barnacles and echinoids.

The fauna in the overlying beds, but below the bene bed,
is not highly diverse, but such diagnostic species as Arca wagnerians,
Arca scalarina, Anadara rustica, Strombus leidvi and Qggrea
problematica were collected, The essemblage in the two marine beds
differs only in that there is a basal oyster biostrome in the lower

. Plie-Pleistocene unit and moere abundant Chione shells in the upper

unit., Near the top of the section there is a sand bed 16 to 18 inches
thiek that contains a very badly weathered zssemblage of shells, mostly
Chione cancellata., In many places in this ares the upper Chione sand
which contains no extinct species rests directly upon my second Flio-
Fleistocene unit. Near Puntz Gorda it can be seen resting directly
upon the Tamiami Formation.

DuBar (1962, p. 7-1%) has interpreted the three mzrine shell
beds occurring in the Charlotte Harbor srea as being conformable,
despite the occurrence of the "cap rocks" on both of the lower shell
beds (in which he alsoc recognized the occurrence cof the Caloosahatchee
fauna). With the two lower units he included the upper shell bed,
containing no extinct species, as the Caloosahatchee Formation. The
overlying sand was a&ssigned to the Fort Thompsom. All the poest-Upper
Miocene sequence was relegated to the Late Pleistocene, the Sangamon
or later.
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Thickness

(82
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STRATIGRAPHIC SECTION

Saond, medium, groy, 12 in.

Sand, medium1o fine, lenses and relects

of Chione conceliato, rusty brown,
1&=18.in,

Sond, medium,very pole orange,
12=14 in.
Unconformity

Sand, medium to tine, mottled, iron
stoins, [0-14in,

Sand, medium, very pale oronge,
24-30in.

Sond, medium, ironstone concretions,
bone bed, Cuvieronivs sp,
Mommuthus horoldcooks, etc.,

Unconformity. 12=14in,

Sond and shell, calcareous, induroted
ot top , irregulor nodules,
Coloosohaichee foune,18-22 in.

Unconformity.

Calcorenite, 20% quartz, indurated
ottop, obundant shells, Coloosa-
hotchee founa, 2=6 in. oyster bed
ot bose, 24-28 in.

Unconformity.

Sond, colcareous, medium fo coorse,
phosphatic, fossiliferous, gray.

Fig.5 Strata exposed at the gomphothere site, south
prong of Alligator Creek, Section 26, R.23E.,

T.418.,

Charlotte Co., Fla. Stratigraphic section
by H K. Brooks.
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The evidence provided by rhe occurrence of the early
Irvingtonian yertebrate fossils prove that the true Caloosahatchee
fauna is pre-¥ansan in age. Tt could be either Pliocene oF Aftonian
Pleistocene. The warm, tropical nature of the fauna with affinities
with the molluscan marine fauna of the West Indies is probably not
equivalent to the firet Pleistocene glacial stage, the Nebraskan.

Formational pnomenc lature

The post-Upper Miocene stratigraphic sequence on the
Caloosahatchee River consists of deposits representing marine trans-
gressions separated by unconformities, There are trends within the
sequence from calcarenite matrix with minor quartz sand to 2 quartz
sand matrix. The lower Two beds, Units 1 and 2, contain a diverse
faunal assemblage with tropical affinities. Many of the species
are indicative of off-shore conditions with water depths of 100 feet
or more. There are 30 to 507 extinct species im the assemblage.

The mext three beds, Units 3, 4 and 5, at their maximum mar ine
development, are calcareous sands in which Chione cancellata is the
most conspicuous element of the fauna, The agsemblage is diverse
and there are a few extinct species, possibly 10%. They imclude
Pyragus (Egragisimus}-scalatus (Heilprin) and Turritells subanmilats
Heilprin. Transgressive and regressive fresh-water deposits are
found in the lower and upper parts of these marine units at many
1ocalities. The last marine unit discussed is & challow water sand
containing an abundance of shells in which Chione capcellata
dominastes. &ll the molluscan elements of this fauna are extant.
Representatives of all the species now 1ive in very shallow water in
the Gulf of Mexico.

Dall (Harris and Dall, 1892, p. l44-145) nedged when he
assigned the fauna of Units 3 and & (thus 5} to the Fliocene, sic
"The upper siliceous planorbis rock was by the author, as well as
Prof.Heilprin, supposed To be Quarternery until the fossils were
studied .......', but he then fails to list the occurrence of a
single extinct species.

211 authors subsequent to cellards' (1919) establishment
of the Fort Thompson and Coffee Mill Hammock Formations, sssigned
rhe two marine beds then recognized (Units 3 and 6) to the Pleistoceneé.
DyBer also conforms to this sssignment, but he agsigns Unit 3 to both
the Caloosahatchee Formation {as the Ayers Landing Member) and to the
Fort Thompson Formation (the Chlamys gibbus irradians bed as the
Gkalaaknachee'ﬁemher]. At this time, I too would like to delay
publishing 2 faunal 1ist of all the extinct species occurring in
these three units. The most significant of all species relative to
correlation are the species of vertebrate fossils thet have been
cited above in the discussion of stratigraphic sections. The

~ occurrence of Equus £p. at the base of Unit 3 on the Caloosahatchee



33

River proves only that it is Kansan or younger. Cuvieronius gp. and
Mesmmuthus haroldcooki cccur at the same stratigraphic position in
Charlotte County. The true Caloosahatchee fauna in Units 1 and 2 must
be pre-Kansen and the modified marine faunz occurring in Units 3, &4,
and 5 must be post-Kaensan and probably Yarmouth. It has now been
proven by several r,230,,238 __. UESQKUEEB dates that the deposits

associated with the 25-foot terrace, the FPamlico, are Sangamon
(Broecker and Thurber, 1965; Osmond, Carpenter, and Windom, 1965).
Unit & is the only marine unit of Late Pleistocene age we will see
on this trip. It is the Coffee Mill Hammock Formation as it was
originally proposed. It is equivalent to the other formations of
Florida associated with the 25-foot stand of sea level. They are
the Miami Oolite, the Key largo Llimestone &and the Ansstasia Forma-
tion; their equivalent on the Caloosahatchee River is not the Fort
Thompson Formation as herein restricted. Cooke (1945, p. 259) also
correlated only the Coffee Mill Hammock to these Late Pleistocene
formations of eastern Florida.

A5 I will use the formztional namees in the following
discussion, the Celocszhatchee will consist only of two marine beds
and their associated fresh-wster marls and "cap rocks". Unit 1 will
be referred to as the Fort Denaud Member and Unit 2 will be referred
to as the Bee Branch Member.

The Fort Thompson will not ineclude the fresh-water marl
znd/or the "cap rock™ of the second marine cycle of deposition. Its
base will be the unconformity above Unit 2. The Fort Thompson will
include three cycles (but not the Coffee Mill Hammocek) of which only
the lowest, Unit 3 is usually developed. Fresh-water marls, "cap
rocks'", and laminated crusts rezch their meximum development in these
units, especially Unit &, The upper member of the Fort Thompson
Formation, Unit 5, has often been confused with the Coffee Mill
Hammock. It also possesses a '"'cap rock'", but of minor proportioms.
Until swch time as these members are extended to other areas, it is
sufficient to refer to them by number, or as the lower, middle, and
upper members of the Fort Thompson Formationm.

The Coffee Mill Hammock should be re-established as a
formation for only Unit 6. These Chione cancellsta sands sre faunally
znd lithologically distinctive and, as Richards (1936, p. 1643)
observed, mnever occur sbove 25 feet above preszent sea level.

The Lzke Flirt Marl will herein be referred to 25 the Lake
Flirt Formation because it conteins more mucky send then it does merl.
For the present time it is convenient to refer to the three sandy marl
bede, where they can be distinguished, as the Lower, Middle znd Upper
Merl Members. It is not practiczl teo differenciate the Recent muck
deposits in the tvpe &ares.
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As redefined, it is believed that the four pn5t4HiucEﬂé
formations occurring in Hendry and Glades County become meaningful
and can be mapped without difficulty.

-1

CEOCHRONOLOGY

It has been established in the discussion above that the
three members of the Fort Thompson Formation are post-Kansan, probably
Yarmouth, that the Coffee Mill Hammock Formation is genetically re-
lated to the Pamlico Terrace, probably Sangamon, and that the Lake
Flirt Formation is Late Wisconsin age. However, the oldest marl of
the Lake Flirt Formation occurs below a muck on which a cl# date of
about 21,000 years was obtained. This lower bed is therefore older
than the "classical Wisconsin'', If the two upper mearls do correlate
with a similar sequence in north Florida, then the middle marl beds
probably correlate with 2 Tazewell-Cary Interstad (18,000 - 17,000
years B.P.) and the upper marl bed to the Two Creeks Interstad
(12,500 - 11,000 years BE.P.).

At the present time considerable evidence has accumnulated
for 2 marine unit equivalent or slightly older than the lower marl of
the Lake Flirt Formation. For example, there is a pure bed of
Rangia cuneata, two to three feet thick, under lying Lake Okeechobee.
Cerbon 14 dates on this and other deposits associlated with the
Princess Anne Terrace (Wentworth, 1930, p. 18) are now being rechecked.
There is still some uncertainty about a Mid-Wisconsin eustatic high
of seas level 30,000 to 37,000 years ago as this is near the limit of
the present analytical methods used in cl% dating. There may have
been a late Sangamon stage of sea level that produced the marine
deposits genetically related to the Princess Amnne Terrace.

The perplexing problem is the &ge of the two marine units
of the Caloosahatchee Formation. Are they Pliocene (as most believe
them to be) as indicated by the percentage of extinet species (Dall,
1903, p. 1604, lists 639 species of which 51% are extinct whereas
Olsson and Harbison, 1953, p. 10, lists 505 species of which 66T
are extinct), or did the warm water marine mollusks of the rich
Caloosahatehee fauna persist in eastern North America until exterminated
by Kansan glaciation? Before establishing a firm correlation, the
history of the origin and usage of the time-stratigraphic units must
be reviewed in relation to the climatie events and to known faunal

changes.

Lyell in 1833 (p. 52-54) established the major time strati-
graphic divisions of the "Tertiary” which we now use in a considerably
modified form. Lyell's divisions were based upon the percentage of
extinct species listed in the tables of fossils prepared by M. Deshays.
The Recent contained nearly 100% extant species, the Newer Pliocene
contained more than 70% extant species and the Older Pliocene contained
40 to 70% extant species. To avoid confusion, Lyell later (1839)
proposed the name Pleistocene as a substitute for the Newer Pliocene
and restricted Pliccene to the older Pliocenme. In 1840, Agassiz

]
5
3



33

presented convincing evidence that the earth had recently been subjected
to continental glaciztion. In studying the origin of the marine
faupa of the British Iles, Forbes in 1846 used the Pleistocene for
the "Glacial epoch’™., Twenty-seven years later, Lyell (1873) adopted
Torbes' definition and Teassigned the "Hewer Pliscene" (the type
Pleistocene) back to the Pliocene. No wonder there is confusion
as to the Plio-Pleistocene boundary.

The fact that multiple glaciation ceccurred during the glacial
epoch is now firmly established, but the megnitude and complexities
of the four glacial stages and the three interglacial stages &1e
gtill not completely understood or adequately considered. The first
continental glacietion, the Nebraskan (Guntz), was of minor megnitude.
It was the Kansan (Mindel) that was the first major climatic event
in a generally cooling trend that begen in the Miocene. Zeuner
{1959, p. 2B3) concluded "The faunal break between Sicilien {the
- original type Flelstocene of Lyell) and the Tyrrhenian faunas (later
Pleistocene terraces) is, therefore, of especial interest and highly
significant ...... the terrestrial faunas of temperate Europe show
& gimilar break, which coincides with the first intense glaciation,
i.e., the Antepenultimate ocne (= Kansan). Land faunas of the
Antepenultimate Interglacial contain Fliocene curvivals and are,
from 2 climatic point of view, somewhat inconsistent, whilst post
ApGI faunas are essentially Pleistocene and elimatiecally more
sharply defined. Exactly the same zpplies to the merine molluscan
faunas of the Mediterranean, and one is tempted to zscribe the change
from Sicilian to Tyrrhenian fauna to the same cause, namely the great
climatic break caused by the Antepenultimate Glacietion.” Within
the deposit of the Mediterranean area there are three events recorded
in beds containing the gieilian fauna; the Lower Calsbrian which
contains & cold water fauna, the Upper Calasbrian (Emilian) which
contains & fauna indicative of 2 2i1d climate and the Sicilian which
comtains a cold water fauna. Bos, Eguus and Elephas occur in the
Villafranchian, 2 terrestrial equivalent of the Calabrian. DBecause
of the ocecurrence of these Fleistocene vertebrates, evidence of
cold climate, and because this ineluded the type of lyell's original
Pleistocene, the lEth International Geological Congress (Moore, 1949)
has designated the boundary between the Calabrian and the underlying
Upper Pliocene beds nf Astian ege &s the base of the Fleistocene.
The ecold water elements in the Calsbrian deposits TOW high above
ces level are, no doubt, due to great tectonic uplift in the erea.
They do not recerd high jnterglacisl eustatic stands, but rather low
glacial eustatic stands of sea2 level.

Tt has leng been established that the significant faunal
extinection in the vertebrate £eunas of North America did not oceur
at the Plio-Pleistocene boundary. Tt occurred at the onset of Kansan

glecistion (Hibbard, &t al, 1965, p. 509). Akers (1965, p. 142)
has shown that the Discossteridae and certainm planktonic Toreminifera,
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+he biozone of which was previously believed mot to extend beyond
the Plio-Pleistocene boundary, are found in strata that are probably
Aftonian in the Gulf of Mexico.

In light of the above facts, it is not improbable that
s portion of the Caloosahatchee Formation (restricted) is Aftonian,
first interglacial FPleistocene. Evidence for the probable age
sssignment of each of the two units is provided by a bathymetric
snalysis of the depth of water indicated by the foraminiferal faunas
present and by information from other areas in Florida relative to
the ages of the eustatic stands of sea level which produced the
marine terraces.

C. V. Conklin (this publication) reports that the lower
bed (Unit 1) at its maximum transgression has a benthonic foraminiferal
assemblage equivalent to & depth of water about 120 to 140 feet deep.
The upper bed, Unit 2, has a maximum transgression depth of about
90 to 100 feet. The Okeefenokee deposits in the eroded straths of
the Suwannee and FPeace Rivers, contain estuarine to fluviatile deposits
bearing & Late Fliocene vertebrate fauna (Brooks, 1867, p.19-20;
Webb, 1967, p. 11-15). Though there are sporadic OcCCurTences of
s1ightly earlier Fliocene rerrestrial fossils indicative of a prier
lower stand of sea during the Pliocene interval of erosiom, the high
fluviatile and estuarine deposits of the Bonme Valley Formation appear
to be graded to & base level at about 140 feet. This is the best
evidence that I can offer at this time that the Fort Denaud Member
of the Celooszhatchee Formation is Late Fliocene age.

A marine terrace, the Wicomico, exists at an elevation of
about +50 te 100 feet. At Hail, in western Alachua County, there
ig a spring throat deposit £i1led with marl containing fresh-water
engils. Within this deposit aTe & few Chione cancellata shells. It
ig believed that this deposit ie Pleistocene. Sea level would have
had to have been 90 to 100 feet above its present level for the
merine species to have encroached into the area of the ancient spring.
The bathymetric data provided by Conklin from his study of the
foraminifers in the Bee Branch Member of the Caloosahatchee Forma=
tion, now meer sea level, suggest contemporanity with the Wicemico
eustatic stand of sea level, Aftenian in age. It has been established
ecarlier that the Coffee Mill Hammock, and its equivalents were formed
at & Sapgamon stand of sea level at about 25 feet above present sez
level.

1f the sbove correlations are correct, the three members
of the Fort Thompson can only be equivalent to the Yarmouth inter-
glacial stage and to rhe intermediate terraces, the Fenholoway
(70 feet) and Talbot (40 feet). Comnklin's research is in support of
‘this correlation, at least for the lower member (Unit 3).

That this correlatiom of three cycles within one inter-
glacial is not improbable is provided by evidence from Europe. Zeuner
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(1959, p. 79) has referred to the equivalents of the Yarmouth as

the "Great Interglacial, which was of long duration sud during which
considerable erosion took place, (and it) possibly includes ome or
two minor glacial phases."

My interpretation of the Flio-FPleistocene stratigraphy
can best be portrayed graphically by two paleogeographic maps, one
for the late Plioccene, figure 6, and one for the Sangamen, figure 7.

I believe that the stratigraphic record in Florida of the
Pliocene-Pleistocene events is probably unexcelled any place else
in the world, but much remains to be done.

In summary, it is believed that the best correlation that
can be made a2t this time is as follows. The Calocsahatchee Formatiom,
restricted, is Plio-Pleistocene in age. The Fort Denaud member is
Late Plioccene age and corresponds to the Okeefenckee eustatic stand
of sea level at 120 - 140 feet. The Bee Branch Member is Aftonian
Fleistocene and correlates with the 90 to 100 feet marine terrace,
the Wicomico. The three members of the Fort Thompsen all are
Yarmouthian and corresponding to the intermediste terraces,
Penholoway and Talbot, at 70 - 40 feet and their equivalent barrier
bars in eastern peninsular Florida. The Sangamon is represented in
Florida by evidence produced by the Pamlico stand of sea level
at about 25 feet elevation. Deposits associated with this terrace
are the Coffee Mill Hammock, Miami Ooclite, Ansstasia Formation and
the Key Largo Limestone. A Mid-Wisconsin event is suggested which
ig equivalent to zn l8-foot stand of sea level, the Princess Amne.
The Lake Flirt Formation is Mid-Wisconsin to Recent in age.
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INTRODUCTION

The recognition by DuBar (1958) that the strata exposed on the
caloosahatchee River consist of a succession of distinet lithotopes, and
the subsequent zonation of lithosomes into mappable units by H. K,
Sroocks, have served as the stratigraphic basis for this study.

The type exposures of the Caloosahatchee, Fort Thompson, and’
Coffee Mill Hammock Formations are found zlong the Caloosahatchee River
between Fort Denaud and Ortona Locks. It 1s within this srea that the
present study was made, Where possible, the units are subdivided inte
Zones &, B, and C which represent transgressive, Open marine, and Te-
gressive cycles of sedimentation, respectively. For example, Unit 2
(Bee Branch Member) as developed on the south bank of the Caloosahatchee
River at Fort Denaud Bridge {stop 5) is subdivided in Zones 24, 2B, and
7C, whereas only an open marine sequUence WEs recognized in Unit 3
("Ayers Landing Member" of DuBar) at the time the samples were collected.

Until recently, paleuenvirnnmental studies have relied almost
exclusively upon & descriptive taxonomic approach with emphasis upon
the direct comparison of modern species with thelr fogeil homeomorphs
and isomorphs. In the last few years two MEW CONCEpLs have been de-
veloped which may be utilized by geologists in the reconstruction of
palecenvironments. - o

Bandy (1960) and Bandy and Arnal (1960) have shown that there
is a striking correlation between environment and the composition,
structure, and form of foraminifers. Bandy (1960) believes the
principal reason for this correlation is convergent evelutionary trends
which may in turn be correlated with changes in bathymetry and tempera-
rure. The significance of these comwergent evolutionary trends is that
shelf species of polar regions have related forms in the shelf areas of
the tropics and, conversely, bathyal species in polar regloms de not
hecome shelf species in the tropics.

Walton (1964) has jnvestigated the characteristics of forami-
niferal faunas that are exclusive of specifie or generic identifications.
The basic ecological principle jnvolved in Walton's study is that the
variability of the enviromment ig reflected in animal populations, regard-
less of their species composition. The faunal characteristics which
Walton refers to are faunal variability and faunzl dominance.

Faunal variebility, defined in terms of the number of species
or organisms that occurs in any given environment, is inversely pro-
portional to the variability of the environment. Environmental
variebility is related to the depth of water and hence to the distance
nffehore. The number of benthonic species of foraminifers iTICTEBSES
from generally less than 10 4in the marginal marine enviromment, near-
shore, to over 80 near the edge of the continental shelf (Waltem, 1964) .
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Faunal dominance may be defined as the percentage occurrence
of the most dominant species increases. Walton (1964, p. 216) stated
that '"faunal dominsnce wvaries from greater than 90% in the coastal
marshes to less thean 107 in the deeper waters off the edge of the
continental shelf.”

Geolegists thus have at their disposel three methods which
may be utilized in the reconstruction of palecenvironments: a) direct
comparison of modern species with their fosesil homeomorphs and isomorphs,
b) correlation between environment and structure, and ¢) nonspecific
faunal characteristics, i.e. faunal variability and faunal dominance.

In the following discussion, the faunal associastions within
each zone as delineated by Brooks will be discussed in terms of the most
dominant species within that zome and defined in terms of the next two
or more most common species. Palececolegiczl evaluations will be based
upon the concepts discussed above. ’

ZONE 1B (FORT DENAUD MEMBER)

Zone 1B represents the open marine sequence of the first marine
zone exposed along the Caloosahatchee River. In Zonme 1B, forty-six
species and subspecies of Foraminiferida were identified, representing
twenty-five genera and nineteen families (Conklinm, 1967).

Quingueloculina lamarckiana comprises approximately 387 of the
foraminiferal population within this zone. Phleger (1960) considered
Q. lamarckiana to be transitional between 2n cpen gulf and beach fauna,
Along the southeastern coast of the United States, the highest frequences
of Q. lamarckiana are found in scattered small patches at depths between
15 and 26 meters (Wilcoxon, 1964). 3Bandy (1956) reported Q. lamarckiana
in low frequencies from the intermedizte and bay mouth channels of Tampa
Bay. In the wicinity of the Bahama Banks, Q. lamarckiana is restricted
te or is more common in exposed localities zlong the open-ocean edge
of the Banks (Illing, 1952). Many of the specimens within Zone 1B show
considerable wear and abrasion and, in part, may represent 2 reworked
fauna from Zone 1A,

Rotalia beccarii variants are equally well represented in Zome
1B, comprising approximately 274 of the foraminiferal population. As
with Q. lamarckianz, R. beccarii varisnts are considered to be a trans-
itienal fauna between the marginal and open marine faunas {(Walton, 1964).
R. beccarii variants dominate the foraminiferal fauna over the innermost
partions of the open continental shelf in the Gulf Coastal regions. The
seaward edge of the Rotalia dominant zone closely follows the 10 fathom
contour in this area (Walton, 1964). R. beccarii variants appear zble to
tolerate a wide range of enviromnmental extremes, &t least for pericds
of short duration. Bradshaw (1957) successfully cultured a population
of R. beccarii tepida in the laboratory over a period of two years.
During this period, experiments were conducted to determine the effects
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of salinity and temperature upon the rate of growth and reproductive
activity. Normal growth and reproductien resulted with salinities
hetween 20 ppt. and &0 ppt. and temperztures between approximately 20°C
and 30°C. -

Elphidium gunteri constitutes less than 4% of the foraminiferal
fauna in Zome 1B. E. gunteri is common OvVer a large pertion of the Gulf 5
of Mexico, occurring in greatest abundance in less than five fathoms e
(Walton, 1964). E. gunteri may oceur in both the open marine and lagoonal 'E
zssemblages and is occasionally present in the marsh-estuary fauna.

The occurrence of Pyrgoe subsphaeric is very significant. This
speciés is very characteristic of the outer shelf fauna from depths
between 60 and 180 meters.

The presence of such a typically West Indian fauna containing
Amphistegina gibbesa, Flancorbulina mediterrenensis, Sigmomorphind undulosa,
Cymbaloporetta gsguammosa, and Discorbis floridama indicates tropical
conditions during the time represented by the deposition of these strata.

Aes has been stated before, there ig an inverse relationship
between faunal variability and fsunal dominance. The relationship
between these two nonspecific faunal characteristics indicates that
7one 1B represents a period of meximum tramsgression (See figure 1).
With regard to faunal variability, Walton (1964, p. 217) states that
ni6% of all faunas with 41 to 30 species occurs between 10 and 20 fathoms
(7% less than 10 fathoms; 29%, 20 to 50 fathoms, 18% greater than 50
fathoms)." Forty-six species and subspecies are represented in Zone 1B.
The majority of these forms are characteristic of the outer portions
of the transitional zone between marginal marine conditlions end open
marine conditiomns.

20NE_1C_(FORT DENAUD MEMBER)

?one 1C represents the regressive cycle of sedimentation within
the first marine zone exposed along the Caloosashatchee River. This zone
comforably overlies Zome 1B and is easily recognized by the presence of
the large pholadid clam, Cyrtopleura costata. zone 1C grades upward into
a series of oyster beds consisting almost entirely of large shells of
Crassostres virginica and Ostrea gculpturata. Remnants of a fresh-water
marl which includes small fresh-water snails overlie the oyster beds.
Thirty-four species and subspecies of Foreminiferida representing
nineteen genera and fifteen families were jdentified in Zone 1C (Conklin,
1967).

Rotelis beccarii variants compose more than 45% of the forami-
niferal fauna within this zone. As has been previously mentioned, members
of the genus, Rotalia, can tolerate a wide range of environmental extremes.
Their domination of the fauna indicates &n approach To marginel marine
conditions.
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The Miliolidae are well represented in this 20ne by the species
Quingueloculina lamarckiana, which comprises approximately 25% of the
population. It {s interesting to note the relationship between
{. lamarckiana and R. beccarii variants in Zones 1B and 1C. In Zone 1B,

. Q. lamarckians oCCuTs in higher frequencies than do R. beccarii variants.

In Zonme 1C, the inverse of this is true, indicating sn approach to
marginal marine conditions. Specimens of Triloculina fichteliana, al-
though only present in low frequencies, are significant. Hedberg (1934,
p. 475) stated that "Quinqueloculina FUSEE wcuvr-o- is commonly &
brackish to fresh water species. It may live in water of less than
one-thirtieth the salinity of normal sea water and evidently prefers
brackish water to marine environment.” I. fichteliana has been reported
by Cushman (1922) from the shallow brackish waters at Runaway Bay om the
north coast of Jamaica.

Elphidium gunteri comprises epproximately 9% of the foraminiferal
fauna. E. gunteri occurs in greatest zbundance in water gshallower than
§ fathoms (Walton, 19647 .

As in Zome 1B, the presence of 2 typical West Indianm fauna,
{.e., Planorbulina mediterranensis, Amphistegina ibbosa, Corpuspira

lanorbis, Vertebralina cassis, and various gspecies of Discorbis, in-
dicates tropical conditions during the deposition of these strata.

Walton (1964, p. 217) grated that '"60% of all faunas with 21
to 40 species occurs between 10 and 20 fathoms (25%, less than 10
fathoms; 15%, 20 to 50 fathoms)." Thirty-four species and subspecles are
represented in Zone 1C.

The faunal sssociation end faunal variability indicate that
zone 1C represents a period of Tegression culminating in the deposition of
a fresh-water marl. The water depth, at a maximum, W&S probably no
greater than 20 fathoms.

ZONE 24 (BEE BRANCH MEMBER}

Zone 2A unconformably overlies Zone 1C. Locally large ceral
heads, Siderastrea dalli, occur along the base of the zome. Twenty=five
species and subspecies of Foraminiferida representing thirteen genera
and ten families were {dentified in this zone (Conklin, 1867).

Rotalia beccarii variaats comprise 62% of the foraminiferal
faunz within Zone ZA, According to Walton (1964, p. 217), "100% of all
faunas whose dominant species constitutes over 35% of the entire fauna
occurs shallower than 10 fathoms (20% occurs between 10 and 20 fathoms)."
Presently along the Florida Gulf Coast, the Rotalia dominant zone lies
between the 5 and 10 fathom depth contour. This zone iz bounded faunally
an the shoreward side by the Ammobaculites and the Elphidium dominant
-ones end on the seaward side by the Nonionella deminant zone in non-
caleareous areas (Waltom, 1964). In caélcareous areas, varicus species
of Miliolidae compose the dominant zome seaward of the Fotalia zone.
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The high frequency of occurrence of Elphidium gunteri (29%), and the

correspondingly low frequency of cccurrence of Quingueloculina lamarckiana
(7%.), indicate that the water was shallower than 10 fathoms.

g

With regard to the faunal variability within this zone, Walten
(1964, p. 217) states that "BO% of all feunss with 21 to 30 species

occurs in water shallower than 10 fathoms (207 occurs between 10 and 20
fathoms)."

ZONE 2B (BEE BREANCH MEMBER})

Zone 2B conformably overlies Zone 24 and represents the open
marine cycle of sedimentation within the second marine zone. Twenty-
eight species and subspecies of Foraminiferida representing twelve genera
and nine families were present in the fauna (Conklin, 1967).

As in the open marine sequence in Zone 1B, the Miliolidae,
represented principally by the species Quingueloculina lamarckiana,
dominate the foraminiferal fauna. Rotalia beccarii wariants and
Elphidium gunteri each constitute approximately 29% of the population.
The high frequencies of Q. lamarckiana, R. beccarii variants, and
Elphidium punteri, each diagnostic of a faunal depth zone, are very
significant. During the time represented by the deposition of the
strata in Zone 2B, the depth of the water varied between the shoreward
side of the Rotalia dominant zone, the Elphidium zone (1-5 fathome),
and the seaward side of the Rotzliz dominant zone, the Miliolidze zone
(10 fathoms).

The faunal varisbility within Zone 2B indicates that the water
was shallower than 20 fathoms. Walton (1964, p. 217) states that "100%
of all faunas with less than 30 species occurs in water shallower than
20 fathoms.™

A tropical depositional enviromment is indicated by the
presence of a2 warm-water fauna, i.e., Pyvrulina albstrossi, Amphistegina
gibbosa, Textularia floridana, and varicus species of Discorbis.

ZONE 3(47, 57) (FORT THOMPSON FORMATION)

The foraminiferal population within the Fort Thompson Formation
dictates that it be treated ecologically as one unit without the customary
subdivision into a transgressive, open marine, and regressive cycle of
sedimentation. Eight species and subspecies of Foraminiferida representing
three genera and two families were identified within this zome (Conklin,
1967).

Rotalia beccarii variants comprise approximately 847 of the
tatal foraminiferal fauna. The almost complete domination of the fauna
by the genus Rotalia indicates that the Fort Thompson Formation was
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deposited in a pear-shore environment. Along the Florida Gulf Coast
the Rotalia dominant zone lies between the 5 and 10 fathom depth contour.

THe genus Elphidium represented by E. fimbriatulum, E. incertum,
E. sagrum, and E. poeyanum comprises approximately 15% of the fauna.
Bandy (1956) reported E. poeyanum as one of the most dominant species
of benthonic Foraminiferida in the 8 to 40 foot faunal zone.

Walton (1964, p. 217) states that 1100% of all faunas with less
than 20 species occurs in water shallower than 10 fathoms™ and "100% of
all faunas whose dominant species constitutes over 35% of the entire
fauna occurs shallower than 10 fathoms."

ZONE 6 (COFFEE MILL EAMMOCK FORMATION)

Zone 6 is equivalent to the Coffee Mill Hammock marl of Sellards
(Sellards, 1919). Twelve species and subspecies of Foraminiferida
representing five genera and five families were present in the fauna
(Conklin, 1967). '

The genus Elphidium represented by the species E. fimbriatulum,
E. incertum, E. gunteri, E. poeyanum, and E. sagrum comprises approximately
507 of the foraminiferal fauna. Rotalia beccarii vearisnts comprise
approximately 20% of the fauna. Based upon their study of the bay fauna
of southwest Texas, Fhleger and Parker (1953, p. 17) stated that "Elphidium
gunteri and Rotalia beccarii variants A and B may be open Gulf species
which have invaded the bay enviromments, and may be at high frequencies
in river and marsh facies as well." Walton (1964, p. 159) remarks that
"although species of Elphidium are common over a large portion of the
northeastern Gulf of Mexico, the zone of greatest asbundance 1s usually
cshallower than 5 fathoms." The Elphidium dominant zone is bounded faunally
on the seaward side by the Rotalis dominant zone.

DuBar (1958, p. 127) comcluded from a study of the mollusk
ascemblages that "the type Coffee Mill Hammock marl was formed in the
ghallow protected waters of & high-salinity bay or in an inlet leading

to a bay."

Both the faunal variability and the faunal dominance indicate
a depth of water considerably less than 10 fathoms during the time
represented by the Coffee Mill Hammock Formation.

SUMMARY AND CONCLUSIONS

Oscillatory eustatic changes in sea level are recorded in the
Plio-Pleistocene strata exposed along the Caloosahatchee River by &
cuccession of foraminiferal faunal assemblages, each diagnostic of a
distinet depositional enviromment.
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The maximum transgression occurred during the time represented
by marine Zone 1B (Fort Denaud Member). A regressive phase of sedimenta-
tion followed, culminating in the deposition of a fresh-water marl. A
return to epen marine conditions is indicated in Zone 2B (Bee Eranch
Member), where a foraminiferal assemblage gquite similar to Zone 1B is
present. In both Zones 1B and 98 the family Miliolidae, represented by
the species Quinguelpculina lamarckiana, dominates the fauna. The
dominant species within Zone 3 (Fort Thompson Formation) is Rotalia
beccarii variants indicating that the maximum depth of water was con-
siderably less than that sttained within Zones 1B and 2BE. Zone 6
(Coffee Mill Hammock Formation) Tepresents the last marine sequence
exposed along the Caloosahatchee River in the study area. It uncon-
formably overlies the marine zones within the Fort Thompson Formation.
The species, Elphidium gunteri, dominates the fauna within this zone,
indicating that the water was VeIy shallow during the time represented

by the deposition of this strata.

Many attempts have been made to establish the relationship
hetween the principal interglacial stages of the Pleistocene znd the
Caloosshatchee and Fort Thompson Formations (Dall and Harris, 1891:
Cooke, et al., 1943; DuBar, 1958).

Alt and Brooks (1965) heve shown that high eustatic sea level
stands date back to late Miocene and Pliocene time, Brooks (1%66)
revicsed this earlier paper and assigned the following ages and elevations

to the eustatic sea level stands.

25 foot Stand .......... Srd interglacial (Sangamon)
60+ foot stand.........: 2nd interglacial (Yarmouth)
90 foot stand ..... vv... lst interglacial (Aftonmian)
120 foot stand .......... Fliocene

On this basis, the Fort Denaud Member of the Caloosahatchee
Formation cen be correlated with the Pliocene stand of sea level and the
Bee Branch Member, Fort Thompson Formation ("Ayers Landing Member")
and Coffee Mill Hammock Formation can be correlated with the Aftorian,

Yarmouthian, and Sangamonien interglacisl stages, respectively.

The depositional environments of the four marine units as
interpreted from the benthonic foraminiferal assemblages are summarized

i1 figure 2.
REFERENCES

Alt, D., and H., K. Brooks, 1965, Age of the Florida marine terraces:
Jour. Geology, v. 73, p. 406-&41l.

Bandy, 0. L., 1956, Ecology of Forminifera in northeastern Gulf of

Mexico: U.S. Geol. Survey, Prof. Paper 274-G, p. 179-204, pls. 28-31.




53

REFERENCES = continued

_Bandy, O. L., and R, E. Arnal, 1960, Concepts of foraminiferzl paleo-
ecology: Amer. Assoc. Petrol. Geol., Bull., v. &4, no. 12,
p. 1921-1932.

Bandy, 0. L,, 155ﬂ, General correlation of foraminiferal structure with
enviromment: Internat. Geol. Cong., 2lst, Copenhagen, Rept.,
Ft- 22, PI- ?_lgr '

Bradshaw, J. 8., 1957, Lzboratory studies on the rate of growth of the
foraminifer, "Streblus beccarii (Linne) var. tepida (Cushman)'':
Jour. Paleomtology, v. 31, p. 1138-1147.

Brooks, H. K., L. R, Gremillion, N. K. Olson, and E. S. Puri, 1966,
Geology of the Miocene and Pliocene Series in the North Florida-
South Georgia area: Guidebook, Twelfth Annuzl Field Conference
Southeastern Geological Society, p. 1-94.

Conklin, C. V., 1967, The foraminifera fauns sequence in the Plio-
Fleistocene strata of south Flerida: Unpublished Masters Thesis
University of Florida, Gainesville, Florida, 103 P

Cocke, C. W., J. Gardner, and W. P. Hbmdriﬁg, 1843, Correlation of the
Cenozoic formetions of the Atlantic and Gulf Coastal Flain and
the Caribbean region: Geol. Soc. America Bull., v. 5&, 1713-1723.

Cushman, J. A., 1922, Shallow-water Foraminiferz of the Tortugas region:
Carnegie Inst. Washington, Publ. 311, p. 1-85, pls. 1-1&.

Dall, W. H., and G. D. Harris, 1892, Correlsticn papers-Neocene: U.S.
Geol. Survey, Bull. 84, p. 1-349.

DvBar, J. R., 1958, Stratigraphy and paleontology of the late Neogene
strata of the Caloosahatchee River area of southern Florida:
Florida Geecl. Survey, Bull., v. 40, p. 1-241, pls. 1-12.

Hedberg, H. D., 1934, Some Recent and fossil brackish te fresh-water
Foraminifera: Jour. Paleentology, v. 8, p. 460-476, fig. 1.

I1ling, M. A., 1852, Distribution of certain Foraminifera within the
littoral zone on the Bazhama Banks: Mag. Nat. History, v. 5, p.
275=-285,

Fhleger, F. B., and F. L. Parker, 1951, Ecology of Foraminifera, north-
west Gulf of Mexico, pt., II. Foraminifera species: Geol. Soc.
Americes, Mem. 46, p. 1-64, pls, 1-20,




54
FERENCES - continued

Phleger, F. B., 1960, Ecology and Distribution of Recent Foraminifera:
Baltimore, Johns Hopkins FPress, P. 1-297, pls. 1-11.

Walton, W. R., 1964, Recent foraminiferal ecolegy and paleoecology Pt.
1, Northeastern Gulf of Mexico Foraminifera: Pt. 2, Palececology
of the subsurface Oligocene in coastal Texas, in "Approaches to
palececology’': New York, John Wiley and Sons, Inc., p. 151-237.

jon of Foraminifera off Southern

Wilcoxom, J. &A., 1964, Distribut
Contr. Cushman Foundation.

Atlantic Cosst of the United States:
Foram. Research, v. 15, p. 1-24.

. E c i S T TR T
. g ho -rdu-.-:ac.é:fa:*;.-_-,’;..-.‘;d'_'f_ﬁ g {ﬁ:-"_::; St “'T‘JE

e S



STRATIGRAPHY AND PALEONTOLOGY OF THE LATE NEOGENE STRATA

OF THE CALOOSAHATCEEE RIVER AREA OF SOUTHERN FLORIDAL

by

JULES R. DuBAR

lEHttrPt from Florida Geologicsl Survey Bulletin No. 40,
1958, p. 136-146.

55

N R



o

AGE RELATIONSHITES

ACE OF THE CALOOSAHATACHEE MARL

General Diseussion

The Calocsahatchee marl generally has been considered to be Pliocene
in age since it was first studied by Heilprin in 1886. This age assigmment
has been based primarily on the mature of the molluscan faumal assemblage and
cecondarily on the assumption that the formation is unconformably overlain by
beds of early Fleistocene Ege.

Vernom (1932, p. 59-60) correlated an upper Caloocsahatchee frecsh-
wvater bed, exposed at Fort Thompson, with the Nebraskan glacial stage. He
tentatively placed the lower marime beds at Fort Thompson in the lower Pleis-
tocene. Recent studies by the writer suppert Vernon's suggestion and neces-
sitate rejection of the craditional Pliocens age classification of the
Caloosahatchee marl, The most compelling evidence of Pleistocene ages of the
faloosahatchee beds is derived from the vertebrate fauna, but the inmverte-
brate faunz, and paleogeographic and facies relationships also tend to sup-
port this classificaticn.

Evidence of the Invertebrate Fauna

The melluscen fauna of the Caloosahatchee matl is éistinective, con-
taining many species mot known from any other deposits. Dall (1903, p. 1604-
1605) recognized 639 species of mollusks es occurring in the feormation, of
which 314 (49 per cent) are also Recent. The &t, Petersburg, Florida area
hag yielded 505 Calcosahatchee species (Olsson and Harbisem, 1953, p. 10), of
which 33.8 per cent are Recent. From the type locality of the Czloosahatchee
the writer hss identified 341 species, of which 39.5 per cent occur in the
Recent fsuna. Thus, on the basis of percentage of the extinct molluscan
species alome, the Calooszhatchee marl seems to have been correctly assigned
to the Plioceme. Actually, the differemces between many Czloosahatchee
gpecies and their present day descendants are elight and it is doubtful if
the differences are of more than subspecific value. Some species thought to
be extinmct probably survive, having migrated to more southern latitudes where
they have mot yet been obgerved. 1In addition, nome of the molluscan species
is elsewhere restricted to deposits of undoubted Fliocene age.

Foraminifera are relatively sbundamt in the Caloosshatchee marl but
studies by Cole (1931) and Cushman and Peontom (1932) fail to demonstrate im-
portant differences between late Miocene, Caloosahatchee, late Pleistocene
and Recent assemblages. A more Tecent study of the foraminifers has led Puril
to assign a2t least the upper Calooszhatchee beds to the Fleistocene.

Vells considered sevetsl species of corals in the upper Caloosa-
hatchee beds to be of late Pliocene age or younger. Two of the identified
coral species are restricted to the Caloosahatchee marl end on this baeis are
judged by Wells to be Pliocene in age. Two species of corals are restricted
to the Pleistocene and the Recent, one species ranges from Caloosahatchee
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time to Recent, and one speciles ranged from Miocenme to Recent. If the two
species restricted to the Caloosshatchee marl are omitted from considerationm,
then it seems that the coral fauna represents a Pleistocene rather than Plio-
cene age. '

Ne attempt was made teo analyze in detail the echinoid fauna; howewver,
the largest and most conspicuous species in the Bee Branch member is Clypeasterx
rosaceus which also ocecurs in the Recent fauna.

The invertebrate fauna alone does not seem to offer a solutiom to the
problem of the age of the Calocsahatchee marl. Most species, however, are known
to occur in late FPleistocene or Recent deposits and those restricted to the
Caloosazhatchee formation offer conclusive evidence neither for nor against a
Pleistocene age.

Evidence of the Vertebrate Fauna

The vertebrate assemblage collected by the writer from the Caloosa-
hztchee merl presents convincing evidence of the Pleistocene age of the for-
mation. There is no doubt that the bones were in place and most of them were
covered by several feet of marl and limestone, bearing many of the most typi-
cal Caloosahatchee molluscan species. Most of the fossil vertebrates were
collected from the upper shell bed but a few were found in the Bee Branch
member and Cyrtopleura costata faunizonme. The vertebrate species collected
by the writer from the Caloosahatchee marl of the type regionm are listed be-
lowe:

Cyrtopleura costata Faunizone

Testudo sellardsi-

Bee Branch Member

Cetacean remains
Equus {(Eguus) cf. E. (E.) 1&1&1;

Upper Shell Bed

Trachemvs sculpta

Testudo sellardsi
TMachrochelys temminki
Alligater mississippiencis
Crocodilian remains

Tanupolama sp.
Equus {Ecuus) ¢f.E. (E,) leidyi

Undifferentiated Beds

THolmecina septentrionalis
Odocoilevs sp.

None of the Caloosshatchee vertebrate species are known to be re-
stricted elsewhere to Pliocene deposits and, in fact, most are known only from
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the Pleistocene. According to Savage and Winters, ". . . ome of the species
of turtles is still living in Florida, and the other twu are found only inm
Pleistocene and early Recent deposits. The equid teeth are indistinguish-
able from those of the so-called Eguus leidyi, the medium-sized, late Pleis-
tocene and early Recent Florida horse. The Chlamytheriinae seem Lo be re-
stricted to the Pleistocene of North America. The evidence is strongly in
favor of a post-Blancan age for at least the upper part of the Calocosahatchee
formation, and it possibly dates from ome of the inter-glacial stages vhen
the sea level stood some 15 to 20 feet higher than at the present.”

Winters hae found mo record of either Eguus (Eguus) or a chlamy-
therid from the Blancan faunas. The earliest record of Equus {Eguus} known
to him is frem late Kansan deposits of the Rebraska-Kansas area and there is
no known pre-Sangamonian record of the chlamytherid from North America. The
giant armadillo ?Holmesina septentrionalis, hes been recorded from 18 to 20
jocalities in Texas, Florida, Oklahomz, and Mexico, and all but three, which
occur in reworked stream deposits, present strong evidence of being Sanga-
monian or later in age.

The cetacesn remains of the Bee Branch member were examind by Dr.
Reminton Kellogg who says, "Of all the koown occurrences of comparable
elements, the exis resembles most closely the Diestien-Lower Pliccene Plesio-
cetus dubius of the Antwerp basin, Belgium..... The Mysticeti or whalebone
whales of the Pleistocene so far as koown are not strongly differentiated
from those of the Recent peried. This axis was not ankylosed to the atlas
and differs in other respects from the Recent species of whalebone whales.
On this evidence alone I would not be inclined to suggest a Pliocene age.
Fliocene genera may have survivied in the early Pleistocene period. As yet
this sssumpticn has not been confirmed by recognizable fossel remains.

The Caloosshstchee fish and reptile fossils are comsidered by
huffenberg definitely to represent a Pleistocene age.

The vertebrate species, accordingly, present stromg evidence of &
post-Kansan age for the Caloosahatchee beds and the presence of the giant
armadille 7Holmesina septentriomalis points To & Sangamonian or later age.

"Relationship to Pleistocene Maripe Shorelines

The Caloosahatchee marl contains a semitropical or tropical
melluscan fauna which probably lived during & warm interglacial stage. If,
as the vertebrate fazuna suggests, the formation is no clder than Kansan,
then it must be asigoed either to the Yarmouthian or Sangamonian interglacial
stage. The inland limits of known Caloosazhatchee deposits, as shown by Cooke's
geologic map of Florida (1945), correspond clesely to the Wicomico and Okefeno-
kee shorelines as distinguished by MacNeil (1949) but appear to apineide most
closely with the Wicomico at an elevation approximately 100 feer above present
sea level. The Wicomico terrece is regarded as Sangamonian in age (MacNeil,
1959, p.99; Cooke, 1945, p. 17; Vernmom, 1851, p. 21-27), end the Okefenockee
is claccified s& Yarmouthizn by MacNeil (1949, p. 99), although possibly it
is plder. Winters believes that the Okefenckee shoreline is Aftonian. This
is based on the occurrence near Brewster, Florida, of Blancan vertebrates just
below the 150-foot comtour.
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Paleoecological studies indicate that the Bee Braoch member was de-
posited in an offshore continental shelf enviromment where the water depth
probably exceeded 15 fathoms. The upper shell bed was probably deposited
closer to shore in shallower water. If the water depth of the Caloosshatchee
Séa was approximately 80 to 100 feet where the Bee Branch limestone was being
deposited, the corresponding shorelime should have closely approximated the
level and outline of the Wicomico shorelipe, As shown by MacWeil's map (1949),
the distance is approximately 30 miles from the Caloosahatchee type area to the
nearest Wicomico sheore. A1l of the overlying and underlying Czloosahatchee
beds appear to have been deposited in shallower water than strata of the Bee
Branch member, and therefore traces of esrlier Caloosahatchee shorelines have
been destroyed or buried. The Penholowsy shoreline probably was formed dur-
ing the recession of the Caloosshatchee sea,

Correlation With Other Units

Several Florida formations have been considered to be facies of the
Calocsahatchee marl, representing varied deposits of Pliocene age. Among
these is the Tamiami formatiem now regarded as late Miocene in age and known
to be unconformably overlain by the Caloosahatchee merl, Other so-called
facies or correlatives include the Bone Valley, Charlteom, Croatan, Waccamaw,
and Citronmelle formations. The Bone Valley formation was considered by
Cooke (1945, p. 18) to represent an estuarine fzcies of the Caloosahatchee,
although the formations are mot koown to inter-finger. The vertebrate fos-
sils of the Bone Valley beds include a mixture of Fliocene and Miocene species,
none of which is known from the Caloocsahstechee marl. With little doubt the
Bone Valley beds zre considerably older than the Calooszhatchee formation and
they possibly represent an estuarine facies of the Tamiami formation (Miocene).

Cooke (1945, p. 227-22%) and Cole (1944, p. 23) seem correctly to
have correlated the Charlton formationm of northesstern Florida with the
Caloosahatchee marl, although the Charlton could represent & slightly younger
deposit, judging from its molluscan assemblage. Cooke considers the Charlton
to be an estuarine facies of the Caloosahatches marl.

The red sands of central Florids have been assigned, in the past,
to the Citromelle (Cocke and Mossom, 1825) and Cooke (1945, p. 231) considered
these beds to be a Pliocene, near-shore facies of the Caloosshatchee marl. No
lnterfingering of the two formations has ever been observed.

. Recent work by Bishop (1956) shows thet the so-called Citronelle red
sands of central Florida are actually the upper part of the Hawthorn formation
(middle Miocene). This observation is confirmed by the fact that Tamiami beds
(upper Mioccene) cverlap the red sands in the southern pert of Highlands County,

_ The Waccamaw and Croatan formstions of North Carolina and South
Carolina are correlated by Cooke, Gardner, and Woodring (1943) with the Caloosa-
hatchee marl of Florida. The mollsucen assembleges of the Caloosahatchee marl
.in Putnam and Volusia counties éppear intermediate between that of the type
Caloosahatchee and the Waccamaw deposits. Faunal differences between the
Caloosahatchee marl and the Waccamaw and Croatan beds can be explained st least
partly by differences in latitude and corresponding temperature differences. 1If
the Waccamaw and Croatan formstions are indeed correlastives of the Caloosahatchee,
they too will have to be reclassified as Fleistocene deposits,
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Conclusions

' On the basis of faunal, paleogeographic, and paleoecclogical evi-
dence, the Caloosahatchee marl seems to be Kansan or youngeT in age. The
presence in the upper Caloosahatchee beds of Egquus (Eguus) cf. E. (E.) leidyi
and 7Holmesina septentrionalis suggests that the formatiom may be Sangamonian
or younger. This suggestionm is substantiated by the fact that the known dis-
tribution of the Calooszhatchee marl and paleoecological evidence indicates
that the formatiom should be correlated with the Wicomico (Sangamonian)
shoreline.

AGE OF THE FORT THOMPSON FORMATION

Evidence of the Fauna

Almost all species of the Fort Thompson formation are represented
in the Recent fauna. The marine molluscan fsuna indicates at least as warm
s climate as that of today and, therefore, the formation probably was de-
posited during an interglacial stage.

The vertebrate fauna of the Fort Thompson formation is sparse, but
according to Winters seems to be indistinguishsble from the early Recent
faunas of Vero Beach, Melbourne, and Semincle Field in Florida. A list of
the vertebrate species collected from the Fort Thompson formation is given
on page 135. The fossils point stroogly to a late Fleistoceme azge of the
Fort Thompson formation and suggest that the deposits were formed during &
late Pleistocene interglacial stage.

Relationship to the Glacial and Interglaciel Stapes

The alternating fresh-water and marine beds of the Fort Thompsom
formation were correlated by Perker and Cooke (1844, p. 89, 94-96) and by
Cooke (1945, p. 250-252) with interglacial and glacial stages of the Pleisto-
cene. Parker and Cooke recognized two fresh-water beds and three marine beds
in the Fort Thompson formation at the type locality. The lower fresh-water
unit was classified by them as Kansan and the upper as Illinoian. The lowest
marine stratum was placed inm the Aftemisn glacial stage, the middle marine
unit im the Yarmouthisn, and the upper (Coffee Mill Hammock wmerl) in the
Sangamonian. B

Tf it is conceded that the Caloosahatchee marl is Yarmouthiesn or
younger then Parker and Cooke's classification of the Fort Thompson beds must
be modified. In addition, the marine merl thought by Parker and Cocke to Te-
present the base of the Fort Thompson at the type locality is coosidered by
the writer to be an ercsional remmsnt of the upper Calocsahatchee shell bed.
Thus the lowest Fort Thompson bed in the type section is a fresh-water marl.

The Fort Thompson beds exposed in the vicinity of the type locality
are thin and discontinuous. The Chlamys bed (middle marine unit of Parker
and Cooke) occurs as thin tongues that locally divide the fresh-water marl
into upper and lower units. Where the Chlamys bed ig absent, the upper and
lover fresh-water units coalesce to form & single bed, which unconformably
overlies the Caloosshatchee marl and is cverlain in turn by the Coffee Mill
Hammock marl.
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The entire Fort Thompson formation was deposited during a single
interglacial stage and the alternation of fresh-water and marine beds repre-
sents minor fluctuaticns of sea level under near-shore conditioms,

The maximum depth of water in which marime shell marls of the Fort
Thompson formation were deposited could not have been more thanm five fathoms.
In addition, the beds appear to have been deposited in an inlet or bay en-
vironment near to shore. Therefore; if one of the Pleistocene marine shore-
lines of southern Florida corresponds to these deposits, it must be ome which
now stands less than 50 feet sbove sea level. The Pamlico shoreline, of
course, is.well developed at about 25 feet sbove sea level, is located within
a few miles of the Caloosahatchee River areas, and otherwise corresponds
rather clesely with the known distribution of the Fort Thompson beds. Richards
(1936, p. 1644; 1938, p. 1284-1287) correlates the Fort Thompson formation with
the Pamlico of North Carclima, but apparently does mot give consideration to
the quartz sands which overlie the Fort Thompson beds and which are regarded
by most workers as Pamlico. No marine Pleistocene deposits in Florida are re-
cognized by Richards higher than 25 feet above sea level and he places all
Pleistocene deposits located below this elevation in the Pamlico formationm
(1938, p. 1284). These "Pamlico beds" are considered by Richards to have been
deposited during the last major interglacial stage.

Conclusions

The Fort Thompson formatiom ies late Pleistocene in age. If the
Caloosahatchee is Sangomonian, then the Fort Thompson beds were deposited dur-
ing a Wisconsin glacial recession when the sea stood approximately 25 feet
higher than at present. The alternation of fresh-water snd marine beds re-
presents minor fluctuations in the sea level during a single interglacial
stage.

AGE OF THE FAMILICO FORMATION

The Pamlico sands of southern Florida are undoubtedly of late Fleis-
tocene age. Winters believes that the Pamlico overlies and intertongues with
Fort Thompson beds, although evidence of such intertonguing of these formations
was not observed by the writer. At almost a2ll locelities along the Calocsa-
hatchee where the Fort Thompsen formation is present it is overlain by quartz
sands of the Pamlico formatiom.

No marine fossils were observed in the Pamlico sands, although the
formetien deoes contain scattered terrestrial vertebrate remzins in the Caloosa-
hatehee HRiver area. All traces of invertebrate shells possibly have been
leached by ground-water sclutiom, Inasmuch as the Pamlico sends form a thin
blanket over much of southern Florids, it is difficult to imazgipe a marine
enviromment in which the depeosit could have formed. The sands sre uncomsoli-
dated and are noncalcareous, similar to some littoral sands forming teday
along the Florida coast and may have formed during recession of the Fort
Thompson sea. ' :

SUMMARY

1. A stratigraphical and paleoecclogical study of Neogene strata
of southwestern Florida is given. The report is primarily concerned with out-
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crops and subsurface auger hele samples along the Caloosahatchee River be-
tween Ortona Locks snd Ft. Demaud. Some data are derived from other areas
such 25 Shell and Alligater creeks in Charlotte County.

2. The formations studied in greatest detail are the Caloosahatchee
marl and Fort Thompson formation. The Tamiami, Pamlico, and Lake Flirt marls
are considered to & lesser extent.

3, Approximately 2,000 pounds of sediments were collected and exa-
mined. TInsoluble residue analyses were made of more than 60 samples. Sixty-
five samples of marl, one cubic foot or less in volume, collectively yilelded
more than 200,000 specimens of mollusks and numerous specimens of other or-
ganisms including corals, echinecids, barnacles, ostracods, foraminifers, and
vertebrates, The following mumber of invertebrate species have been identi-
fied: 163 pelecypods, 272 gastropods, two echinoids, and six corals. No
attempt was made to study the microfauna. ]

L. The Caloosahatchee marl is clessified as late Fleistocene in
age. Analysis of vertebrates and paleoecological data suggests that the for-
mation may have been deposited during the Szngemonian interglacial period and
that the sccumulation of Calooszhatchee sediments probably should be corre-
lated, at least in part, with making of the Wicomlco shoreline (spproximately
100 feet above sea level). '

5. The Fort Thompson formatiom is classified as Wisconsinan in age,
snd it is suggested that the formetion may have been deposited during & tem-
porary recession of the Wisconsinan glaciers. Paleogeographical and paleoeco-
logical studies stromgly indicate that depositiecn of the formation should be
correlated a2t least in part with the meking of the Panmlico shorelime (approxi-
mately 25 feet above sea level). The Pamlico sands may represent, in part,
1ittoral deposits from the receding Fort Thompson sea.

&. TIn southern Florida the Caloosshatchee marl rests unconformably
on the heavily dissected surface of the Tamiami formation and is unconformably
overlain by the Fort Thompson formatiom. Between Ortona Locks and Lake Hic-
pochee the formation reaches a maximum thickness in excess of 60 feer.

7. The Caloosahatchee marl of.the type area 1s subdivided into
several members including, from the base upward, the Cyrtopleura costata
faunizone, oyster biostrome, brackish-water marl, Bee Branch limestone, and
the upper shell bed. At Ortona Locks several additionzl members are Trecog-
nized including & lower sandstome, Vermicularia faunizone, upper marine lime-
stone, and & Panope faunizome. Laterally, the most persistent and easily
traced member is the Bee Branch limestome which represents deposition in a
relatively deep-water, offshore, eontinental shelf enviromment. The other
members appear to have been deposited in challow water either on the contipen-
tal shelf or in a bay enviromment.

8. At its type locality the Fort Thompson formation is comprised of
three fresh-water and two marine members. The uppermost marine member is the
Coffee Mill Hammock marl which probably was deposited in a bay or inlet. The
lower marine marl occurs as s thin tongue which separates the fresh-water marl
into lower and upper units. The entire segquence represents deposition along &




fluctuating shoreline. Elsewhere along the river one or more of the abeve
ment ioned members are absent. Subsurface studies show that in the Caloosa-
hatchee River area the maximum thickness of the formation is probsably not
more than 35 feet and generally is much less.
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A PALEOECOLOGICAL INTERFRETATION OF THE B
CALOOSABATCHEE FORMATION USING STABLE ISOTOPE METHODS! a
by e

R. M. LLOYD

Shell Development Company, Houston, Texas

Oxygen isotope measurements were made on four pelecypod species
collected from the classic Caloosahatchee Formation outcrops along the
Caloosahatchee River. The four species were Anomalocardia caloosana, Chione
cancellata, Mulinia sapotilla, and Varicorbula caloosae. Comparison to
nearest living relatives suggests the fellowing habitats for these subtropical
gpecies:

taloosana - restricted marine, probably hypersaline
cancellata - restricted marine, wide salinity tolerance
sapotilla - restricted, probably brackish water
caloosae - open shelf

L

I=iZlolx

The oxygen isotope values are summarized in the table below:

018 0l8

No. Range Mean

Anomalocardia caloosans 10 0.0 to 2.3 1.1
Chicne cencellsta 15 -0.8 to 1.0 0.2
Mulinia sapotilla 16 =1.0 to 3.8 1.1
Varicorbula caloosae 4 -2.0 to 0.1 -1.0
Heliosoma sp. 5 -1.3 to 2.0 0.1

The factors controlling the oxyvgen isotope composition of pelecypod
shells are temperature and the oxygen isctope composition of the water. The
ol8 values for A. caloosana, C. cancellata, and M. sapotilla are too high
and show too grest 2 range to be explained by temperature fluctuations and
suggest the presence of water isotopically enriched by evaporation. This
fits well with the ecology of 4. caloosanz and C. cancellata which thrive at
high selinities. The fact that M. sapotillz, a brackish species, also showws
evidence of enriched water suggests periodic influx of re-evaporated fresh
water from coastal swamps in response to a seasonal rainfall pattern. This
is supported by the positive values of a few specimens of Helisoma sp., &
fresh water snail, apparently transported into the marine deposits. A4
similar ecological regimen exists a2t the present time along the northern
shore of Florida Bay,

This evidence suggests that the Tamiami high west of the outcrop
arez &t times existed as a shallow submarine barrier and st other times &g
& low-1ying land mass during Calooszhatchee deposition. The presence of
Varicerbula caloosae with "normal" oxygen isctope composition further
suggests that at times the sea stood sufficiently deep that the Tamiami high
had little effect on the ecology of the area.

l4 more extensive paper on this subject has been submitted for publication

E S, T L N N R S T



A REVIEW OF LATE CENOZOIC STRATIGRAPEY

OF SOUTEERN FLORIDA

by

AXEL A, OLSSON



67

“INTRODUCTION

The purpose of this f{eld trip is to acguaint local geclogists
and visitors with some general features of the geology and stratigraphy of
south Florida and the basic observations on which it rests, and to bring
everyone together for a general discussion cf the many problems imvolved.

Florida, like most of the coastal plain of which it is a part,
is low and flat with & high water table. Fermanent exposures are few and

 found enly along a faw stream courses. Such exposures are not always reli-

able since they have been affected by many surface conditions, such as bank
slumping during high water, case hardening so as to resemble limestomes, oI
enlution channeling and sinkhole development which introduces into parallel
beds extraneous material from above, often in such a2 manner as to be hardly
recognizable. It is 1ikely that some of these surface alterations will be
ceen and examined onm this trip. Therefore, many of the older and even more
recent views based on surface exposures, apd especially the collecting of
loose fossils from spoil banks, have led to certain deductions which have
not stood up after more thorough study. In late years, numercus canal
excsvations,such as the one along che morthwest bank of Lake Okeechobee
excavated during the comstruction of high storm levees, permitted direct
observations of exposures in the canal walls to a depth of 20 to 30 feet

&5 the working end of the camal diggings was pumped dry for easier excava-
tion. Other excavation projects Were similarly dewatered snd permitted
direct entrance into the pit for close examination of undisturbed strata

and the collecting of fossils in place. These fresh exposures Were neces~
sarily temporary. Some Were Open for close inspection and collecting for
several months along a course of many miles; others for much shorter
peripds. It is upon these transient exposures that the section &5 now
understood and on which I published a preliminary review in 1964 is based.
These excellent exposures demonstrate how important it is for us all to be
continually on the alert for eimilar cpportunities which may open up from
time to time. Fortunstely, we have in our &resd & group of highly qualified,
interested amateur fossil collectors who are in the field at every opportumity
and who have thus far allowed nothing of importance to be missed. No doubt
other wonderful oppertunities for eritical observations will occur in the
future, and which, I hope, will be studied in detail.

These observations omn fresh exposures have shown that the Tertiary
and Quaternmary succession of south Florida is not exceptional or any differ-
ent from that of the rest of the coastal plain, a&nd is especially similar
to that of Neorth and South Carolina. The formations are of the seame
character and ape; the only marked difference being the greater richness
of the fossil faunas due to the snclucion of & larger element of tropical
forms. It is this character of combining both merthern and southern elements
in its paleontology that gives O the Tertiary succession in south Florida
its greatest interest znd alsc its grestest importance in terms of regional
geology and setratigraphy. Some of us are deeply interested in the fossils
and devote most of our time in jdentification and determining their affini-
ties and relationship with other known forms. The fosgsiles, however, are
only a by-product of the geology, a tool of research, just as a hammer to
break open rock or hand lens to inspect mineral grains in & hand specimen.
It iz on this theme, the importance of the geology itself, that this review
has been mainly written. Those of you who attended our Society's annual
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dinner in December, will remember that it was this aspect of the subject
which I stressed in my talk.

The stratigraphy of rock formations in south Florida is relatively
simple as compared with the great complexities seen in most Tertiary
sequences in South America where the same age rocks attain great thicknecces.
They are often consclidated into hard rock, such as quartzites, and, as in
Costa Rica, are invelved in mountain building structural deformstion. The
main difficulty which has prevented an understanding of Florida stratigraphy
is the general lack of eritical exposures., Many formations lie almost
wholly in the subsurface below a high watertable. The most widespread of
all our fossiliferous formations, and in its totality the richest in faunal
makeup, is still unknown from any surface outcrop inm south Florida, although
in many places it lies less than 15 feet below the surface. Surface formsa-
tions, with the exception of parts of the Tamiami exposed in the Everglades
and in part of western Florida, as well as exposures along the Caloosahatchee
and 2 few other streams, represent only the highest beds in the series. With
the exception of certain features of Unit A, these exposed formations are
elso the ones of least interest and importance in the geclogic framework of
south Florida.

REGIONAL STRUCTURE

Normal and undisturbed, the fossiliferous formations lie horizontal
or with a dip so low that it cannot be seen or measured by ordinary means.
Where some dip or inclination oceurs, it cazn be attributed to depositional
irregularities or, if along formstional contacts, to a wavy erosional surface
of unconformity (as locally seen alomg the base of Unit 4). A larger
regional structure is however evident. A general asligmment of formaticonal
distribution suggests a N15°W or S15°E strike with a low northeasterly dip.
Hence, the oldest and lowest formations 2re in the western part and vounger
-and thicker formetions in the eastern section. This situation is also
illustrated in the different outlines of the east and west Florida coasts.
Some east-west fsulting has been suggested, 2s well as local warping, with
the intervening hollows filled with thickened sediments. In addition, there
are many inlying and outlying areas which suggest overlap relations which
cannot be properly understood on the basis of existing datz and the lack of
continucus outecrops.

STRATICRAPHY

The chart sccompanying this review (Fig. 1) shows in graphic form
the foegiliferous units found in the shallow subsurface of south Florida.
Before discussing this section, 2 few remarks are necessary.

Except for surface deposits of peat and some other Pleistocene
depesits which do not concern us, the underlying beds are mzinly Tertiary
in age. Those of Upper Miocene &ge are the most important and have the
widest regional distribution. The realization of the overriding importance
of the Miocene in south Florids is 2 relatively new development which was
not even suspected & decade 2go. Helen Tucker and Druid Wilsem (1932, 1833)
were the first to suggest a Late Miocene zge for the Acline fossils.
Mansfield (1931) suggested a similar age for some shells from Pinecrest.
Mansfield, however, erred in giving a vounger age to the Tamiami, a mistzke
which I also made in the book on S5t. Petersburg mollusks (1953); an error
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RECENT SURFACE: sands, peat, etc.

Group A. . | Fort Thompson
(Miami
Pleistocene Limestone)
emergence
Group B. '
Uonit A.
? Fliocene _ {Glaﬁes)
emergence
Group C. Calocsahatchee
Major tertiary transgression
Late Necgene - (world-wide)
) Pinecrest (Murfreesboro).
(Upper Miocene
& Pliocene?)
Tamiami

Rests on Tampa, Hawthorme, etc. in south Florida.
NHorthward on basement and other older formations.

FTigure 1. stratigraphic units in the shallow subsurface of south Florida.
The general magnitude of each transgression indicated by
symbol > .
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due to my complete lack of knowledge of the geology of the Tamiami area.

In the meantime, Druid Wilson (as well as a2 few loczl collectors, such as
Hughes) had begun to recognize Miocene shells along the main canal embank-
ments and was able te distinguish them by their state of preservation, as
well a5 specific identity with common Chesapezke forms from the north.
During the St. Petersburg investigations, some poor Miocene outcrops were
recognized on Snell Island, and 2 rich Miocene assemblage of fossil shells
had been dredged up from Tampa Bay and used as £ill cpposite the Hotel Vinoy.
In the Miami district, Howard Klein of the U. 8. Geological Survey brought
me & fine collection of Chesapeake Miocene shells from a well at the cement
plant on Krome Avenue. They are now on deposit at the U. S. National Museum,
Shortly thereafter followed the big diggings slong the northwest shore of
Lake Okeechobee which, for the most part, were in Miocene beds with a con-
spicuous Chesapeake faunal character. Later came the operations at Pinecrest
with its abundant and characteristic organic remains. These cccurrences
brought the Miocene inte sharp focus. All other observations made since
have served to confirm the importance of the Late Miocene in all parts of
south Fleorida. The significance of this discovery, to which so many con-
tributed, cennot be underestimated; not only from its regional conceptiom,
but its direct bearing on the interpretztion of the rest of the Tertiary
section, particularly as it affects the ape and relationcship of the
Celoosahatchee marls. In a2 sense, with our closer understanding of the
evolutionary development of the main components of the Caloossghatchee
mollusks, zlong with the recognition of Unit A, the Caloosahatchee Formation
has shrunk notably from its predominant position in the stratigraphy of
Florida which it once held.

In Figure 1 are the names adopted for the fossiliferous formations
in which we are mainly interested. It is practically the same chart which
I published in 1964 in preparation for the Geclogical Society of America
convention of that year in Miami Beach. Since these units are mappable in
2 general way, and display individuzl lithelegical and faunal character-
istics, they can be considered as formations. Over large and small areas,
they may show considerable facies variation. Thus, in the Pinecrest, we
heve the typical facies at Pinecrest itself; at Acline that of Acline:
Erighton and Kissimmee, each its own. Since in most cases we cannot
actually get down into & water-filled canmal, we do not know whether the
different foseils found in dredged meteriel come from a single bed or a
serieg of alternmating omes.

These formations are relatively thin and composed, in most instances,
¢f fine-grained sand reworked frow clder sediments. They are z2ll of shallow-
water origin, deposited in waters of 50 feet or less. Tn some cases, s&8 in
the Pinecrest, the rocks may even be beach deposits as indiczted by the local
abundance of flattened, wafer-shaped quartz pebbles. Consideration of water
depth during deposition must be taken into account in any correlation of
strand-line terraces with marine formstions in south Florida. This is
especially true of terraces at high elevations, unless tectonic disturbance
of considerable magnitude can be demonstrated.

For the sake of discussion, I have referred our Tertiary and
Quaternary formations to three main groups, termed A, B, and C from the top
down (Fig. 1). Group A includes the Fleistocene Fort Thompson and its
probable equivalent, the Miami Limestone of Hoffmeister. Group B consists
of Unit A, not yet officially named. Group C represents the large, main
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group of Tertiary formations which includes the Tamiami, Pinecrest, and the
Caloosahatchee Formations. Each group represents a single, depositicnal
cycle of a transgressive sea over the land, following a period of uplift
when erosion took place. Each transgression was the result of a higher
ctand of sea level of world-wide dimensions, and each transgression brought
in a new faunal development.

Between each of the marine groups, Figure 1 shows a tlank space
representing a pause in sedimentation and 2 lost record of time. In the
rock succession, these gaps denote unconformities between group formationms,
generally indicated by an indurated surface or pavement at the top of the
underlyving formatiom, and often by a basal conglomerate or rubble zone in
the lower portion of the overlying marine beds. The two upper unconformities,
between Groups A and B, and between B &nd C, have been seen &t several places.
The lines of separation between the formatioms in Group C are arbitrary,
tased onm changes in lithology and fauna and have no great time significance.

Group A

This group includes the Fort Thompson Formation of the Caloosa-
hatchee River area and the Miami Limestone to the south. Actual tracing of
the Miazmi Limestone northward into the Fort Thompson beds has not yet been
zccomplished, but in my opinicm they are probably equivalent and represent
merely facies variations within contemporaneous deposits. On the Calocsa-
hatchee River st La Belle, the Fort Thompson consists of an glternating
series of marine and fresh-wster layers of a total thickness of about 5
feet. Cooke believed this thin stratigraphic section included the entire
record of Pleistocene time. He interpreted the fresh-water layers as
imdicating low stands of sea level correlated with glacisl advances, and
the marine lavers of interglacial origin during high stands of sea level.
I believe this explanation is altogether tco gimple and finds no added
support in the geology. Moreover, according to Daly's theory of sea level
changes during the height of glaciation, the land area stood a2t lesst 200
feet higher than mow. These azlternations between fresh and marine condi-
tions are due only to shifting changes in salinity along the inner margin
of the lagoonal area, possibly due to storm conditions. The situatiom is
well illustrated by many similar chenges from fresh water to marine which
have sffected Lake Worth during the last 30 to 50 years due to hurricane
sction. The molluscan faunz of the Fort Thompson is sparse in number of
species and is similar to that of Biscayne Bay. All the recorded species
are Recent. Chione cancellsts is the mest common species &s it is iIm the
Recent fauna in lagoonal waters throughout the tropical or subtropical
sreas of the western Atlantic.

In many places, the basal part of the Fort Thompson is a rubble
vone with reworked fossils, and it was from such 2 mixture that DuBar
(1958) obtained his horse tooth. It is well to note that remains of land
mammals are exceedingly Tare in a purely marine formation and all reports
of such securrences must be regarded with suspicion until fully confirmed
by acceptable geologic evidence. '

Group B

This is a distinect stratigraphic unit, formerly included in the
Caloosahatchee as its uppermost member., It is Unit F of DuBar's classifi-
cation who also included it in the Caloosahatchee Formation. The generazl



it

term "Unit A" was temporarily given to it in my 1964 paper in anticipation
that it would be more fully defined and officially named by Druid Wilsonm
shortly -eftervards. The absence of am acceptable name for this unit for
s0 long 2 time has been awkward, especially in discussing its fossils and
in describing new species. =  GLADES FenmtATEN

Unit A as a distinect stratigraphic unit was first differentiated
by Druid Wilson about 1960 and shortly thereafter by Thomas Hughes (now
deceased), a local fossil collector from Fort Pierce, Its differentiation
from the Caloosahatchee by these two men represented a notsble achievement
in south Florida geology and it has helped immeasurably in elarifying many
obscure problems which up to that time had evaded scolution.

Unit A can be seen in surface exposures at La Belle and Ortona
Locks, as well as in several rock pits. At La Belle and several other
places, its base is marked by 2 zone of oysters (Ostrea virginica
lebellensis) along an undulating surface contact with the Caloosahatchee
marls below, At other places, such as at Ortona Locks and in several reock
pits, its base is marked by a reefzl bed of worm shells ( Vermicularia
recta ) in erect, colonial form. In many cther known places, Unit A lies
on the Pinecrest and, perhaps in some instances, upon the Tamiami, 1t was
exposed at peveral places in the area north of Lake Okeechobee during con=
struction of the storm levee previously mentioned. The Unit A molluscan
fauna is wvery rich, with an estimated fauna of 600 species showing a high
pecrcentage (70 to B0 percent) of Recent species. The fauna is trepical or
at least represents warmer water than that of present-day Florida.

The 2ge of Unit A is uncertain and may be subject to different
interpretation. Druid Wilson, it seems, considers the formation as
earliest Pleistocene and probably pre-glacial. I am inclined to regerd
it as Late Plioccene, mainly because of its geological setting which is so
similar to that of the Coralline Crag of England, &s well as percentage of
extinct species inm its fauna. The Coralline Crag of eastern England
remains one of Lyell's type examples of the Fliocene, in addition to the
thicker Plioccene deposits found in north Italy. Im England, the Coralline
Creg deposits were laid down by an independent marine transgression and
rest directly on the Cretaceous Chalk. Its beds remazin now only in the
form of esmall remnsntlike hills surrounded and overlapped by the younger
Crag deposits of Pleistocene age. -

Group C

This is the largest group, the most interesting, and on which
major attention has been focused. The group is Tertiery, and its lower
formations, the Tamiami and the Pinecrest, &re Late Miocene. These forma-
tions are correlated, both as to their geologic setting and on the basis
of fossils, with the Duplin and Yorktown of the Carolinas and Virginia.
The upper formation, the Caloosahatchee, as presently restricted, is so
nearly related to the Pinecrest that no separation is possible except on
purely paleontological grounds. The contact that has been observed
between the Pinecrest and the Calcogahatchee is extremely indistinet.

" The Caloosshatchee Formation has the smallest sreal distributionm, as is

to be expected in a regressive sea, and apparently is absent south of
Broward County and in many other places its occurrence is patchy. All
three formations have a single faunal development along evolutionary linmes
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which can be traced through several lineages until the end of Caloosa-
hatchee time when they suddenly became extinct. Thus, there is a close
age relationship between all three formatioms. In discussing the three
formational units we will begin with the Tamiami, the oldest and also the
one in which the marinme transgression originated.

Ehn Tamiami

The name "Tamiami® was proposed by Mansfield-in 1839 for
Tertiary deposits encountered in roadside ditches and rock pits near the
junction of Route 41 (Tamiami Trail) and Route 29 in Collier County. The
formation directly underlies a considerable part of the western Everglades
and extends morthward to the Celoosahatchee River, southward to Florida
Bay, and westward to the coast at Fort Myers and Punta Gorda. It is
quarried in numerous rock pits far f£i11 and ballast, the rock usually first
crushed and screened for the purpose intended. It is recognized as an
ideal rock for road foundatiom, for when properly applied, spread and
rolled, it hardens throvgh its own recementatiom.

The Tamiami is made up mainly of calcareous marls with layers of
hard, porous or crystallized limestone and beds of fine quartz sand.

. Fossils are plentiful, but most are in the form of internal molde or as
eavities in the rock. All shells originally composed of aragonite have

been leached away by circulating ground waters. Fossils of caleitic
nature, such as oysters, pectons, echinoids and barnacles are well
preserved except they may be encrusted with cemented matrix which is
difficult to remove. A small sand dollar (Encope) is generally very common
and ig restricted to the formation. The Tamiami is Upper Miccene in age
and correlates directly with the Choctawatchee of north Florida and with
the Yorktown of Virginia.

The base of the Tamiami in south Florida has not as yet been
recognized at any outcrop. It may be assumed that the formation rests
unconformably on a variety of older beds as does its equivalent horizon
elsewhere throughout the Atlantic coastal plain. In the region of its
typical occurrence, the Tamiami displays the facles characteristic of
a2 shsllow-water, platform deposit as would be expected from its central
position along the main axis of the Florida peninsular uplift. In its
downdip position, the Tamiami is believed to grade into shelly sands like
those of the Pinecrest, and in the zone below circulating ground waters,
its contained fossils should be well preserved. The fossil horizon
encountered in the well from the cement plant on Krome Avenue came from
the Tamiami in a downdip position.

The paleontology of the Tamiami remains incompletely known as
only the echinoids and some of the pectens and oysters have been system-
atically studied. The determination of the other fossils, mainly molds
or impressions is difficult, but sufficient informatiom is available to
indicate that the Temiami fauna is closely allied to that of the
Choctawatechee of noerth Florida and to that of the Yorktown of Virginmia.
Eventually Tamiami localities may open up where the fossils are in good

_condition permitting a more accurate determination. Ecphora is known

from the Tamiami at numercus places and during some dredging operatioms,
such as at Olga, the shell was quite common. Unusually large specimens
of Ecphora have been seen firmly embedded in hard Tamiami limestone at




many places. The shell of Ecphora is frequently encountered om the beach
at Fort Myers Beach, along with shark teeth and other fossils.

The thickness of the Tamiami iz not known, but may be estimated
to be about 100 feet. Several pits in the Everglades are szid to be 75
feet deep and dug entirely in the Tamiami formation.

It is well to note that for a long time much uncertainly pre-
veiled as to the stratigraphiec position of the Tamiami as well as ite age,
Mansfield in 1931 considered the formation as Pliocene. Parker in 1942
considered the Tamiami to overlie the Caloosahatchee znd on this basic
that it was younger than the Caloosahatchee. Olsson in 1953 followed
Mansfield and Parker, and without personal knowledge of the geology in the
Tamiami area, referred to it as a facies of the Caloosahztches. Actually,
as we now know, it lies below the Caloosehatchee and its age is definitely
Late Miocene, correlating perfectly with the Ecphora zone of the
Choctawatchee .of north Florida amd the Yorktewm of Virginia.

The Pinecrest beds or formation

The name "Pinecrest beds" was proposed by me in 1964 for strata
composed largely of fine-grained, white sand encountered directly below =
bed of Miami Limestone of Pleistocens age in the gemeral region of 40 Mile
Bend on the Tamiami Trzil and extending west for 2 short distance beyond
the Dade-Collier County line. The name is taken for a settlement on the
old Everglades rosd sbout ome mile west of the Dade County line. A small
cellection of fossils obtsined from a rosdside diteh inm this area was des-
cribed by Mansfield in 1931 and referred to the late Miocene. The Acline
mollusks described by Tucker and Wilson from s pit in the Punte Gorda
district belong to the same unit and represent a different faunzl =nd
facies development.

During the canal dredging in the 40 Mile Bend area, the Miami
Limestone at the surface was so hard and compact that it hed to be bored
through and blasted before the underlying deeper beds could be excavated.
in the first stretch of the canal east of the bend, only barrem white sand
iies below the Miami Limestone. A short distance westward, bevond the
curve in the road, highly fossiliferous beds occur over & wide arez,
containing a completely pure, undiluted fauna. For nesrly a vear, this
locality offered unexcelled collecting to a2 great many fossil enthusiasts.
As yet, these large collections are scattered in many hands and have not
been fully worked up. Further westward, where the canal system runs
glmost due morth, much of the Finecrest is berren or carries only a
depauperate fauna. The general charzcter of Pinecrest deposits in this
erea 1is of very shallow-water, nearshore, and possibly even beach sediments
locally.

The largest known area of the Pinecrest beds in the shallow sub-
surface is in Glades, Highland, sand Hendry Counties north and northwest of
Lake Okeechobee, which was available for cbservation during levee con-
struction in 1962 and 1963, In this area the fauna is extremely varied
with many interesting epecies such &s Mslea and Trochite not found else-
where. OCf =till more recent date, wonderful collecting opportunities have
been available in the Kissimmee srea during the deepening and straightening
cf the river chennel. Large collections have been made, mainly by workers
from the West Palm Beach area.

T4
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The most interesting, as well as the most remsrkable feature of
the Pinecrest fauna is its mized character; mixed in the sense of com-
bining northern elements in its makeup (as Mulinia congesta) and
distinctly btorezl to subborezl forms (as Astarte, Cyclocardia, and the
mud-snails, Llyanassa etc.) with warm water and tropical types (as the
many species of Conus, Cypraea, Terebra, and a host of others). Im &ll
its known occurrenmces, the Pinecrest fauna shows a certain uniformity of
character, easily recognizable, but at the same time showing many variations
which are essentially local. Thus the Acline assemblage has many species
not known outside of the Acline locality, some of which show Mexican
affinities. Other places show relationships with Jamaica and with Santo
Dominge. Ia its total, the Finecrest is the largest Tertiary assemblage
known in Florida and its number is om the increase with the discovery of
each new locality. At the present time, it can be roughly estimated at
sbout 1200 species, approximately three times that of the living Florida
fauna in the same depth range. Not only are many gpecies still undescribed,
but many show obvious relationships with forms from Jamaica, Santo Dominge,
and with the living species in the Panamic-Facific regiom.

The Caloosahatchee marls

The Caloosehatchee marls represent the highest beds of Group C.
The general characteristics of the Caloosahatchee have been described by
so many authors that minor attention need be given to it here. As already
noted, the separation of Unit A from the Caloosahatchee, formerly regarded
as its upper member (Unit F of DuBar) and marked off from it by an
erosional, unconformable surface, hes greatly reduced the importance of
the Caloosahatchee in Tertiary stratigraphy of south Florida and has also
significantly reduced its percentage ratio with the Recent.

17 areal distribution, the unit is alsc the most restricted with
its principal development lying slong a troughlike belt extending from
North St. Petersburg in Finellas County southeasterly across Manstee, Sara-
sota, and Hendry Counties to about the northwest corner of Dade County.

Ite most extensive exposures are found along the Caloosahatchee River at
and near La Belle, where it is exposed at several places im the river bank
and in rock pits. In most places, the Calooszhatchee is 2 friable shell
marl, yellowish or cream-colored on surface sxposures, but gray or blue
within.

PALECNTOLOGY

Some mention has been made of the fossils of south Florida, but
2 longer account is beyond the scope of this Teview. The fossils illus-
rrated on the two accompanying plates have been chosen to show a few common
forms of special significance as guide fossils or those which show evolu-
tionary trends. All are extinct species and most belong to extincl genera
also. As previously mentioned, the main extinction point in our Fleorids
Tertiary section is at the top of Croup C or the Caloosahatchee marls;
only a few minor forms continued imto Group B. Thus, in Group B or Unit A,
we have the first marine fauna closely zllied to that of the Florida
Recent or of the general western Atlantic.

The Tamiami with its abundance of echinoids, pectens, and marine
oysters is a shallow-water, platform facies. Downdip it appears to change
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into a more sandy facies similar to the Pinecrest with molluscan species
more similar to those of the Chesapeake region of Virginia. Inasmuch as
it lies below the zone of active water circulation of surface origin,
its fossils are not leached.

Plate 1 shows a mixture of forms from the Pinecrest, Caloosa-
hatchee and TUnit A, with the exception of Ecphora whose position is not
fully established (it could be from a Middle Miocene horizom). We have
twe other species of Ecphora in our section (Group C),the common Yorktown
type in the Tamiami, and another in the Pinecrest. The Pinecrest species
has since been found in Georgia.

Plate 2 also shows a mixture of forms from the Tamiami,
Pinecrest, Caloosahatchee, and Unit A, Flate 2, figure 5 shows the
inside of a valve of Spondvlus bostrychites Guppy illustrated to show
the selective effects of leaching. The inner layer of the shell composed
of aragonite has been dissolved away leaving the performations and burrows
of various marine organisms (mollusks, worms, sponges) filled with cal-
citic matrix, intact, plastered to the outer layer which in Spondylus is
calcitic,

Only & rough estimate of the size of the Tertiary and Quaternary -

mellusks of south Florida is as yet pessible. The following is & tenta-
tive, conservative estimate:

l. Group A. (Fort Thompson or Pleistocene). About 200 species
of which all are Recent.

ELADE
2. Group B. [ﬂnit*1§1 Between 500 and 600 species of which
about B0 percent are Recent.

3. Group C. (Tamiami, Pinecrest, and Calooszhatchee). Total
between 1200 to 1500 with a percentage ratioc of 40 or less

of Recent or near Recent forms. The total is expected to
go much higher.

Certain significant trends are evident among several groups and
families.

Conidse: Total about 20 species, many undescribed.

L& BE N
JE;ih—ﬂ. - about 5 species, 211 Recent.

Caloosahatchee - about 5 species, 2 Recent.
Finecrest - about 18 species, 2 Recent.
Tamiami - unknown.

Turritellidae:
Gessss
Paie=A. - ] species, alsc Recent.
Calopesshatehee - about 5 species, only 1 Recent.
Finecrest - about 7 species, 1 Recent.

The two general terms, cold-water and warm-water have been used
in the past in discussing the affinity of the Florida Miocene mollusks.
There has been some objection to these terms from some, so a word of
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Figure 1

Figures 2 & 3

Figure 4

Figures 5 - 8

Figures 9- 12

Figures 13-14

Figure 15

Explanation of Plate 1

Ecphora guadricostata (Say) 2/3rd size. Murdock
(Miss Hunter). Middle Miocene probably. 4An index
fosgsil for the Chesapeake Miocene.

Vasum (Hystrivasum) 1/l size. An endemic Florida
group with about 4 species.

Fig. 2. ¥. locklini Olsson and Harbison. FPinecrest.
Fig. 3. V. horridum Heilprin. Caloosahatchee.

Cancellaria propevenusta Mansfield 1/1 size. Index
fossil for the FPinecrest; also in morth Florida and
Duplin of North Carclina. FPinecrest.

Siphocypreaea lineages. An endemic Eastern American
genus beginning in the Chipola and became extinct at
the end of Group C. Not in Unit A.
Fig. 5. §. carolinensis floridana Mansfield. About
2/3 size with simple apical sulcus. Pinecrest.
Fig. 6. S. problematica Heilprin. 1/l size with
fully developed spiral sulcus. Caloosahatchee,
Fig. 7,8. 8. tranmsitoria Olsson and Petit. With
trancsitional suleus. Fig. 8 longitudinal
section to show development of notch and Bulla
stage whorls in the interior. Pinecrest.
Brighton.

Turritellas.

Fig. 9. T. evergladeensis Mansfield. Tinecrest.
Slightly enlarged, notice scupture and
inflated body whorl.

Fig. 10, 11. T. perattenuata Heilprin. About 1/1 size,
Caloosahatchee.

Fig. 12. T. pontoni Mansfield. About 1/1 size.

T. pontoni and evergladeensis are common
Pinecrest species at all known statioms.

Conus (Contraconus)
The left-handed cone, the only group of left-handed

cones in the world and restricted to Group C or its
equivalent beds in the Caroclinas.

Fig. 13. Conus advesarius tryoni Heilprin. About 2/3
size. Caloosahatchee.

Fig. 14. Conus adversarius Conrad. A specimen showing
fluorescent pattern. PFPinecrest.

Fusinus watermani Maxwell Smith. 1/1 size.
Index fossil for Unit &. {(Group B). Belle Glade.
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Explanation of Pléite 2

This plate shows a selection of fossile from the Tamiami, Pinecrest,
Caloosazhatchee, and Unit A. of special significance.

Figure 1.

Figure 2.

Figure 3.

Figure &.

Figure 5.

Figure 6.
Figure 7,
Figure 8.

Figure 9.

Figure 10,

Figures
11, 12.

Figure 13.

Pecten (Nodipecten) collierensis Mansfield. About 1/1.
Tamiami. .

Pecten (Pecten) hemicyclicus Ravenel. About 1/1. Tamisami.

Encope tamiamiensis Mansfield. About 1/1. Baszzl or

-.?entral glde. Tamiami.

Ostrea (Pycnodonta) haitensis (Sowerby). About 1/1.

(0. monroensis Mansfield).

Often very large and thick. Both wvalves ere plicated, and
the shell texture is partly cellular. A Miocene species
ranging through the Caribbean to South America. Tamismi.

Spondvlus bostrychites Guppy. About 1/1.

Inside of a large valve showing casts of boring io the
inner layer (aragonitic) leached away. A common Miocene
species through the Caribbean to South America. Tamiami.

Chione ulocyma lecnensis Mansfield. 1/1.
Pinecrest., Alligator Alley. Also in north Florida.

Anadara aequalitas Tucker and Wilson. 1/1.
Index fossil for Unit A. Belle Glade.

Anadara crassicosta Beilprin. 1/1.
Index fossil for Caloosahatchee. Calooszhatchee.

Anadara cf. tuberculosa (Sowerby) slightly reduced.

This foseil is related or identical with A. tuberculesa,
& mangrove-mad species along the Pacific coast of Mexico,
Central America to Peru, the principal food clam in that
region. Ites discovery in Unit A was quite unexpected, as
the last lingering occurrence of a purely Pacific element
in the fauna. Slough’s ditch.

Pecten eboreus darlingtonensis Dall, slightly reduced.
Encrusted with & Miocene coral and worm-shells. Pinecrest.
Fisgh Eating Creek.

Astartes. Northern or Chesapeske elements in the south
Florida Miccene. '
Fig. 11. A. floridana Dall. Also north Florida.

St. Petersburg. Downdip Tamiami.
Fig. 12. A. symmetrics Conrad. Pinecrest, Kissimmee.

Mulinia conpesta Conrad.
A Chesapeake guide fossil for the Upper Miccene. Virginia

to Florida, often very common. Pinecrest. Alligator Alley.
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explanation is needed. Cold-water refers to the presence of Chesapeake
Miocene species from Maryland and Virginia. They are northern forms, and
come of the genera such as Astarte, Cvclocardia, etc. are principally
boresl in their distributional pattern today. A few are found only south
of Cape Cod; but none along the Florida coast, even in deep water. Warm-
water refers to tropical and subtropical forms, such as Conus, Cypraea,
Terebra, and 2 host of others. The Caloosahatchee marl fauna is tropical

and so is Unit A. The Fort Thompsen fauna ie subtropical and, hence, an

indication that it is an interglacial formatiom. The fresh-water snails
such as Beliosoma and Physa species interbedded with the marine in the
Fort Thompson are subtropical and represent the same species as living in
Floride today. They are, therefore, not glacial or allied to the species
sf the same genera north of Florida.

STUMMARY

Florida geology is based on Tertiary stratigraphy and paleon-
tology, in which the molluscan foscils are the most important; and the
makeup of the formations and succession in its general features are similar
+o those found along the length of the coastal plein from New Jersey south-
ward. Because of the geographic location of south Florida, its Tertiary
faunas includes both northern and southern elements; hence, it occuples &
strategic position in intercontinental correlation through ite northern
elements with Europe (Germany, ete.) and by its tropical elements with
South America. Florida therefore offers unlimited opportunities in
Tertiary research such as stratigraphy, sedimentation, and faunal studies
of the greatest ilmportance, which in a sense outweighs 2ll other aspects
of geological investigations possible in this area.

The drawbacks to an easy unraveling of Florida geology is due to
the almost total lack of good surface exposures; these found principally
azlong a few stream courses are not wholly reliable due to surface dis-
rurbances and are of minor thickness and discentinuous outcrop. The
determinstion of the succession of the Tertiary horizons has come largely
through understanding of the fossils and by direct observations on beds
in fresh exposures in srtificial excavaticms. Foeeile obtained from
levee embankmentsby inexperienced geclogists 2are generally useless, oF
from rubble beds, and much of the confusion which has prevailed here im
late years has come from this source.

In figure 1, I have shown the general succesgion of the fossil-
{ferous formations in this area and the names of these units as now in use. .
These fossiliferous horizoms ©T formstions may be arranged in three groups,
A, B, and C; each group represents & single, complete, depositional cycle
of sedimentstion produced by 2 transgressive 5€d4 across the land surface
following a period of emergence. Tach proup is separated from the under=
lying znd overlying Ones by sharp unconformities and along each unconform-
ity there is often & bagal rubble containing reworked fossils from the
underlying formation together with boulders, phosphatic pebbles and teeth
and bones of land vertebrates. Nearly all remains of land vertebrates in
couth Florida are found in such rubble beds, &nd in mest instances are
reworked. '
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NOTES ON GEOLOGY OF THE CALOOSAHATCHEE RIVER AREA, FLORIDA

by

HARBANE 5. PURI
Division of Geology
State Board of Conservation

Tallahassee

INTRODUCTION

Over 100 core holes were drilled in this area by the U. S. Army
Corps of Engineers during the last ten years. Samples from these cores
were made available to ue by the Corps of Engineers, through the courtesy
of Mr. C. F. Dreves. Joseph E. Banks z2ssisted in the examination of the
cores and Mrs. Muriel Bunter helped with the identification of some of the
mollugks.

The detailed study of the Celoosahatchee River area was undertsken
by the Division of Geoclogy because of the complexity of the outcrop area
where facies changes are common, and older rocks are cut by channel deposits
of younger age. A palececologic and paleogesgraphic approach iz necessary
to delineate the finer features of the stratigraphy of this classic outerop
area and to understand the geclogic history. Consequently, the Division of
Geology sponsored a study of the Caloosahatchee River outcrop area by DuBar
(1958 a,b), and a few years later, of the Shell Creek exposures in Charlotte
Harbor area (DuBar, 1962). The following preliminary notes are based on the
study of a much larger, long-range regionzl project on the stratigraphy and
pelececology of southern Florida. Inasmuch as the stratigraphy of the
exposed section of the Calooszshatchee River is under present study, and has
been discussed elsewhere in the Guidebook, the folloving notes .are confined
to the Late Miocene section between Ft. Myers and Moore Haven.

The Caloosshatchee Valley is & broad physicgraphic feature
bounded by the Caloosahatchee Incline on the north and the Tmmokslee Rise
on the south. This is an asrea of low relief where elevetions seldom ex~-
ceed 25 feet. Surface sands of the Pamlico formation are exposed through-
out the ares. . .

Fecleogic section from Ft. Myers to Meoore Haven. Sediments of
Upper Mioccene age &re the oldest beds encountered in the core holes in this
area. These sediments consist of psle orange vellow to pale brown lime-
stones, calcareous clay, sand with phosphorite, olive greey eclay with
phosphorite, sandy clay with phosphorite, and light green, blue-gray and
olive-green clays (Figure 1).

Locally, between La Belle and Ft. Myers these sediments can be
divided into tweo units, an upper calcarecus unit end a lower clastic unit.
The upper unit is divisable into two parts which consists of 2 limestone
(2-10" thick) underlain by a barren calcsrecus clay (&lvz clay) up to 35 -
feet thick. The lower clastic unit, consisting of several beds (LaBelle
clay), is mainly composed of light green and blue-green clay underlain by
olive-green clay. In some cores, both the upper and the lower parts of the

LaBelle clay contain phosphoritic quartz sand (See W-6736).
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The Alva clay is thickest in the Banana Branch and Ft. Simmons
Branch area; it thins to the east and west. It is entirely absent in core
hole W-5758 where Pamlico sand directly overlies the olive-green clays of
the LaBelle clay member. Thinning eznd absence of the Alva clay may be
sttributed to the presence of channels cut in the older sediments.

The late Miocene section farther esst between LaBelle (W-6777)
and Ortona Lock consists of sands with pebble phosphorite; the upper
calezreous unit of the Miocene and most all of the Caloosshatchee section
is missing. ZLocally, in & channel, chell beds of the Coffee Mill Hammock
nember overlie the clastic unit. In an area extending 2 miles east of

. Drtona Lock (W-67B5, W-6786, and W-6787), Caloosahatchee sediments are

present to total depth of the core holes. Under Lake Hicpochee (W-6B04
and W-6805) a deep channel occurs, containing a thick sectiom of fresh-
water limestones and marle of the Ft. Thompson Formation. A blanket (7)
of sand of late Miocene (?) age with specks of phosphorite, occurs in
W-6807 to W-6811 near Moore Haven. Miccene beds in these wells may have
marked the development of another cheannel system older than the ones
containing Caloosahatchee or Ft. Thompson sediments.

Age of the Caloceshatchee Formation. The controversy Over the
age of Caloosahatchee sediments arises from the fact that a Fliocene age
{ten million years) was &ssigned to its molluscan fauna by pioneer
geologists who used the percentage of still living species as an index.
Later work based on the age of an extinct horse (Equus cf. E. leidyi)
placed a much younger Sangamon interglacial Fleistocene (approximately
130,000 yeers) ege on the uppermost shell bed of the Caloosahatchee
Formation (DuBar, 1958).

The controversy has aricen sgain; thorium/uranium age dating
(Broecker and Thurber, 1965) of corals Irom the Key Largo Limestone (which
is stratigraphically higher than the Caloosahatchee) indicates an age of
approximately 95,000 years. The top of the Key Large and the exposed part
of the Miami Oclite (on which the City of Miami is built) was recently
dated as approximately 130,000 yeers (Osmond, Carpenter, and Windon, 1965}.
Consequently, the age of all Caloosahatchee beds must be older than
130,000 years.

To be certain of these age relztionships, an absolute age-dating
method must be devieed. Such a method is provided by thorium/uranium age
determinations of carefully collected fossils from the sediments in
question. Shells from the upper part of the Bee Branch Member, just under
the uppermost shell heg EB&% aﬂ, of Section AZR of DuBar, 1958b) have
vielded an apparent Th 34y 3 age of over 400,000 years (analysis by
Dr. J. ¥. Osmend). The U. S. Geological Survey {1965) obtzined part of
a skull (identified by Whitmere as Egquus, probably a mid-Pleistocene
species) from the Caloosahatchee Formation in the type area nesr La Eelle.
This find indicates that the approximate age of 400,000 years, as deter-
mined by the thorium/uranium age method, is not too high. We are
presently dating other well known horizons in the Caloosahatchee Formation
with the hope that these analyses will resclve the problem.
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SUNOCO-FELDA AND SUNNILAND OIL FIELDS
OF HENDRY AND COLLIER COUNIIES, FLORIDA

by
CLARENCE BABCOCK
Division of Geology

Board of Conservation
Tallahassee

SUNOCO-FELDA OIL FIELD

The Sunoco-Felda oil field, which is the newer of Florida's
two currently producing fields, and which was discovered by the Sun 0Oil
Company on October 9, 1964, is located in Bendry and Ceollier counties
of southern Florida. The structural configurstion of the field is showm
in figure 1; the character on representative inductiom-electricesl logs
of the marker contoured is depicted in figure 2, & cross section. AL
the present time (December 31, 1967) this field contains 26 producing
wells drilled om 160-acre spacing, and it appears that nine dry holes
have mostly defined the limits of the field, It is possible that
sdditional fields are present aleong a morthwest-southeast trend of
which the Sunoco-Felda field is a part.

The Sunoeco-Felds field produces on pump from the miliolitie
limestone of the Roberts zone, which is reached at a depth of about
11,460 feet, and which occurs 60 feet below the top of the Sunniland
Limestone of Lower Cretaceous (Trinity) age. A large percentage of
calt water is yielded by upgradient producing field wells to the morth,
where the porosity of the Roberts zone is reperted by the operator to
bte poor. Woodson R. Oglesby (1967, p. 278) hae suggested that 2 hydro-
dynamic barrier may have contributed to the oil accumulatiom im the
Sunoco-Felda field.

The vield of the central wells in the field ranges from 230
to 300 BOPD. During the month of August, 1967, production was B0,955
barrels of oil, with an estimated 101,090 barrels of salt water. Cumu-
lative production from the field since its discovery through August 31,
1867, is 2,386,407 barrels of coil, the gravity of which is about 24.5
degreas AFI,

SUNNILAND OIL FIELD

The Sunniland oil field (figure 3), discovered by the Humble
0il and Refining Company in 1943, is located about 18 miles south of the
Sunoco-Felda field. During the month of August, 1967, this field
produced 45,196 barrels of cil per dey. This increases the &verage
daily yield of the field in 1961 by 62 percent, and reflects the opening
te production, beginning in 1962, of new and better zones in 2 total of
nine wells. These new zones are not more than about 50 feet deeper than
those from which production previously was obtained. Cumulative pro-
duction from the field through August 31, 1967, is 10,337,871 barrels of
pil, the gravity of which ranges from 19 to 26 degrees. At this time,
it is thought thet 30 million barrels of oil probably is a reasonable
figure for the initially recoverable reserves cof the field. The short-
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lived Forty Mile Bend field is the only additional discovery of a field
similar to the Sunniland field.

Production in the Sunniland field is obtained from calcarecus
rock containing mostly disoriented macrofossils (rudistids) which is
reached at a depth of about 11,500 feet., The trap is a gentle anticline
associated with a biostromal reef. Productive zones begin at the top of
the Sunniland Limestone and extend to a depth of about 75 feet lower in
the section; the lowermost of these zones ie correlative with the
productive Roberts zonme of the Sunoco-Felda field. FProduction ranges
from 552 to 31 BOPD associated with 9 percent and B8 percent salt water,
respectively.

REFERENCE

Woodson R. Oglesby, 1967, A gravity profile of the south Florida shelf,
in Trams. Gulf Coast Association of Geclogical Socielies (J. R. Sandidge,
ed.), v. 17, p. 278-186.
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Mileage
Lnterval

0 mi.
32 mi.
41 mi.

2.5 mi.

16 mi.
10 mi.

15.5 mi.

1.4 mi.

LUNCH

0.2 mi.

0.1 mi.

1.1 mi.

1.8 mi.

ROAD LOG

Mizmi; proceed to Andytown via U. §. 27.
Andytown.

South Bay, intersection of U, §. 27 and State Road 80. Proceed
east on State Road BO.

Entrance to Belle Glade Rock Company Quarry.

STOP 1. Belle Glade Quarry, NE 1/4, Sec. 7, T.445, R.3JE.

This stop will permit excellent fossil collecting from spoil
piles on the edge of the pit. Much of the collecting in south
Florida is done from such spoil piles, making precise strati-
graphic paleontology very difficult, and, in many cases,
impossible. Much of the fossil material found here is believed
to come from Unit A.

Return to South Bay via State Road 80. Turm north on U. S. 27.
Clewiston: proceed westward om U. S. 27 .
U. §. 27 curves northward; proceed westward on Florida BO.

Coodno, '™MeGill's Mzrket" at northwest cormer of intersection.
Turn northward om slightly improved road and proceed to Ortona
Lock.

gTOPS 2 through & prepared by H. K. Brooks. See accompanying
graphic sections.

eTOP 2. Park out of way of construction company invelved in
widening of Calocsahatchee Capal. We will later return to the
north bank. Please do not CIOSS railroad bridge. The meassured
cection is at the waterfall im the drainage ditch 600 feet west
of the lock. The same zones &8 well 2¢ the Fort Thompson can
be seen in the canal bank westward toward the railroad bridge.

Return to bus. Proceed westward on conetruction road parallel-
ing south bank of the canal.

Razilroad, proceed westward.

Coffee Mill Hammock can be seen in nerth bank st its type
exposure.

Culwvert.

Culvert. Note the development of the Lake Flirt Marl exposed
in the north bank.



Mileage

Interval

0.5 mi.

0.3 mi.

1.8 mi.

1.5 mi.

0.3 mi.

0.3 mi.

0.6 mi.

1.0 mi.

0.7 mi.

1.3 mi.

.5 mi.

0.05 mi.

30 mi.
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Culvert.

STOP 3. This is the area of maximum development of the Lake
Flirt Marl. The three marl units separated by mucks can be
studied in exposures on the canal bank.

Return to bus and proceed westward noting that the marl umnits
slowly disappear in a muck seguence.

Culvert. Marine units of Coffee Mill Hammock and Fort Thompson
Formations can be seen rising westward on north benk of the
canal., We are approaching the type area of the Fort Thompson.

Culvert.

Optional stop. This is the Fort Thompson type loczlity. The
classic exposures have been destreyed in widening the canal.
As vet the banks have not weathered and eroded sufficiently
to facilitate study. Stop 7, to be visited tomorrow, is
directly across the canal to the north. The exposed strata
are essentially the same on both sides of the canal.

Turn left toward the south and proceed on trail through pasture,
Intersection with Florida B0, turn right and proceed westward.

La Belle, White house to right (north) is home of owner of
Fort Thompson site. If you wish to return, permission and key
to gate lock can be obtained from Mr. W. B. Bsrrom.

Downtown La PFelle. Intersection with Florida 29. Proceed
westward on Florida EOQ.

Road curves toward the southwest.

Intersection, S-80A to left (east). Turn right, west, on
Ft. Denaud Road.

At curve in road proceed straight into lane. Bear right by
bougainvillea bugh and park near little white house.

STOP 4. Type locality of the Czloosahatchee Formestion. Please
keep in mind that geologists need to remain on good terms with
the owner of this and the adjacent property. Do not make &
collection here except from materisls that have wached out of
the benk. The section we will study is just west of the live
oak tree on the bank of the Caloosahatchee canal.

Return to bus., We will now return to Florida 80 and proceed
west to Ft. Myers for the night.

Fort Mvers.
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Mileage

Interval

17.4 mi.
5.5 mi.
2.0 mi.
0.5 mi.
0.2 mi.

0.15 mi.

0.15 mi.
0.3 mi.

0.2 mi.

0.2 mi.

1.0 mi.

0.5 mi.
0.8 mi.

0.3 mi.

0.5 mi.
2.0 mi.

0.5 mi.

0.2 mi.

0.9 mi.

a3
Bug will leave the Holiday Inm at 8:00 A.M. and ‘proceed
eastward on Florida BO.

Alva intersection, proceed eastward.
Turn left (morth) onto Fla. S-784.

Road curves to right (east).

Rosd curves to left (north).

Denaud; intersection, proceed northward to bridge.

STOP 5. Park in ares to right near attendant’s shack south
of bridge. The section presented is a composite cof the
exposures east of the bridge, under the bridge, and west of
the bridge. A ladder leads down to waterlevel under the
bridge. Boats will be avsilable to assist in examipation of
the strata.

Return to bus; rurn eround and proceed southward on S-7EA.
Intersection at Denaud; turn left (east) onto Ft. Denaud Road.
Turn left (north) onto dirt lane.

STOF 6. Park nesr canal. The measured secticn is & few
bundred feet te the east on the south bank of the canal near
a pile of rotten lumber.

Return to bus; turn around, and return to Ft. Dernaud Road.
Turn left and proceed east on Ft. Denaud Road.

To your left is an abandoned meander of the original
Caloosahatchee River as it was before construction of the
eanal. It was a "river” such as this that Heilprin explored
in 1886.

Abandoned meancer.

Road curves to left (northward).

Road curves to right. To your left is the site of our last
stop yvesterday (Stop 4).

Intersection, turn left (northeastward) onto Fl=. 80.
Dawntnwﬁ La Belle. Turn left (northward) onmto Fla. 78 and 29.

Bridge over Caloosshatchee Canal.

Fla. 78 to left. Proceed north on Fla. 29.




Mileage

Interval

2.0 mi.
6.3 mi.

1.0 mi.
0.6 mi.

0.5 mi.
0.8 mi.
0.5 mi.

0.6 mi.

11-5 mi!-

0.3 mi.
0.3 mi.
0.5 mi.

LUNCH

12.6 mi.

.05 mi.

Fe

Turn right (eastward) on Fla. 78.

Ortona; turo right (snuthﬁagdj onto access road’to Ortona Lock.
-] .

Road curves to the left. At bend pruEpad';n southward through
gate and through pasture. - .

Turn right onto road perzlleling canal. Note the facies’ and®
units of the Lake Flirt marl as weifrncteg westward. ,

-
Culvert.

[

Culvert.

Culwvert.

Culvert.

Culvert.

STOP 7. Park before road descends to next drainage ditch and
culvert. Two sections sre given for this locality which is
opposite the classic Fort Thompson site. The strata can be
studied from about 1000 feer eastward on the bank of the canal
to the drainage ditch to the west. An excellent exposure of
the Fort Thempson Formation is found in the drainage ditch
just north of the culvert.

Return to bug; turn around, and return to the Ortona Lock
access road. _ -

Turn right (ezsstward) onto paved road.

Railroad crossing.

.Road curves to right (southward).

ETOF 8. Enter picnic area and park.

The section measured is on the north bank of the canal just
west of the entrance to launching facility. You should walk
about 1000 wards further to the west across the railroad
tracke to see the type exposure of the Coffee Mill Hammock

Formation.

Return to bus end retrace direct course to La Belle.
Intersection of Fla. 80 in La Belle, turn right (west).

Turn left, south on Fla. 29.
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Mileage

Interval

15 mi.

10 mi.

12 mi.

5 mi.

0 mi.

Felda. This is the area of the Felda Field of Sun 0il Co.
STOP 9. (optiomal) 1f a drilling rig is in operation in the
Sunoco-Felda or the Sunniland oil field at the time of our
trip, a stop is planned.

Immokalee. This is a center of winter truck crops.

. Sunniland. Note the oil wells of Humble Oil and Refining
‘Company, the Sunniland Field, and the large rock gQuarries

developed in the Tamiami Limestone (upper Miocene).

In the banks of the canal along the east side of the road
can be seen horizontal beds of the Tamiemi at water level
gnd a few feet above.

STOPS 10 through 13 prepared by Axel A. Olsson, Fred W. Meyer,
and Donald R. Moore. Mileages are approximatioms.

STOP 10. Abandoned pit on west side of road where several
large blocks of Tamiami can be examined with well preserved
fossils. Many foecile are composed of original calcite,

such as oysters, pectens, and sea urchins; others are
preserved as impressions which show delicate shell sculpture
in such detail that they can be readily identified. It should
be noted that many of these fossils will be the same as those
we ghall see in the Pinecrest; others are species restricted
to the Tamiami. Notice in particular Carditamera tamiamiensis
¥hich we can compare with specimens at Stop 11. Ome of the
blocks in this rock pit contains a new species of Semele,

&8s yet undescribed,

Intersection with Everglades Parkway (MAlligator Alley™).

Froceed east on "Alligator Alley." This is & new toll road
between Fort Lauderdale and Naples which crosses the central
part of the Everglades and has only recently been opened for
traffic. During construction, it afforded unexcelled collect-
ing of Pinecrest fossils before the sites were leveled and
planted with grass. We will follow the road eastward to its
junction with Route 27 at Andytown, a distance of about 57
miles. Three stops will be made along this road; one in the
Pinecrest and two in the Fort Thompson. "Alligator Alley"
crosses the low=-lying country of the Everglades (approximately
13 to 14 feet above sea level) which is partly under water

-~ during wet years. Topogrephically higher areas sre vegetated

by stands of Pines and Cabbage Palms. Along the north side

of the road is & shallow canal whieh furniched the fill feor
the road embankment. The first 10 miles or so of this road

are apparently underlain by Tamiami, but the spoil banks along
this stretch are thickly overgrown with vegetation and haye



Mileage

Interval

29 mi.

! - 101

not been examined. Beyond this point, for a2 distance of 20
miles, a change of formations becomes evident, with white
sand from the Finecrest making up most of the spoil along
the side of the canal.

STOFP 11. Seminole Indian Reservation, canal bridge. The
canal runs north-south with high banks of spoil material on
the sides. This locality is approximately one mile west of
the Broward-Collier County line. Here we shall collect
fosegils from the Pinecrest from the spoil banks. It should
be noted thet throughout the length of the road there is no
evidence of any Caloosahatchee or Unit A. The Pleistocene
Fort Thompson Formation rests directly on the Pinecrest.

Good fossil collecting is obtained here of a typical Pinecrest
assemblage with pelecypods predominating. The most interest-
ing as well 2s dominant species are Chione ulocyma and
Mercenaria tridacnoides, both tvpical Miocene species. Note
should be taken that many of the bivalves sre found with
closed, double valves showing that they represent an in situ
fauna and that none of the other fossils show evidence of
being transported. The two c¢ommon Turritella, T. evergladeensis
and ponteni, are found here as they are everyvhere in the
Pinecrest. They are particularly abundant at Pinecrest on the
Tamiami Trail west of Miemi. 1In the bank of the canal, the
upper surface of the Fort Thompson limestone with deep pot-
holes can be seen at water level indicating that the Pinecrest
sands lie directly below.

These of the party who are fossil collectors will have time to
secure many of the typical forms. The large Carditamera
tamiamiensis are the same as those found in the Tamiami

Limestone at Stop 10. The large cyster is Ostrea (Pycnodonta)

haitensis Sowerby, 2 common Miocene species found throughout

the Caribbeszn 2nd in northern South America.

Proceed east alomg"Alligator Alley." For the last 25 miles
to the exit at Andytown the recad crosses the Fort Thompson
Formation, which yields the large blocks of limestone seen
along the sides of the road.

STOPS 12 and 13. Two short stops will be made to examine

blocks of Fort Thompson which consist of massive limestone and
fine-grained quartz sand. Limestome blocks predominate at

some places to the exclucion of the sand. The limestone occurs
as two facies; marine and fresh-water, the latter recognized by
a dark gray to nearly black ceolor, a fetid odor when broken,
and the presencecof fresh-water, pulmonate snails. The marine
limestones have a yellowish or brownish color and contain
marine fossils such as Chione, Arca, and various lucinids.

_'fn some blocks, the texture varies from laminated to breccia-

like and contains shard-like fregments of black, fresh-water
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Mileage

Interval

57 mi.

limestone. Search should be made for pieces containing colites
as well as bryozoans. The upper surfaces of some »f the blocks
show deep, circular pot-holes, a&s we have seen overlying the
Pinecrest at Stop 11. In the sandy facies, Recent shells can be
seen, the commonest being Chione cancellata, and a rounded,
spherical, smooth-surface lucinid (Loripinus chrysostoma). The
gand also contains bonelike sand aggregates, as well as various
tubes which are the cemented burrows of marine invertebrates
such as the mud-shrimp (Squilla). The fresh-water snails are
mainly Planorbids of the genus Helisoma. Right and left-handed
coiled forms are present: H. connati and distoni (dextral), end
H. scalaris (sinistral with an elevated spire). These snails
gre restricted to south Florida and denote climatiec conditions
like those of today.

Andytown; proceed south on U. S. 27 to Miami. End of trip.




NOTES

FM.

UNIT
Thickness
in feet

CALOOSAHATCHEE

Fort

COFFEE MILL
HAMMOCK

FORT
THOMPSON

Bee Branch

,l

!

2,

Cenaud

o))

STRATIGRAPHIC  SECTION

STOP 2 Waterfall where drainage ditch joins
Caloosahaichee Canal, south side,
600 fi. W, of Ortono Lock, Sec. 27,
R. 30E., T42S., Glodes Co, Flo.

(///| sand, mucky, fine, dusky yellowish-
S/ brown, 12 in,

gand & shell, Chione cancellata
dominant, grayilsh~brown, U-16 in.
oo Uneconformity
=il marl, 20-30% fine quartz sand,
Lot alightly congolidated, marine
557 shells discontinuous in lower foot,
e 12-14 dn,

ard Unconformity, solution pipes common.
=L| Limestone, hard, consolidated,

12 silicious calcarenite and shell,

6-18 in,

i~| Calcarenite and shell, some quartz,
| diverse Caloosshatchee fauna, semi-

congolidated at top, 12-18 in.

4 Shell hash in calcarenite matrix,
large clumps of Vermicularia recta,
pale grayish-orange, 12-14 in.

Unconformity

Marl, semiconsolidated, pale yellow-
) brown, 0-8 in. Calcerenite and

‘| shell, graylsh orange, G0-T0% shell,

2l in.
gseckion by H. K. Brooks

L0l



" %01

NOTES STRATIGRAPHIC SECTION

FM.

in feet

STOP 3 south bonk Calooschotlchee Canal,
4'mi. W. of Ortona Lock, Sec. 30,
R.30E.,T.425.,Glodes Co., Fla.

Thickness

—r=r777] Sand, mucky, brownish-black, 7 in.
LA/ Send, fine, no fossils, 6-8 in,
izt Marl, very sandy, abundant f.w.
cioa2Rll snails, light olive gray, 2-8 in.
JoroH Sand, mcky, olive gray to brovnish-
2 black, 8-12 in.

L

Marl, minor sand, plastic, abundant
f,w. snails, 0-8 in.

Muck, sandy, plastic, brownish-

H hlﬂ-ﬂk’ E-].E in. )

) Marl, clayey, minor sand, plastic,
yellowish-gray, abundant f.w.
snaila, 6-10 in,
gand, mucky, 12-24 in,

LAKE FLIRT

| Middle | Upperl Recent

%% Unconformity
| gand and Shell.

l Lower :

Section by H.K. Brooks

COFFEE MILL
HAMMOCK
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NOTES

UNIT

FORT
THOMPSON
o

CALOQSAHATCHEE

l

i

HAMMOCK
o .

Bee Branch
M

4

Denaud

Thicknass

in faat

STRATIGRAPHIC SECTION

STOP 4 South bank of Caloosahatchee Canal,
2.5 mi. W. LaBelle, Sec. 12, R. 28 E.,

T.43S., Hendry Co., Fla.

-] 3and, fine, gray to very pale
2:] orange, lr»é in.
‘i 5and, fine, humates, dark brown
ho lE—J.fL in,
%] Rellcs, Chlone cancellata 0~2 in.
Uneonf ormity
% Relles, laminated ecrust, 0-2 in,
| Sand and shell, Chione cancellata
23| abundant, few extinct specles,
=54 Equus 6p. teeth at base, 2l-
312' in.
1" Unconformity, relic f.w. 1s,
2| Ccalearenite, 20-40% quartz,
1= =| Caloosahatchee fauna, coral
-7-:| heads at base, soft ti:l semicon-
g . solidated, 24-36 in.-
() Umeconformity
P14 "Cap rock", consolidated f.w.
marl, hard, 0-8 in.
Calcarenite, 20-30% quartz,
shells abundant, Turritells
=l in lower clay marl, Caloosa-
- hatchee f&una,e%rrtqpleura
=~ costata, 2+ fe

Section by H. K. Brooks

Fort

0T



NOTES

+*

FM

UNIT

COFFEE MILL

CALOOSAHATCHEE

Fort Denaud

FORT
THOMPSON HAMMOCK
Ll (o]

L

1

&2 Branch
)

2

Thickness

in feat

STRATIGRAPHIC  SECTION

STOP 5 Fort Denoud Bridge, south bank of

Coloosahatchee Conal, Sec. 15,

R.28E, T 43S, Hendry Co., Fla.

Sand, medium to fine, very pale
orange, 6-12 in.

,-\ Sand, medium, g;_rug-inh orange, l1l2-

“37%%] Sand and shell, Chione cancellata

| predominant, cecurs in solution

Wi <] plpes and as discontinuous bed,

O=14 4n,

~| Unconformity

‘_E Limestone, marine shells in lower
| portion, f.w. snailé in upper

laminated crust, 12-18 in,

Limestone, cobbly, porous, sandy,
lH“El'II iﬂ-

‘_16 portion, hard, dense, solution pipes, | .

B
_ .+ _-l-. fm:.cmfﬂrmit]r

Consolidated f.w, marl, 0-6 in,
LI~y Calcarenite with abundant ‘mollusk

=~ =7ni chells, some quartz sand,

2| pectens at bage, cobbles of
f.w. limestone, 18-30 in,

L2t Unconformity

".._,.“ Consolidated f.w, marl, 0=9 in,

~v| limestone, consolidated, fossil-

*| iferous calcarenite, some quartz,

—— Boft to hard, solution riddled,

Section by H., K. Brooks

901



NOTES

FM.

UNIT

FORT

THOMPSON| SURFICIAL

SAND

Bee Branch

CALOOSAHATCHEE

Fort Denaud

Thickness
in feet

STRATIGRAPHIC ~ SECTION

STOP 6 | |

Two thousand feet eas! of Fort Denaud Bridge,
south bonk of Caloosahalchee Canal, Sec. 15,

R. 28E.,

T.435., Hendry Co., Fla.

l?,‘_rl-.- 'I- -:- ' _. i

Unconformlity
Limestone, sandy, hard, O=2 in,
gand and shell, 0-6 in,

Ly - Unconformity
Iy Limestone,sandy,f.vw. snalls,0=l in,
Tk Calcarenite and shell, consid-
~ =01 erable quartz sand, shells
B BCC AT R common to abundant, Caloosshatchee
-:?E;"‘ 1| fauna, oyster, R and f.w.
oo A-L| snail shells mixed into lower
A= ! portion, patches of transgressive
1L'E.;na:L f.w, marl at bage, Upper
;_.J._*? e =T.. portion weathered to a nodular
—J-_':!—Jﬁ"ﬁz:_'_;; porous limestone, 40-L8 in,
| 2| S ./ J_L“mizmlfﬂrmj-ﬁﬂ'
F ol 90 Limestone, sandy, abundant
o === | f,w, snall ghells, hard,
~A=—"51m = | solution pipes, 0-12 in,
"sz_' {[Di Marl, plastie, 20-30% fine quartz
= —a-\/=| sand, oysters, etc, mixed with
_ ~I-~ | f,w, snails below "cap rock",

" Cyrtopleura costata zone",
2+ feet,

Section by H. K. Brooks

LO1



NOTES E STRATIGRAPHIC SECTION

UNIT

in feet

North bonk of Caloosahatchee Canal,
STOP 7 140 yds. E. of culvert, 1.7 mi E. of ’
bridge ot LoBelle, Sec. 3, T.43S.

R.29E., Hendry Co., | Fla.

gand, flne, muck, vﬂﬁr dark
gray, 1k in,

Thickness

LAKE FLIRT

Marl, unconsolldated, very

gandy, pale yellowlsh-brown,
lﬂ 1]‘1- :

= :Ti'. a::.' s :_-:'_.-:. g - -._. i i :II_..

A .lir I--. n -'_._..I-_“ SN e

Ineconformity
2355 Sand and shell, fine quartz,
HRsEAn Al slightly caleareous, Chlone
2l eancellats extremely mbundant
obther mollusks uncommon, 18-2l; in,
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l'-l;.:
Jhl}:
k1

4
[
ri
0
;f:; :
F,.
i

k

]

T

;e R
s T

Uneonforml ty
. ;- Lﬂwﬂtmﬂ, Eﬂl'lﬂ‘,‘lr, ﬂ"'j in.
+-@:-1 Sand and shell, calcareous, 0-8 in.
Sand, calcareous, f.w. snaile,
4-13 in,
wil” Unconformity -
H Limestonme, sandy, f.w. snails,
21 leminated crust, 9-18 in,

e 10 S
.1!

THOMPSON

-t Unconformity
=242 Limestone, sandy, f.w. snails,

+| solution pipes penetrating through
superimposed unit, 18 in,
"Chlawys gibbus irradians zone"
marine, br sh and f.w.
shells, in calec. sandy matrix,
Section by H.K, Brooks
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NOTES

=
L 5
wi—
<o
Bfry

FFEE
HAMMOCK

o
2,

FORT
THOMPSON
Y

. A Y
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Thickness

1

in feat

STRATIGRAPHIC  SECTION

STOP T7A

Waterfall in slough north of culver!, N. side
Caloosahalchee Canal across from Fort
Thompson, |.7mi. E. of bridge ot LoBelle,
Sec. 3, T 435S, RZ29E., Hendry Co, Fla.

Sand, mmcky, black, 12-1k in,
Marl, very sandy, abundant
Helisoma, 12 in.
Unconformlity

Ly L}/ sand and Shell, in patches,

Unconformity
Limestone, very hard, sandy, f.w.
gnaila, laminated crusts, 6-12 in,
Unconformity
Limestone, sandy, soft at bottom
becoming very hard at top, caliche
crust, solution pipes, abundant
77| Helisoma, 2l inches,

~| Sand and shell, calcareous, pectens
~'97| at base, 6-8 in,

; Unconformity
ST olol2ll Marl, sandy, semiconsolidated,
,5 becoming a med. hard limestone in
—— 2 "9 -[-7] upper few inches, 12-1k in, _
. ,:n_L]:;"_r -, | Sand, fine, slightly calcareous,
ML @ L~ , | Helisoma and an occasional Mulinia,
g EETIRTT e iy greenish-gray, 2 feet,
9~ o
Section by . K. Brooks
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NOTES

UNIT

LAKE FLIRT | FM.

OFFEE MILL
HAMMOCK

c
&

FORT
THOMPSON

CALOOSAHATCHEE

|

Thickness
_in faet

o

| w.L.
Wy 1987

STRATIGRAPHIC SECTION

Poinl on north side of Caloosahatchee
STOP 8 Canal al entrance to docking u{:d

launching facility at Corps of Engineering|
Park, Ortona Lock, Sec. 27, R.30E,

T42S., Glodes Co., Fla.

AN-] Marl, sandy, yellowlsh-gray

wr-f 12-10 in,
(5] Uneonformlty

~/ Sand and shell, b ft. thick

west of KR brildge.
o Unconformity '
Limestone, sandy, hard, L-6 in.
Sand and shell, diverase fauna,
1-2-'.1.5 il'.h

[~ ] ~Minconformity, solution pipes.

Limestone, sandy, few f.w.
gnails, very hard, 18 in.

s :.-'I-_ Sand and shell, caleareous, 0-6 in.

\-£ Unconformity
o ‘Limestone, ‘sandy, patches .of

| fauna, 8-12 in,

T _Unconformlty

| Limestone, very sandy, herd,
“L15] dark yellewish-brown, 4-6 in, -
=7'%| Calcarenite, fossiliferous.

Section by H, K. Brooks

Sand, mucky, dusky brown, 18 in.

oysters at top, med. to hard, 18 in.
*| Calcarenite, sandy, Caloosahatchee

01t
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