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ABSTRACT

Two groups, ten formations, and one member are formal-
ly recognized and described in this redefinition of the
marine deposits of the central Florida panhandle. The Alum
Bluff Group is redefined on the basis of lithology and in-
cludes the following formations and members: The Chipola
Formation, the Oak Grove Sand, the Shoal River Formation,
the Whites Creek Member of the Shoal River Formation, the
Choctawhatchee Formation, and the Jackson Bluff Formationm.
The Hawthorn-ctype deposits, including the Torreya Formation,
are excluded from the Alum Bluff Group. The Coastal Group
is recognized and includes the following formations: the
Bruce Creek Limestone, the St. Joe Limestone, and the In-
tracoastal Limestone. The Citronelle Formation is not in-
cluded in either group.

Portions of three structural elements are present in
the central Florida panhandle. The Gulf Coast Basin is re-
stricted to the region west of the Choctawhatchee River,
the Apalachicola Embayment extends east of the Chipola-
Apalachicola River area, and the Chattahoochee Arch lies
between. The stratigraphy is related to these structural
elements, The main mass of the Alum Bluff Group is re-
stricted to the eastern margin of the Gulf Coast Basin and
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to the vicinity of the Chattahoochee Arch whereas the Haw-
thorn-type depeosits are restricted to the Apalachicola Em-
bayment area. The Coastal Group conaists of a mass of off~
shore, downdip Reogene limestones.

At least seven periods of deposition and at least
seven periods of nondeposition are recognized. The periods
of deposition include the following biostratigraphically
equivalent formations from older to younger: (1) undif-
ferentiated Chickasawhayan deposits ~ "Suwannee Limestone"
~ Chattahoochee Formation, of Late Oligocene, Chattian age;
(2) Chipola Formation - Chipola equivalent sands - Chipola
equivalent limestone of Early Miocene, Burdigalian Age;

(3) Bruce Creek Limestone - Q0ak Grove Sand of Middle Mio-
cene, Langhian Age; (4) Whites Creek Member - St. Joe
Limestone of Middle Miocene, late Langhian and early Serra-
valian Age; (5) middle and upper Shoal River Formation -
St. Joe Limestone of Middle Miocene, Serravalian Age; (6)
Choctawhatchee Formation of Late Miocene, probably late
Tortonian Age; and (7) Intracoastal Limestone - Jackson
Bluff Formation - phosphoritic sand unit of Pliocene, late
Zanclian to Piacenzian Age. There is some evidence that an
eighth, Late Pleistocene period of deposition is present.

Regional hiatuses exist between the various regional
deposits, These discontinuities vary in time length from
the scale of relatively major hiatuses, as between the
Chickasawhayan deposits and the Chipola Formation (approxi-
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mately 15 million years), to discontinuities that are 1little
more than diastems, such as between the lower and middle
Shoal River Formation.

Three parameters of the environment are postulated to
have a predominant influence on the sedimentary regime in
the west Florida Neogene: (1) Epeirogenic movements with
long periods of tectonic stability are punctuated by short-
er periods of mild instability and subsidence. (2) The
periods of epeirogenic stability coincide with periods of
sedimentational dynamic equilibrium on the inner continen-
tal shelf whereas the brief periods of subsidence coincide
with periods of sedimentational disequilibrium. (3) Tweo
sources of sediment are recognized, one being terrigenous
clastics from the continent that are supplied from local
sources and/or from a possible.western source via the long-
shore drift system, and the other being biogenic debris,
either from shallow-water shelly blota or from smaller

foraminifera.
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INTRODUCTION

General Statement

The Neogene deposits of western Florida have been known for almost
a century at the time of this writing. They have been of academic and
economic interest throughout this century and pericdically have re-
ceived intensive studies, Yet, in spite of the fact that these deposits
have been known to the geological world since the 1890's, the strati-
graphic succession and the lateral stratigraphic relationships are still
not well understood nor adequately documented.

The reasons for the confusion and uncertainties are clear. The
deposits that contain rich and diverse fossil assemblages have few and
sporadic unweathered exposures. As a result, only rough biostrati-
graphic successions have been constructed. Strict lithostratigraphic
studies have been hampered because the lithologles of the deposits of
various ages are not particularly distinctive or characteristic. In the
fullers earth region in Gadsden County, on the other hand, where there
have been many large excavations, the sediments are rarely fossiliferous.
Where they are fossiliferous, the faunas are dominated by a few shallow-
water species that suggest a restricted brackish, hypersaline, or
schizohaline marine environment. Bilostratigraphic successions have not
been satisfactorily worked out in this area. Physical correlation has
not been successful with areas to the south and west due to poor outcrop

control, severe lithofacies and biofacies change, and possibly pinch-out



of stratigraphic units.

Two erroneous assumptions have been made in the past regarding the
geometry and structural attitudes of the Mioccene deposits of western
Florida. The assumed direction of strike and dip based on inadequate
evidence, and the assumption that these deposits without exception are
all simple, blanket, layer cake deposits have led to miscorrelations
and therefore to stratigraphic confusicn.

The Neogene deposits of western Florida are a mass of terrigenous
detrital sediments and limestones that are not eagily adapted to stan-
dard North American stratigraphic terminology practices. The litho-
facies and even some entire stratigraphic units are disposed in narrow
belts paralleling the ancient shoreline. Except along the strike of
these belts, lithologies are not laterally persistent.

There appear to be several dominant lithology types that persist
through various units from approximately the uppermost Lower Miocene to
the Upper Pliocene. Within these lithology types, clay, sand, shell
bed, "marl", or limestone, the lithologic range of variation is small.
As a resulr, only a few of the units described in this study have par-
ticularly distinctive lithologies.

The writer has attempted to conform as closely as he feels it is
possible to estabiished or ideal North Americam stratigraphic practices.
He recognizes that there are points where he has deviated from recom-
mended lithostratigraphic practices but he does not feel the need to
offer apologies for it. The deviations from recommended lithostrati-
graphic practices are justified by allowing greater insight into the

geologic framework of the area. It is the writer's intention to use
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atratigraphic terminology that approximates as closely as possible the
natural geologic subdivisions of the study area. It is his experience
that adherence to very strict lithostratigraphic treatment of the Neo-
gene deposits in the southeast produces an artificial and unwieldy
claasification systen.

Although this study is based on both cutcrops and cores, the
greater emphasis has been placed on the study of the cores., Field
studies have been far from exhaustive. The writer has only examined
and sampled a sufficient number of outcrops in the study area to be
certain of correlation with the shallow subsurface in the cores.

Thirty-eight cores taken by the Florida Bureau of Geology over a
period of about 10 years have been used in this gtudy (Figures 2 and 3).
The core spacing in the study area is irregular due to differing objec-
tives in the coring program. Twenty-eight cores are located in Walton
County. 26 of them having been taken for a study of the economic miner-
als and ground-water geology of the county. Five of the cores are lo-
cated in the Aluym Bluff area in Calhoun and Liberty Counties. Two are
from the coastal area of the Apalachicola Embayment in Gulf and Frank-
lin Counties. Four additional cores were taken for added stratigraphic
control in Okaloosa, Walton, and Washington Counties. One core is lo-
cated at Hosford, Liberty County, between Alum Bluff and Jackson Bluff.
These cores have been examined, partially logged, and sampled for
foraminifera.

Planktonie foraminifera are the primary source of biostratigraphic
correlation in this study. The Neogene deposits of the study area are

commonly abundantly microfossiliferous, and may even consist of an un-
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consolidated foraminiferal coquina in places. In addition, these west
Florida marine deposits are phenominally rich in planktonic forawminifera
for being shallow-water shelf deposits. It is not uncommon that plank-
tonic foraminifera constitute more than 50X of the foraminifera in a
given sample.

Eighty-four species, subspecies, and varieties of planktonic fora-
minifera have been identified in the Miocene through Pliocene deposits
of western Florida. Almost all of the described tropical species and
their varieties are present in these deposits. Evolutionary bioseries,
evolutionary first occurrences, irreversible assemblage changes, and
species associations are the critical agents of correlation. In some
instances, extremely precise correlations with the tropical planktonic
foraminiferal zones and with the stratotype sections in Europe are
allowed.

The precise regional correlation allowed by planktonic foraminifera
within the study area in conjunction with the tight core control in
Walton County, permit regional correlations, stratigraphic definitions,
structural contour maps, and isopach maps to be constructed. As a re~
sult stratigraphic definition is attained in this study that places the
stratigraphic succession of the classical west Florida, type Alum Bluff
deposits on a new stratigraphic foundation.

Study Ares

The area under study in western Florida extends east to west from
Jackson Bluff on the Ochlockonee River in Leon County, to the type area
of the Oak Grove Sand near the old community of Oazk Grove on the Yellow

River in Okaloosa County. In Walton County the area under study extends
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in the north from near the Alabama - Florida state line to the shore of
the Gulf of Mexico. 1In the Apalachicola River area it extends from Rock
Bluff on the Apalachicola River in Liberty County to St. George Island
and St. Joseph spit on the coast. The Walton County area has received
the most intensive study because the Florida Bureau of Geology has taken
a total of 28 cores in that county. Elsewhere both core control and
outcrop control is spotty in western Florida. Seven cores and numerous
outcrops were examined and sampled in the vicinity of the Chipola and
Apalachicola Rivers.

The following exposures were examined and sampled for microfossils
in the study area:
LEON COUNTY: Jackson Bluff and Larkins Bluff on the Ochlockonee River
and Dismal Sink in southern Leon County have been examined and sampled
at various times. Samples colleected from Harveys Creek by personnel of
the Florida Bureau of Geology were also examined by the writer.
WAKULLA COUNTY: Exposures of the Sopchoppy Limestone along the Sopchoppy
River in NW 1/4, Sec. 24, T4S, R3W, and the Torreya Formation in the
Taff Pit southwest of Crawfordville have been examined and sampled.
Samples collected by Mr. Joseph Banks and Ms. Muriel Hunter from the
Jackson Bluff Formation dredged up and heaped in spoil piles at Shell
Point on the coast were examined for planktonic foraminifera.
FRANKLIN COUNTY: Borrow pits exposing the Intracoastal Limestone were
examined and sampled in the vicinity of New River, 5 miles northwest
of Carrabelle.
LIBERTY COUNTY: The entire section at Alum Bluff exposing the Chipola

Formation, Jackson Bluff Formation, and overlying sands of the "terrace"



9
deposits were examined and sawpled at various times by the writer. The
Torreya Formation exposed in the bluff at the c¢lid plantation house in
Torreya State Park was examined and sampled by the writer.
CALHOUN COUNTY: The writer has traversed the Chipola River from Darling
Slide, where the Jackson Bluff Formation is exposed, to the mouth of Ten
Mile Creek where only the Chattahoochee Formastion is exposed. All fos-
siliferous outcrops along that stretch of river were examined and sam=-
pled for microfossils. The outcrops of the Chipola Formation along Far-
ley Creek and Ten Mile Creek, and the Jackson Bluff Formation outcrop-
ping on Four Mile Creek about three quarters of a mile north of Clarka-
ville were also examined and sampled.
BAY COUNTIY: An exposure of the Intracoastal Limestone was examined by
the writer on Econfina Creek, 1.5 miles west of Bennett. Samples were
also examined that were collected by members of the staff of the Florida
Bureau of Geology from the Choctawhatchee Formation at Taylor Branch in
SW 1/4, SW 1/4, Sec. 22, T2N, R12W.
WALTON COUNTY: The writer has examined and sawpled the section of the
Shoal River Formation exposed near the type locality in NW 1/4, Sec. 4,
T3N, R21W, on the Shoal River; the type locality of the Yoldis Zone in
SE 1/4, SE 1/4, Sec. 18, T2N, R19W; the type locality of the Choctaw-
hatchee Formation at Red Bay; the type locality of the Bruce Creek Lime-~
stone in N 1/2, Sec. 2, T2N, R18W; and he has examined numerous road cut
exposures of the Shoal River Formation and exposures of the Citronelle
Formation in borrow pits. Samples collected by the staff of the Florida
Bureau of Geology from the Choctawhatchee Formation exposed on Blounts

Creek in Sec. 28, T2N, R19W, were examined for foraminifera.
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OKALOOSA COUNTY: Although the writer has visited the Oak Grove type lo-
cality on numerous occasions, he has never had the good fortune of find-
ing the river at sufficiently low water stage to sawmple the outcrop.
However, several samples collected by past members of the staff of the
Florida Bureau of Geology were examined by the writer for foraminifera.
Methods

The methods employed by the writer in executing this study are as
follows: Type localities and other exposures were examined and sampled
for foraminiferal analysis. The planktenic foraminiferal assemblages
were assigned ag closely as possgible to the varjous published planktonic
foraminiferal zonationgs., The cores taken by the Florida Bureau of
Geology were then lithologically described, logged, and sampled for fora-
miniferal analysis, When all the cores were processed in this way, bio-
stratigraphic and lithostratigraphic boundaries were determined. Once
the biostratigraphic and lithostratigraphic units were defined, strati-
graphic cross-sections, structural contour maps, and isopach maps were
constructed for the study area. Finally a regional stratigraphic syn-
thesis was achieved from the various cross-sections and maps.

Microfossil processing congisted of washing the samples in a dilute
solution of Calgon and distilled water (136 grams of Calgon per 50
liters of water). The samples were first weighed dry to determine the
welght loss of the fine fraction due to washing. The samples were then
immersed in Calgon solution and allowed to gimmer on a hot plate for
about 15 minutes. After cooling, the samples were washed in a 62 micron
sieve to remove the silt and clay fraction of the sample. After washing,

the samples were dried in an oven overnight at approximately 125°
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13
Fahrenheit, This process was conducted three or more times, thus remov-
ing all the clay minerals from the samples and from the interior cham-
bers of the foraminifera. The samples were then weighed again to find
the weight after washing. The foraminifera were then concentrated by
flotation in perchlorethelene or carbontetrachloride. The remainder of
the samples were then stored for future reference while the concentrated
foraminifera were examined and identified.

No foraminiferal analysis was attempted where the sediments were
lithified. In a few samples where there was minor induration or cemen~-
tation, mineral spirits or in a few extreme situations, Quaternary 0 was
enployed in breaking down the sample.

Some thin-sectioning of Miogypsina tests was done. This consisted
of finding megalospheric individuals and cementing them to a glass slide
with "Lakeside 70", When one side of the specimen was sufficiently
ground down, the "Lakeside 70" was heated and melted, the specimen
turned over, and grinding continued. This procesa was repeated until

the section was sufficiently thin for identification purposes.



STRUCTURAL SETITING

The entire study area was a region of general subsidence during
the geologic time involved in this study. There are two slightly to
moderately unstable areas that have a greater tendency for subsidence.
These are a small part of the Gulf Coast Basin in the west and part of
the Apalachicola Embayment in the east. These two basins are separated
by a more stable area, the Chattahoochee Arch. The Chattahoochee Arch
may not be a discrete structural feature (see Patterson and Herrick,
1971), rather it may mark the eastern extent of the Gulf Coast Basin,
It is likely that if it were not for the Apalachicola Embayment-Gulf
Trough of Georgial to the east and northeast, the Chattahoochee Arch
as such woyld not exist.

As would be expected, the geologic sections in any one core are
the most comple%e in the deepest parts of the basins covered in the
study area, i.e., in the Coffeen #1 (W-8865) in the Gulf Coast Basin
and in the St, Joe #1 (W-12051) in the Apalachicola Embayment. Con-
versely they are thinnest and most abbreviated on the Chattahoochee
Arch, with some units pinching out on its flanks.

The two basins have had differing histories of subsidence in the
study area., There was much greater subsidence in the Apalachicola Em-
1 The Gulf Trough (Herrick and Vorhis, 1963) a narrow, linear structure

in southern Georgla, is recognized as a structural extension to the

northeast of the Apalachicola Embayment. The two structures together
make up what has been referred te as the Southwest Georgia Embayment.
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bayment during the Late Oligocene and Early Miccene. Even in Walton
County, on the eastern edge of the Gulf Coast Basin, the Chipola Forma-
tion appears to thicken to the southeast, in the direction of the Apa-
lachicola Embayment rather than to the south or southwest as most of
the younger units do (Fig. 10).

There was relatively much greater subsidence in the Gulf Coast
Basin during the Middle Mioccene through Late Pliocene than there was in
the Apalachicela Embayment. In Walton County, these deposits thicken
toward the depocenter of the basin to the west and southwest. Although
sediments of Middle Miocene to early, Late Pliocene age are present un-
der the present coast of the Apalachicola Embayment, they are not pres-
ent updip in the outcrop area in the vicinity of the Chipola and Apa-
lachicola Rivers. Nor is that interval present to the east in western
Leon County at Jackson Bluff or in the Lake Talquin #1 (W~6890). Un-
fortunately there is no shallow subsurface control between this area
and the coast at the present time, and as a result, the updip extent of
the Middle Miocene through Lower Pliocene deposits is not knowm.

The lithologies and stratigraphic intervals represented in the
coastal area of the Apalachicola Embayment are wmuch the same as those
under coastal Walton County. These lithologies and stratigraphic inter-
vals are thought to be representative of the Gulf Coast Basin and not
of the Hawthorn-Torreya lithologies and stratigraphic intervals of the
Apalachicola Embayment. If this is true, then there may be a structur-
al relationship between the Gulf Coast Basin of the northern Gulf Coast

to the west and the Apalachicola Embayment to the east. The two basins
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may merge in the offshore area south of Panama City, Bay County.

There is insufficient core control to define clearly the areal
limits of the Apalachicola Embayment and the Chattahoochee Arch or to
come to a clear understanding of the stratigraphy and facies relations
assoclated with the structural elements. There is also insufficient
core control immediately east of the Choctawhatchee River to define
¢learly the boundaries and stratigraphic relationships on the western
flanks of the Chattahoochee Arch. There is at least sufficient control
on the eastern margins of the Gulf Coast Basgin to recognize various
structural features and to relate some of the aspects of the stratig-
raphy to the basin structure.

The structural strike of the contact between the Oligocene and
Miocene Series in the Walton County area varies between N 55° W and
N 65° W, and the dip varies between S 25-30° W with an inclination of
roughly 15 feet per wmile (Fig. 6). In southwestern Washington County
(Fig. 6) the structural strike swings to a more east-west direction
whereas in coastal Walton County the strike appears to be more uniform-
ly in a N 70° W direction.

In general, the structural strike of the successively younger
Miocene deposits gradually swings to a more east-west direction. The
strike of the Bruce Creek -~ Shoal River contact is about N 65° W
(Fig. 7) whereas the strike on the top of the middle Shoal River is
about N 70° W (Fig. 8). On the other hand, the approximate direction
of the asgsumed depositional strike has less of a northwest-southeast

trend. The updip limit of the calcareous marine Chipola in Walton
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County treads about N 72° W but it too swings to a more nearly east-
west direction east of the Choctawhatchee River (Fig. 10). The updip
limit of the Bruce Creek - Oak Grove trends approximately N 70° W (Fig.
16) as does the clay bed within the Bruce Creek (Fig. 17), strongly sug-
gesting that the Bruce Creek - Oak Grove shoreline trended in the same
direction across northern Walton County. However, the facies strike and
the strike of the updip limit of the formation swings to a more south-
eastern trend in eastern Walton County. Again the updip limits of the
marine, fossiliferous, lower Shoal River strike N 72° W across northern
Walton County but there is a sudden depositional strike change within
the Shoal River. The middle Shoal River strikes vaguely east-west (Fig.
2) but the upper Shoal River (Fig. 13), Choctawhatchee (Fig. 15), and
marine Pliocene very definitely strikes east-west across the Walton -
Washington Counties area.

The change in depositional strike at the end of early Shoal River
time suggests that a good part of the nearshore, Gulf Coast Basin in the
northern Gulf of Mexico was silted up during Chipola, Bruce Creek, and
especially early Shoal River time. Subsequent to early Shoal River
time, land was built outward in more nearly east-west trending incra-
ments in western Florida.

The dip of the various datums into the Gulf Coast Basin is clear=-
ly not regular, but is interrupted by step-like irregularities. This
is especiz;lly pronounced in a structural "terrace" that underlies the
Choctawhatchee Formagtion in the Walton County area (Figs. 8, 21, 22,
and 23). It appears that there is a direct relationship between the

thick, clastic prisms and the step-like structural "terraces". Such a
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"terrace" underlying the upper Shoal River, if present, is rather vague,
but it appears that one may also be present under the marine Pliocene
wedge under the present coastline.

The origin of these terrace-like steps is speculative. There is
one of two pogsibilities for their origin in the writer's opinion:
either sedimentation initiated the subsidence or the subsidence initi-
ated the sedimentation. It is difficult to understand how a clastic
prism, no more than 150 feet thick can cause an isostatic downwarping
of 50 feet displacement as is clearly the case in Figure 22, where the
Choctawhatchee Formation overlies the Shoal River Formation. A4s a con-
sequence, this writer favors subsidence initiating sedimentation for
thege structures. This of course, raises the problem of the nature of
the structures because they are clearly long and narrow, extending for
at least 30 miles along the strike in Walton County and narrowing from
approximately 15 miles across in western Walton County to about 5 miles
across in eastern Walton and Washingron Counties (Fig. 8). The most
apparent explanation for the origin of these terrace-like structures is
that they originate from down-to-basin faulting in the basement and that
the soft, unconsolidated Coastal Plain sediments are draped over the
lines of dislocation, essentially producing gentle flexures in the
near-surface materials.

Although it i3 difficult to understand how a clastic prism, no
more than 150 feet thick, can cause isostatic downwarping of Sd feet,
it ig also difficult to understand how subsidence of as much as 50 feet
can result in the deposition of 150 feet of sediments. It 1s possible

that subsidence during sedimentation within a depositional episcde,
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plus marine erosion during tﬂ; preceding nondepositional interval is
sufficient to explain the terrace-like features, Clearly nearshore
marine erosion during the Shoal River=Choctawhatchee nondepositional
interval could not cause a down-flexing of pre-~Shoal River contacts

ag is evident in Figures 21, 22, and 23. Whatever the cause or causes
may be of these subsurface, terrace-like features in Walton County,
all the available evidence does not point clearly to one single ex-

planation.



STRATIGRAPHY

Torreya Formation

The Torreya Formation was recently proposed by Banks and Hunter
(1973) for sands, clays, dolomitic limestones, and sandy limestones ex-
posed in SW 1/4, Sec. 17, T2N, R7W at Rock Bluff on the Apalachicola
River, Torreya State Park, Liberty County, Florida. The lower part of
the Torreya Formation at the type locality is a sandy limestone that is
exposed to about 10 feet above the river. This limestone has been con-
sistently placed in the Chattahoochee Formation or Tampa Limestone by
earlier authors. The overlying sands of the Torreya, on the other hand,
have been considered to be either Alum Bluff Formation (Dall, 1893) or
Hawthorn Formation (Cooke and Mossom, 1929; Cooke, 1945). As recognized
by Banks and Hunter (1973), the entire section exposed at Rock Bluff is
Torreya Formation.

The top of the Oligocene1 Chattahoochee Formation (St. Marks of
Banks and Hunter, 1973; Tampa in part of earlier authors) in the nearby
Rock Bluff #1 (W-6611), 3 1/2 miles to the east, occurs at approximate-
ly 7 feet above sea lgvel. Unless the strata in this area dips at a
rate of at least 10 feet per mile te the east, the Chattahoochee Forma=-
tion, as understood in this study, should not be exposed in outcrop at
Rock Bluff. The fact that the sandy limestone exposed at the base of

the type locality at Rock Bluff is an integral part of the Miocene

1 For discussion of age criteria, see page 180.
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Torreya Formation and is distinct from the Qligocene Chattahoochee For-
mation may account for the repeated claims that the "Tampa Limestone'
and "Hawthorn Formation" are conformable and gradational in this area.
This is in contrast to the clear lithologic and blostratigraphic dis-
continuity between the so—ca%led "Tampa" (Chattahoochee Formation) and
the Chipola Formation in the rest of the study area, and their abrupt
and often dramatic change in lithology. It is the observation of this
writer that the Oligocene/Miocene contact passes into the "Tampa Lime-
stone" of earlier authors east and north of the Alum Bluff area on the
Apalachicola River. The Oligocene/Miccene boundary and the time-
stratigraphic and lithologic distinction between the two carbonate
units, i.e., the Chattahoochee Formation and the lower part of the
Torreya Formation, have hitherto not been discriwminated.

The Torreya Formation is peripheral to this study area and conse-
quently no full evaluation can be given to it at this time. However,
it is possible to make some observations on the Torreya and te consider
it in the stratigraphic framework of the rest of this study. Unfortu-
nately the Torreya Formation is alwmost devoid of planktonic foraminifera
and its stratigraphic relationship with the other units covered in this
study remains in doubt.
Lithology

As proposed by Banks and Hunter (1973), the Terreya Formation is a
lithologically heterogeneous unit that currently is identified by the
fauna and stratigraphic position. Within the area of the present study,
the Torreya Formation is most typically a quartz sand and the absence of

sand is exceptional. Limestone and dolomite are commonly present in the
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lower part of the formation. Elsewhere varying proportions of lime-
stone, dolomite, shells, and clay mineral may be present. The lower
part of the formation at the type locality is a sandy limestone with
scattered intervals of calcareous sandstone. Commonly the limestone
is very fine grained to pasty calcilutite and contains svspended quartz
grains. In the nearby Rock Bluff #1 (W-6611) the various lithologic
components of the Torreya Formation are greenish clayey sand to sandy
clay; dolomitic fine sand; calcareous, shelly sand; clayey sandstone;
calcareous sandstone; claystone; calcilutite with angular clay clasts;
white, fine-grained, lutitic limestone; dolomite; white, sandy lime-
stone; and partially indurated calcareous sand to sandy limestone.

Although the core recovery was very poor in the Torreya interval
of the Rock Bluff #1 (W-6611) and it is therefore hazardous to make too
many generalizations about the Torreya lithology and sedimentary char-
acteristics in that core, it is noted that biloturbation 1s present and
there appears to be more indication of discrete bedding than in the
cores to the south.

Farther to the south and southwest the recognizable Torreya Forma-
tion thins drastically and the lithology changes. 1In this area, in the
Wall #1 {W=7457), Alum Bluff #1 and #2 (W-6901 and W=-7616), the litholo-
gy is essentially indistinguishable from Alum Bluff Group lithelogy.
The Torreya Formation here consists of an unconsolidated, massive-bedded,
slightly micaceous and very slightly argillaceous, shelly, calcareous,
medium to coarse quartz sand. Intervals of indurated, calcareous sand

or sandy limestone and noncalcareous, micaceous sand also occur,
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Underlying and Ovexrlying Units

The Torreya Formation paraconformably and with abrupt change in
lithology overlies the Chattahoochee Formation (Tampa Limestone in part)
of Chickasawhayan age in the Alum Bluff-Rock Bluff area along the Apa-
lachicola River. At Taff pit in Wakulla County, the Torreya Formation
overlies the St. Marks Limestone with a very sharp contact and dramatic
change in lithology.

At Alum Bluff the Torreya Formation is overlain abruptly and with
apparent discontinuity by the Chipola Formation. Farther east in the
Wall #1 (W-7457) the core recovery between recognizable Torreya Forma—
tion and Jackson Bluff Formation is very poor, and as a consequence, the
upper limit of the Torreya and its relation with the overlying sandy
limestone is in doubt. Nor is it clear whether the poorly recovered
shelly, sandy limestone/shelly calcareous sandstone that overlies the
Torreya in that core is a facies of the Chipola, whether it is a facies
of the Torreya, or whether it is both.

In the vicinity of Torreya State Park, the Torreya Formation is
overlain by finely laminated sands and clays, lensy-bedded clay and
sand, and poorly sorted sands and phosphatic sands. By physical corre-
lation these deposits appear to be an updip, nearshore, marginal marine
facies of the Jackson Bluff Formation but the lithology type and strati-
graphic position suggests assignment to the Miccosukee Formation.

It should be pointed out that it was not the intention of Banks
and Hunter (1973, p. 361) to extend the name Torreya to the fullers
earth deposits of Gadsden County. They preferred to retain the name

Hawthorn for the dominantly clay deposits in that area. The Torreya
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lithologies are mainly restricted, therefore, to carbonates and sands
with minor amounts of clay whereas the Hawthorn lithology, in their us-~
age, 1is restricted to the dominantly clay deposits. Because the top bed
of the section exposed at Rock Bluff has been described as fullers earth
and therefore correlated with the fullers earth deposits of Gadsden
County, the Torreya may be said to be overlain by Hawthorn at the type
locality. The stratigraphic relationships between the two units , how-
ever, have not been examined at the present time,

Distinction Between Adjacent Units

The type Torreya can be distinguished from the other units in this
study In that the carbonate phases are very rarely fossiliferous or bio-
clastic but tend to be much finer grained, sandy, and brecciated in some
intervals while the terrigencus clastic phases are very sparsely fossil-
iferous, and rarely calcareous or dolomitic. In the Chipola Formation
and the younger deposits of the Alum Bluff Group, the clays are dominant-
ly gray or black whereas the Torreya clays are lighter in color. Alum
Bluff Group clays are dominated by montmorillonite and contain minor
kaolinite and illite whereas the Torreya clays contain appreciable
amounts of palygorskite (attapulgite) and sepiolite. The sands in the
type Torreya commonly have a characteristic pale yellowish-green color
that is completely lacking in typical Alum Bluff Group sands.

In the vicinity of Alum Bluff the lithologic distinction between
the Chipola and Torreya is subtle. The Chipola can be characterized as
being a shelly, calcarenitic sand whereas the Torreya is a less shelly,
coarser grained, quartz sand that does not contain the fine to medium-

textured bioarenite. In the Alum Bluff #2 (W-7616) the Torreya grades
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upward into a noncalcareocus, nonfossiliferous, tan to browm, slightly
argillaceous sand that is overlain abruptly by the Chipola Formation.

Elsevwhere in the eastern panhandle of Florida, the stratigraphic
,relationships within the Hawthorn lithosome are obscure with the present
information and the recognition of the Torreya Formation is based mostly
on the recognition of the Torreya fauna.

Within the main part of the study area east of the Apalachicola
River, the distinction between the lower limestone and shelly phases of
the Torreya Formation and the underlying Chattahoochee Formation (and
St. Marks Formation) is clear. The underlying Oligocene carbonates con-
tain very little quartz sand, if any, while the Miocene sediments are
either very sandy or coarsely fossiliferous. To the north and east,
however, the distinction becomes more subtle in that the lower, lime-
stone phase of the Torreya and the underlying Chattahoochee Formation
become very similar lithologically. The principal distinctions between
the two formations in the study area is that the Torreya is always sandy
and limestone appears to dominate over dolomite whereas in the Chatta-
hoochee Formation, quartz sand is rare to lacking and the carbonate is
dominantly dolomite.

Areal Distribution

In the study area, the Torreya Formation is restricted to the re~
glon east of the Apalachicola River. It is not present in outcrop along
the Chipola River and it is not present in the continuously fossilifer-
ous marine, sedimentary sections in Walton County.

Age

The age of the Torreya Formation in west Florida is based on the
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following criteria cited by Banks and Hunter (1973): (1) geologic range

of Miogypsina globulina, (2) stratigraphic position of the Torreya For-

mation in the Alum Bluff #) and #2 (W-6901 and W-7616), (3) presence of
two bird fossils known from deposits in Europe no younger than Aqui-
tanian Age, (4) Arikareean age reported by Olsen (1962) for the mammal
fauna like that in the Thomas farm beds that also contain a Torreya
molluscan suite. The conclusion of Banks and Hunter (1973) is that the
age of the Torreya Formation is older than the Chipola Formation and is
probably either late Aquitanian or early Burdigalian in age (N5 or N6
of Blow, 1969). .

As cited by Banks and Hunter, according to various authors (R. W.
Barker, 1972, fide Banks and Hunter; Akers, 1972, p. 10; Akers and

Drooger, 1957, p. 665) the presence of Miogypsina globulina (Michelotti)

indicates an age greater than that of* the Chipola, being most probably

equated with the Catapsydrax dissimilis Zone of the Catapsydrax

stainforthl Zone of Bolll {1957) (= NS and‘NB of Blow, 1969) (see

Figure 4). However, Clarke and Blow (1969) report the range of M.
globulina to extend from upper N6 through lower N8, considerably younger
than the range postulated by previous authors. This is consistent with
Barker (persomnal comminication, Hunter, 1975) having found a late-type
nepionic apparatus grading into that shown by older forms of Miogypsina
intermedia Drooger from M. globulina populations.

This writer has identified multispiral Miogypsina, Miogypsina cf.

lobulina, from the interval 233-231 feet in the Cosson #1 (W-8004) in
Walton County. Miogypsina in this core occurred with a typical Chipola

planktonic foraminiferal fauna in the basal, Chipola shelly sand. The



) 31
Chipola age of transitional N7/N8 is consistent with the range of M.
globulina given by Clarke and Blow (1969) but is not consistent with
that given by previcus authors. Therefore, the presence of Miogypsina
globulina in the Torreya Formation is not necessarily diagnostic of a
pre-Chipola age for that formation and it certainly suggests a post-
Aquitanian age of the Torreya.

The conclusion of this writer on the age of the Torreya Formation
for the localities cited by Banks and Hunter (1973) is that it is at the
youngest, equivalent in age to that of the Chipola Formation and there-
fore transitional from Burdigalian to Langhian. It is at the cldest,
Aquitanian in age as suggested by the two Avian apecial (Avian bio-
stratigraphy is not well developed in the Coastal Plain at this time)
and the Thomas farm fauna. It is possible that the Torreya Formation
may represent more than one depositional unit. This could account in
part for some of the diversity in ages and in lithologiles attributed to
the formation.

Stratigraphic Correlatives

Until the Torreya Formation can be placed with confidence in a re-
gional biostratigraphic framework, nothing firm can be said of its
stratigraphic equivalents cutside of the type area. It must certainly
be correlatable with at least part of the Hawthorn Formation of Georgia
and peninsular Florida.

The Torreya Formation present at Alum Bluff and in the Taff pit in
Wakulla County may result from intergradation of "Hawthorn clastics"
lithosome with the offshore, carbonate lithogsome. It is to be noted

that the limestone interval below 350 feet in the St., George Island {1
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(W=-7574) contains only palygorskite (attapulgite) as a clay mineral
constituent (personal communication, C. E. Weaver, 1975) and paly-
gorskite is restricted to the pre-Chipola deposits in the study area.
Therefore, the limestone interval in question may be equivalent to the
Torreya Formation.

Alum Bluff Group

The concept of the Alum Bluff is changed in this study from past
usage. It 1s treated on a strict lithostratigraphic basis. The group
is restricted to those units that were originally assigned to the Alum
Bluff formation by Matson and Clapp (1909, p. 91} and that bear the
typical Alum Bluff lithology, i.e., the Chipola Formation, the Ozk Grove
Sand, and the Shoal River Formation. The lithologles of these units,
however, are not restricted to those formations in the type area of the
Alum Bluff Group in western Florida. Consequently the writer is com-
pelled to add the Choctawhatchee Formation and the Jackson Bluff Forma-
tion to the Alum Bluff Group. This is a logical outcome of treating the
Alum Bluff Group in a lithostratigraphic sense because the Jackson Bluff
Formation is also exposed at Alum Bluff and at that locality the Jackson
Bluff Formation is more typical of the lithology of the Alum Bluff Group
in Walton County than is the underlying Chipola Formation.

The Alum Bluff lithologies are characteristically argillaceous
sands and sandy clays that are commonly calcareous and fossiliferous.
Mica is commonly present but carbonaceous material, such as lignitic
flecks, and glauconite and phosphorite have scattered occurrences. Some
beds in the Alum Bluff Group may consist of relatively pure sand or pure

clay but this situation 18 rare. The units are typically sandy with
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quartz sand rarely being entirely absent from the sediments. It is only
in beds of clay or thin beds or lenses of limestone that sand or silt may
be absent. Elsewhere the clay or limestone is sandy. The clay mineral
assemblage of the Alum Bluff Group 1s dominated by montmorillonite, but
contains minor amounts of kaolinite and 1llite. The clays are generally
gray in color, but may be dark gray to black, especially in the upper
Shoal River. Limestone is a very minor component of the Alum Bluff 1i-
thology, except where it occurs in discontinuous lenses or thin beds.
Alum Bluff deposits are most commonly noncalcareous and nonfossiliferous
where the lithology is strongly dominated by dark-gray to black clays,
or in the updip extremities of the units.

Shell beds with excellently preserved shells are characteristic of
the Alum Bluff deposits but they actually are a minor component of the
mags of sediments. The shells and tests of calcareous organisms, where
they are present, are rarely altered or leached, except in the Shoal
River Formation and in some limestone lenses in other units, and the
preservation is commonly superb. 1In the nearshore, updip areas of the
various units (Chipola, Oak Grove, Shoal River, Choctawhatchee, and
Jackson Bluff) shell beds and shelly sands predominate. In the far updip
areas, however, the deposits are rarely calcareous and fossiliferous.
Offshore the units elther grade into richly microfossiliferous clastic
deposits and fossiliferous limestones, or they pinch out.

It is clear from the above description that the Hawthorn Formation
of Florida and Georgia cannot be placed in the Alum Bluff Group. Al-
though the Hawthorn is also dominantly sandy and clayey, the carbonate in

the formation is concentrated in the lower part of the unit and the main
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body of Hawthorn sediments are unot particularly calcareous as the Alum
Bluff deposits commonly are. The Hawthorn deposits are more dolomitic
than calcareous, and they are rarely fossilifercus. Where there are
fossiliferous beds in the Hawthorn, the aragonitic shells are typically
leached, leaving only the molds of shells and calcitic shells such as
the oysters, pectenids, Wakullina, and Pododegmus.

The Hawthorn further differs from the Alum Bluff in containing ap-
preciable palygorskite (attapulgite) and seplolite among the clay miner-
als whereas the Alum Bluff Group deposits do not contain these minerals.
The Hawthorn may contain extensive beds or lenses of chert and is common-
1y phosphoritic, especially in eastern Florida and Georgia. Alum Bluff
Group deposits are not known to contain chert beds, chert lenses, or
chert concretions, and phosphorite is a very minor constituent of the
typical deposits, when it is present at all.

It could be argued that the Torreya Formation should also be a
part of the Alum Bluff Group because in the subsurface at Alum Bluff, the
Torreya has essentially an Alum Bluff, shelly sand litholeogy. 1In addi-
tion, the lithology of the Torreya that is exposed near Crawfordville in
Wakulla County could with little difficulty be compared to Alum Bluff
lithology. However, as described by Banks and Hunter (1973}, the Torreya
contains a very heterogeneous lithology, and at the type locality, it is
distinct from the Alum Bluff as recognized in this study. At this time,
much too little is known of the stratigraphic relationships of the Mio-
cene deposits in western Florida east of the Apalachicola River.

As a result of the exclusion of the Hawthorn and Torreya Forma-

tions from the Alum Bluff Group, the Alum Bluff Group is now restricted
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for the most part to the area west of the Apalachicola River in western
Florida. It is not present in Georgia or in Peninsular Florida. At
this time, only the Jackson Bluff Formation is known to occur any dis-
tance east of the Apalachicola River.

Chipola Formation

It has been found in this study that the type lithology of the
Chipola Formation is atypical for the formation as a whole, and as a re-
sult, the Chipola is treated here on an expanded lithologic basis.
Within the area of study, the Chipola is lithologically varied and
heterogeneous. Broadly speaking, the Chipola Formation is a sand and
the main 1ithology type is a gray to cream, calcareous sand that is
more or less argillaceous and micaceous. Three lithofacies are present
that can be clearly demonstrated to be lateral facies wiéhiu the same
depositional unit. These are the shelly sand facies of the typical
Chipola, a nonshelly, calcareous, clayey sand facies, and a sandy lime-
stone facies. These lithofacies are lateral equivalents and they in-
tergrade and intertongue with each other. Their areal distribution 1is
systematic in that the shell-bed facies is characteristic of the updip
and eastern part of the Chipola, the nonshelly, calcareous sand facies
is found downdip from the shell bed facies, and the sandy limestone is
found downdip, or seaward, of the nonghelly, calcarecus sand.

In Walton County a nonfossiliferous, noncalcareocus, medium-to
coarse-grained sand gradatiecnally overlies the basal Chipola shelly
facies. This sand appears to displace the shell-bed facles westward
from Calhoun, or Washington Counties. In most of northern Walton

County, however, the stratigraphic relationships of this sand deposit



36
are uncertain due to their typical unfossiliferous nature. These beds
do contain a few fossiliferous intervals in some basal beds however,
but the precise age relationships remain uncertain due to the small
molluscan fauna obtainable from cores and to the very low frequencies
of planktonic foraminifera. The little evidence does suggest that the
basal beds of these updip sands do not contain a significantly different
planktonic foraminiferal fauna from the Chipola, and therefore are, or
may be, closely related in age to the Chipola. Consequently, these
typically unfossiliferous sands of northern Walton County are, for prac-
tical purposes in this study, considered a part of the Chipola deposi~
tional phase. It will be noted, however, that in some areas, the upper
part of these unfossiliferous deposits (Fig. 23) may best be correlated
with the Shoal River Formation.

Shelly Sand Facies

The typical Chipola lithology is a shell bed that appears to be
restricted to a westnorthwest-eastsoutheast trending band between the
Choctawhatchee River and the Apalachicola River. Alum Bluff, in
Liberty County, on the Apalachicola River, is near the updip or northern
limit of the Formation. It is possible that this facies of the Chipola
may form a blanket deposit in the Chipola-Apalachiaola River area but it
is more likely, in the writer's opinion, that this facies is a narrow
band broadening slightly to the east and pinching out to the west.

Within this facies belt, the Chipola lithology consists of an un-
consolidated, massive-bedded to thick-bedded, quartz or calcarenitic
sand that contains abundant, well preserved shells and is subordinately

micaceous and argillaceous. Chipola sediments are genmerally unconsoli-
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dated but there are some layers where the sand is partially cemented
with caleium carbonate, or where thin-bedded, sandy limestone beds occur.
With the exception of these thin-bedded limestone layers and occasional
finely bedded sands and clayey sands, bedding is rarely apparent. The
sediments are characteristically well mixed but in some cases the sands
and clays are poorly mixed and bioturbated. Sand size varies from fine
to very coarse but is mainly medium grained. In places shells dominate
the other components of the lithology and, with the exception of the
burrowing bivalves, are typically randomly oriented, The typical
Chipola shelly fauna is a mollusc-rich assemblage that is impoverished
in coral species, echinoderms, and In oysters and pectinids. In general,
this facies of the Chipola represents a shallow-water, near shore, lower
shoreface, open marine envircnment.

There is too little core control east of the Choctawhatchee River
to determine precisely the type of facies change seaward of the typical
Chipola shell bed. The one downdip core in this area, however, (Hunt #1
(W-10954)), shows that the shell bed of the Chipola does not exist in
the Gully Ponds region of Washington County. The lithology of the
Chipola in this core is the gray, microfossiliferous, argillaceous sand
typical of wmuch of the marine Chipola in Walton County.

From both outcrop and core information from the Chipola Formation
in the type area, the coarse interbedding of shelly sands and nonshelly,
microfossiliferous beds suggest that at least in this area, the typical
shell bed passes downdip into nonshelly, calcareous sands by inter-

fingering rather than by simple gradation.
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Nonshelly Sand Facies

The nonshelly, microfossiliferous, calcareous sand facies of the
Chipola consists of unconsolidated to moderately indurated massive-
bedded to fine~bedded, calcareous, argillaceous, mlcaceous quartz sand;
calcareous, micaceous, sandy or silty clays; argilliaceous sandy lime-
stone; and in some cases sandy, clayey, abundantly microfossiliferous,
even-textured, fine to medium grained, unconsoclidated calcarenite.

There is somewhat better bedding in this facies than in the shell bed
facies, but fine scale bedding is only rarely encountered. Bioturbation
is commonly evident in finer grained deposits. Sand size varies from
fine to very coarse but is usually fine to medium grained. Gypsum bloon
is noted in some places on the dessicated cores.

This facies is well developed in the southern part of Walton
County and is present in southern Washington County. Sediments of this
facies are present in the type area along the Chipola River, suggesting
that the facies is developed in the shallow subsurface of southern
Calhoun County.

In Washington County and probably in Calhoun County, this litho-
facies is developed downdip or seaward of the Chipola shell bed. How-
ever, in Walton County where the shell bed facies pinches out, the non-
shelly facies grades updip directly into a noncalcareous, nonfossilif-
erous, soft, clean, sporadically gravelly sand, or clayey sand. What-
ever the ancient environment was in this area during Chipola time, it
was clearly not conducive to the development of a prolific shelly fauna.

Limestone Facies

The nonshelly, calcareous sand facies of the Chipola Formation
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passes downdip, or seaward, both by gradational facles change and by
interfingering, into a limestone facies. 1In the areas of facles change,
the intergradations are not clearly defined. The sand appears to grade
into the limestone by both increase in calcium carbonate content and
decrease in quartz sand. As a result, in its updip limits, the sandy
limestone beds pass into a very calcareous sand and to calcareous sand-
stone, Seaward of this area the quartz sand component of the limestone
gteadily decreases, both downdip and upward in the section. Only in
coastal, southwestern Walton County does the sand component drop out of
the lower part of the Chipola interval altogether. Characteristically
in this limestone facies, only the lower part of the Chipola section in
each core contains a2 relatively pure limestone (Coffeen #1(8865),
Price #1 (W-8591), Bayview #1 (W-8478)). The upper part of the Chipola
section in these cores may contain either a regressive, nonshelly, sand
facies of the Chipola or a more sandy limestone interval.

Typically the limestone facies of the Chipola Formation consists
of a moderately indurated to hard, indurated, massive-bedded, slightly
micaceous and argillaceous, sandy, fossiliferous, calcarenite lime=-
stone. It has a fine to coarse, even, granular texture that is only
rarely coarsely bioclastic. 1In many of the cores near the coast there
is a dark speckling in the limestone that appears to be concentrations
of finely disseminated pyrite. As mentioned earlier, the lower part of
thé limestone section in downdip cores has only a gsmall amount of im-
purities, generally clay mineral and mica. In the updip area of this
facies, the limestone is very sandy, argillaceous, and micaceous and

commonly has a rubbly texture.
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There 1s a thick sequence of limestone in the St. George Island
#1 (W-7574) in Franklin County that will be discussed more fully in the
section dealing with the Bruce Creek Limestone. Within that limestone
gection the writer tentatively assigns the interval between 201 and 350
feet to the Chipola egquivalent. If that assignment is correct, this
limestone lithology in the 5t. George Island #1 (W-7574) differs from
the equivalent limestone in Walton County in being a more indurated,
pure, coarsely fossiliferous, moldic limestone that is calcarenitic in
the lower part, and which contains sporadically abundant Sorites and
algae.

In a strict sense the limestone facies of the Chipola cannot be
congidered Chipola Formation or a part of the Alum Bluff Group since it
consists of a distinctly different lithology and mineralogy from both
the broadly conceived Chipola of this study and the Alum Bluff Group.
There is too little stratigraphic control on this unit both inside and
outside of Walton County at this time and consequently the lithologic
variation to be expected within the unit is unknown. As a result the
writer considers it imprudent to attempt formal subdivision of this
limestone from the Chipola at the present time.

Underlying and Overlying Units

Tn northern Walton and Okaloosa Counties the assumed Chipola
equivalent sands overlie undifferentiated calcareous degosits of Late
Oligocene, Chickasawhayan Age, and in southern Walton County the Chipola
Formation overlies paraconformably "Suwannee Limestone" of probable Late
Oligocene age. In northeastern Walton County on the other hand, the

Chipola Formation and Chipola equivalent sands overlie calcareous de-
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posits of Chickasawhayan Age that appear to he lithologically intermedi-
ate to the undifferentiated Chickasawhayan deposits and the Chattahoo-
chee Formation (previously referred to as Tampa Formation in this area).
In Washington County and in Calhoun County along the Chipola River, Ehe
Chipola Formation paraconformably overiies the Chattahoochee Formation
of Late Oligocene age. However, at Alum Bluff on the Apalachicola
River, the Chipola abruptly overlies the Torreya Formation of Miccene
age (Banks and Hunter, 1973).

In Walton County and possibly in southwestern Washington County,
the Chipola Formation is overlain paraconformably by the Bruce Creek
Limestone. Only in northwestern Walton and in northern Okaloosa Coun-
ties are deposits of suggested Chipola age overlain without obvious
break by the Oak Grove Sand. Elsewhere, the areal occurrences of the
Chipola Formation, in the strict sense, and Oak Grove Sand are exclusive
and do not occur together in the same section. According to Vernon
(1942), the Chipola Formation is overlain by the Shoal River Formaticn
in western Washington County. To the southeast of this, in southcentral
and southeastern Washington County, Bay County, Calhoun County, and at
Alum Bluff in Liberty Couniy, the Chipola is overlain paraconformably
by the Jackson Bluff Formation of Late Pliocene age.

Lithologic Distinction Between Adjacent Units

The Chipola Formation is distinguished from the underlying
“Suwannee Limestone" or Chattahoochee Formation in that the Chipola is
an argillaceous, sandy, and gometimes shelly unit whereas the other two
are generally pure limestones or dolomites. Where the Chipola and

Chattahoochee occur together in the same section, the Chattahoochee is
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typically a limestone or dolomite but it may have clayey intervals.

The updip, Chipola equivalent sands are distinguished from the
underlying Oligocene deposits in that they are rarely calcareous whereas
the underlying Oligocene deposits are either relatively pure limestones
or dolomites, or are very calcareous, or dolomitic, sediments.

The Chipola Formation is distinguished from the Torreya Formatien,
where they occur together, in being more finely calcarenitic and contain-
ing proportionally less quartz sand.

The Chipola Formation is readily separated from the Bruce Creek
Limestone in that the Bruce Creek is either a relatively pure limestone
or is a sandy limestone whereas the underlying Chipola consists of either
a noncalcareous sand or calcarecus sands and clays. The distinction be-
tween the Chipola equivalent limestone and the Bruce Creek limestone is
more subtle. Where they occur in the same section the Bruce Creek is
almost always a relatively pure limestone whereas the Chipola equivalent
limestone is sandy, argillaceous, and less calcarenitic. In that area,
the writer arbitrarily places the boundary between the Chipola limestone
and the Bruce Creek Limestone at the topmost occurrence of quartz sand
in the underlying limestone. It must be pointed out, however, that the
lower beds of the Bruce Creek farther updip generally conmsist of a sandy
limestone, and this criterion that distinguishes between the two units,
may not be precise.

North of the latitude of the Shoal River valley in Walton County,
there is no useful way of separating the updip Chipola sands from any
poasible overlying noncalcareous Ozk Grove equivalent deposits or sandy
Shoal River deposits. In that area the mass of weathered sands may best

be considered as undifferentiated Miocene. To the west, however, the
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Oak Grove is clearly distinguished from the underlying updip Chipola
sands in being a shell bed. To the east the base of the noncalcareous
Shoal River is arbitrarily defined as the first massive, gray, silty
clay above the sands (Fig. 23). The Citronelle is differentiated from
thege deposits in being consistently coarser textured, gravelly, and in
typically lacking mica.

The lithologic distinction between the Chipola Formation and the
Jackson Bluff Formation i{s subtle. In the western part of the area of
their mutual occurrence, the Chipola Formation is essentially nonmacro-
fossiliferous whereas the Jackson Bluff Formation is both more calcare-
ous and shelly. To the east, in the type area of the Chipola Formation,
the Chipola is more sandy and is typically lighter in color. The
Jacksen Bluff Formation in that area is much more argillaceous and
micaceous and is distinctly darker in color, commonly being ; gray to a
dark gray sand or clay.

Areal Distribution, Geometry, and Thickness

The Chipola Formaticon occurs south of a line that runs just north
of west from the vicinity of Alum Bluff in the east to the Choctaw-
hatchee River in the west. From the Choctawhatchee River, the strike of
the updip 1imit.of the formation changes to a more westnorthwest direc=~
tion and it apparently helds to this trend through northern QOkaloosa
County since it is not found as far north as the type area of the Oak
Grove. .
It is not known at this time whether the Chipola Formation ex-

tends appreciably east of the Apalachicola River since the core control

in’ that area is very poor, It does not, however, occur in western Leon
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County in the Jackson Bluff #1 (W-6999) or in the Lake Talquin #1
(W-6890) .

It is to be stressed that the Chipola Formation does not extend
very far north or northeast of Alum Bluff. It is not present in the
Wall #1 (W-7457) about 5 1/2 miles slightly north of east of Alum Bluff,
it is not present in northern Liberty County in the Rock Bluff #1
(W-6611), and it is not present in the Wall #2 (W-7458) in southwestern
Gadsden County. The various earlier reports of the Chipola Forwation
occurring east of the Apalachicola River and in Georgia cannot be sub-
stantiated (MacWell, 1947; Siever, 1966, 196%),

The Chipola Formation (including the limestone facies in this
study) is a thin, blanket-type deposit that reaches its greatest known
thickness in the type area. It does not appear to thicken toward the
west or southwest as many of the deposits do in the study area. Rather,
the Chipola thickens toward the southeast and reaches its greatest
thickness in the Apalachicola Embayment. The proposed Chipola equiva-
lent limestone in the St, George Island #1 (W-7574) is 149 feet thick.
Although the Chipola horizon was not reaéhed in the St. Joe {#1 (W-12051),
it is presumably much thicker there since most of the other Neogene
units penetrated in that core are relatively quite thick. The combined
thickness of the shell bed and the overlying sparsely fossiliferous
sands in the Alum Bluff #1 and #2 (W-6901 and W=-7616) are 96 feet and
71 feet respectively. In the Ten Mile Creek #1 (W-11270) near the type
locality, the Chipola is 71 feet thick.

In Walton County the Chipola Formation ranges in thickness from

about 40 feet to 25 feet with a thickening to 60 feet in the downdip,
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limestone facies (Fig. 10). There appears to be a subtle thinning of
the unit in an east-west band across the center of the county. Across
this area, the Chipola thins typically from over 40 feet in the norch
to about 25 feet, beyond which it thickens to over 40 feet again., There
is very meager control on the Chipola in Washington County. However,
the thickness of the Chipola in the Sheffield well (Vernon, 1942, p. 35)
of 58 feet and the thickness of 38 feet in the Hunt #1 (W-10954) is con-
sistent with the general trend of Chipola thickness.

The Chipola - updip Chipola sand sequence thickens very gradually
in a south to north direction from around 25 feet in the center of
Walton County to more than 80 feet in the far northern part of Walton
County. The thickness of the unit in that part of the coﬁnty, however,
is very irregular due apparently to errosion and truncation prior to
the deposition of the Citronelle Formation.

Stratigraphic Correlatives

It has long been held that the Chipola Formation or a lateral
facies of it in the Hawthorn Formation was present in the eastern part
of the panhandle of Florida, in peninsular Florida, and in Georgia
(Vaughan and Cooke, 1914; Coocke and Mossom, 1929; Cooke, 1945; MacNeil,
1947; Siever, 1966). Likewise it has been believed that at least a
part of the Calvert Formation of Maryland is equivalent to the Chipola.
To the knowledge of this writer, the precise correlation of the Chipola
Formation with units outside the area of its occurrence has not been
rigorously established.

This writer has identified a Chipola planktonic foraminiferal

agsemblage from the basal limestone beds of the Miocene in the vicinity
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of Savannah, Georgia. At the present time, the writer considers this
limestone bed to be a lower, carbonate facies of the overlying "Hawthorn
Formation" of Furlow (1969). The writer has found (study in progress)
that the "Hawthorn Formation" of Furlow is a downdip, shallow subsurface
equivalent of the Marks Head Marl of Sloan (1905). Unfortunately this
particular unit is very rarely fossiliferous. In the few places that it
is microfossiliferous, the fauna is dominated by Ammonia beccarii. The
molluscan fauna was described by Vaughan (1910) and Gardner (1925) and

is dominated at the type locality by mussels, Wakullina floridana,

Chlamys cf. acanikos, and by one species of benthonic foraminifer

Ammonia beccarii. There is some evidence then that the Marks Head

(Hawthorn of Cooke, 1934, 1943) is equivalent to the Chipola, (Gardner,

1925}, but more evidence is needed to make this correlation convincing.

Age

The following planktonic foraminifera have been identified from
the Chipola Formation:

Globigerinoides sacculifera trans., sicana
G. sacculifera quadrilgbata

G. sacculifera sacculifera

G. aff. altiapertura

Globorotalia mayori

Globigerina praebulloides praebulloides

G. praebulloides pgeudocipercensis
G. foliata

G. cbesa

G. eamasi

G. guinqueloba
G. cf. bulloides

G. cf. falconensis

Globigerinita glutinata

G. nvula

Globorotaloides hexagona variabilis
Globoquadrina altispira
Cassigerinella chipolensis

There are no species of planktonic foraminifera that are restrict-
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ed to the Chipola Formation.
Based on forms transitional between the planktonic foraminiferal

speciles Globigerinoildes sacculifera and Globigerinoides sicana, the

Chipola Formation is placed at the very top of the Globigerinitella

insueta - Globigerinoides guadrilobata triloba Partial-range zone (N.7),

or transitional between that zone and the Globigerinoides sicamns -

Globigerinitella ingueta Partial-range zone (N.8) of Blow (1969). The

Chipola Formation occurs in the Globigerinitella insueta Zone of Bolli

(1966). This age assignment is consistent with the presence of typical
G. sicana in the Bruce Creek limestone and the paraconformable relation-
ship between the two formations.

According to Cita and Blow (1969), the lower part of the strato-
type Langhian section in Italy contains G. sicana and as a result, they
place the base of the Langhian Stage, for convenience, at the first
evolutionary occurrence of that species. The Chipola contains forms

transitional between Globigerinoides sacculifera and G. sicana, there-

fore the Chipola appears to transcend the boundary between the Burdi-
galian Stage and the Langhian Stage of Europe.

Whether the Chipola Formation Iis Early or Middle Miocene in age
depends upon whether the earliest Langhian Stage is considered to be
Early or Middle Miocene in age. If, as some authors suggest, the first
evolutionary occurrence of the genus Orbulina is taken as the base of
the Middle Miocene (Bandy, 1964; Berggren and van Couvering, 1974), then
the Chipola, Bruce Creek, and Oak Grove are Early Miocene in age and
only the Shoal River Formation and St. Joe Limestone are Middle Miocene

in age in western Florida. Since there is no uniformity of opinion on
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this point, for the purposes of this paper, the writer considers the top
of the Burdigalian Stage to be the top of the Lower Miocene, and there-
fore considers the Chipola to be transitional in age between the early
and Middle Miocene. .

Oak Grove Sand

The Oak Grove Sand is a little understood unit that has been
variously considered as a member, formation, faunizone, and lithofacies.
It has been considered in the past as one integral unit, the Oak Grove
Sand, {Gardner, 1926; Cooke and Mossom, 1929; Smith, 1941), it has been
placed entirely in the Shoal River Formation (Cooke, 1945). and it has
been split between Oak Grove Sand and Shoal River Formation (Matson and
Clapp, 1909). As recognized in this study, the ghelly sand deposits
occurring in the vicinity of the type locality of the 0Oak Grove Sand in
Okaloosa County, Fiorida, are separated into two distinct formations in
the same way as that of Matson and Clapp (1909). The shell bed exposed
in the Yellow River near the old céﬁmunity of Cak Grove, i.e., the type
locality of the formation, is considered to be a valid lithostratigraph-
ic unit although it is known to occur in outcrop only in the immediate
vicinity of the type locality. The fossiliferous sand exposed a few
miles away at the old site of Senterfeits Mill on Mill Creek, which in
the past has been the source of controversy, is here placed in the
Whites Creek Member of the Shoal River Formation. This subdivision is

based both on lithology and biostratigraphic correlation.

Type Locality and Lithology

The type locality of the Oak Grove Sand is near the old communi-

ty of Oak Grove on the Yelloew River in Qkaloosa County, Florida, The
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formation is exposed at low water a few hundred feet south of the bridge
where Florida highway 2 crosses the river in NE 1/2, Sec. 20, TSN, R23W.

The Oak Grove conslsts principally of an unconsolidated, massive
bedded, shelly, calcareous, slightly argillaceous and micaceous quartz
sand. The grain size of the sand varies from medium fine to medium
coarse.

Areal Distribution and Thickness

The Qak Grove Sand is an updip, shallow-water, open marine, near-
shore terrigenous clastic faclies of the much more widely occurring Bruce
Creek Limestone. It has been identified im only two cores in the study
area, the Oak Grove #1 (W-10833) in Okaloosa County, and the St. Regis
#1 (W=-8103) in Walton County. It appears from the very limited core
control in northern Okaloosa and northwestern Walton Counties, that the
ODak Grove occurs in a roughly northwest-southeast trending band paral-
leling the updip limits of the Bruce Creek Limestone. The band appar-
ently either pinches out west of the north-central part of Walton County
or it becomes so narrow that the core spacing in that part of the county
is insufficiently close to delineate the unit.

Little can be said at this time about the thickness distribution
of the Oak Grove Sand. The shell bed (and type lithology) in the Oak
Grove #1 (W-10833) 1s only 12 feet thick, but a lower, nonfossiliferous
to very sparsely microfossiliferous interval immediately underlying the
shell bed may also belong properly to the Oak Grove-Bruce Creek deposi-
tional Interval. The shell bed in the St. Regis #1 (W-8103) 1is 23 feet
thick but the overlying noncalcareous sand interval in that core may be

an upper facies of the Oak Grove. The combined thickness of the shell
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bed and the overlying sand in that core is 48.5 feet thick.

Overlying snd Underlying Units

In the study area, the Oak Grove Sand overlies with apparent
gradation, the updip Chipola equivalent sands.

In the type area of the Oak Grove Sand and in the Oak Grove {#1
(W-10833), the Qak Grove Sand is overlain paraconformably, and with
very subtle change in 1ithology, by the Whites Creek Member of the
Shoal River Formation., However, as discussed above, in the St. Regis
#1 (W-8103) the shell bed of the Oak Grove grades upward into noncal-
careous sands. If the Shoal River or Shoal River equivalent is present
in this sand section, it cannot be distinguished as such. This sand
gection is in turn overlain disconformably by the Citronelle Formation.

Lithologic Distinction Between Adjacent Units

The only way the Oak Grove Sand can be identified at this time is
in its being a shell bed with a particular fauna (in this case, plank-
tonle foraminifera}. As such it can be readily differentiated from the
underlying sediments since they are characteristically noncalcareous and
therefore lack any shelly faunas. In the type area of the Ozk Grove
Sand, however, the lithologic distinction between it and the overlying
Shoal River Formation is subtle and the criteria used in separating the
two units is mainly paleontological. Lithologically the Whites Creek
Member of the Shoal River in that area is more argillaceous, micaceous,
and microfossiliferous than the Oak Grove.

In the writer's opinion, the Qak Grove Sand could be a formation
geparate from the Shoal River and the Bruce Creek, or it could be

classified as a member of the Shoal River Formation, The relationship
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between the Shoal River Formation and the Bruce Creek Limestone is close
since they are related in part by lithofacies change, as will be dis-
cusged in a later section. Since the Oak Grove Sand is an updip, sandy
facies of the Bruce Creek Limestone, and since the lithologic distinc-
tion between the Shoal River and the Oak Grove in the vicinity of the
Yellow River is subtle, it would be reascnable to include the 0Oak Grove
as the oldest part of the Shoal River. However, there is a regional
hiatus, as will be discussed later, below which is "typical" Bruce
Creck Limestone/Shoal River Formation, and above which occurs the Shoal
River equivalent Bruce Creek Limestone/Shoal River Formation.

For the purposes of this study, the writer prefers to distinguish
the Oak Grove Sand from both the Shoal River Formation and the Bruce
Creek Limestone, recognizing however that future studies may make it im-
perative to include the Oak Grove Sand in the Shoal River Formation.

Stratigraphic Correlatives

The only stratigraphic units in the Coastal Plain that can be
clearly correlated with the Oak Grove Sand, at this time, are the upper
part of the typical Bruce Creek Limestone and bed 10 in the upper part
of the Calvert Formation in Maryland (Gibson, 1967). The upper part of
the Bruce Creek can only be distinguished paleontologically from the
rest of the Bruce Creek in the study area in southwestern Walton County,
in the Coffeen #1 (W-8865) and in the Price #1 (W-8591).

Age

The following species of planktonic foraminifera have been iden-

tified from the type locality of the Oak Grove Sand and from the equiva-

lent interval in the Oak Grove #1 (W-10833):
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Praecrbulina glomerosa curva

P. glomerosa glomerosa

P. glowerosa glomerosa trans. circularis
Globorotalia mayori

Globigerina praebulloides praebulloides
G. praebulloides pseudociperoensis

G. falconensis

G. bullecides

G. guinqueloba

Globigerinoides sacculifera quadrilobata
G. sacculifera sacculifera

G. sicana trans. sacculifera guadrilobata
G. subquadrata

Globoquadrina altispira

Globigerinita glutinata

G. uvula

Cassigerinella chipolensis

The presence of Praeorbulima in the Qak Grove allows correlation
with the type Langhian section in northern Italy (Cita and Blow, 1969).
In addition, the presence of Praeorbulina occurs only in the upper part

of the Globigerinitella insueta-Globigerincides sicana Partial-range

zone (N. 8) of Blow {1965, 1969) and in the Praeorbulina glomerosa Zone

of Bolli (1966) (Fig. 4).

Shoal River Formation

The Shoal River Formation is a terrigenous clastic unit consist-
ing of sand, silt, and clay. 1In the type area along the Shoal River in
Walton County, Florida, it varies principally from a micaceous, slight-
ly argillaceous, silty, fine quartz sand to a micaceous, medium quartz
sand. Some beds are calcareous and the sand is packed with mollusc
shells. The principal shell bed along the Shoal River contains a pro-
fusion of excellently preserved shells whereas other beds in the area
contain only molds and impressions of the shells,

In general, the Shoal River Formation is characteristically much

more argillaceous than it is in its type area along the Shoal River
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valley and the type lithology is not representative for the formation as
a whole. Gray, calcareous clay; black sulphurous clay; micaceous silty
clay; and micaceous, clayey s8ilt lithologies are more typical of the
formation than the sand or shelly sand that occurs along the Shoal River.
However, the sand and shelly, calcareous sand distribution within the
formation is systematic in that it is restricted mainly to the lower,
Whites Creek Member, and to the updip, nearshore open marine faciles of
the formation.

Sandy Facles

The Shoal River sands are unconsolidated, thin-bedded to massive-
bedded, slightly argillaceous and micaceocus, and in places calcareous
and fossiliferous. The calcareous, fossiliferous sands are invariably
massive-bedded. The sand size varies from fine grained to coarse
grained and sporadically gravelly. Molluscan shells where present are
typically randomly oriented and robust, and double-valved bivalves with
very small gape at the hinge-line are common. In some places the
molluses are abundant enough to be closely packed in the sand. Cal-
careous sandstone concretions have been noted in the shell bed in the
Gavin {1 (W-7972).

Noncalcareous sands may be either massive bedded or show fine-
scale bedding with clay, very coarse sand, or gravel layers. Commonly,
discrete beds are less than one foot thick and may be less than one inch
thick. This type of deposit is characteristically unfossiliferous and
was probably more marginal to the marine environment than the massive
bedded, shelly sand.

The uppermost beds of the Shoal River Formation are dominated by
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a massive-bedded, very slightly argillaceous, micaceous, pale colored,
fine to wedium grained, quartz sand. This sand is commonly encountered
in outcrop because of its relatively high elevation. Apparently, in up-
dip areas, all time-horizons grade into this type of sand deposit since
it physically and gradatiopally overlies the entire formation.

There are three persistent shell beds in the Shoal River Forma-
tion. The stratigraphically lowest bed is exposed at White Creek in
Walton County, and is referred to a distinct, lower member of the forma-
tion in this study. The middle shell bed is exposed in the type area
along the Shoal River and is included in the type locality of the forma-
tion. The upper shell bed is the youngest identifiable part of the
Shoal River Formation and has been referred to informally as the Cardium
bed in the past. The lower and middle shell beds pinch out in an east-
ward direction about five miles east of DeFuniak Springs, whereas the
upper shell bed appears to be restricted to the western half of the
county. All the shell beds thicken to the west.

Clayey Silty Sand Facies

The Shoal River sands (excluding the lower member, which appears
to either pinch out downdip or grade downdip into the upper part of the
Bruce Creek Limestone) and shell beds grade downdip into wmuch finer
grained clastics. These unconsclidated sediments are ordinarily mica-
ceous and calcareous, even if slightly so. The deposits are less homo-
geneous lithologically and cogsist of alternating beds of silt and clay.
The individual beds may be as little as one or two feet thick but are
typically thitcker. They are strongly gradational but in places have

abrupt lithologic changes., These silty, argiliaceous sediments are
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comnonly very finely bedded or laminated. Apparent massive-bedded in-
tervals, when the cores are dessicated, commonly prove to be finely
laminated with silt and mica causing the core to fall apart along
stratification planes. 1In addition, very fine, delicate shells or shell
fragments and/or flecks of lignitic, carbonaceous material may be dis~
gseminated through the core or concentrated along stratification planes.
Incomplete bioturbation commonly imparts a mottled or marbled texture to
the sediment without completely destroying the original fine stratifica-
tion. Gypsum bloom is common on the walls of the dessicated cores in
this facies, especially in the more argillaceous intervals.
Clay Facies

In the downdip extremities of the Shoal River Formation, the unit
consists almost entirely of clay. The clay may be either gray or black
or any shade between. Yellow sulpho-salts commonly crystallize on the
dessicated cores in the black eclay intervals., Quartz silt and mica are
very minor mineral components in this facies and are typieally concen-
trated along stratification planes. The clays are typically noncalcar-
eous and contain no fossils with calcareous shells or tests except in
the western part of the county where thin stringers of slightly calcar-
eous, microfossiliferous clay are interspersed in the generally non-
calcareous clay. The clay appears to be massive-bedded, but the dessi-
cation of the cores reveal the very finely laminated nature of the clay.

Subdivisions of the Shoal River Formtaion

The writer recognizes three parts of the Shoal River Formation,
The lower, oldest part is formally recognized here as a separate member

and will be discussed fully in a later section. The middle and upper
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parts of the formation have subtle lithologic differences and differ-
ences in the geometries of the deposits. The lithologic distinctions
do not appear clear enough at this time to warrant formal subdivision
of the middle and upper parts of the formation.

Middle Shoal River

Both the lower and middle Shoal River is exposed in the type area
along the Shoal River. However, because the middle Shoal River contains
the main shell bed, it has been the principal concept of the formationm.
Its only known exposure is in the valley of the Shoal River but it may
also crop out downdip in the tributaries of the upper part of the White
Creek drainage basin (Cook and Mossom, 1929, p. 113, 114; Coocke, 1945,
p. 177). The middle Shoal River is consistently more calcareous, more
persistently micrefossiliferous, and slightly more silty and sandy than
the upper Shoal River. It is also more of a blanket-type deposit than
the upper Shoal River (Fig. 16). The middle Shoal River can be dis-
tinguished from the lower member of the Shoal River in being more argil-
laceous and micaceous, and in being more finely sandy whereas the lower
Shoal River is typically more coarsely sandy.

Upper Shoal River

The upper Shoal River consists of the Cardium bed and the Yoldia
zone (or facies) of earlier authors plus an extensive interval of under-
lying typically noncalcareous clay and silt. This interval 1s consis-
tently more argillaceous than the middle Shoal River and 1s dominated
by gray or black, noncalcareous clay that may or may not be silty. The
most distinctive lithology in this stratigraphic interval is black.

sulphurous clay. The black clay is not restricted to this part of the
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Shoal River, but it is wost common and conspicuous there. The base of
the upper Shoal River, as recognized in this study, is defined litho-
logically in most of the cores containing this stratigraphic interval
by a two to four feet thick bed of black, noncalcareous clay. Both the
upper and lower boundaries of this bed appear to be gradational.

In the western part of Walton County, where there is a well
developed section of upper Shoal River (Eglin #1 (W-8351); Adkinson #1
(W-11045); Cosson #1 (W-B8004)), there appear to be three persistent
foasiliferous, calcareous beds in the upper Shoal River. The uppermost

bed is the main shell bed of the upper Shoal River (Cardium bed-Yoldia

zone). The lower two horizons may or may not be macrofossiliferous,
and the molluscan shells, where present, do not achieve the robustness
of those in the Cardjum bed. It is the lateral persistence of these
three calcareous, microfossiliferous horizons in the same strastigraphic
position in the upper Shoal River, that suggest the physical correla-
tion between the Cardium bed and the Yoldia zone (Figures 19, 21 and 22).
Julia Gardner (1926) first used the name "Cardium bed" in an in-
formal sense and its subsequent usage has been consisteant with her
original use of the name. The Cardium bed is the name given to 2 con-
sistently occurring shell bed exposed in gullies and "steep heads" in
the upper drainage basin of Alaqua Creek. This shell bed, in the up-
dip sandy facies of the upper Shoal River, appears to be confined to a
narrow band. It is not present in the Cosson #1 (w-quA) but is pres-~
ent in an exposure slightly more than a mile north and northeast of
that core (Cushman and Ponton, 1932, p. 9-12). At one locality (ibid.)

Cushman and Ponton report that the Yoldia zone directly overlies the



59
Cardium bed apparently with an abrupt change in lithology.

Yoldia Zome

The Yoldia Zone was named by Mansfield and Ponton (1932) for what
they considered to be the basal faunizone of the Choctawhatchee Forma-
tion. Vernon (1942, p. 99) and later Puri (1953, p. 48) referred to the
"zone" as a facies or lithofacies. Subsequently Puri and Vernon (1964,
p. 115, 116) recommended that the Yoldia faunizone be placed both in
their newly suggested Red Bay Formation (ibid., p. 115) and Yellow River
Formation (ibid., p. 116, 200-202). The type locality of the Yoldia
Zone, or Yellow River Formation, is in a steep-sided tributary on the
north side of Alagqua Creek in SE 1/4, Sec. 18, T2N, R19W. The litholo-
gy of the type Yoldia Zone is a stiff, blocky, slightly micaceous, cal~
careous, wicrofossiliferous clay in which there is a profusion of large

specimens of the deposit-feeding bivalve, Yoldia frater.

None of the cores in Walton County contained type Yoldia Zone
lithology, nor were sediments containing the characteristic, large

Yoldia frater or planktonic foraminiferal-rich assemblages observed in

that stratigraphic position. This includes the Cosson #1 (W-8004), the
core being taken about 500 feet from the type locality at the top of
the hill. 1In that core, micaceous, argillaceous, calcareous, silcy,
fine sand occurred at the same elevation as that at the type exposure,
a few hundred feet away. Furthermore, the writer could not find typi-
cal Yoldia Zone lithology or faunas in adjacent gullies and tribu-
taries. The only lithology found in the adjacent tributaries was
either calcareous or noncalcareous, micaceous, argillaceous silty sand,

such as occurs in the same stratigraphic position of the type locality
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in the Cosson #1 (W-8004).

The Yoldia Zone and its lateral equivalents in the type area ap-
pears to occur in the same stratigraphic position as the Cardium bed,
as discussed above. Since neither the Cardium bed nor the Yoldia Zone
is present in the Cosson #1 (W-8004), and since the Yoldia Zome is also
not present in any other core in Walton County, but does occur in out-
crop at the type locality in the stratigraphic position of the Cardium
bed, the only reasonable conclusion that the writer can make at this
time is that the Cardium bed and the Yoldia Zone are facies of each
other. The Cardium bed appears to occur in the updip, sand facies and
the Yoldia Zone appears to be a component of the downdip clayey sand
facies. Where neither sand nor clay are present, as in the Cosson {1
{W=-8004), neither "zone" is present.

The planktonic foraminiferal assemblages in the upper shell bed
(Cardium bed) and in the type Yoldia Zone supports this conclusion.
The planktonic foraminifera in any part of the upper Shoal River can
not be distinguished in any way from those of the type Yoldia Zone.

The writer therefore proposes that the name Yoldia Zone be dis-
continued in its original biostratigraphic and lithostratigraphic
sense because it cannot be demonstrated that the faunizone or litho-
facies has any lateral continuity. In spite of the fact that the name
Yellow River Formation has never been formally proposed, it has been
used in a formal sense (Puri and Vernon, 1964; Akers, 1972). Further-
more, the Yellow River does not flow through Walton County and if the
upper Shoal River were found to be systematically distinguishable

from the middle Shoal River. the use of that name for the upper Shoal
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River would be inappropriate.

Overlying and Underlying Units

Except in the vicinity of Oak Grove in Okaloosa County, Florida,
where the Shoal River Formation paraconformably overlies the Oak Grove
Sand, the Sheal River Formation in Walton County. overlies the Bruce
Creek Limestone with abrupt change in lithology. Eastward in Washing-
ton County, Florida, the Shoal River Formation was reported to directly
overlie the Chipola Formation (Vermon, 1942, p. 83).

At the time of writing, there is insufficient core control north
of the Shoal River valley in Walton County to be certain of the strati-
graphic relations between the far updip Shoal River Formation and the
underlying Bruce Creek-Oak Grove or updip Chipola equivalents.

In the northern part of its area of occurrence, the Shoal River
is overlain disconformably by the Citronelle Formation., Farther south,
however, it is overlain paraconformably and with very inconspicuous
change in lithology by the Choctawhatchee Formation of Late Miocene age.

Lithologic Distinction Between Adjacent Units

The Shoal River Formation is easily distinguished from the under-
lying Bruce Creek Limestone in being a gray to black, in places calcar-
eocus and fossiliferous, micaceous, sand or clay. Its distinetion from
the Oak Grove Sand is much more subtle but in the Oak Grove #1 (W-10833),
the Shoal River is more argillaceous, micaceous, and microfossiliferous.
The QOak Grove in general seems to be a cleaner sand,

The Shoal River Formation is more argillaceous and less sandy
than the overlying Choctawhatchee Formation. The lower, calcareous

member of the Choctawhatchee is both more laterally persistent and
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lithologically distinctive than any similar calcareous bed in the Shoal
River. However, the basal sand and clay of the overlying Choctaw-
hatchee has essentially the same lithology as the top-most beds of the
Shoal River where they are in contact. Where this stratigraphic inter-
val is continuously, or almost continuously, fossiliferous as in the
Eglin #2 (W-8352) and Eglin #3 (W-8353), the stratigraphic horizon of
the hiatus can be pinpointed in the cores and the Choctawhatchee clays
and silty clays can be geparated blostratigraphically from the under-
lying Shoal River. Where the interval is not continuously microfos-
siliferous as in the Vaughan #1 (W-8014) and Seymour #1 (W-7971), the
contact between the Shoal River and Choctawhatchee is placed arbitrari-
ly at the base of the lowest calcareous sediments that grade upward
into the lower, calcarecus member of the Choctawhatchee.

The upper, pale=colored, massive-bedded, micaceous, fine gand
that overlies all the Shoal River Formation (see page 54) cannot at
this time be separated lithologically from similar sands that occur in
the same stratigraphic position in the Choctawhatchee Formation., These
massive-bedded, fine, micaceous sands are, however, easily distin-
guished, even when weathered, from the overlying Citronelle Formation.
The Citronelle sands are typically much coarser, intermittently gravel=-
ly, poorly to well sorted, and often contain clay beds that are abrupt-
ly bounded above and below, by coarse sandg, Also the Citronelle is
very rarely micaceous, whereas the Alum Bluff Group sands commonly are.

Areal Distribution

The Shoal River Formation strikes east-west across the central

half of Walton County (Fig. 11). It is not Known to exist in the
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northern quarter of the county and it grades into the St. Joe Limestone
and the upper part of the Bruce Creek Limestone in the southern part of
the County (Figures 21-24), It does occur in Okaloosa County but has
beaen reported only in the northeastern part of the county in the vicin-
ity of Crestview (Gardner, 1926), and near Oak Grove. Vernon (1942)
reported its presence in the western part of Washington County but
noted that it thins rapidly eastward. The formation is not known east
of the western part of Washington County, Florida.

Thickness and Geometry

The Shoal River Formation is a prism-ghaped mass of sands and
clays that was apparently deposited parallel to the old shoreline
(Pigures 11, 12, 13 and 14). This mass of sediments thins and narrows
in a roughly westnorthwest/eastscutheast direction across the center of
Walton County. In the narrow belt across Walton County where it has
long been known to be exposed, the Shoal River averages about 130 feet
thick (Fig. 11). Its greatest known thickness is in the Eglin #1
(W-8351) in western Walton County where it is 160 feet thick. The
formation thins rapidly both north and south of the axis of greatest
thickness across the central part of the county. To the north the
thinning may be due to truncation by the Citronelle Formation. To
the south the thinning probably represents a real thinning of the de-
posit but could conceivably be in part due to subsequent removal of
some of the youngest Shoal River prior to deposition of the Choctaw-
hatchee, The Shoal River Formation grades into the St. Joe Limestone
in the socuthern part of Walton County.

The geometries and thickness distributions of the lower, middle,
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and upper Shoal River are distinctive., The lower, Whites Creek Member
of the Shoal River, is a wedge-shaped wass of sands found in an east-
west belt across the center of the county (Fig. 14). Its greatest
thickness occurs in its most western and/or updip, recognizable ex-
tremities, and it progressively thins to the south and west. WNorth of
the valley of the Shoal River the lower member thins rapidly by trun-
cation by the Citronelle and also passes lithologically into undiffer-
entiated Shoal River sediments (Fig. 23). It either pinches out or
grades downdip into Bruce Creek lithology since it is not found in the
southern half of the county. 1Its greatest known thickness is 80 feet
in the Shoal River #1 (W-8354) but it may be as much as 92 feet in the
Oak Grove {1 (W-10833).

. The middle Shoal River is a vaguely elongate, thin, blanket-type
deposit that occurs over the central half of Walton County. It ranges
in thickness from 18 teo 37 feet (Fig. 12).

The deposits of the upper Shoal River occur iIn a narr;w, east-
west band across the center of Walton County (Fig. 13). 1In the thick-
est part of the prism, the deposits are more than 80 feet thick, reach-
ing alwost 120 feet in the Eglin #1 (W-8351). The upper Shoal River
thins rapidly both north and south of the depoaxis and is not found
either in the northern or southern 1/3 of the county., The maximum
width of the deposit 1is no more than 15 miles.

Stratigraphic Correlatives

It has long been assumed that part of the Hawthorn Formation of
Florida, Georgia, and South Carolina. and part of the Chesapeake Group

of Maryland are time-equivalents of the Shoal River Formation. This
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assumption, however, has neither been carefully docuwmented nor demon-
strated beyond reasonable doubt. This writer, however, has exawined
planktonic foraminiferal assemblages from the Choptank Formation ex-
posed at Calvert Cliffs, Maryland, and has identified Globorotalia

fohsi peripheroronda and forms intermediate to G. fohsi peripheroacuta,

suggesting correlations with the Bruce Creek or wmore likely, in the
writer's opinion, with the lower Shoal River.

Miocene deposits exposed along the lower Savannah River in
Effingham County, Georgia, do in fact contain a characteristic Sheal
River planktonic foraminiferal association. The writer has identified

Orbulina suturalis, Globorotalia fohsi periphercacuta, G. fohsi prae-

fohsi, G. mayori (G. siakensis of authors), Globigerinoides subquadrata,

and Globigerina druryi from these beds. Based on the relatively high

frequencies of G. subquadrata and the typical development of G. druryi,
the correlation is probably with the early part of the typical, middle
Shoal River. This unit has been variously referred to as Marks Head
Marl (Sloan, 1905; Veatch and Stephenson, 1911) and Hawthorn (Cooke,
1934, 1943; MacNeil, 1947), and Coosawhatchie Formation {(Abbott, 1974;
personal communication, 1975).
Age

The following planktonic foraminifera have been identified from
the Shoal River Formation:

Globorotalia fohsi peripheroronda
G. fohsi peripherocacuta

G. fohsi praefohsi

G. fohsi lobata (sensu Bolli, 1957)
G. fohsi robusta (sensu Bolli, 1957)
G. praemenardii archeomenardii

G. praemenardii praemenardii
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G. menardii s. 1.

G. mayori (includes G. siakensis of authors)
G, scitula praescitula

G. lenguaensis (includes G. minima of Akers)
G. cf., minutissima

Globigerina praebulloides praebulloides
G. praebulloides pseudociperoensis

G. foliata

G. obesa

G. falconensis

G. druryi

G. buileides

G. gquinqueloba

G. eamesl

Globigerinopsis aguasayensis
Globigerinoides sacculifera quadrilobata
G. sacculifera sacculifera

G. obliqua obliqua

G. subquadrata

G. aff. Globigerinopsis aguasayensgis
Globoquadrina dehiscens

Globoquadrina altispira
Sphaeroidinellopsis seminulina

S. subdehiscens

Globigerinita glutinata

G. uvula

Cassigerinella chipolensis
Globorotaloides hexagona variabilis
Orbulina suturalis

The following planktonic foraminifera are restricted to the
Shoal River Formation:

Globorotalia fohsi periphercacuta
G. fohsl praefohsi

G. fohsi lobata (sensu Bolli, 1957)
G. fohsi robusta (sensu Bolli, 1957)
G. praemenardii praemenardii

G. scitula praescitula

Globigerina druryi
Globigerinopsis aguasayensis

Excluding those species that are restricted to the Shoal River
Formation, the fellowing species have their first local occurrence in
the Shoal River:

Globorotalia menardii s. 1.

G. lenguaensis (includes G. minima of Akers)
Orbulina suturalis

Sphaeroidinellopsis subdehiscens
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Excluding those species that are restricted to the Shoal River
Formation, the following species have their last local occurrence in

the Shoal River:

Globorotalia mayori (includes G. siakensis of authors)
G. cf. minutissima

G. fohsi peripheroronda

Globigerina falconensis

G. foliata

Globigerinoideg subquadrata
Cassigerinella chipolensis

The planktonic foraminiferal species that characterize the lower,

Whites Creek Member of the Shoal River Formation will be listed sepa-
rately under the section describing that unih. The followingz plenk-
tonic foraminifera are characteristic and restricted to the middle
Shoal River:

Globorotalia fohsi lobata
G. fohsi robuata

The following species have their last local occurrence in the

middle Shoal River:

Globorotalia fohsi s. 1.

G. scitulsg praescitula

Globigerinopsis aguasayensis
Cagsigerinella chipolensis

In addition, Globigerinoides subquadrata is very severly reduced

in abundance along with the termination of the above species at the top
of the middle Shoal River. It is, however, present but extremely rare
in the upper part of the Shoal River.

The following species make their first local appearance in the
upper Shoal River:

Globorotalia lenguaensis (includes G. minima of Akers)
Globigerinoides aff. Globigerinopsis aguasayensis
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The following species have their last local occurrence in the
upper Shoal River:
Globorotalia mayori (G. silakensis of authors)

Globigerina druryi
Globigerinoides subquadrata

Accepting the writer's preliminary conclusions that the Oak
Grove Sand should be considered separate from the Shoal River Formation,
the Shoal River therefore is included entirely in the uppermost Langhian
Stage and lower Serravalian Stage of Italy (Cita and Blow, 1969)
{(Helvetian of older authors, see Mansfield, 1935).

Although Bolli (1957, 1966, 1967), Blow and Banner (1965), and
Blow (1969) have offered planktonic foraminiferal zonation schemes for
the Miocene, their zonations are similar but they differ in details.
The writer has adopted, for the purposes of this paper, the zonation of
Blow because it has received more general acceptance and usage than
that of Bolli, However, it must be pointed out that the zonation of
Bolli 48 in part more applicable to the sequence of planktonic fora-
miniferal populations in the Middle Miocene deposits of western Florida.
As a result the writer will refer to the zonations of both Bolli and
Blow (Fig. 4).

Within the zonation scheme of Blow (1969), the Shoal River For-

mation includes the Orbulina suturalis-Globorotalia (Turborotalia)

peripheroronda Partial-range zone {Zone N.9), the Globorotalia (Turbo-

rotalia) peripheroacuta Consecutive-range zone (Zone N.10), the

Globorotalia (G.) praefohsi Consecutive-range zone (Zone N.1l), the

Globorotalia (G.) fohsi Partial-range zone (N.12), and the Sphaeroidi-

nellopsis subdehiscens subdehiscens-Globigerina druryi Partial-range
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zone (N.13).
In the zonation scheme of Bolli (1967), the Shoal River includes

the Globorotalia fohsi peripheroronda Zone (= G. peripheroronda of

Blow), the Globorotalia fohsi peripheroacuta Zone (= G. periphercacuta

+ G. praefohsi of Blow), the Globoroialia fohsi lobata Zone (includes

G. praefohsi and G. fohsi of Blow)}, the Globorotalia fohsi robusta Zone

(includes G. fohsi of Blow), and the Globigerinoides ruber Zone (= G.

subquadrata).

The lower, Whites Creek Member of the Shoal River includes latest

zones N9, N10, and earliest N1l (G. peripheroronda. G. peripheroacuta,

and G. praefohsi Zones). The middle Shoal River includes N12 and
earliest N13 (G. fohsi lobata and G. fohsi robuta Zones. The upper
Shoal River is entirely within N13 (G. ruber Zome).

Akers (1972) placed the Yoldia Zone (Yellow River Formation) in
N14 on the abundant occurrence of the coccolithophorid? Catinaster
coalitug. Akers did not recognize the presence of G. subquadrata in
the type Yoldia Zone deposits although it does occur there in extremely

low frequencies. Globigerinoides subquadrata does not extend to the top

of N13 according to the range chart published by Blow (1969, p. 268,

327) and it defines the upper boundary of the Globigerinoides ruber Zone

of Bolli (Fig. 4). Therefore, unless both of the above authors are in
error on the upper range of G. subquadrata (which includes the Early and
Middle Miocene G. ruber of Bolli), the upper Shoal River must be in-
cluded in N13 by definition.

Shoal River Formation

Whites Creek Member (amended name)
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The exposure of the shell bed in a gully immediately south of
the road from Knoxhill to Fucheeana at White Creek in Walton County,
has long been a classic Shoal River fossil collecting locality. Au-
thors previous to Cushman and Ponton (1932}, however, did not consider
the age of the shell bed exposed at White Creek distinet from that of
the rest of the Shoal River Formation. Cushman and Ponton {1932 p. 16)
were of the opinion that these beds were "perhaps" slightly younger
than the type Shoal River. Smith (1941), on the other hand, came to
the conclusion that they were as old or older than the type beds on the
Shoal River. In addition he (Smith, 1941, p. 275) proposed "the term
Whites Creek beds to designate a member of the Shoal River formation
either older than, or in part equivalent to, the typical Shozl River as
exposed at Shell Bluff on Shoal River™.

The present writer recognizes the beds exposed at White Creek
as an integral but distinct part of the Shoal River Formation and
amends the name Whites Creek Member for the member proposed by Smith
(1941).

Type Locality and Lithology

The type locality of the Whites Creek Member of the Shoal River
Formation is in a gully, 200 feet south of the road from Knoxhill to
Eucheeana, on the east side of White Creek in SE 1/4, SW 1/4, Sec. 23,
T2N, R18W, in Walton County, Florida.

The lithology of the type exposure is an unconsclidated, shell-
bearing, slightly argillaceous and micaceous, medium to coarse sand.
Smith (1941, p. 275) gave the following'section exposed at the type

locality:
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Type section of Whites Creek beds
thickness in feet

5. Brown sand with some casts of mollusks. 2
4, Lense of compact gray shell marl containing

abundant Chione cymsina and Conus waltonensis

anodosus. Glycymeris waltonensis is compara-

tively rare in this lens which is exposed up-

stream from 5, 0-2
3. Below and in part equivalent to 4 is a bed of

brown and yellow sand with abundant Chione

ceromata, Glycymeris waltonensis, and

Crassatellites densus. 4=5
2. Gray shell marl in places indurated to form

hard lumps. Fewer mollusks than the overly-

ing beds but contains an excellent microfauna. 2
1. Blue shell marl, the unweathered equivalent of

the above. Penetrated by a short bore hold.

Contains a good microfauna. 2

Due to physical deterioration of the outcrop at the type locali-
ty, little more can be added today to the type description by Smith.
However, a core, the Campbell #1 (W-10832), was taken 1.4 miles west of
the Whites Creek type locality in SE 1/4, SE 1/4, Sec. 21, T2N, R1S8W,
to determine the stratigraphic sequence in that area and to determine
the thickness, lithology, and stratigraphic position of the type Whites
Creek Member. In that core the thickness of the member was no more
than 14 feet and probably less than 11 feet. The core in the upper
part of the unit was not recovered in the coring operation due to its
being an unconsolidated, shelly sand. The lower part of the unit, how-
ever, is a microfeossiliferous, clayey, calcarenitic, fine sand. The
lithology and thickness of the Whites Creek Member in the Campbell #1
{(W~10832) 1is consistent with the lithology and thickness given by Smith
{(ibid.). The outcrop, then, of the member at Whites Creek exposes most
of the unit. There ave two lithologies present, a lower microfossilif-

erous, clayey, calcarenitic, fine sand, and an upper unconsolidated,
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shelly, medium to coarse sand.

In the study area, the Whites Creek Member is characteristically
a quartz saund with varying amounts of silt, mica, clay, shells, and
bioclastic debris. The particular lithologies within the unit vary in
a systematic way. The typical shell bed lithology of the Whites Creek
Member is restricted to the lower part of the unit and to its downdip
extremities, as at the type locality. Im the updip part of the recog-
nizable Whites Creek Member, i.e., along a line from the vicinity of
Oak Grove through the upper valley of the Shoal River to the vicinity
of Argyle, the upper part of the Whites Creek consists of a noncalcar-
eous sand that contains clayey and gravelly horizons. Finally, in the
downdip extremities, the lower part of the unit consists of a microfos-
giliferous, calcarenitic fine sand to a calcarenitic, microfossilifer-
ous limestone reminiscent of the farther dowadip, St. Joe lithology.

The lithology of the Whites Creek shell bed is characteristic
of the other shell beds in the Alum Bluff Group. It is typically an
unconsolidated, massive-bedded to very coarse-bedded, shelly, calcar-
eous, slightly argillaceous, commonly medium grained quartz sand,
Strata within the shell bed may be more or less shelly with the lithol-
ogles varying from a closely packed shelly sand to an argillaceous,
calcareous sand with shells scattered throughout. It is clear from the

evolutionary development of Globorotalia fohsi periphercacuta within

the member that the doQFdip shell bed, as at the type locality, is
younger than that farther updip. This relationship suggests that the
shell bed becomes younger in a downdip or seaward direction. However,

in the one core that contains an intermediate facies within the Whites



76
Creek Member, the Adkinson f#1 (W-11045), there is no shell bed present.
This, on the other hand, suggests that there may be two shell beds with-~
in the Whites Creek Member, a lower one whose only known exposure is the
old Senterfeit's Mill locality on Mill Creek near Oak Grove, and an up~
per one that is expose@ at the type locality and is present in the
Campbell #1 (W-10832) and in the Cosson #1 (W-8004).

In the updip area, the shell bed grades upward into an unconsoli-
dated, noncalcareous, micaceous, very slightly argillaceous, fine to
pedium-grained sand., This sand is massive-bedded to coarsely-bedded
and contains stringeés of clay and gravel. The upper part of this sec=-
tion may consist of rather clean, well sorted, coarse quartz sand,
clayey sand, or sandy clay. It is possible that this coarse sand -
clayey section may prove to be more properly referable to the middle
Shoal River whereas the underlying massive-bedded, fine to medium sand
is properly a part of the Whites Creek Member.

The Adkinson #1 (W-11045) is located in an intermediate dip posi-
tion for the Whites Creek Member, and the lithology of the unit in the
core is distinetive. In that core the Whites Creek consists wainly of
a massive-bedded, unconsolidated but tough, biloturbated, micaceous,
calcareous, clayey, silty, fine sand and micaceous, calcareous, silt¥
clay. Neither a shell bed nor an upper, noncalcareous sand interval is
developed in this section. The lithology of the entire Shoal River
Formation in this core 1is quite uniform and varies little between lower,
middle, and upper parts, demonstrating the lithologic continuity of the
formation as a whole.

As mentioned earlier, the lower part of the downdip Whites
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Creek Member consists of a microfossiliferous, clayey, calcarenitic,
fine-grained, quartz sand. In the Cosson #1 (W=8004) the basal bed of
the member is a slightly indurated, argillaceous, very microfossilif-
erous, even—-textured, calcarenitic limestone that is very similar to
St. Joe iithology.

The lithology of the Whites Creek Member in the vicinity of OQak
Grove differs slightly from the equivalent shell bed horizons in Walton
County in being rather more argillaceous, micaceous, finer grained, and
less shelly. There is, however, too little core control in that area to
be certain whether this variation represents a systematic trend in the
lithology of the unit.

Overlying and Underlying Units

The Whites Creek Member overlies the Bruce Creek Limestone
abruptly and with hiatus in all cores where it is present in Walton
County. At Oak Grove in northern Okaloosa County, on the other hand,
the Whites Creek Member overlies the updip, nearshore equivalent of
the Bruce Creek Limestone, the Oak Grove Sand.

At Oak Grove, in the vicinity of the Yellow River, the Whites
Creek Member is overlain disconformably by the Citronelle Formation.
In all cores in Walton County, however, the recognizable Whites Creek
Member 1s overlain paraconformably, or with apparent gradation, by the
middle Shoal River.

Lithologic Distinction Between Adjacent Units

The Whites Creek Member is distinguished from the rest of the
Shoal River Formation by its being dominantly a quartz sand, whereas

the rest of the formation is characteristically much more clayey. 1In
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updip areas where the upper part of the Whites Creek is a noncalcareous
sand, the contact between the Whites Creck Member and the overlying
middle Shoal River is arbitrarily drawn at the base of the first cal-
careous, fossiliferous bed. In the downdip cores the contact is more
subtle since the basal bed of the middle Shoal River is typlcally sandy.
The lithologies on both sides of the paraconformity separating the lower
and middle Shoal River therefore are commonly quite similar. In this

case, paleontological data (identification of Globorotalia fohsi) is

needed to pinpoint the contact with certainty.

The differentiation between the Bruce Creek Limestone and the
Whites Creek Member presents no problems in that the Bruce Creek is
typically an indurated calcarenitic limestone or sandy limestone where-
as the Whites Creek Member is a slightly argillaceous, shelly, gray
sand.

Areal Distribution

The Whites Creek Member is exposed at the surface and is present
in the subsurface in a belt across the middle of Walton County (Fig.
14). There are three known areas of exposure of the member at this
time. It is exposed in the type area around White Creek in eastern
Walton County, it -~Tops out in the bed of the Shoal River in the type
area of the formation {Godwin bridge beds of Smith, 1941, p. 279), and
it crops out at the old site of Senterfeit's mill near the Yellow River
in Okalocosa County.

Although the precise areal distribution of the member is not
clear at this time, it appears to become thicker and broader in the

western part of its area of occurrence (Fig. 14 and 19). 1Its eastern
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extent 1s not known yet but it has not been identified east of the type

locality near White Creek, From the isopach map (Fig. 15) it alwost

certaiﬁly extends into southwestern Holmes County. On the other hand

there is no evidence that it extends as far east as the Choctawhatchee
River.

The updip limit of the member cannot be clearly defined at this
time due to insufficient core control in the northern part of Walton
County and in northeastern Okaloosa County; to the ubiquitous deep
weathering of the unconsolidated, near-surface sediments; and its ap-
parent loss of lithologic distinction as it grades updip into undiffer-
entigted Shoal River lithology.

The downdip, or southern, limit of the member however is essen-
tially an east-west line across the center of Walton County. The unit
either pinches out along this line due to nondeposition (as will be
discussed in greater detail in a later section) or grades downdip into
Bruce Creek lithology.

Thickness and Geometry

The Whites Creek Member is an elongate sandy wedge that thickens
to the west and to the north (Fig. 14 and 19). It appears to thin
abruptly on its morthern side due to truncation by the Citronelle For-
mation but it thins gradually on its southern side before pinching out.
It apparently has an axis of greatest thickness that trends approxi-
mately in a westnorthwest-~eastsoutheast direction but due to poor con-
trol on the north, this axis cannot be delineated.

The maximum known thickness of the Whites Creek Member is 92

feet in the Oak Grove {1 (W-10833). It thins to the east and to the
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gsouth at a constant rate, reaching no wore than 14 feet at the type lo-
cality in eastern Walton County. Its rate of thinning from north to
gouth in Walton County is about 5 feet per mwile,

Stratigraphic Correlatives .

The lower part of the St. Joe Limestone that underlies the
coastal area of the Apalachicola Embayment and one interval in the
Bruce Creek Limestone in southeastern Walton County (Mack #1 (W-8587))
are the only known stratigraphic equivalents in the Coastal Plain south

of Maryland. The writer has identified Globorotalia fohsi periphero-

ronda and G. fohsi peripheroronda trans. G. fohsi peripheroacuta from

the shell bed in the Choptank Formation exposed at Calvert Cliffs,
Maryland. The presence of these planktonic foraminifera suggests cor-
relation either with the Bruce Creek, or more likely in the writer's
opinion, with the Whites Creek Member. Unfortunately neither Globi-
gerinoides sicana nor Orbulina were found in this exposure., which

-

would have allowed greater precision in correlation.

Age
The following planktonic foraminifera have been identified from

the Whites Creek Member of the Shoal River Formation:

Globorotalia fohsi peripheroronda

G. fohsi peripheroacuta

G. fohsi praefohsi

G. mayori (includes G. siakensis of authors)
G. praemenardii archeomenardii

G. praemenardii praemenardii

G+ cf. minutissima

Globigerina praebulloides praebulloides
G. praebulloides pseudociperoensis

G. foliata

G. obesa

G. bulloides

G. falconensis
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G. druryi

G. gquinqueloba

G. eamesi

Globigerinoides sacculifera quadrilobata
G. sacculifera sacculifera

G. obliqua obliqua

G. subguadrata
Globoquadrina dehiscens

G. altispira

Sphaeroidinellopsis seminulina
Glebigerinita glutinata

G. uvula

Cagsigerinella chipolensis
Globorotaloides hexagona variabilis
Orbulina suturalis

The following specles are restricted to the Whites Creek Member
and its equivalents in the study area:

Globorotalia fohsl peripherocacuta
G. fohsi praefohsi

Excluding the species that are restricted to the unit, the fol-
lowing species make their earliest local appearance in the Whites Creek
Member:

Orbulina suturalis
Globigerina druryl

The following species makes its last or latest local appearance
in the Whites Creek Member:

Globorotalia praemenardii archeomenardii

The age of the Whites Creek Member of the Shoal River Formation
is defined by the presence of the planktonic foraminifera Orbulina
suturalis in association with the evolutionary bioseries of Globore-

talia fohsi peripheroronda, G. fohsi peripheroacuta, and G. fohsi prae-

fohsi. Within the zonation scheme of Blow (1969), the Whites Creek

Member contains the Orbulina suturalis-Globorotalia (Turborotalia)

peripheroronda Partial-range zone (Zone N.9), the Globorotalia (Turbo-




a3

raotalia) peripheroacuta Consecutive-range zome (N. 10), and the earli-

est part of the Globorotalia (G.) praefohsi Consecutive-range zone
(N. 11).
In the zonation scheme of Bolli (1967), the Whites Creek Member

includes the Globorotalia fohsi peripheroronda Zone, the G. fchsi

peripheroacuta Zone, and the G. fohsi praefohsi Zone.

The Whites Creek Member is in the uppermost Langhian Stage and
lowermost Serravalian Stage of Italy (Cita and Blow, 1969) and is
early, Middle Miocene in age (Fig. 4).

Choctaﬁhatchee Formation

Type Locality and Lithology

The writer recognizes the Choctawhatchee Formation as a distinct
lithostratigraphic unit. The Choctawhatchee Formation is the Arca Zone
of Mansfield (1930, 1932) plus the Permenter's Farm beds of Smith (1941,
p. 269-274). Two informal members of the Choctawhatchee Formation are
recognized: the lower member is the typical fossiliferous, calcareous
sand exposed at the type locality, and the upper member is the sandy
Permenter‘'s Farm beds of Smith (1941). Both members are exposed at the
type locality at Red Bay.

The type locality of the Choctawhatchee Formation is 0.75 miles
southeast of Red Bay, Walton County, in NW 1/4, NW 1/4, Sec. 15, T2N,
R17W (not 900 feet west of center of Sec. 19, T2N, R17W as given by
Puri and Vernon, 1964, p. 197). The type locality 1is in a spring-head
in 2 ravine on the western slope of the valley of the Choctawhatchee
River.

The lithology of the lower member is distinctive and presents
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the standard concept of the lithology of the "Arca Zone". It consists
of nonindurated but firm to tough, massive-bedded, fossiliferous,
slightly phosphatic, slightly micaceous, argillaceous, calcarenitic
fine sand to sandy calcarenite. There appears to be a systematic trend
in the lithologic variation of the unit. In the cutcropping, uvpdip
part of the prism of Choctawhatchee sediments in Walton County, and at
the type locality, the lithology of the unit is essentially a calcar-
enitic fine sand. The amount of quartz sand in the Choctawhatchee
prism in Walton County diminishes in a downdip, offshore direction. As
a result, the lithology of the downdip part of the lower member of the
Choctawhatchee varies from a sandy, very microfossiliferous calecare-
nitic limestone to a foraminiferal, coquinoid limestone that resembles
the older St. Joe Limestone.

The downdip, foraminiferal limestone facles of the lower member
of the Choctawhatchee Formation should properly, and for the sake of
consistency, be given a separate formation name and assigned to the
Coastal Group. This would result in the typical, calcarenitic sand
facies of the lower member being restricted to the updip side of the
Choctawhatchee wedge (Fig. 17) whereas the foraminiferal limestone
facies would be restricted to the central and downdip side of the
wedge. However, it is not the intention of the writer to proliferate
lithostratigraphic names. Because the formation is already very re-
stricted in geographic extent and because the physical appearance and
texture of the sediments of the two facies of the lower member are very
gimilar, the writer considers it prudent and practical at this time to

refrain from further informal subdivisions of the formation. It is
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inescapable, however, that the foraminiferal limestone facies of the
lower member be recognized as a shoreward extension or tongue of the
carbonate lithosome during Choctawhatchee time,

The upper member is typically a micaceous, argillaceous sand.
Like the lower member, there is an apparent lithologic pattern along
the east-west belt of the occurrence of the upper member. In the
wegtern part of the county the lower part of the unit is mainly a cal-
careous, fossiliferous sand. Eastward the amount of clay increases and
the calcium carbonate and fossils decrease so that in the eastern part
of the county, the entire member is typically argillaceous and noncal-
careous. At the type locality of the Choctawhatchee, the upper member
(which in the past has been called the Ecphora bed or Zone) is mainly
gandy clay with some argillaceous sand.

The upper member is typically massive-bedded to very coarsely-
bedded in the sandy facles, It is only in the more clayey beds in the
sandy facies, or in the eastern, argillaceous facies that bedding be-
comes distinct. Within these argillaceous iIntervals the beds way be
thick, thin (a few inches thick), or finely laminated.

There is a distinect difference between the accessory minerals
of the two members of the Choctawhatchee Formation. Fine sand-size,
black, phosphorite grains are consistently present in the lower member,
The phosphorite grains, however, are more abundant in the sandier
phases of the member and are therefore present in greater abundance in
the eastern part of the country, where the formation crops out, and in
the basal beds of the unit. Phosphorite is present as a very minor

trace constituent in the foraminiferal coquinoid limestone facles of
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of the member.

Very little if any granular phosphorite is present in the upper
member. Where it is found, it is present only in the very basal part
of the unit, The upper member does contain abundant heavy minerals and
biotite. The heavy minerals are typlcally quite angular or prism-
shaped. No heavy minerals have been noted in the lower member and they
begin to appear in the cores only in the transitional interval between
the two members or at the base of the upper member.

In the downdip, southwestern part of Walton County, the litholo-
gy of the Choctawhatchee Formation is different from that in any other
core or locality. In the Lalonde #1 (W-8877) the formation consists of
a phosphoritic sand with some rounded heavy minerals and is calecareous
only in the basal 8 feet., The sand in that core appears to have been
slightly oxidized, is very massive-bedded and shows no bedding or sedi-
mentary structures, and is partially indurated to unconsolidated. 1In
addition, many sand grains at certain horizons are frosted and rounded,
an exceptional condition for sands in the Alum Bluff Group.

Underlying and Overlying Units

The Choctawhatchee Formation in Walton County paraconformably
overlies the Shoal River Formation and the St. Joe Limestone. There
are no known localities where the contact between the Choctawhatchee
and the Shoal River 1g exposed at the surface. It would appear from
the stratigraphic Eross-sections, however, {(Figures 19, 21, 22, and
23), that in the updip, outcrop belt, the Choctawhatchee Formation
should directly overlie the upper Shoal River. It evidently does in

the Vaughan #il (W-8014) and in the Seymour #1 (W-7971) (Figures 19, 23,
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and 24) but farther to the west and slightly downdip in the Eglin #2
(W-8352) and Eglin #3 (W-8353), the Choctawhatchee Formation directly
overlies the middle Shoal River (Figures 21 and 22). In all the down-
dip areas of its occurrence in Walton County, the Choctawhatchee para-
conformably overlies the middle Shoal River or the St. Joe Limestone.
In the Apalachicola Embayment, the Choctawhatchee paraconformably over-
lies the St. Joe Limestone.

The Choctawhatchee Formation is overlain disconformably by the
Citronelle Formation in the northern part of its area of occurrence in
Walton County, and by undifferentiated Pliocene depositas in the coastal
area in southwestern Walton County (Figures 21 and 23). In the Apa-
lachicola Embayment in the St. Joe #1 (W-12051), the Choctawhatchee
equivalent limestone is overlain by the Intraccastal Limestcne of
Jackson Bluff age.

Lithologic Distinction Between Adjacent Units

There is no one, simple, lithologic eriterion that is invariably
useful in distinguishing between the Choctawhatchee and the Shoal River.
In a general way, the Choctawhatchee Formation is more sandy and less
argillaceous than the Shoal River but this is due to the relatively
great thickness of the sandy, upper member. In Walton County, at any
rate, there is no stratigraphic interval in the Choctawhatchee that has
a comparable clay interval to that in the Shoal River Formation and
among the various formations of the Alum Bluff Group, the Choctawhatcheé
Formation has the least developed shell bed lithology.

There 1is a special problem in the study area in distinguishing

the basal Choctawhatchee Formation from either the underlying Shoal
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River Formation or the St. Joe Limest;ne. In spite of the fact that
there are three, and possibly four planktonic foraminiferal zones mig~
sing in the hiatus between the two formations, the lithologiles on either
side of the paraconformity are typically very similar and commonly are
virtually the same. The primary criterion involved in discriminating
between the two units is paleontology. Once the zonal boundaries are
identified in continuously fossiliferous sections, it is possible also
to identify a subtle lithologic change at the biostratigraphic boundary.
In this study, these subtle lirhologic changes between the Choctaw-
hatchee and the Shoal River depositional units are taken as formational
contacts although the clear and cobvious lithologic changes in the sec-
tions may occur at various other stratigraphic horizons.

The basal phase of the Choctawhatchee Formation in the updip
cores Vaughan {#1 (W-8014) and Seymour #1 (W-7971), and in the outcrop
in the vicinity of Alaqua Creek south of DeFuniak Springs, is a mica-
ceous, calcareous, microfossiliferous, sandy clay or clayey sand that
grades downward into Shoal River lithology through diminution and dis-
appearance of the calcareous and microfossil component of the litholo-
gy. In this study, the distinction between upper Sheal River and the
Choctawhatchee is arbitrarily placed at the first occurrence of cal-
careous, fossiliferous horizons beneath the typical calcareous sand of
the lower member. In western Walton County, in the Eglin #3 (W-8353),
the Shoal River-Choctawhatchee interval is continuously fossiliferous.
In that core the only lithologic distinction between the two units is
that the overlying Choctawhatchee clays are slightly more calcareous

and have more common stringers or lenses of clayey, foraminiferal cal-
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carenite than the underlying Shoal River clays.

Above this basal, transitional, sequence between the Shoal River
and the Choctawhatchee, the Choctawhatchee litholegles are more dis-
tinctive and more readily separable from Shoal River lithology. There
is no comparable, relatively thick, widespread, massive-bedded, very
calcareous sand or sandy, foraminiferal calecarenite in the Shoal River
Formation. Nor is there such a thick section of sand or clayey sand in
the Shoal River. The uppermost, regressive, noncalcareous, micaceocus
sands of both the Shoal River and the Choctawhatchee are virtually
identical lithologically and cannot be distinguished except by strati-~
graphic position.

The 1lithology of the lower, foraminiferal limestone member of
the Choctawhatchee is similar to that of the St. Joe Limestone. As a
result, in the Ryan #1 (W-8355) where the lower member of the Choctaw-
hatchee directly overlies the St. Joe Limestone, the lithologic dis-
tinction between the two units is subtle. The underlying St. Joe is
more calcareous and Is a more coarsely foraminiferal coquincid lime-
stone whereas the Choctawhatchee is a relatively more sandy and argil-
laceous, more fine-textured, microfossiliferous limestone. The main
criterion useful in identifying the paraconformity and formational
boundaries is again paleontological. Although the core recovery was
poor at the top of the St., Joe Limestone and the base of the Choctaw-
hatchee Formation in the St. Joe #1 (q:12051), the formational boundary
in the Apalachicola Embayment area appears to be distinctive. The top
of the St. Joe Limestone in that core is a calcareous, microfossilif-

erous, olive-colored clay whereas the overlying Choctawhatchee is a
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moderately indurated to nonindurated, finely foraminiferal limestone.

It 18 only in the Lalonde #1 (W-8877) that there iz a clear
lithological break between the underlying Shoal River Formation and the
Choctawhatchee Formation. There, however, both the Shoal River and the
Choctawhatchee are atypical 1lithologically, the top of the Shoal River
Formation consisting of a limestone and the Choctawhatchee Formation
being a calcareous, phosphoritic sand.

The distinction between the Citronelle Formation and the Choc-
tavhatchee Formation 1s essentially the same as that between the Shoal
River and the Citronelle (see page 62).

Areal Distribution, Geometry, and Thickness

The Choctawhatchee Formation is an east-west trending wedge of
sands (Fig. 15). It occurs only in the southern half of Walton County
but is not present in the shallow subsurface of coastal or southeastern-
most Walton County. It also occurs im a narrow east-west band across
the center of Washington County and into the northern part of Bay
County in the vicinity of Econfina Creek (Vernon, 1942).

The subsurface band of Choctawhatchee sediments narrows from a
width of approximately 15 to 20 miles near the Walton-Okaloosa county
Iine on the west to about 10 miles in the vicinity of the Choctaw-
hatchee River., Its subsurface width in Washington County is not known
but probably continues to narrow until it pinches out somewhere east of
Econfina Creek in northern Bay County. It is not present as far east
as the Chipola or Apalachicola Rivers.

The greatest known thickness of the Choctawhatchee Formation

in Walton County is 231 feet in the Eglin #3 (W-8353) in the western
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part of the county. It progressively thins eastward in the Walton
County cores to 77 feet in the Vaughan #1 (W-8014) at Red Bay near the
type locality (Fig. 15). According to the figures of Vernon, (1942),
the Choctawhatchee continues to thin eastward in Washington County to
67 feet in the Sheffield well.

The Choctawhatchee in the St. Joe #1 (W-12051) iun the Apalachi-
cola Embayment is 101 feet thick. Based on present data, the Choctaw-
hatchee thickens from 0 feet on the updip side of the wedge in Walton
County at a minimum rate of 20 to 30 feet per mile, After reaching
maximum thickness, it thins in a downdip direction at the rate of 10 to
20 feet per mile. The writer believes, however, that the depoaxis of
the wedge is a more east-west trending line than is evident in Figure
18, and that it passes south of the type locality at Red Bay. The
thickness of the unit at Red Bay may not, therefore, be the greatest
thickness of the unit in eastern Walton County.

An outlier of the Choctawhatchee Formation occurs in the Apa-
lachicola Embayment in the St. Joe #1 (W-12051). Since the Choctaw—
hatchee does not underlie coastal Walton County, the relationship of
this cutlier to the main mass of Choctawhatchee sediments is specula-
tive. The deposits may be continuous in the present offshore area, or
the Apalachicola Embayment Choctawhatchee may in fact be isolated geo-
graphically from the western Florida wedge.

Stratigraphic Correlatives

The Choctawhatchee Formation and its bilostratigraphic equivalent
in the limestone section (327-302 feet) in the St. Joe #1 (W-12051) are

the only Upper Miocene deposits in the study area of western Florida.
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Outside of the study area, there are no known deposits that have been
satisfactorily demonstrated to be of equivalent age to the presently
understood Choctawhatchee Formation. The several units thiat have been
suggested as equivalent of the Arca Faunizone are the Charlton Formation
of northeastern Florida and southeastern Georgia (Waller, 1969), and the
Murdock Station Member of the Tamiami Formation in gsouthern Florida

(Hunter, 1968),

Age
The following planktonic foraminifera have been identified from
the Choctawhatchee Formation in western Florida:

Globorotallia acostaensis
G. acgstaensis humerosa
G. cf. continuosa
menardii s.l.
lenguaensis
clbaocensis

tumida plesiotumida
scitula scitula
obigerina bulloides
parabulloides

cf. praebulloides
foliata

obesa

nepenthes
agertura

quingueloba
G. eamesi

Globigerinoides sacculifera quadrilobata
G. sacculifera sacculifera

G. rubra

G. obligua obliqua

obliqua extrema

. mitra

. aff. Globigerinopsis aguasayensis
G. conglobatus canamarensis
Globoquadrina dehiscens

G. altispira

G. of. venezuelana
Sphaeroidinellopsis seminulina

8. subdehiscens

Hastigerina siphonifera siphonifera
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H. siphonifera praesiphonifera
Globigerinita glutinata
G. uvula
Candeina nitida nitida
Globorotaloides hexagona variabilis
Orbulina suturalis

’ 0. universa

The following species have their earliest local occurvence in
the Choctawhatchee Formation:

Globorotalia acostaensis acostaensis
G. acostaensis humerosa

G. cf. continuosa

G. cibaoensis

G. tumida plesiotumida

G. scitula scitula

Globiggrina parabulloides

G. nepenthes
G. apertura

Globigerinoides rubra

G. obliqua extrema

G. conglobata canimarensis

G. mitra

Globoquadrina cf. venezuelana
Hastigerina siphonifera siphonifera

H. siphonifera praesiphonifera
Candeina nitida nitida

The following species have their latest local occurrence in the
Choctawhatchee Formation:

Globorotalia cf. continuosa
G. lenguaensis

G. cibacensis

G. tumida plesiotumida
Globigerina foliata

G. eamesi

G. cf. praebulloides
Globigerinoides mitra

G. aff. Globigerinopsis aguasayensis
Globoquadrina dehiscens

The following speciles are restricted to the Choctawhatchee
Formation:

Globorotalia ecibaoensis
G. cf. continucsa
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G. tumida plesiotumida
Globigerinoides mitra

The Choctawhatchee Formation contalns the Globorotalia tumida

plesiotumida Consecutive-range zone (N.17) of Blow (1969) or the

Globorotalia dutertrei/Globigerinoides obliqua extrema Zone of Bolld

(1966). It is therefore in the Tortonian/Messinian Stage of Europe
(Cita and Blow, 1969; Berggren and van Couvering, 1974) and is Late
Miocene in age.

Age Relationships Within the Choctawhatchee Formation

The age relationships within the Choctawhatchee wedge are not
clear at this time because there are no clear or locally useful evo-
lutionary first occurrences, extinctions, or documented faunzl pro-
gressions. In the updip part of the wedge in Eglin #2 (W-8352) and
Eglin #3 (W-8353), there is a very distinct foraminiferal faunal
change, both among the benthonic and plankton;c foraminifera, between
the lower and upper members of the formation. The.change in the plank-
tonic foraminiferal assemblage requires at least a watermass change on
the ancient shelf. Because the planktonic foraminiferal assemblage is
also more advanced, or modern in appearance in the upper member, the
change is also suggestive of a hiatus between the members. However,
the change in lithology between the members is often fairly abrupt but
gradational and there is no clear physical evidence of a paraconformity
in the cores or in the outcrop. Finally, the foraminiferal assemblage
change is also gradational where the lithologies are most gradational.

In the updip part of the wedge, the planktonic foraminiferal

assemblage of the lower member of the Choctawhatchee Formation is

characterized by rarely occurring, small, primitive appearing, pre-
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dominantly left colled Globorotalia acostaensis acostaensis and G. cf,

continuosa, trace occurrences of G. lenguvaensis, rare occurrences of

Globigerinoides aff. Globigerinopsis aguasayensis, and moderate frequen-

cles of Globoquadrina dehiscens. The planktonic foraminiferal assem-

blage of the upper member in the updip part of the wedge is character-
ized by commonly occurring, relatively large, well developed, randomly

coiled to left coiled Globorotalia acostaensis humerosa and G. acosta-

ensis acostaensis, by the only occurrence of Globigerinoides mitra in

the study area, by local first occurrence of Hastigerina siphonifera

siphonifera, Globigerinoides conglobata canimarensis, and Candeina

nitida nitida, by the very rare occurrence of Globoquadrina dehiscens,

and the absence of Globorotalia lengusensis and Globigerinoides aff.

Globigerinopsis aguagayensis.

The outcropping lower member in Blount Creek and its tributaries
contains essentially a typical lower Choctawhatchee planktonic foramin-

iferal assemblage except the Globorotalila acostaensis species complex

contains larger individuvals and forms a larger percentage of the plank-
tonic foraminiferal assemblage than is typical for the lower member.
It is characteristic of the rest of the member in the updip area in its

rather commonly occurring Globoguadrina dehiscens, the presence of

Globorotalia lenguaensis and Globigerinoides aff. Globigerinopsis agua-

sayensis, and the typical absence of Hastigerina siphonifera siphonifera.

The planktonic foraminiferal assemblage of the Choctawhatchee
Formation in the downdip part of the wedge in the Ryan #1 (W-8355) is
entirely consistent with a late, upper Choctawhatchee, age. However,

the lithology of the formation in that core is essentially identical to
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the lithology of the lower member in the Eglin #2 and #3 (W-8352 and
W-8353). This situation suggests that the downdip, lower member is
equivalent in time to the updip, upper member, that the updip sands of
the upper member grade laterally and downdip into lower member, fora-
miniferal limestone lithology, and that the wedge must, therefore, be
prograding seaward (see facies interpretation in Fig. 23 as opposed to
alternate interpretation in Figures 21 and 22). The evidence for the
geaward prograding wedge is even more convincing in the Late Miocene
planktonic foraminiferal fauna of the Lalonde #1 (W-8877). 1In that
core, the planktonic foraminiferal fauna of the basal strata of the
Choctawhatchee Formation is consistent with that of the upper member.
However, the strata above the basal one or two feet contains a2 plank-
tonic foraminiferal assemblage decidedly younger than any other Choc-
tawhatchee assemblage. This fauna is characterized by morphologically

advanced Globorotalia menardii, with a consistently occurring right-

coiling component in the assemblage, G. tumida plesiotumida, G. ciba-

oensis, abundant, well-developed G. acostaensis acostaensis and G.

acostaensis humerosa, and commonly occurring, well-developed Globigeri-

gerinoides conglobata canimarensis. This association is distinctly

younger than any other Late Miocene planktonic foraminiferal assem-
blage in the study area.

The writer tentatively recognizes three planktonic foraminiferal
faunal components in the Choctawhatchee Formation. The oldest is
characteristic of the updip, lower member; the next younger association
is characteristic of the updip. upper member; and the youngest associa-

tion is found in one core in the downdip facies of the prism. The
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time-lines in the Choctawhatchee Formation fn Figure 21 approximately
represent the divisions between these three planktonic foraminiferal
assemblages,

Jackson Bluff Formation

Type Locality and Lithology

The type locality of the Jackson Bluff Formation is at Jackson
Bluff on the east bank of the Ochlockomee River. The bluff i1s immedi-
ately below the dam and power plant and is 0.6 miles upstream from the
Fla. 20 bridge in NW 1/4, NW 1/4, NW 1/4, Sec. 21, T1S, R4W, Leon
County, Florida.

The Jackson Bluff Formation at the type locality consists of
three diastinct shell beds. The lowest bed is a very coarsely fossil-~
iferous shell bed that is 3 feet thick. No bedding structures are ap-
parent. The matrix material of the bed is a tough, very slightly in-
durated, dense, sandy, calcareous, blue-green clay when freshly exposed.
It quickly loses its intense blue~green color on exposure to alr and
turns to a flat gray or buff color. Brief weathering will further
change the color to the characteristic oramnge that is found on the
weathering surface,

The shells in the bed are characteristically large, robust, and
disposed in random orientation. Many species of pelecypods are found
with both valves together and with very small gape, if any, at the mar-
gin, suggestive of being "dumped in". The basal 6 inches of the bed is
almost devoid of mollusc shells. It consists of a granular, even-tex-
tured, calcareous, phosphatic sand that contains small, articulate

brachiopods.
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The lower bed is gradational with the overlying bed, which is re-
ferred to informally as the Pecten-barnacle bed. The pecten-barnacle
bed is 4 to 5 feet thick and consists of a shelly, sandy, very calcar-
eous clay to clayey sand., The weathering surface is generally partially
indurated but fresh exposures lack this induration. Large oysters, peec-
tens, and barnacles are characteristic of this bed. As with the other
beds of the formation at Jackson Bluff, bedding structures are rare and
there is no indication of bioturbation. These lower two beds in the
past have been referred to as the Ecphora Zone.

Along the face of the exposure at the Jackson Bluff type local-
ity, the middie bed, or Pecten-barnacle bed, both grades upward over an
interval of one foot into the overlying bed and is also overlain abrupt-
1y by the overlying bed. Where the gradation is abrupt, fine scale
bedding is apparent. The upper bed is at least 9 feet thick at Jackson
Bluff and contains the Cancellaria Zone molluscan assemblage. It con-
consists of a massive-bedded, loose but firm, medium textured, shelly,
quartz sand. Shells are less abundant than in the lowest bed and are
not as large or as robust as those in either of the two underlying beds.
The preservation is however, exquisite, some shells even showing traces
of original color patterns.

There are three broad lithofacies of the Jackson Bluff Formation,
a shell bed facles, a shelly sand and clay facles, and a limestone
facles, The shell bed facies and sand and clay facles are exposed in
the type area, one, the shell bed facies at Jackson Bluff, the type lo-
cality, and the other, the sand and clay facies at Alum Bluff. 1In out-

crop, the type Jackson Bluff lithology, i.e., the shell bed lithology,
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is the most widely distributed of the three lithofacies of the forma-
tion. Typlcally it varies from a light colored, very slightly argil-
laceous, shelly, well sorted, medium grained quartz sand; to a shelly,
clayey, sand; to a clayey, sandy shell bed, It is found in a narrow
belt on either side of the Chipola-Apalachicola River area. TIts known
outcrop distribution in the west extends from the Gully Ponds area in
south-central Washington County to the Econfina Creek area in Bay
County. It is found again in the tributaries of Telogia Creek north
of Hosford in Liberty County, and on the Ochlockonee River and its
tributaries in Leon County. The outcrop belt from there bends to the
south where it is exposed again in south-central Leon County, about 7
miles south-southwest of Tallahagsee, in Dismal Sink in NW 1/4, Sec. 17,
T2S, RIW. It is also known to crop out in the vicinity of Crawford-
ville, Wakulla County (Banks and Hunter, personal communication, 1973)
while a more calcareous and shelly sand phase of the shell bed has been
dredged up from shallow depths at Shell Point, on the coast in Wakulla
County, Florida.

The shelly sand and clay facles is found only in the vicinity of
the Apalachicola and Chipola Rivers and differs appreciably from the
type lithology exposed at Jackson Bluff on the Ochlockonee River. This
sand and clay lithofacies is much more reminiscent of the lithologlea
of the Shoal River and Choctawhatchee Formations., The dominant lithol-
ogies In this lithofacies consist of a lower, unconsolidated, massive-
bedded, micaceous, calcareous, argillaceous to clayey, shelly, fine to
medium to coarse, quartz sand, and sn upper., noncalcareous, micaceous,,

silty to sandy clay (aluminous clay of Dall at Alum Bluff). There is a
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similar clay facles of the Jackson Bluff Formation exposed at Larkins
Bluff on the Ochlockonee River, 6 miles south of Jackson Bluff, that
differs from the lithology just described. It is a massive, blocky,
sticky, plastic, dark gray clay that contains impressions of molluscs
along some bedding planes and some small lenses of broken shells and
shell hash.

0f the three discernible lithofacies of the Jackson Bluff Forma-
tion, the sand and clay lithofacies is the most abundantly terrigenous
clastic and the least calcareous. Its general lithology and its areal
distribution (in the vicinity of the Apalachicola and Chipola Rivers)
suggests that it may be a prodeltaic facies of an amcestral Apalachi-
cola River.

The third lithofacies of the formation is a limestone facies
that is properly referred to the Intracoastal Limestone of this study.
It is exposed in relatively downdip areas on both sides of the Apalachi-
cola-Chipola River area in western Florida and will be discussed in
more detail on pages 140 to 150.

Underlying and Overlying Units

The Jackson Bluff Formation paraconformably overlies various
formatious in its area of occurrence. In the western half of its out-
crop area, i.e., from the Gully Ponds-Deadening Lakes area of Washing-
ton County to the Chipola River, the Jackson Bluff Formation paracon-
formably overlies the Chipola Formation. At Alum Bluff and in the Wall
#1 (W~7457), it unconformably and paraconformably overlies a sand,
clayey sand, and sandy limestone unit that has been referred to vari-

ously as the Alum Bluff Formation (Dall and Stanley-Brown, 1893), Alum



102
Bluff Group (?) (Cooke and Mossom, 1929), and Fort Preston Formation
(Puri and Vernon, 1964). This writer regards these beds as a regres-
sive, intertidal, lower shoreface facies of the Chipola Formation, with
which it is gradational and conformable. At Jackson Bluff and in the
vicinity of the Ochlockonee River, the Jackson Bluff Formation paracon-~
formably overlies the Hawthorn Formation. At Dismal Sink in southern
Leon County it paraconformably overlies what has been called "St. Marks
Formation" and farther south in the vicinity of Crawfordville, Wakulla
County, it overlies the Torreya Formation.

The stratigraphilec relationships between the Jackson Bluff Forma-
tion and the overlying sands are not clear. According to Hemdry and
Sproul (1966, p. 75) and Hendry and Yon (1967) the Miccosukee Formation
unconformably overlieas the Jackson Bluff Formation in western Leon
County. Sediments of similar lithology to the Miccosukee and occurring
stratigraphically higher than the Jackson Bluff are known to crop out
at Hosford in Liberty County, and near Farley Creek in Calhoun County.
However, the sediments overlying the Jackson Bluff Formation at Alum
Bluff and in the Wall #1 (W-7457) consist generally of loose sand that
1s crossbedded and gravelly in places. The overlying sediments in the
Ten Mile Creek #1 (W-11270) are intermediate to the above lithologies
and the Miccosukee lithology in being a gravelly, very coarse sand with
some thin clay lavers. In the Hunt #1 (W-10954), there is a faciles
break between the underlying Jackson Bluff sediments agd the overlying
sands but no obvious paraconformity. The overlying sands in that core
consist of well sorted. medium to coarse, micaceous sands and cannot be

referred to the Miccosukee Formationm,
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No firm conclusions can be reached concerning the unit or units
overlying the Jackson Bluff Formation or on the nature of the contact.
It i3 clear that more than one type of sand lithology is present in the
overlying sediments and it is also clear that in some locations the coun-
tact appears gradational and in others there appears to be a discontin-
uity. The only pattern that seems to emerge is that the more different
the sediment and environment types between the Jackson Bluff and the
overlying sands, the more abrupt the lithology change.

Lithologic Distinction Between Adjacent Units

The shell bed facies of the Chipola Formation strikes north of
west whereas the Jackson Bluff shell bed strikes more nearly east-west.
The shell beds of the two formations occur together in the vicinity of
the Chipola and Apalachicola Rivers but farther west they diverge. As
a result, in Washington County, the Jackson Bluff shell bed directly
overlies the downdip, nonshelly sand facies of the Chipola Formation
and here the two formations may be distinguished easily by the paucity
of shells in the Chipola, and their abundance in the Jackson Bluff.
Because the Jackson Bluff Formation is restricted to the southern part
of the county, the two formations are not in contact farther north in
Washington County where the Chipola shell bed is supposed to occur,

In the vicinity of the Chipola and Apalachicola Rivers, however,
the two shelly units may be distinguished in that the Chipola is char-
acteristically a more coarsely fossiliferous, cream-colored to gray,
fine to medium sand. The overlying Jackson Bluff Formation is typical-
1y much more argillaceous and is always a darker gray color. The

Jackson Bluff is, in addition, wmore micaceous and contains more carbon-
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aceous and lignitic material, commonly causing the exposure to have a
"gunpowder" odor.

The Jackson Bluff Formation can be differentiated readily from
the underlying Hawthorn Formation in being coarsely fossiliferous and
with the original shell structures intact, in being consistently cal-
careous, and in being less indurated. The Hawthorn commonly contains
palygorskite (attapulgite) and may contain dolomite. The Jackson Bluff
does not contain palygorskite clay but only montmoxillonite and a trace
of kaolinite or illite. The Hawthorn is very sparsely fossiliferous,
but where fossiliferous beds occur, the fossils generally consist of
molds or impressions.

At Dismal Sink in Leon County, the Jackgson Bluff overlies a lime~
stone that has been referred to as the St. Marks Limestone (Hendry and
Sproul, 1966)., The "St. Marks" at this location is a massive-bedded,
soft to slightly indurated, very sparingly fossiliferous to nonfossil-
iferous, slightly sandy limestone. The overlying Jackson Bluff is a
shell bed in a matrix of weathered, clayey sand.

In the Taff pit near Crawfordville, Wakulla County, the Jackson
Bluff Formation is preserved in pinnacles above the Torreya Formation
(Banks and Hunter, personal communication, 1973). The Torreya here
congists of an unconsolidated to moderately indurated, calcarenitic,
quartz sand to a sandy limestone that contzins abundant oysters, pec-
tenids and other fossils. The overlying Jackson Bluff is a weathered
remnant of shelly, argillaceous sand only 3 inches thick.

Areal Distribution

The known geographic extent of the Jackson Bluff Formation is
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from south-central Washington County in the west, to south—-central Leon
County in the east. It is exposed along major stream courses and their
tributaries and in the walls of sink-holes in Washington, Bay, Calhoun,
Liberty, Leon, Wakulla, and Franklin Counties. In the weatern part of
its area of exposure, the updip limit of the unit strikes almost
straight east-west from the Deadening Lakes area to the Alum Bluff area.
Tn the eastern part of its area of exposure, however, it strikes south
of east from Alum Bluff to Dismal Sink, and then almost straight south
to the coast. It has not been reported in northern Florida from east
of the longitude of Dismal Sink or Shell Point.

Mansfield (1932) and Cushmar and Ponton (1932) have reported the
Ecphora Zone from Walton County. As Smith (1941) and Puri (1953) have
pointed out, the Peruenter's farm beds are not Ecphora Zone but a young-
er unit of the Arca Zone (upper member of the Choctawhatchee Formation
of this study). Also, the writer recognizes the upper, noncalcareous,
sandy clay bed at the type locality of the Choctawhatchee Formation at
Red Bay as the upper member of the Choctawhatchee, and not the Ecphora
Zone. Despite the close core control in Walton County, the writer has
not identified the Jackson Bluff Formation in that area. Jackson Bluff
equivalent sediments are present in the subsurface of the coastal area
but the lithologies are not those of the Jackson Bluff Formation.
Geometry and Thickness

The Jackson Bluff Formation 1is a thin, blanket type deposit in
the eastern half of the Florida panhandle. Its greatest known thickness
occurs in the Alum Bluff area where the clayey sand-sandy clay facies of

the formation is developed. It is 63 feet and 60 feet thick respective-
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ly in the Alum Bluff #2 (W-7616) and Wall #1 (W-7457). 1t is 17 feet

thick at the type locality but the top of the formation is either not
exposed there or has been truncated by terrace deposits. Elsewhere
(Hunt #1 (W-10954), Ten Mile Creek #1 (W-11270), and Hosford #1 (W-7535)
the Jackson Bluff is between 20 and 30 feet thick.

Stratigraphic Correlatives

The Jackson Bluff Formation is stratigraphically equivalent to
the type Yorktown Formation (exposed on the York Peninsula in Virginia)
of the central Atlantic Coastal Plain, to the Duplin Formation of the
gouthern Atlantic Coastal Plain, and to the Pinecrest Sand Member, the
Ochopee Limestone Member, and the Buckingham Limestone Member of the
Tamiami Formation of southern Florida (Hunter, 1968). It is equivalent
to the upper part of the phosphoritic sand unit in coastal Walton

County, and to part of the Intracoastal limestone of this study.

Age

The following planktonic foraminifera have been identified from
the outcropping Jackson Bluff Formation:

Globorotalia menardii (right coiling)
G. menardii cf. multicamerata
acostaengis acostaensis
acostaensis humerosa
acoataensis pseudopima
puncticulata

crassula viola

hirsuta

crassula trans. hirsuta

G. scitula scitula
Globigerina parabulloides

G. bulloides

G. apertura

G. cf. decoraperta
G. guinqueloba

Globigerinoides rubra
G. sacculifera gquadrilobata

(2]
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G. sacculifera sacculifera
G. obliqua obliqua

G. obliqua extrema

G. cf. conglobata
Globoquadrina altispira
Sphaeroidinellopsis seminulina
S. subdehisgens
Sphaeroidinella dehiscens
Hastigerina asiphonifera
Globigerinita glutinata

G. uvula

Globorotaloides hexagona
Orbulina universa
Candeina nitida

In addition, the following planktonic foraminiferaz have been
identified from downdip, Jackson Bluff equivalent units in Walton
County:

Globorotalia menardii multicamerata

G. crassaformis
Globoquadrina venezuelana

The following species have their first local occurrence in out-

cropping Jackson Bluff deposits:

Globorotalia menardii (right coiling)
G. acostaensis pseudopima

G. puncticulata puncticulata

G. crassula viola

G. hirsuta

G. seitula scitula

Globigerina cf. decoraperta
Globigerinoides cf. conglobata
Sphaeroidinella dehiscens

Although the presence of Sphaeroidinella dehiscens, Globorotalia

puncticulata puncticulata, G. crassula viola, G. acostaensis pseudopima,

and G. hirsuta unquestionably define these deposits as Pliocene in age,
it is the biostratigraphic succession in the coastal Walton County
cores that allows the Jackson Bluff Formation to be zones and correla-
ted with precision. It is the zone that overlies the Globorotalia

margaritae Zone (Zones PL1 and PL2 of Berggren, 1973), in coastal



108
Walton County, that contains the Jackson Bluff planktonic foraminiferal

asgociation. In the study area the upper part of the Globorctalia mar-

garitae Zone (PL2 of Berggren, ibid.) is characterized by the persistent

presence of Globorotalia menardii tumida, the sporadic presence of G.

margaritae, the common occurrence of G. cragsaformis sensu G. crassa-

crotenensis of Lamb and Beard, 1972; and G. crassula conomiozea of Blow,

(1969), and the very rare and sporadic occurrence of G. puncticulata
puncticulata.

The faunal association of the next younger zone {(Zone PL3 of
Berggren, ibid.), i.e., the zone that contains the typical part of the

Jackson Blufif Formation, differs from the Globorotalia margaritae Zone

assoclation in the absence of Globorotalia menardiili tumida and in the

presence of morphologically generalized, right-coiling G. menardii, the

persistent presence of G. puncticulata in frequencies of a fewr percent

or less, the persistent presence of G. crassula crassula and G. crassula

.

viola, the common occurrence of typical G. crassaformis, the first oc-

currence of G. acostaensis pseudopima, the first congsistent common cc-

currence of Globigerinoides rubra in frequencies greater than 57%, and

the very rare occurrence and trace frequencies of Sphaeroidinella

dehiscens.
The next younger zone of Berggren (ibid.}, PL4, is defined on the

first evolutionary occurrence of Sphaeroidinella dehiscens with flanges

around the apertures, and the extinction of Sphaeroidinellopsis spp.

This evolutionary development of Sphaeroidinella is supposed to coincide

with the second Sphaeroidinella datum of Saito (in Hays et al., 1969)

(Berggren, 1973; Berggren and van Couvering, 1974), i.e., the time at
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which the genus Sphaeroidinella became the dominant form in the

Sphaeroidinellopsis-Sphaeroidinella complex. The PL3/PL4 boundary, or

datum, is a clearly recognizable datum in the study area. Although the

writer has not found Sphaeroidinellopsis spp. to become extinct concur=-

rvently with the abrupt increase in relative abundance of Sphaeroidinella,

it does become extinct within Zone PL4 in the study area. On the other
haund, the writer has observed an abrupt phenotypic change at the PL3/PL4

boundary between G. crassula and G. hirsuta. Globorotalia hirsuta is

not present in the study area in Zone PL3 but G. crassula grades abrupt-
ly into G. hirsuta by changing from a plano-convex form to a biconvex
form. The G. crassula phenotype continues through the Pliocene section
but only as a trace constituent of the planktonic foraminiferal popula-
tion. )

The writer has observed this same zonal sequence in the Bowden

Formation of Jamaica. In the Bowden, these zonal intervals have been

referred to zones N18 and N19 of Blow {Robinson, 1966).

The PL3/PL4 boundary, or second Sphaeroidinella datum, is present
in the youngest strata of the Jackson Bluff Formation. The exposures of
the Cancellaria Zone in the Gully Ponds area of Washington County are
basal PL4 in age and contain both common S. dehiscens and rare G.
hirsuta. Forms transitional to G. hirsuta from G. crassula (identified
as G. margaritae by Akers, 1972, p. 102, pl. 32) are present in the
Jackson Bluff Formation at Darling Slide on the Chipola River. It is
likely, in the writer's opinion, that the Darling Slide locality is in-
termediate in age between that of the type locality and Gully Pounds, and

is youngest PL3 in age. This is consistent with the time-space rela-
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tions of a prograding deposit.
The general planktonic foraminiferal faunal composition of the
typical Jackson Bluff Formation is consigtent with the Zone PL3 fauna
from the shallow subsurface of coastal Walton County. The presence of

morphologically generalized, right-coiling G. menardii, G. crassula

viola, G. puncticulata, G. acostzensls pseudopima, common Globigeri-

noides rubra, and very rare S. dehiscens along with the absence of G.

menardii tumida and G. margaritae requires assignment to Zone PL3,

Because Globorotalia tosaensis is seen to evolve from G. crassa-

formis at a younger biostratigraphic horizon in Zone PL4 in the coastal
Walton County cores, and because the Jackson Bluff Formation contains

the subspecies, G. acostaensis pseudopima, the formation is contained in

the zcone W20 of Blow (1969).
In the zonal scheme of Cita {(1973) for the western Mediterranean

Sea, the Jackson Bluff Formation is contained in the Sphaeroidinellopsis

subdehiscens Interval-zone. This zone is equivalent to the Globorotalia

hirsuta aemiliana Zone of Italian authors {see Bertolino et al., 1967).

In the Pliocene of Italy, the top of the Lower Pliocene is marked

by the extinction of Globorotalia margaritae (= G. hirsuta im part of

Bertolino et al., 1967). Because G. margaritae became extinct prior to
Jackson Bluff time, the Jackson Bluff Formation is earliest Late Pliocene
in age and is in the Placenzian Stage of Italy.
Phosphoritic Sand Unit

The phosphoritic sand unit is a name informally used in this
paper to facilitate discussion of a distinctive Pliocene, marine, phos-

phoritic and glauconitic sand that underlies coastal Walton County. This
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unit appears to be a part of a more widely occurring phosphoritic sand
facies. The stratigraphic relationships between the more generally oc-
curring phosphoritic sand facies and the Pliocene phosphoritic sand
unit are not clearly understood at this time. There are three reasons
for this uncertainty. (1) The phosphoritic sand facies quite clearly,
based on the planktonic foraminiferal assemblages, contains strati-
graphic intervals of diverse ages ranging from Late Miocene to Late
Pliocene. (2) This facies 1s not uniformly calcareous and fossilif-
erous, therefore impeding correlation between cores. (3) A convincing
isopach map cannot be constructed on this lithology alone since the
contours are highly irregular. As a result, the Upper Miocene part of
the phosphoritic sands in the Lalonde #1 (W-8877) (most of that section
being nonfossiliferous) is included in the bilostratigraphically equiva-
lent Choctawhatchee Formation. The unfossiliferous phosphoritic sand
in the Sam #1 (W-8876) is included in the Pliocene phosphoritic sand
unit because the physical position of this interval in cross-sections
(Fig. 23) suggests this correlation,

The fossiliferous Pliocene phosphoritic sand unit in the coastal
cores Coffeen ##1 (W-8865), Price #1 (W-8591), and Intracoastal Waterway
#1 (W-8873) contains the central concept of this Pliocene unit and its
lithology in the study.

In these cores the unit is biostratigraphically complex. Sedi-
mentation must have occurred irregularly but deposition clearly trans-
gressed eastward through time. The phosphoritic sand must represeunt an
of fshore environment where sedimentation was rare and sporadic. The

environment of deposition and the lithology are unique in the study area
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and consequently the unit is only tentatively placed in the Alum Bluff
Group as an informal formation.

The lithology of this unit is typically an unconsolidated to in-
durated, massive~bedded, calcareous, microfecasilifercus, slightly argil-
laceous, glauconitic, phosphoritic sand or sandstone. The phosphate
grains are typically pelletal, rounded to irregular in shape. and range
in color from black to brown and orange. Fine, boney, bfoclastic debris
of vertebrate origin is commonly evident. Characteristically the cores
glve the appearance of having been partially oxidized, due to the common
occurrence of brown and orange glauconite and phosphorite pellets and
grains.

The phosphoritic sand unit in the Sam #1 (W-8876) is consistent
with the above lithology except that it is noncalcareous, and radiating
wavellite crystals have been found in the unit only in this core. In-
ternal molds (either black phosphorite or glauconite) of planktonic
foraminifera are present but none have been found that are biostrati-
graphically definitive.

Underlying and Overlying Units

The phosphoritic sand unit paraconformably overlies the St. Joe
Limestone of Middle Miocene age. In turn it is gradationally and con-
formably overlain by the Intracoastal Limestone, or in the Sam #1
(W-8876) by questionable Citronelle Formation.

Lithologic Distinction Between Adjacent Units

The phosphoritic sand unit can be distinguished easily from both

overlying and underlying limestone units in being a dark, weathered-

looking, phosphoritic sand or sandstone. The phosphoritic sand unit,
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however, cannot be distinguished lithologically from the similar phos-

phoritic sand of Late Miocene age. The Miocene and Pliocene phospho-
ritic sands are separated for convenience of discussion.

Areal Distribution and Thickness

The phosphoritic sand unit is restricted to the coastal area of
Walton County. It thins to the east and probably pinches out near the
Walton and Bay county lines. The extent of the unit to the west is not
known but its characteristic lithology was not reported by Smith (1941)
in the Niceville well in Okaloosa County.

The unit thins systematically from 56 feet in the Coffeen #1
(W-8865) to 21 feet in the Price #1 (W-8591) to 8 feet in the Intra-
coastal Waterway #1 (W-8873). It is 47 feet thick in the relatively up-
dip Sam #1 (W-8876) but it is not present in any of the surrounding
cores.

Age

The following planktonic foraminifera have been identified from
the basal phosphoritic sand unit in the Coffeen #1 (W-8865). This as-
gociation is the earliest Pliocene planktonic foraminiferal assewmblage
in the study area:

Globorotalia menardii s.l. (random coiling direction)
menardii multicamerata

menardil tumida (left coiling)
menardii tumida flexuosa

margaritae

puncticulata
crassula

crassaformis s.l.

G. acostaensis acostaensis (dominantly left coiling)
G. acostaensis humerosa (dominantly left coiling)
Globigerina bulleides

G. apertura
G. nepenthes

QlDIRIRIOIBISI6
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G. parabulloides

G. quinqueloba

Globigerinoides gsacculifera quadrilobata
G. sacculifera sacculifera

G. rubra

G. obligua obliqua

G. obliqua extrema

G. conglobata

G. cf. conglobata
Sphaeroidinellopsis seminulina

S. subdehiscens

Globoquadrina altispira

G. venezuelana

Hastigerina siphonifera siphonifera
Globorotaloides hexagona
Globigerinita glutinata

G. uvula

Candeina nitida

Orbulina universa

@

This association is consistent with zone PLL of Berggren (1973),

with the Globorotalia margaritae evoluta Lineage-zome of Cita (1973),

and with the Pulleniatina primalis subzone of the Globorotalia

margaritae zone of Lamb and Beard (1972). Without Sphaeroidinella

dehiscens, whose first occurrence defines the base of N19 of Blow (1969},
the interval in question would be properly placed in N18. However, the
writer considers the absence of S. dehiscens in this part of the Plio-
cene in west Florida to be biostratigraphically insignificant, and he
considers these beds to be properly N19 in age according to Blow's
(1969) zonation.

This oldest stratigraphic interval of the phosphoritic sand unit
is Early Pliocene in age and is in the Zanclian Stage of Europe.

The basal stratum of the next core to the east, the Price #1
(W~8591), contains a younger Pliocene planktonic foraminiferal assem—
blage. The biostratigraphic position of these beds is based on the oc~

currence of the following planktonic foraminifera:
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Globorotalia menardii s.l. (right coiling)

G. acostaensis s.l. (right coiling)

G. margaritae margaritae

margaritae evoluta (very rare)
crassacrotenensis (sensu Lamb and Beard, 1972)
Sphaeroidinella dehiscens

g.
G.

The evolutionary development of the fauna (including irreversible

coiling changes) plus the lack of Globigerina nepenthes suggests assign-

ment to zone PL2 of Berggren (1973, 1974). The presence of S. dehiscens
undeniably places the assemblage in N19 of Blow (1969). This assemblage
in the same zones of both Cita (1973) and Lamb and Beard (1972) as the
earlier occurring assemblage.

The base of the phosphoritic sand unit in the Intracoastal Water-
way #1 (W~8873) includes the planktonic foraminifera:

Globorotalia menardii s.l. (right coiling)
G. menardii multicamerata

G. crassula crassula

G. crassula viola

G. crassaformis s.l.

G. puncticulata

G. acostaensis acostaensis

G. acostaensis humerosa
Globigerina bulloides

G. parabulloides

G. apertura

G. calida praecalida

G. guinqueloba
Globigerinoides rubra (common)
G. sacculifera quadrilobata
G. sacculifera sacculifera

G. obliqua s,l.

G. cf. conglobata
Candeina nitida

Hastigerina siphonifera
Globoquadrina altispira
G. venezuelana
Globorotaloides hexagona
Globigerinita glutinata
G. uvula

Orbulina universa

Sphaeroidinellopsis seminulina
S. subdehiscens
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Sphaeroidinella dehiscens

The continued evolutionary development of the fauna plus the

lack of G. margaritae suggests assigament to zone PL3 of Berggren (1973),

to the Sphaercidinellopsis subdehiscens Interval-zone of Cita (1973),

and to the Pulleniatina obliquiloculata Zone of Lamb and Beard (31972).

The presence of Globorotalia acostaensis pseudopima, the first cccur-

rence of which defines the base of N20, requires assignment to this zone
of Blow (1969).

This basal horizon in the eastermmost occurrence of the phospho-
ritic sand unit is Late Pliocene in age and is in the Piacenzian Stage
of Europe.

The top of the phosphoritic sand unit is likewise diachronous,
but there seems to be no systematic pattern as with the base of the
unit. The top of the phosphoritic sand unit is in zone PL3 of Berggren
(1973), in the Coffeen #1 (W-8865), PL4 in the Price #1 (W-8591), and
PL4 in the Intracoastal Waterway #1 (W-8873).

Stratigraphie Correlatives

The upper, latest part of the phosphoritic sand unit, PL3 to
basal PL4 in age, contains the same planktonic foraminifera association
as the Jackson Bluff_Formation farther to the east in Florida. That
part of the phosphoritic sand unit igs therefore judged to be equivalent
to the Jackson Bluff Formation, and therefore also to the type Yorktown
of the central Atlantic Coagtal Plain, to the Duplin of the southern
Atlantic Coastal Plain, and to the Pinecrest Member of the Tamiami For-
mation in southern Florida. The basal part of the phosphoritic sand

unit is equivalent to at least the 116 to 123 foot interval in the lime-
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stone sequence in the St. George Island #1 (W-7574). The Upper Plio-
cene part of the phosphoritic sand unit (PL3-PL4) on the other hand isa
equivalent to that part of the limestone sequence in the St. Joe #1
(W-12051) above 284 feet in the core. That interval in the St. Joe #1
(W-12051) is assigned to the Intracoastal Limestone in this study.

No marine equivalents are known of the Lower Pliccene part of
the phosphoritic sand unit from either the outcrop or from the shallow
subsurface in the Coastal Plain te the east of western Florida.

Undifferentiated Pliocene Deposits

Under the Pamlico terrace deposits along the north coast of
Choctawhatchee Bay and the low lands to the east of it is a rather thin
sequence of typically noncalcareous, nonfossiliferous sands. These
sands are considered to be Pliocene in age and for the most part, equiv-
alent to the phosphoritic sand unit and the Intracoastal Limestone. The
reasons for this correlation are as followa: (1) These sands occur in
the game stratigraphic pogition as the downdip, marine Pliocene units.
They overlie with apparent discontinuity limestones of Middle and Late
Miocene age. (2) The upper part of the Intracoastal Limestone in the
Intracoastal Waterway #1 (W-8873) is at a physically higher elevation
than the lower part of the noncalcareous sands immediately updip in the
Mack #1 (W=-8587). Because there is no stratigraphic Indication for re-
versal of dip due to folding or faulting, the simplest explanation for
the lateral juxtapositions in the two cores is facies change and not
structural dislocation. (3) The basal 5.5 feet of these sands in the
Bruce #1 (W-B8592) is fossiliferous and contains an excellent planktonic

foraminiferal fauna. The age of this bed is Early Pliocene, late
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Zanclian age based on the following foraminifera:

Globorotalia menardii (right coiling

G. margaritae margaritae

G. puncticulata
G. acostaensis s.l. (random coiling)

Pulleniatina primalis
Globigerina nepenthes

The age of this bed is intermediate between that of the basal
phosphoritic sand unit in the Coffeen #1 (W-8865) and the basal phospho-
ritic sand wnit in the Price #1 (W-8591). It is therefore eantirely
equivalent to the phosphoritic sand unit.

Typically this deposit consists of sand but it may be gravelly,
clayey, peaty or carbonaceocus, or even altered to humate. It is common-
1y well sorted and consists of fine to medium to coarse sand. Intervals
occur, however, in which the sands are poorly sorted and consist of
clayey coarse sand. Bedding is commonly evident in the cores and in
places the bedding is inclined, suggesting crossbedding. In the more
organic-rich intervals, a yellow sulpho-salt generally crystallizes on
the dessicated surface of the cores.

Lithologically these Pliocene sands cannot be distinguished from
other sands along the coast on the south side of Choctawhatchee Bay that
are probably Pleigtocene in age. As discussed above, the principal rea-~
gons for belfeving these sands Lo be Pliocene in age rather than Pleis-
tocene is their stratigraphic position and their physical position in
the eastern part of the county. It is possible that what appear to be
equivalent deposits in the western part of the county may in fact be
Pleistocene in age, but the lithologic similarity and the lack of fos-

g8ils makes differentation at this time impossible.
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At elevations higher than the Pamlico surface (about 25 feet)
and near the north shore of Choctawhatchee Bay are weathered red and
orange sands that may be Citronelle Formation., The only difference be-
tween these exposed, low elevation red sands and the Citronelle Forma-
tion is the near lack of clay and gravel beds in these coastal deposits.
Weathered red, gravelly sands are present, however, in the upper part
of the Sam #1 (W-8876). These gravelly sands abruptly overlie the
phosphoritic sand unit in that core.
Citronelle Formation

The Citronelle Formation blankets the upland areas of Walton
County. It consists principally of a sand that is medium to coarse to
very coarse in texture. It is commonly well sorted but also may be
poorly sorted. Gravel and gravelly sand beds and beds and lenses of
relatively pure clay are typlcal and characteristic secondary litholo-
gles in the Citronelle in Walton County. The clay beds are typically
underlain and overlain abruptly and with very sharp contact by sands
and gravelg., The Citronelle, generally but not invariably, is deeply
weathered with colors ranging from brown and purple to red, orange and
yellow. The formation is variable in thickness due both to an undulat-
ing pr;-Citronelle topography and to present day dissection. As a re-
sult the Citronelle varies in thickness from 0 feet in river valleys and
creek bottoms to as much as 144 feet in the Eglin #1 (W-8351).

There has been controversy on the age of the Citronelle Formation.
Berry (1920) considered the Citronelle to be Pliocene in age on the
basis of leaf fossils found in clay lcnses in the Citronelle Formation

in the type area. Doering (1956, 1958, 1960) presented mainly non-
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paleontological evidence for a Calabrian, “pre-glacial Pleistocene” age.
On the other hand, Ishphording and Lamb (1971) described a fossil verte-
brate assemblage from near the type locality of the Cicronelle and they
consluded that the assemblage was most consistent with a Hemphillian
land-mammal age (Upper Miocene-Lower Pliocene, Berggren, 1972; Berggren
and van Couvering, 1974).

The results of the present stratigraphic study are significant
in terms of the correlation of the Citronelle Formation with marine
equivalents and, therefore, to the age of the formation. Unfortunately
the stratigraphic correlation is not unambiguous because marine, fossil-
iferous beds do not interfinger with typical Citronelle lithology. The
difficulty is in correlating nonfossiliferous sediments across a severe
facles change; from open marine fossiliferous deposits, through coastal,
shore-line deposits, to bay, estuarine, and fluvial deposits. As a re-
sult, both stratigraphic position and physical position of the deposits
in the cores and in expesures are critical in correlation of this sort.
In near-shore coastal plain deposits, correlation of this kind is at
best approximate, and may be spurious.

There are scattered exposures of what appear to be Citronelle
Formation over much of southern Walton County north of Choctawhatchee
Bay and the Choctawhatchee River Valley. These exposures indicate that
the base of the formation drops rather rapidly in elevation between the
uplands (above 150 feet above sealevel) and the coast. In most of the
cores along Choctawhatchee Bay the Citronelle lithology is exceptional
(see section on Undifferentiated Pliocene Deposits, p. 117-119 ). The

Citronelle Formation (or Citronelle lithofacies) has been identified
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in only the Sam #1 (W-8876) and poasibly in the Bruce #1 (W-8592). 1In
the rest of the coastal cores (Lalonde #1 (W-8877). Bayview #1 (W-8478),
Ryan #1 (W-8355), Mack #1 (W-8587), Coffeen #1 (W-8865). Price #1
(Ww~8591), and Intracoastal Waterway #1 (W-8873) the Citronelle lithol-
ogy is not present. Rather, the typically unweathered, noncalcareous,
nonfossiliferous sands of probable Pliccene age and marine Pliocene
deposits are found in the stratigraphic position occupied by the Citro-
nelle Formation farther updip. In the Saw #1 (W-8876), the Citronelle
lithology overlies with abrupt contact a section of the noncalcareous,
nonfos;iliferous, phosphoritic sand unit. In the Bruce #1 (W-8592) the
possible Citronelle consists of unweathered sand and gravel that
abruptly overlies a thin fossiliferous bed of Early Pliocene age. It
must be pointed out that the abrupt basal contacts in these two cores
may be insignificant as a measure of geologic time and that they may
only represent an invasion of an open marine facies by a prograding
shoreline faciles.

There are several possible stratigraphic interpretations of the
relationships just described. The one favored here is that the fluvial-
deltaic/estuarine, Citronelle Formation interfingers with shoreline,
beach and lagoon sands and muds in the vicinity of the north shore of
Choctawhatchee Bay. These shoreline deposits in turn grade into marine
sediments of Pliocene age in a downdip direction. If this interpreta-
tion is correct, then the Citronelle Formation in Walton County is
Pliocene in age and is consistent with the conclusions of Berry (1920)
and Ishphording and Lamb (1971). The present core control is not suf-

ficient to suggest any more precise correlation with the marine Plio-
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cene sediments. It may be significant that the Citronelle sediments in

the two earlier mentioned cores overlie phosphoritic sands that physi-
cally correlate with the phosphoritic sand unit of Early Pliocene age,
or directly overlays a demonstrable Early Pliocene-bed. Certainly, how-
ever, the Citronelle is a diachronous unit and the oldest parts of the
unit may be of Early Pliocene age whereas the youngest Citronelle may be
Late Pliccene in age.

The results of this study are more consistent with a Pliocene age
for the Citronelle than with an Early Pleistocene, Calabrian age. Fos-
siliferous deposits of that age, though present elsewhere 1n.the Coastal
Plain of the southeast (Bender, 1973; Akers, 1972), are not present in
the study area of westernm Florida.

Coastal Group, {mnew group)

The Coastal Group is a new name for Alum Bluff equivalent carbon-
ate units underlying the coastal area of the panhandle of Florida. This
group includes three formally defined f;;mations in this study and prob-
ably includes as many as four additional units that are not clearly de-
finable with the present core control. The defined units are, in as-
cending order, the Bruce Creek Limestone, the St. Joe Limestone, and
the Intracoastal Limestone.

The less clearly definable units includes the limestone facies
of the Chipola Formation in Walton County. This limestone is litholog-
ically distinguishable from the overlying Bruce Creek Limestone in Wal-
ton County but there is too little core control to be certain of the

range of lithologic variation of the unit. The Chipola equivalent

limestone appears to be present in the Apalachicola Embayment area but
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with a somewhat different 1lithology than in Walton County. There ig al-

go gome evidence that the Torreya Formation grades downdip into a lime-
stone facies (Sopchoppy Limestone?) that is consistent with the Coastal
Group lithology except that the clay mineral present in the limestone is
palygorskite (attapulgite) rather than montmorillenite.

The downdip, offshore facies of the lower member of the Choctaw-
hatchee Formation is a fine-textured, granular, foraminiferal limestone
that is entirely consistent with Coastal Group lithology and not with
Alum Bluff lithology. However, the areal distribution of the Choctaw-
hatchee Formation is very limited in extent and the limeatone facies is
even more limited in extent. The writer chooses to refrain from sub-
division of the Choctawhatchee, therefore, until the stratigraphic re-
lations of the lithofacies within th;t unit are clearly definable.

It is possible that the Intracoastal Limestone will eventually
be formationally subdivided into the typical western part, characteris-
tic of the Gulf Coast Basin, and an eastern part that is characteristic
of the Apalachicola Embayment.

The limestones of the Coastal Group are characteristically uncon-
solicated to moderately indurated (rarely thoroughly indurated and crys-
talline), massive-bedded, and impure. The impurities consist of quartz
sand, clay mineral, mica, glauconite, pelletal apatite, and pyrite.
Gypsum bloom is commonly found on the dessicated cores. The limestones
are typically granular and even-textured but in some places they may be
coarsely bioclastic and rubbly. The units are commonly extremely micro-
fossiliferous, even consisting of a foraminiferal coquina. Rarely beds

of calcareous clay or sand occur in the limestone.
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The writer recognizes two broad lithology types within the cur-
rently understood Coastal Group. One lithology type is found in the
Bruce Creek Limestone, Chipola equivalent limestone, and in the earlier
limestones. These limestones are typically more indurated, more coarse-
1y calcarenitic, lighter colored, and much less wmicrofossiliferous. The
other lithology type is found in all of the younger units of the group.
This limestone is unconsclidated to moderately indurated, extremely
microfossiliferous; less coarsely calcarenitic; more impure with clay,
glauconite, and phosphorite dominating the impurities; and with colors
ranging from olive to yellowish gray.

The Coastal Group differs from the underlying “Suwannee Lime-
stone" in that the "Suwannee Limestone' is hard and well indurated, not
obviously macro- or microfossiliferous, is a quite pure carbonate that
invariably contains tan to brown, sugary dolomite beds or dolomitic
limestone beds that appear toc be randomly situated and rarely correlat-
able from core to core.

At thig time the Coastal Group is recognized as far west as
Niceville in Okaloosa County (based on the geologic log of Smith, 1941)
and as far east as Carrabelle in Franklin County. It underlies the
gsouthern quarter of Walton County but it extends in a thin tongue
{Bruce Creek Limestone) into the northern part of the county. Else=-
where in the study area the core control is insufficient to delineate
its updip limits, except possibly along Econfina Creek in Bay County.
It is not present in southern Washington County or at Alum Bluff.

Bruce Creek Limestone, (new formation)

This formation has been referred to previously as a limestone
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facies of the Chipola Formation (Cooke and Mossom, 1929, p. 104 ). It
is for the most part a subsurface unit. The only exposure of this for-
mation known with certainty at this time is the type locality on Bruce
Creek. Similar limestone 1is reported by Cooke and Mossom (1929, p. 104)
in White Creek in NW 1/4, Sec. 26, T2N, R18W, in Walton County, and in
southwestern Washington County in the vicinity of the Choctawhatchee
River (Sellards and Gunter, 1918, p. 92; Cooke and Mossom, 1929, p. 104,
106; Vernon, 1942).

The type locality of the Bruce Creek Limestone is several hundred
feet downstream from tﬁe county road bridge over Bruce Creek in N 1/2,
Sec., 2, TIN, R16W, Walton County, Florida. At this locality, 1 to 2
feet of pale bluish-green, unconsolidated, soft, slightly argillaceous,
sandy, slightly macrofossiliferous limestone is exposed.

Typically in the shallow subsurface, the Bruce Creek Limestone
consists of massive-bedded, weakly to well indurated, friable but brit-
tle, rather even-grained, medium to coarse textured, shelly to moldic,
bioclastic, calcarenite limestone. Minor lithologles within the main
body of the formation consist of unconsolidated calcarenite with fine-
grained carbonate matrix; algal limestone; hard, dense, crystalline
limestone; fine-grained to lutitic limestone; clayey limestone, and
microfossiliferous, calcareous clay.

Updip in the outcrop area and at the type locality, quartz sand
is an important constituent of the lithology. Here the formation con-
sists of either massive-bedded, indurated, sandy, moldic limestone or
of sandy, macrofossiliferous limestone interbedded with soft, slightly

argillaceous, macrofossiliferous, very calcareous quartz sand.
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A persistent clay bed occurs immediately downdip from the sandy
limestone facies of the Bruce Creek. The clay is pale brown in color,
is highly calcareous and microfossiliferous, and 1s sparsely sandy. It
overlies gradationally a lower, sandy phase of the limestone and, in
downdip areas, grades upward into typical Bruce Creek limestone. The
clay bed (or beds, since there are two present in the Cosson #1 (W-8004))
occurs in a very narrow belt no more than 5 miles wide that parallels
the strike of the formation and is located near the updip limits of the
formation. The clay bed is in the lower part of the Bruce Creek and it
is mainly this bed that contains the rich assemblage of foraminifera
that defines the age of the Bruce Creek Limestone.

Underlying and Overlying Units

The Bruce Creek Limestone overlies, with apparent conformity in
the cores, the updip, Chipola equivalent sands, and it overlies para-
conformably, the Chipola formation and the Chipola equivalent limestone.
In updip areas it is overlain abruptly by the Shoal River Formation
either conformably or with hiatus. It is overlain In the coastal area
paraconformably by the 5t. Joe Limestone.

Lithologic Distinction Between Adjacent Units

The Bruce Creek Limestone is distinguished from both the under-
lying Chipola Formation and the overlying Shoal River Formation in being
a pure, calcarenitic limestone or sandy limestone, whereas the other two
formations are dominantly sands and clays. Where the Bruce Creek Lime-
stone directly overlies the Chipola limestone, the Chipola limestone is
sandy and impure while the Bruce Creek is almost devoid of terrigenous

impurities.
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Areal Distribution, Geometry, and Thickness

At this time the Bruce Creek Limestone has been identified in
two areas of western Florida. It underlies the gsouthern two thirds of
Walten County and it underlies the present coastal area of the Apalachi-
cola Embayment in Gulf and Franklin Counties. It probably underlies the
coastal areas of Gulf and Bay Counties but there is no firm shallow sub-
surface control in that area. Its extent to the west of Walton County
is unknown.

The trend of the updip limit of the formation in Walton County isg
westnorthwest-éastsoutheast (N 70° W) (Fig. 16). Comsidering that the
Oak Grove Sand is a sandy, lower foreshore facies of the Bruce Creek
Limestone, the same westnorthwest-eastsoutheast trend appears to con-
tinue through northeastern Okaloosa County. The updip trend of the
limestone bends abruptly to the southeast in the vicinity of the Choc-
tawhatchee River, The Bruce Creek Limestone is believed to underlie
West Bay and East Bay in the Panama City area.

The Bruce Creek Limestone is a thin, blanket-type deposit that
thickens gradually in a downdip, south-southwest direction, apparently
normal to the ancient shoreline (Fig. 16). The average thickness of the
unit in Walton County is 50 feet. It thins to at least 9 feet near its
updip limit in the Kohler #1 (W-7994), and is 86 feet thick in one core
under the coast (Price #1 (W-8591)). It is possible that the thinning
in the updip extremity of the formation may result from facies change in
the lower part of the unit, from downdip or offshore limestone into up-
dip or nearshore noncalcareous sands and clays. If so, these sands and

clays would be considered, in this study, a part of the noncalcareous
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sands of probable Chipola age. The writer considers this a possibility
gince the combined thicknesses of the downdip Chipola and Bruce Creek -~
updip Chipola sands and Oak Grove stratigraphic interval are approxi-
mately the same. The lower, Chipola-noncalcareous Chipola sands inter-
val thickens updip whereas the upper, Bruce Creek Oak Grove interval
thins (Figures 21-24),

There is too little core control in the Apalachicola Embayment
area to discern the thickness distribution of the Bruce Creek. There 1is
at least 36 feet of Bruce Creek in the St. Joe #1 (W-12051) but the
identity of the thick sequence of limestones in the St. George Island
#1 (W-7574) is at this time problematical. The upper 24.5 feet of the
limestone sequence in that core is an algal limestone that contains a
Bruce Creek planktonic foraminiferal associétion. The underlying 149
feet of limestone is hard and dense but has a Bruce Creek-like lithology.
The lowermost 90 feet of limestone is a calcarenitic, calecilutitic lime-
stone whose sole clay mineral component is palygorskite (attapulgite),
which according to Dr. Charles Weaver (personal communication, 19753) is
characteristic of the Hawthorn of Florida and Georgia, the Torreya For-
mation of Banks and Hunter (1973), and the Sopchoppy Limestone in
Wakulla County, Florida., This writer tentatively considers the upper-
most algal limestone to be Bruce Creek, the underlying limestone to be
possibly Chipola equivalent, and the lowest limestone containing paly-
gorskite (attapulgite) to be Torreya or Sopchoppy equivalent.

Stratigraphic Correlatives

The only stratigraphic equivalents of the Bruce Creek Limestone

known to the writer are its updip, sandy, nearshore equivalent, the Oak
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Grove Sand; the Pungo River Formation of North Carolina (Gibscn, 1967):
the Calvert Formation exposed at Plum Point in Maryland; and bed 10 in

the upper part of the Calvert Formation {Gibson, ibid.)}.

Age
The following planktonic Foraminifera have been identified from

the Bruce Creek Limestone:

Globorotalia fohsi peripheroronda

G. praemenardii archecomenardii

G. mayori (in part G. siakensis of Blow, 1969)
G. cf. minutigsima

Globigerina praebulloides praebulloides
G. praebulloides pseudocipercensis

G. foliata

G. bulbosa

G. falcounensis

G. eamesi

G. quinqueloba

G. bulloides

Globigerinoides sicana

G. sacculifera quadriiobata

G. sacculifera sacculifera

G. obliqua obliqua

G. subquadrata
Globigerinitella insueta
Globoquadrina dehiscens

G. altispira
Sphaeroidinellopsis seminulina

Globigerinita glutinata

G. uvula

Cagsigerinella chipolensis
Globorotaloides hexagona variablis
Praeorbulina glomerosa curva

P. glomerosa glomerosa

The following species are restricted to the Bruce Creek Limestone
or to its equivalent in the study area:

Globigerinoides sicana
Globigerinitella insueta
Praeorbulina glomerosa curva
P. glomercosa glomerosa

Globigerina bulbosa

Excluding the above species, the following species have their

first local occurrence in the Bruce Creek Limestone:
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Globorotalia fohsi peripheroronda
G. praemenardii archeomenardii

G. cf. minutissima

G. obliqua cbliqua

Globoquadrina dehiscens
Sphaeroidinellopsis seminulina

The Bruce Creek Limestone contains the Globigerinoides sicanus -

Globigerinitella insueta Partial-range zone (N. 8) of Blow (1569). In

the zonation system of Bolli {1966), the Bruce Creek contains the upper

part of the Globigerinitella insueta Zone and the Praeorbulina glowerosa

Zone. The Bruce Creek Limestone is contained, therefore, in the Lang~
hian Stage of Europe (Cita and Blow, 1969) (Fig. 4).

There is an east-west trending band across the southern part of
Walton County where the upper part of the Bruce Creek lithology is not
restricted to the zones and age described above. In the following
cores, the upper part of the Bruce Creek limestone interval contains a
Shoal River planktonic Foraminiferal association: Eglin #3 (W-8353),
Eglin #2 (W-8352), Sam #1 (W-8876), and Mack #1 (W-8587). In addition,
the bagal Shoal River in the Vaughan #1 (W-8014) 1s interlayered with a
limestone that is Bruce Creek in lithology and, lower in the core, con-
tains a typical Bruce Creek planktonic foraminiferal fauna.

The conclusion is inescapable that Bruce Creek conditions pre-
vailed acreoss this band in Walton County during lower and through much
of middle Shoal River time., Since there are few lithology breaks with-
in the limestone sequence that one can ascribe to an apparent paracon-
formity, it seems unlikely that there were any marine withdrawals during
the time interval in question. This part of the Bruce Creek must grade
both laterally updip into the Shoal River Formation (which may be the

situation in the Vaughan #1 (W-8014)) and laterally downdip into the
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St. Joe Limestone.
The following planktonic foraminifera are diagnostic of the Mid-
dle Miocene, Shoal River age of this youngest Bruce Creek Limestone:
Globorotalia fohsi peripherocacuta
G. fohsi praefohsi
G. fohsi lobata (sensu Bolli, 1957)

Orbulina suturalis
Globigerina druryi

Since Globigerinoides sicana occurs near the top of the Bruce
Creek Limestone in cores from other areas of Walton County and from the
Apalachicola Embayment, it can be inferred at this time that this Shoal
River equivalent-Bruce Creek Limestone is exceptional and need not be
treated as typlcal Bruce Creek,

St. Joe Limestone, new formation

The St. Joe Limestone is a new name for a limestone deposit that
underlies much of the coastal area of the panhandle of Florida. It is
entirely a subsurface unit and is not known to occur above sea level
anywhere in the study area.

The type core of the formation is the St. Joe #1 (W-12051). The
location of the corehole is on St. Joseph Spit in St. Joe State Park,
Sec. 14, T8S, RW12W. The following is a lithologic log of the St. Joe

Limestone interval in the type core:

Lithologic Description Interval Thickness
Core Gap, "Clay, same as 412 feet.," 403-412 feet 9 feet
Clay, calcareous, gypsiferous; nonbedded; 412-417 feet 5 feet

tough, compact; foraminiferal-rich, a few

bits of phosphatic vertebrate debris, bur-
rowed, especiglly from 412-413 feet, bur-
row-£illings more calcareous and foraminif-
eral-rich; color of nonburrowed clay, light
olive gray (5 ¥ 5/2), burrowed clay, yellow-
igh gray (5 Y 7/2); merges very gradually into:
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Foraminiferal-coquinoid limestone, argil- 417-442 feet
laceous, glauconitic, slightly gypsiferous,
somewhat pyritic and phosphatic in lower

part; massive-bedded, even textured. medium
grained; soft and unconsolidated to brittle
and very slightly indurated; rare echinoid
spines, sowme delicate pectenid shells, rare
thin, chalky bivalve shells, amount of phos-
phatic vertebrate debris increases along with
amount of pelletal apatite in lower part of
interval, many foraminiferal tests void of
sediment filling; color varies from Iight
olive gray (5 Y 6/1) to very light olive gray
(5 Y 6/2); merges downward very graaually into:

Foraminiferal-coquinoid limestone, slightly 442-499 feet
to moderately argillacecus with clay con-
tent increasing upward in core, glauconitic,
slightly phosphatic, sporadically pyritic
and gypsiferous; massive-bedded to thick-
bedded; even textured, medium-grained, well
mixed; soft and unconsolidated to variably
coherent with some tough, hard layers alter-
nating with softer layers of varying thick-
nesges, some incipient recrystallization;
scattered macrofossil remains, small fish
bones, chalky shell molds, echinoid plates
and spines; bryozoans rare, scattered pec-
tenids in horizontal orientation; some slight
concentrations of glauconite; color light
olive gray (t ¥ 6/1) to very light oiive gray
(5 Y 6/2) to yellowish gray (5 Y 7/2); grades
downward into:

Foraminiferal-coquinoid limestone, slightly  449-526 feet
argillaceous, glauconitic, slightly phos-

phatic and pyritic; medium grained, even-

textured, moderately to lightly indurated,

some molds and impressions of macrofossils

in upper part; (very poor core recovery):

color yellowish gray (5 Y 8/1); grades down-

ward into:

Clay and calcarenite, thinly interlayered 526-527 feet
c¢lay and argillaceous, foraminiferal-

coquinoid calcarenite, somewhat glauconitic

and phosphatic; color moderate olive gray

(5 Y 5/1) to light olive gray (5 Y 6/1);

abruptly but gradationally overlies:

Foraminiferal calcarenite limestone, sandy 527-531.5 feet

25 feet

57 feet

27 feet

1 foot

4.5 feet



135

slightly argillaceous, somewhat glauconitic,
scattered black apetite pellets; massive-
bedded, well mixed, even-textured; slightly
to moderately consolidated, medium grained:
some scattered, finely disseminated pyrite;
some dark gray to black, very fine-grained,
phosphatic dolomite fragments at base of
interval, concoidal fracture, heavily bored
by Toredo clams? so that fragments have a
frothy appearance; some scattered pectenid
shells and a few chalky bivalve fragments;
color light olive gray (5 Y 6/1) to yellow=
ish gray (5 Y 7/2); abruptly overlies the
Bruce Creek Limestone.

Total thickness 128.5 feet

In Walton County the St. Joe Limestone is a lightly indurated to
unconsolidated, massive-bedded, commonly glauconitic, very slightly ar-
gillaceous, even-textured, granular, foraminiferal-coquinoid limestone.
In the downdip cores under the coastline of Walton County, the formation
tends to be more indurated and glauconitic., Near its updip limits it is
softer, almost unconsolidated, argillaceous, and does not contain
glauconite.

Underlying and Overlying Units

In all the cores that contain the St. Joe Limestone, it paracon=-
formably overlies the Bruce Creek Limestone.

Various units are known to overlie the St. Joe Limestone. In
Walton County it is overlain gradationally and conformably by the Shoal
River Formation in the Lalonde #1 (W-8877). 1In the Ryan #1 (W-8355) it
is overlain paraconformably and with subtle lithologic change by the
foraminiferal limestone facies of the lowe; wmember of the Choctawhatchee
Formation. Noncalcareous sands of probable Pliocene age (see Figures
22 and 23) abruptly overlie the St. Joe Limestone in the Bayview {1

(W-8478) and Sam {1 (W-8876)., 1In the Coffeen #1 (W-8855), Price #1
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(W58591),'aud Intracoastal Waterway #1 (W-8873), it is overlain paracon-
formably by the phosphoritic sand unit of Pliocene age. The St. Joe
Limestone is overlain by the lower member of the Choctawhatchee Forma-
tion (St. Joe #1, W~12051) and by the Intracoastal Limestone (St. George
Island #1, W=7574) in the Apalachicola Embayment.

Lithologic Distincetion Between Adjacent Units

The St. Joe Limestone differs from the Bruce Creek Limestone in
being relatively unconsolidated, slightly argillaceous, and extremely
microfossiliferous whereas the Bruce Creek is moderately indurated, cal-
carenitic limestone that is irregularly microfossilifercus. The Shoal
River differs in being mainly a clay, sandy clay, or calcareous clayey
gand. The varicus overlying Pliccene deposits in Walton County are in-
variably sands with varying amounts of clay mineral, calcite, granular
phosphorite, and shells. Only the foraminiferal limestone facies of the
lower member of the Choctawhatchee Formation is difficult to distinguish
from the St. Joe Limestone. That unit, however, is typically a more
fine-textured foraminiferal limestone and in Walton County is slightly
more sandy and argillaceous, Where it overlies the St. Joe Limestone in
the St. George Island #1 (W-7574), the Intracoastal Limestone is slight-
ly sandy and, except for the basal bed, is much more indurated.

Areal Distribution, Geometry, and Thickness

The St. Joe Limestone is areally widespread under the coastal
area of the panhandle of Florida (Fig. 18). It underlies the southern
quarter of Walton County and is apparently present at least as far west
as Niceville in Okaloosa County based on the published log of the Nice-

ville well by Smith (1941, p. 266, 267). It underlies the Apalachicola
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Embayment in coastal Gulf and Franklin Counties and, therefore, presum-
ably underlies the intervening coastal area of Bay County. The St, Joe
is unusually thick in the coastal area of the embayment, suggesting that
it may underlie an extensive area inland,

Although the St. Joe Limestone is an east-wesat trending unit in
Walton County, it thickens meinly to the southwest, reaching a thickness
under the southwestern corner of the county in the Coffeen #1 (W-8865)
of 79 feet. The formation is exceptionally thick and well-developed in
the Apalachicola Embayment where it is 128 feet thick in the St. Joe #1
(W—1205i). It thins eastward to 84 feet in the St. George Island #1
(W=7574).

Stratigraphie Correlatives

In Walton County, the St. Joe Limestone is intermediate in age to
the outcropping lower and middle Shoal River Formation., Actually it is
a slightly earlier, downdip phase of the transgression that culminated
in the deposition of the middle Shoal River shell bed that is exposed in
the valley of the Shoal River. In the St. Joe #1 (W-12051) in the Apa-
lachicola Embayment, the St., Joe Limestone is equivalent to the entire
Shoal River Formation in Walton County. The core recovery in the St.
George Island #1 (W-7574) was too poor to be certain of the complete
time span of the formation in that core. The known St. Joe Limestone in
the St. George Island #1 (W-7574) is equivalent to only the lower,
Whites Creek Member of the Shoal River. .

Age
The following planktonic foraminifera have been identified from

the St, Joe Limestone in Gulf, Franklin, and Walton Counties, Florida:
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Globorotalia fohsi peripherorcnda

G. fohsi peripheroacuta

G. fohsi praefohsi

G. fohsi lobata (semnsu Bolli, 1957)

G. fohsi robusta (sensu Bolll, 1957)

G. praemenardii archeomenardii
praemenardii praemenardii

menardil s.1.

mayori (includes G. siakensis of Blow, 1969)
G. scitula praescitula

G. cf, wminutissima

Globigerina praebulloides praebulloides
G. praebulloides pseudociperoensis

G. foliata

G. obesa

G. falconensis

G. druryl
. bulloides

. quinqueloba

G. eamesi

Globigerinopsis aguasayensis
Globigerinoides sacculifera quadrilobata
G. sacculifera sacculifera

G. obliqua obliqua

G. subquadrata

G. aff. Globigerinopsis aguasayensis
Glocboquadrina dehiscens

G. altispira

Sphaeroidinellopsis seminulina

S. subdehiscens

Globigerinita glutinata

G. uvula

Casgigerinella chipolensis
Globorotaloides hexagona variabilis
Orbulina suturalis

. » L]
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In the Apalachicola Ewbayment, the St. Joe Limestone in the St.
Joe #1 (W=-12051) includes the following zones of Blow (1969): the Glo-

borotalia (Turborotalia) periphercacuta Consecutive-range zone (Zone N.

10), the Globorotalia (G.) praefohsi Consecutive-range zone (Zone N, 1l1),
the Globorotalia (G.) fohsi Partial-range zone (N. 12), and the

Sphaeroidinellopsis subdehiscens subdehiscens-Globigerina druryi Partial~

range zone (¥. 13).

In the zonation scheme of Bolli (1967), the St. Joe Limestone in
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the type core jncludes the Globorotalia fohsi peripheroacuta Zone, the

Globorotalia fohsl praefohsi Zone, the G. fohsi lobata Zone, the G.

fohsi robusta Zone, and the Globigerinoides rubra Zone (= G. subquad-

rata).

In Walton County the St. Joe Limestone varies in age from N. 11
in the southeastern part of the county to N. 12 for the main body of
the formation. It is almost entirely restricted to the Globorotalia
fohsi lobata Zone of Bollil (1967).

The St. Joe Limestone is included in the uppermost Langhian Stage
and the lower Serravalian Stage of Italy (Cita and Blow, 1969).

Intracoastal Limestone, (new formation)

The Intracoastal Limestone is a new name for a soft, sandy lime-
stone of Pliocene age that underlies the coastal area of western Florida,
The name is taken from the Intracoastal Waterway #1 (W-8873). The loca-
tion of this core is near the Intracoastal Waterway in NE 1/4, SW 1/4,
Sec. 11, T3S, R18W in Walton County, Florida. The interval in which
this formation occurs in that core is between 67 feet and 180 feet,

The following is a log of the formation in the type core:

Lithologic Deseriptionl Interval Thickness
Sandy calcarenite to calcareous sand, quartz 67-83 feet 16 feet

sand and calcarenite medium to coarse grained;
massive-bedded, sediment thoroughly mixed,
structureless; unconsolidated to slightly
indurated; quartz sand increases upward in
the section to the point that above 75.5

feet, the sediment becomes a calcarenitic

1 Characteristically the vertical changes in lithology in the Intra-
coastal Limestone, and in the type core, are very broadly gradation-
al so that it is generally inaccurate to speak of distinct beds.
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quartz sand; above 69-70 feet, the sediment
bacomes somewhat shelly, medium to coarse
quartz sand that contains common Cerithium;
small aragonitic shells rare at base, become
more common upward in section; color varies
from medium light gray to yellowish gray
(N6 ~-NS5-57Y 8/1); abruptly but conform-
ably overlain by noncalcareous and with some

humate, upper contact appears to be an alter-

ation contact; grades downward over a one
foot interval into:

Limestone, calcarenitic, very finely sandy,
more sandy at base of bed but quartz sand
diminishes upward, scme gypsum crystals ob-
served on the dessicated core; massive-
bedded, sediment thoroughly mixed; lower
part of interval slightly indurated, be-
comes gradually more consolidated and in-
durated upward in section, above 106 feet
the sediment becomes moderately well-in-
durated; shells increase in abundance up-
ward in section, calcitic shells (oysters
and pectinids) present throughout the in-
terval, molds of aragonitic shells become
more conspicuous above 106 feet, also above
106 feet pectenid shells become common; as
a result of the increasing induration of
the limestone plus the abundance of pectinid
shells and molds of shells, the limestone
takes on a rubbly, bioclastic texture with
calcarenite forming the matrix of the bio-
clastic limestone; color very light olive
gray to yellowish gray (5 Y 7/1 - 5 ¥ 8/1);
grades downward into:

Limestone, slightly sandy to sandy, very
slightly argillaceous, slightly micaceous,
glauconitic, somewhat phosphatic; massive-
bedded, sediment thoroughly mixed, struc-
tureless; fine-grained, even-textured; un-
consolidated to weakly consolidated, co-
herent, more consolidated intervals occur
in layers; some rare, chalky shell molds
and oyster shells; more phosphatic with
coarse, rounded quartz grains and dis-
seminated pyrite in basal part of inter-
val; beconmes less glauconitic, more
argillaceous and micaceous above

162 feet; fine sand component increases up-

83-121.5 feet

121,5-180 feet

37.5 feet

58.5 feet
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ward in section, mainly calcarenite below
approximately 150 feet, calcareous sand
interval from 150-147 feet, above which
the lithology is a very finely sandy cal-
carenite; color very light olive gray to
yellowish gray (5 Y 7/1 - 5 Y 8/1); grades
downward very gradually over an interval
of about 2 feet into underlying phospho-
ritic sand unit.

(no core recovery from 132 feet to 147
feer).

Total thickness 112 feet

For the purposes of this study, the Intracoastal Limestone may be
loosely divided into a younger, western, typical part that appears to be
characteristic of the Gulf Coast Basin, and an older, eastern part that
appears to be characteristic of the Apalachicola Euwbayment area. In
addition to a temporal difference between the two parts of the forma-
tion, there also appears to be a lithologic difference as well. How-
ever, the core control, especially in the Apalachicola Embayment, is
insufficient to be certain that the differences are systematic, and if
so, what the ranges in lithologic varlation are.
Lithology

In coastal Walton County, the type area of the formation, the
Intracoastal Limestone is typically a soft, unconsolidated to slightly
recrystallized, fossiliferous, sandy limestone. Calcite is the dominant
mineral of the formation. Quartz sand is generally present and clay
mineral, mica, and glauconite may be present. The basal part of the
formation, where it gradationally overlies the phoaphoritic sand unit,
is phosphatic, Shells may be present in the section, but the gragonit-
ic shells in the Walton County area are either chalky or leached. Oys-

ter and pectenid shells are generally unaltered. Texturally the sedi-
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ment varies from unconsolidated, granular, and even-textured to friable,
brittle, and shaley-textured; and where macrofossils are present, to
coarse~textured, rubbly, and biloclastic. Beds of calcareous sand, cal-
careous clay, and organic-rich, ‘clayey coarse sand are present locally
in the formation. The Intracoastal Limestone ordinarily is massive~
bedded to thick-bedded, but scattered thin beds may be present.

The Intracoastal Limestone in the subsurface of the Apalachicola
Embayment area appears to differ from the Walton County Intracoastal
Limestone in being less sandy, less argil}aceous, and less micaceous.
Glauconite is less consplcuous except in the basal beds. The formation
also tends to be more consolidated or indurated with some beds of hard,
dense, fossiliferous, crystalline limestone in the upper part.

There are two known areas of outcrop of the eastern Intracoastal
Limestone: one along the lower, Econfina Creek in Bay County, and the
other in the vicinity of Carrabelle in Franklin County. The limestone
in both these areas have, in the past, been referred to the Cancellaria
Zone (Cooke and Mossom, 1929; Cooke, 1945; Puri, 1953). Omn Econfina
Creek, where Fla. 388 crosses Econfina Creek 1.5 miles west of Bennett,
Bay County, the outcropping Intracoastal Limestone consists of an indu-
rated to partially indurated, sandy, shelly limestone; to a very cal-
careous, shelly sandstone, A similar lithology is exposed farther east
in the vicinity of Carrabelle. The formation is exposed on New River
about 5 miles northwest of Carrabelle, and in borrow pits in the vicini-
ty of ¥ew River. The 1lithology here varies from a very calcareous,
shelly soft and unconsolidated to partially indurated, sandy calcaremnite;

to a shelly, granular, even-textured, slightly indurated, soft limestone.
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The principle differences between the outcropping and subsurface
Intracoastal Limestone in the Apalachicola Embayment area is the sandi-
ness and shelliness of the outcropping limestone.

Underlying and Overlying Units

In Walton County the Intracoastal Limestone conformably and
gradationally overlies the phosphoritic sand vnit. In the Apalachicola
Embayment it paraconformably overliea the St. Joe Limestone in the St.
George Island #1 (W-7574) and the Choctawhatchee equivalent limestone in
the St. Joe #1 (W-12051)., The formation probably overlies several other
units in the subsurface of the Apalachicola Embayment area, such as the
Chipola Formation, the Chipola equivalent limestone, the Torreya Forma-
tion, and the "Sopchoppy Limestone™. With the present limited strati-
graphic and subsuéface control in the area, however, this cannot be
documented. .

Lithologic Distinction Between Adjacent Units

The Intraccastal Limestone is distinguished from the underlying
phosphoritic sand unit in being a sandy, nonphosphatic limestone whereas
the phosphoritic sand unit is a calcareous, coarsely glauconitic and
phosphoritic, weathered-looking, sand or sandstone. The Intraccastal
Limestone can be distinguished from the other limestones in the Walton
County area by being typically a more argillaceous, micaceous, sandy,
calcarenitic limestone that contains more coarsely fossiliferous inter-
vals than the underlying limestones of the Coastal Group.

In the Apalachicola Embayment area the distinction between the
eastern Intracoastal Limestone and the underlying limestones is not

clear at this time due to lack of sufficient subsurface stratigraphic



145
control. In general the Intracoastal Limestone is very similar to the
lower member of the Choctawhatchee Formation and the Choctawhatchee
equivalent limestone in the St. Joe #1 (W~12051). Both the Upper Mio-
cene and Pliocene limestone sequences in that core begin with an uncon-
solidated to lightly indurated, granular, foraminiferal calcarenite
limestone at the bases of the sections and grade upward into moderately
indurated, coarse-textured, calcarenite limestone. The St. Joe Lime-~
stone interval in the St. George Island #1 (W-7574) is atypical in being
much less coarsely foraminiferal than is generally found for that unit.
On the other hand, the recovered part of the section is typical in being
poorly consolidated whereas the Intracoastal Limestone in that area
tends to be moderately indurated.

Areal Distribution and Thickness

The typical Intracoastal Limestone is restricted to the immediate
coastal area of the subsurface of Walton County and it is not found
north of Choctawhatchee Bay. There is insufficient subsurface contrel
in adjacent coastal Okaloosa and Bay Counties to be certain of the ex-
tent of its occurrence there. The eastern part of the Intracoastal
Limestone is found as far west and as far updip as Econfina Creek in
Bay County. It is known to underlie the coastal area of the Apalachi-
cola Embayment and it c¢rops out in the vicinity of Carrabelle. The for-
mation lies close to the surface under Carrabelle since chunks of impure
limestone containing fossils of Jackson Bluff age are found on spoil
heaps along the channel leading from the village to the Gulf. WNumerous
submerged, hard-bottom, limegtone outcrops in the Gulf of Mexico off

the coast of Franklin County may be Intracoastal Limestone.
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The Intracoastal Limestone is uneven in thickness in Walton
County. In the Coffeen #1 (W-8865) and Intracoastal Waterway #1 (W-8873)
it is 103 feet and 112 feet respectively. 1In the Price #1 (W-8591), how-
ever, it is only 64 feet thick. There is too little core control in the
Apalachicola Embayment area to discern any but the most general thick-
ness patterns. 1In the St. Joe #1 (W-12051), near the depoaxis of the
embayment, the Intracoastal Limestone is 149 feet thick. On the eastern
flanks of the embayment, in the St. George Island #1 (W-7574), it is 63

feet thick.

Age
The following planktonic foraminifera have been identified from

the Intraccastal Limestone in Walton County:

Globorotalia menardii s. 1. (right coiling)
G. menardii multicamerata

menardii miocenica

menardii exilis

cragssaformis s. 1.

puncticulata

crassula crassula

crassula vicla

tosaensis

hirsuta

acostaensis acostaensis

G. acostaensis humerosa

G. acostaensis pseudopima
Neogloboquadrina dutertrei
Globoquadrina altispira
G. venezuelana
Globigerina bulloides

. apertura

rubescens

cf. decoraperta
parabulloides

calida praecalida
quinqueloba

Elobigerinoides rubra
G. sacculifera quadrilobata

G. sacculifera sacculifera
G. sacculifera fistulosa

(2]
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G. obliqua s. 1.

G. conglobata
G. c¢f. conglobata

Sphaeroidinellopsis subdehiscens
S. seminulina

Sphaeroidinella dehiscens
Hastigerina siphonifera
Globigerinita glutinata

G. uvula

Orbulina universa

Pulleniatina obliquiloculata
Globorotaloides hexagona

The above list is misleading in that a number of species are re~
gtricted to the lower part of the unit, and other especially diagnostic
forms are found in the middle to upper parts of the formation. The fol-
lowing species either become extinct or have their last local occurrence
in the lower to middle part of the formation in Walton County:

Globoquadrina altispira

G. venezuelana
Sphaeroidinelliopsis subdehiscens
5. gseminulina

Globorotalia menardii s. 1.

G. menardil multicamerata

G. acostaensis acostaensis
Globigerinoides cf. conglobata

The following species have been found only in the lower to middle
part of the Intracoastal Limestone in Walton County:

Globorotalia tosaensis
Globigerinoides sacculifera fistulosa

The following specles are characteristic and found only in the
upper part of the formation in Walton County:

Globorotalia menardii miocenica
G. menardii exilis
Neogloboquadrina dutertrei
Pulleniatina obliquiloculata

The following species of planktonic foraminifera bhave been iden-

tified from the Intracoastal Limestone in the Apalachicola Embayment
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area:

Globorotalia menardii s. 1. (right- and random-coiling)
G. menardii multicawmerata
. crassaformls s. 1.

. puncticulata

. margaritae
crassula crassula

cragsula viola

hirsuta

acostaensis acostaensis (random-coiling and right-coiling)
G. acostaengis humerosa (random-coiling and right-coiling)
Globogquadrina altispira

Globigerina bulloides

G. parabulloides

G. apertura
G. nepenthes
G. cf. decoraperta

G. gquingueloba
Globigerinoides rubra

G. sacculifera sacculifera
G. sacculifera quadrilobata
G. obligua s. 1.

G. cf. conglobata
Sphaeroidinellopsis subdehiscens
8. seminulina
Sphaeroidinella dehiscens
Hastigerina siphonifera
Globigerinita glutinata

G. uvula

Orbulina universa
Globorotaloides hexagona

12121212117

*
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Only the basal Intracoastal Limestone in the St. George Island
#1 (W-7574) containg an assemblage with Globigerina nepenthes, Globoro-

talia margaritae, random-coiled G. menardii, and random~coiled G. acos-

taensis s.l. The rest of the known formation in the Apalachicola Embay-
ment area contains essentially a Jackson Bluff tc immediately post-Jack-
gson Bluff planktonic foraminiferal association that is characterized by

the presence of Globoquadrina altispira, Globorotalia crassula s. 1.,

Globorotalia hirsuta, and Sphaeroidinellopsis spp. (see discussion of

Jackson Bluff planktonic foraminiferal assemblage on p. 107-110).
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In the zonation scheme of Berggren (1973), the Intracoastal Lime-
gstone ranges from zones PL1 to PL3 (PL2 has not yet been identified in
the formation)}. The Intracoastal Limestone includes the Globorotalia

margaritae evoluta Lineage-zone, the Sphaeroidinellopsis subdehiscens

Interval-zone, and the Globigerincides obliquus extremus Interval-zone

of Cita (1973) zones N19 to N21 of Blow (1969); and the Pulleniatina

primalis Subzone of the Globorotalia margaritae Zone, the Pulleniatina

obliquiloculata Zone, and the Globorotalia tosaensis Zone of Lamb and

Beard (1972).

The Intracoastal Limestone ranges from late, Early Pliocene to
Late Pliocene in age as is in the upper Zanclian and Piacenzian Stages
of Europe.

As noted near the beginning of this section, there is an apparent
time distinction, with the present information, as well as a lithologic
distinction between the western and eastern parts of the Intracoastal
Limestone. The western, typilcal part of the Intracoastal Limestone is
entirely Late Pliocene in age (PL3 ~ PL5). The oldest beds in the In-
tracoastel Limestone of Walton County are Jackson Bluff in age (PL3 -
PL4). On the other hand, Intracoastal sedimentation began in the Apa-
lachicola Embayment in Early Pliocene, pre-Jackson Bluff time (PL1) and
the youngest beds currently recognized are Jackson Bluff or slightly
post-Jackson Bluff in age (PL4). In terms of time, the common denomina-
tor between the western and eastern Intracoastal Limestone is the Jack-
son Bluff sedimentational episode (PL3 to earliest PL4).

. The present evidence suggests that the eastern Intracoastal Lime-

stone 1s fully equivalent to the phosphoritic sand unit of Walton
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County (see discussion of age of the phosphoritic sand unit on p. 113~
116) whereas the time equivalent of much of the typical Intracoastal

Limestone of Walten County is not. present in the Apalachicola

Embayment.



DISCUSSION

Depositional Units and Depositional Intervals

There are a number of small scale, quasi-chronostratigraphic
units in the study area that for convenience are referred to in this
study as depositional units (similar to depositional sequences of
Frazier, 1969). Depositional units differ in only twe significant ways
from chronostratigraphic units, (1) they are necessarily bounded above
and below by stratigraphic discontinuities that represent intervals of
nondeposition to erosioun, and (2) the time intervals of nondeposition
or erosion are of equal significance in this stratigraphic system to
material deposits in the geologic record. The formal recognition of
both the material deposits and the intervening absence of deposits in
the geologic record. The formal recognition of both the material de-
posits and the intervening absence of deposits in the geologic record,
and the placing of both in a time framework, produces subtle changes in
the kinds of information derived from application of this system as op-
posed to the standard chronostratigraphic system (Am. Comm. Strat. ¥om.,
1970; Intern. Subcowmm. Strat., Class., Rept. 7, 1972). The depositional
units in this study emerge as a sort of tectono-gtratigraphic unit in
that they were formed during discrete basin filling events that resulted
from epeirogenic subsidence of the continental margin. They are, like
chronostratigraphic units, material deposits of diverse lithologies that
cut across facles change from one formation to ancther. They are, how-
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ever, more like lithostratigraphic units in that they are of local to
regional extent and are probably not of continental or world-wide ex-
tent.

Depositional intervals are the intervals of time over which sedi-
mentation of the various depositional units took place (depositional
episode of Frazier, 1969)., Although the depositional units in the
study area are bounded rather precisely in time, they are diachronous in
that the time span of a depositional unit in any one section is less
than the total time span of the unit based on accumulated sections.

At least six depositional intervals are recognized in this study.
These include (1) the Chipola interval, (2) the Bruce Creek/Oak Grove
interval, (3) the lower Shoal River/St. Joe interval, (4) the middle and
upper Shoal River/St, Joe interval, (5) the Choctawhatchee interval, and
(6) the phosphoritic sand unit/Intracoastal/Jackson Bluff interval. In
addition there is some evidence that the upper Plelstocene may represent
a discrete depositional interval. A hiatus that is not present in the
Intracoastal Waterway #1 (W-8873) opens up to the west, resulting in the
separation of the phosphoritic sand unit from the Intracoastal Limestone
in the Coffeen ##1 (W-8865). Although there is too little core control
to be confident of this part%cular hiatus, it does suggest that the low-
er Pliocene and upper Pliocene represent two distinct depositional in-
tervals farther west.

Nondepositional Intervals o

The time intervals of nondeposition (lacunae in part) are as
laterally persistent as the depositional intervals in the study area.

Six nondepositional intervals, or hiatuses, have been traced in the
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study area and at least two more subtle hiatuses may be present. These
nondepositional intervals include the following from older to younger:
(1) the late Oligocene through early Miocene hiatus, (2) a subtle but
consistent hiatus between the Chipola and Bruce Creek, (3) the hiatus
geparating the Bruce Creek/Oak Grove from the Shoal River, {(4) the hia-
tus or depositional minimum between the lower and wmiddle Shoal River,
(5) the hiatus between the middle and late Miocene, and (6) the hiatus
between the Miocene and Pliocene.

There is almost certainly a hiatus between the Pliocene deposi-
tional interval and the late Pleistocene-Holocene sands under the pres-
ent coast. However, these sands are fogssiliferous only in the Apalachi-
cola Embayment, and even there, the lower part of the interval is non-
fossiliferous. Because the Pliocene sediments grade upward into the
"pleistocene™ sand lithology and there are no clear physical breaks
within the sand sequence, the nature of the Pliocene-Pleistocene transi-
tion 1s not clear in the study area. Since the Pleistecene sands are
almost all nonfossiliferous coastal deposits overlying ronfossiliferous,
regressive sands, this particular hiatus differs as a consequence from
those in the older deposits. Any open marine, fossiliferous Pleistocene
sediments, if present, must lie offshore and therefore the Pliocene-
Pleistocene nondepositional interval cannot be evaluated in this study.

As with the depositional intervals present in the study area, the
nondepositional intervals also (and necessarily) are bounded rather pre-
cisely by time. Their slight diachroneity is reciprocal to that of the
depesitional units.

The physical and temporal nature of the contacts between the de-
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positional units is critical in evaluating the nature of the paracon-
formities and the environment and physical conditions that may have pre-
vailed during the nondepositional phase. It 1s consequently useful at
this point to give an account of the physical characteristics of the
various contacts between the depositional units in the study area,

For convenience of discussion, the paraconformities may be divid-
ed into three kinds, (1) paraconformities with no significant lithology
change across the contact, (2) paraconformities with abrupt lithology
change and with no mineralogical alterations or concentrations, and (3)
paraconformities with abrupt lithology change and with mineralogical al-
terations and/or concentrations present above or below the contact.
These three “kinds" of paraconformities are not exclusive but form a
continuum so chaé it is often difficult to categorize them. It is self
evident that the paraconformities with no litholegy change are restrict-
ed to those paraconformities within a lithosome. The paraconformities
where there is abrupt lithology change may occur within s lithosome or
between lithosomes.

It is significant that most of the definite paraconformities in
the study area includes local examples where there is no lithology
change across the contact between depositional units. In this kind of
paraconformity, the lithologies on either side of the contact are es-
sentially the same., There is no alteration of the underlying deposit
and there are no concentrations of unconformity sediments such as lag
deposits, glauconite, phosphorite, or pebbles or clasts of the underly-
ing unit. The contact can be identified with certainty only by paleon-
tological means. It appears from examination of the cores that sedi-

mentation simply ceased, and after some interval of time that may have
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been as much as 5 million years, sedimentation began again with no ap-
parent change in conditions, Commonly planktonic foraminifera from the
underlying unit are reworked into the basal few feet of overlying sedi-
ments. The preservation of the reworked foraminifera generally is no
different than that of the in situ foraminifera and is almost always
excellent., On the other hand the writer has not observed any foramin-
ifera from the overlying unit reworked into the underlying deposit.
This suggests that burrowing and mixing of the upper-most horizons of
the underlying deposits by burrowing organisms has not been extensive,
and that only very gentle and local reworking of the underlying depos-
its occurred upon initiation of sedimentation.

Paraconformities with abrupt 1ithology change but with no appar-
ent mineralogical alterations or concentrations in the overlying or un-
derlying beds are the most common type in the study area. In this type
of paraconformity there is no evidence of chemical or physical altera-
tions in the upper-most horizons of the underlying deposits. There is
no evidence for solution, oxidation, dolomitization, or mineralization.
Similarly there are no concentrations of lag deposits, glauconite, phos-
phorite, or reworking of the underlying sediments in the basal beds or
the overlying units. This is the kind of contact that exists between
the Miocene and the Oligocene in west Florida and has been referred to
as "unconformable" in the past (Matson and Clapp, 1909).

There is a "twilight" zone between the paraconformities with
evidence of alteration or concentrations and those paraconformities
without evidence of alteration or concentrations. As a result it is

sometimes difficult to judge by simple examination of a cove if altera-
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tion in fact exists. The alteration in an underlying limestone may con-
sist of dolomitization or more subtly, of induration of the limestone.
In the Hunt #1 (W-10954) the topmost clays of the Chipola Formation, un-
derlying the Jackson Bluff Formation, have been indurated to claystone
while the upper ten feet of the limestone of the Chattahoochee Formation
has been dolomitized and contains manganese dendrites immediately below
the top of the formation, It is commonly difficult to determine whether
induration of limestone under a paraconformity is a result of physical
conditions during the development of the paraconformity or whether in-
duration preceded the paraconformity. The Oligocene carbonates in the
study area are typically indurated and often contain dolomite, and the
presence of indurated limestone or dolomite underlying the Oligocene/
Miocene paraconformity is not necessarily a function of physical condi-
tions during the development of that paraconformity.

It is stressed that evidence of solution or scour in the under-
lying deposits has not been observed in assoclation with paraconformi-
ties or diastems in the study area.

Basal deposits of units overlying paraconformities commonly con-
tain sediments that differ markedly from the lithologies of the rest of
the overlying units. These basal deposits are no more than a few feet
thick and are often loose and unconsolidated. They are arenaceocus in
texture with the principal component of the lithology being either
quartz sand or calcarenite. Generally these basal sediments are some-
what phosphoritic and/or glauconitic and small shells and shell frag-
ments are common (especially of the pectens). Irregular shaped, heavi-

ly bored, phosphatic dolomite pebbles that may have a shiny, black
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glaze are locally common. These dolomite pebbles appear to be present
only where limestone underlies the paraconformity. They are especially
common at the Bruce Creek/Chipola paraconformity, and at the Shoal
River-5t. Joe/Bruce Creek paraconformity. Finally, it is common that
the basal sediments of this paraconformity type contain more quartz sand
than both the underlying and overlying deposits.

There is clear evidence of only one disconformity in the study
area. This is the stratigraphic discontinuity that underlies the Citro-
nelle Formation. The Citronelle/Miocene disconformity 1is distinctive in
that the basal Citronelle sediments typically are gravelly and appear to
be channel deposits. The topmost beds of the Miocene underlying the
Citronelle Formation are invariably oxidized, and the Miocene surface on
which the Citronelle was deposited is quite irregular in the western
half of Walton County. The oxidation of the underlying Miocene sedi~-
ments may not necegsarily be related to the disconformity in view of the
fact that alteration could be a relatively recent result of watertable
lowering and ground water activity. On the other hand the irregular
surface on top of the Mioceme must almost certainly be due to pre-
Citronelle erosion and dissection because there is reciprocal thickening
and thinning of the Citromelle Formation on the Miocene surface.

The paraconformity at the base of the Jackson Bluff Formation is
distinctive in the study area in that it contains clasts of the underly-
ing "Hawthorn Formation" and exhibits truncation of foreset beds as at
Alum Bluff. It does, therefore, show signs of active erosion prior to
sedimentation.

Dynamic Equilibrium and Base Level
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The sedimentational mocdel adopted in this study is consistent
with the theories of sedimentation developed by Barrell (1917) and re-
fined by Dunbar and Rodgers (1957) and Wheeler (1964). The prinmeipal
factors controlling sedimentation in this scheme are equilibrium, sedi-
ment Influx, and subsidence. Dynamic equilibrium exists on the sea
floor when the current regime (oscililatory wave motion, long shore cur-
rents, and other local bottom currents) and the sediment input are in
delicate equilibrium at the sediment/water interface, This state may be
said to exist when for every particle of detritus generated at or car=-
ried into an epeirogenically stable site, whether it be terrigenocus
clastic, blogenic debris, glauconite, or phosphorite grain, another par-
ticle is removed to another site. The equilibrium is directly related
to the amount of wave and current energy, volume of sediment input, and
gize of the gedimentary particles. For example the greater the influx
of sediment, the greater the energy level or competence of the currents
required to maintain the balance of input and output. The sea floor in
this kind of equilibrium may be envisaged as not only being a region of
sedimentary bypass, it is also a region of nonaccumulation of sediments.
Blogenic debris, glauconite, phosphorite grains and mica could well
leave the system by physical attrition.

Sedimentational dynamic equilibrium of this kind is a state that
can be achieved and maintained only in a stable environment. Frequent-
ly changing current velocities, frequent chques in relative sea level,
whether the cause be epeirogenesis or eustatic changes, and changing
volumes of sediment influx are not conducive to equilibriuvm. 1In order

to maintain dynamic equilibrium on a sea floor where there are no fre-
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quent or abrupt changea in at least one of the parameters of sedimenta-

tion, there must be precisely equal or compensatory changes in at least
one of the other parameters. It would seem that such a degree of off-
setting change would be an improbable event. For example, to maintain
dynarmic equilibrium over broad areas of the continental shelf during or
after an abrupt relative rise in sea level would require a general in-
crease 1n current velocities and/or a general decrease in sediment input.
Current velocities are a function of climate and wind, On the other
hand, sediment input is complex in that there are four general sources
of sediment on the shelf: the erosion of the continent, marine bioclogi-
cal activity, chemically derived or altered sediments that are generated
in situ such as phosphorite, and possibly erosion of the continental
shelf. Tnerefore a relative risz in sea level, which would be interpre-
ted as a marine transgression, would require a climatic change, and/or
a tectonic change plus a reduction in bilological production on the shelf
for dynamic equilibrium to be maintained. As a result of equilibrium,
the marine transgression, which would be accompanied by a series of
changes that would qualify as a geological event, would go unnoticed in
the geologic record. It is doubtful whether such a series of changes
could be effected without at least a temporary loss of equilibrium.
Barrell (1917) extended Powell's (1875) concept of base level to
the marine environment. He considered base level to represent a plane
of equilibrium. Any area of the sea floor that exists above the plane
of equilibrium, i.e., above base level, would undergo erosion. The area
of the sea floor that lies beneath base level would be subject to sedi-

mentation. Periods of equilibrium are essential to the formation of



160
diastems in the geologic record, diastems being temporally immeasurable
breaks in the stratigraphic record. Barrell did not relate the periods
of equilibrium to hiatuses in the stratigraphic record of greater mag-
nitude than diastem.

Dunbar and Rodgers (1957) referred to the equilibrium condition
as the baselevel of aggradation. However, they believed that "no such
condition exists in nature" (1957, p. 130) in that equilibrium "varies
from day to day with the passing storms, and from season to season as
the prevailing weather changes. . . . Thus the baselevel of aggradation
constantly fluctuates, so that perfect equilibrium is never attained
over any considerable area or maintained for any considerable length
of time,”

Wheeler (1964) envisaged base level ''generally as an intensely
active surface, and with the lithosphere surface in virtually all areas
lying within the field of amplitude of its incessant "vibrations"." It
is only where the base level surface intersects the lithogsphere that a
state of equilibrium exists. Apparently Wheeler was also of the opinion
that the condition of equilibrium for all practical purpeses dees not
exist in nature since he referred to the line of intersection of the
lithosphere surface and the base level surface as & baselevel transit
contour. Since the base level surface is always migrating upward or
downward, the baselevel transit contour must also be constantly moving
across the lithosphere gurface.

It 1s the contention of the present writer that broad areas of
the sea floor, perhaps as much as several thousand square miles of sghelf

in the study area, may have been in a state of dynamic equilibrium for
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extended periods of time., Certainly the point raised by Dunbar and
Rodgers (1957, p. 130) that base level must vary from day to day, storm
to storm, and season to season cannot be denied., However, the effacts
of the vertical, oacillatory base level migrations may be viewed from
both a short term perspective (days, years, centuries, etc.) and from
the long term perspective of geologic time. The amplitude of base
level migration or oscillation through geologic time may be referred to
as the zone of base level migration. The zone of base level migration
is that range of oscillation of base level between the low energy, calm
periods and the high energy, violent storm periods at a given site,
During the periods of low energy, base level would stand well above the
sea floor and conditions of sedimentation would prevail. During the
more viclent stoyrms or periods of wigorous current activity, base level
would extend below the sediment/water interface and marine erosion
would temporarily set in. The depth of the sea floor relative to sea
level would depend on the cumulative positions of base level for the
area and would always be within the zone of base level migration. With-
in this zone the sediments would be alternately deposited and reworked.
The depth of reworking should depend on the extremes of the energy ex-
pended on the sea floor at that site. on the grain size of the sedi~
ments, the degree of compaction and/or recrystallization, and to some
extent on the amount of sediment being bypassed over the site. If the
zone of base level migration were stable relative to sea level, the
gea floor would silt up to some stable level within the zone and should
renain at that depth relative to sea level if all other parameters of

the sedimentational system remain unchanged. Since the bottom reworking
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would occur monthly, seasonally, or over some longer time intervals, all
fossils would be destroyed in the reworked zone from physical attrition.
As a result, when sedimentation is again established, the reworked zone
would be incorporated into the overlying deposit and there would be no
indication of fossils of intermediate age between the underlying deposit
and the basal reworked zone of the overlylng deposit.

Evidence of periods of dynamic equilibrium in the geolegic record
are necessarily subtle and elusive since the condition of dynamic equi-
librium must result in absence of record. The recognition or postula-
tion of equilibrium therefore must be a probability and cannot be a
certainty. It must be based on various lines of evidence of a regional
and local nature, such as absence of evidence of erosion in the under-
lying deposits or clasts of the underlying deposit reworked into the
basal sediments of the overlying deposit, regional thickness distribu-
tions, and the interpretation of the physical nature of the paraconform-
ities.

Corollary to the concept of equilibrium are two states of dis-
equilibrium. In one case of disequilibrium (sedimentational phase) the
gediment influx is greater than the current energy required to keep the
sediment in active transport. This phase of disequilibrium may be
brought about by several different processes, Tectonic subsidence or
eustatic rise in sea level may cause a deepening of the water and a con-
sequent decrease in current energy impinging on the sediment/water in-
terface. Daily, seasonal, or long term climatic changes which effect
the current velocities and directions on the continental shelf may re-

sult in less current activity. On the other hand current velocities
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may remain relatively constant but an increase in sediment influx will
result in sedimentation.

In the erosion or degradation phase of disequilibrium the current
energy 1s greater than that needed to keep the incoming sediment in ac-
tive transport and as a result, some of the energy is expended in remov-
ing previously deposited sediments. Tectonic uplift or eustatic fall
in sea level could result in an increase in current energy on the sea-
floor. Decrease in sediment influx should likewise result in more cur-
rent energy available to erode the previously deposited sediments.

The state of disequilibrium reflects instability in the environ-
ment. Disequilibrium results from the change in at least one of the
parameters of sedimentation without compensatory change in the other
parameters. If the disruptional changes were episodic rather than con~
tinual, the sedimentation system should readjust itself in time to re-
attain the state of dynamic equilibrium.

It must be stressed that the conditions favoring dynamic equi-
librium on the continental shelf are variable. It is clear that the
sedimentational regime on the topset beds of a delta or a prograding
wedge of sediments is going to be different from that on the foreset
beds or on the bottomset beds. In the far offshore, deeper water areas
of the shelf, dynamic equilibrium may be attained locally under condi-
tions of low current velocitles and low input of terrigenous detritus
and biogenic debris. In the shallow water, nearshore area, equilibrium
can be attained under conditions of higher current velocities and
greater influx of terrigenous clastics and biogenic debris. On carbon-

ate banks or reefs, biological activity may be so intense that the up-
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per limit of sedimentation is the intertidal zone and conditioms of
sedimentational equilibrium or disequilibrium do not pertain, except
that sedimentation overwhelms all other parameters of the sedimentation-
al system. ,

The principles described above are less clear cut and simple when
considered in terms of the zone of base level migration. If the region
of the continental shelf under consideration is subsiding very slowly,
then the sediment/water interface should always remain within the zone
of base level migration. The evidence of this condition in the geologic
record should be similar to the condition of dynamic equilibrium except
there would be a slow net accumulation of sediments. Conversely it is
conceivable that a very gradual lowering of the zone of base level mi-
gration would also leave the sediment/water interface within the zone of
base level migration. In that case the condition of degradation of the
underiying deposit could hardly be distinguished at the paraconformity
from the condition of equilibrium if the underlying deposits were rela-
tively unconsolidated. The presence of reworked foraminifera in the
basal bed of the overlying deposit would not necessarily be sufficient
evidence for degradation because there may still be some pavement of
the older deposit exposed during the inception of sedimentation of the
younger deposit. Still, however, presence of gently reworked plank-
tonic foraminifera in the basal bed of the overlying deposit would be
more suggestive of very gradual degradation of the underlying deposit
within the zone of base level migration.

1t is apparent that within this relatively stable area of the

Coastal Plain in western Florida that there must have been only a
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slight, but real, distinction between conditions of gedimentation equi-
librium and conditions of sedimentational disequilibrium, In the two
cores that contain all three parts of the Shoal River age deposits, the
Adkinson #1 (W-11045) and the St. Joe #1 (W-12051), the average rates of
sedimentation calculated on the basis of the time scale of Berggren and
van Couvering (1974} are 2.8 ¢m/1000 years and 2.6 cm/1000 years re-
gpectively. Furthermore, based on the same time scale, the average rate
of sedimentation for the middle and upper Shoal River in the Eglin {1
(W-8351) which contains the thickest Shoal River section in the study
area is only 8.9 cm/1000 years. These values are very low and compare
with sedimentation rates of the bathyzal and abyssal zones of rhe world
oceans. These rates are especially significant since the Shoal River
sections contain mainly sand and clay with a very low concentration of
foraminifera while the St. Joe sections contain essentially a foraminif-
eral coquina. Obviously the type of sediments deposited had little in~
fluence on the rates of sedimentation.

Chemical Equilibrium

Chemical equilibrium may be another factor involved in the indis-
tinctness of some of the paraconforpities in the study area. If the
sediments on the sea floor were not in chemical equilibrium with the
overlying watermass, then solution or recrystallization of some previ-
ously existing minerals, or precipitation of new minerals would be ex-
pected to occur in the sediments on the anclent sea floor. This must
certainly be the origin of the heavily bored, pyritic, phosphatic dolo-
mite pebbles that appear to be concentrated at the Qruce Creek/Chipola

equivalent limestone contact and at the Shoal River/Bruce Creek contact.
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Since there is rarely evidence for chemical activity at some of the
paraconformities, notably the Shoal River/Choctawhatchee contact, this
is regarded as evidence that chemical equilibrium prevailed during some
of the nondepositional phases.

Sediment Sources

There are two sources for the greater part of the Neogene sedi-
ment mass of western Florida. These are the continent which supplied
the terrigenous clastics, and biological activity which supplied the
biogenic debris. Chemically precipitated or altered sediments such as
dolomite, palygorskite (attapulgite), sepiolite, glauconite, and apatite
are quantitatively minor lithologic components.

It is apparent from the geometry of the terrigenous clastic de-
posits after an examination of Figures 14, 15, 16, and 18 that the great
bulk of the sands and clays were derived either from a western source
via the long shore drift system, or that they were derived from a local
source and were trapped in narrow, subsiding east-west blocks. It is
important to note that the principal direction of the longshore drift
during at least the depositional phases of the Miocene in the first case
would have to have been reversed from that of the present direction and
would have to have been from west to east. In addition to a postulated
western source of clastics there would certainly have been a local
source. This source includes the rivers that discharged into the Gulf
of Mexico in the study area. However, from the perspective of this
study it is impossible to evaluate the relative sediment contributions
from either a local source or a postulated western source. Only ia the

Apalachicola and Chipela River area can the locally distinctive sand
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and clay faciles of the Jackson Bluff Formation be certainly ascribed to
a local source because the lithology is found neither to the east nor to
the west of that area.

The source of the calcium carbonate in the limestones and calecar-
eous sediments of the study area is almost wholly blogenic debris. It
is possible that some of the limestone beds in the updip Chipola equiva-
lent sands may have resulted from direct precipitation, but in the nor-
nal marine sections there is no evidence, from simple examination of the
cores, for this sourcé of calcium carbonate.

There are two discrete sources of biogenic debris. One source
consists of mainly a shallow water, benthic biota such as molluscs,
echinoderms, ostracods, bryozoans, and corals with a smaller component of
both larger and smaller benthonic foraminifera and planktonic foraminif-
era and possibly calcareocus nannoplankton., The two sources of bioclas-
tic debris are not exclusive and there is almost always at least a small
compenent of one of the sources present in the calcareous sediments.

The calcarecus sediments constructed with the remains of the
shallow water biota are generally coarser textured and less well sorted.
The source of this bilogenic debris was the skeletal material of organ-
isms that inhabited the ancient sea floor. After death however, the
skeletal debris was usually disarticulated and abraded due to current
activity and the vertical reworking due to base level oscillations.

Some of the calcareous material was broken down further from comminution
by other organisms. As a result, ceoarsely bloclastiec, rudaceous lime-
stones are not common in these deposits. Typically the limestones and

calecareous sediments are coarse, moderate to poorly sorted calcatvenites.
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The foraminiferal limestones consist mainly of smaller benthonic
foraminifera, planktonic foraminifera, and possibly calcareous nanno-
plankton. Commonly the foraminiferal assemblage is dominated by plank-
tonic foraminifera to the extent that the sediments resemble coarse tex-
tured Globigerina ooze of the deep sea. The distinction in the sources
of the two limestone types is that one is composed mainly of skeletal
debris of organisms that lived on the sea floor, and the other is com-
posed mainly of minute, skeletal debris much of which rained down on the
sea floor from the overlying watermass.

Epeirogenesis and Eustatic Sea Level Changes

It is clear from the earlier discussion that sedimentation was
periodic during the Neogene in western Florida. What is not clear at
this point is whether the depositional intervals were punctuated by in-
tervals of tectonic stability with a delicate balance between current
energy and sediment input, or whether they were punctuated by intervals
of relative uplift and degradation, thus removing at least part cof the
deposits of intervening age from the paraconformities (Lacunae in the
gtriet sense). It is the objective in this section to examine the evi-
dence bearing on these alternatives, and finally to examine the possible
causes of the local perjodic sedimentationm.

It is apparent from the literature that most stratigraphers con-
sciously or subconsciously lean toward the premise that either sedimen-
tation or erosion must prevail at any given site on the lithosphere over
any extended period of time. 1If that is the case we should expect to
find evidence of (1) erosion and degradation at the variocus paraconform=-

ities, or (2) we should, perhaps, expect to find Miocene marine sedimen-
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tary deposits at elevations too high to be attributable to simple eus-
tatic lowering of sea level, thus giving evidence of epeiroganic uplift,
or (3) we should expect to find Miocene deposits wedging out on the
flanks of positive structures due to erosion and truncatiom.

It is clear from the discussion on paraconformities that there
is little consistent evidence of active erosion at the paraconformities.
The evidence for degradation is subtle. If it exists, the paraconform-
ity most likely would be located within the zone of base level migra-
tion. This being the case the only positive evidence for degradation
would be the presence of reworked planktonic foraminifera from the un-~
derlying deposit and the presence of the bored, phospharic dolomite peb-
bles concentrated near several of the paraconformities.

These bored pebbles are especially curious in that commonly they
have been so heavily bored by organisms (probably by members of the
pelecypod Superfamily Pholadacea) that they appear frothy. They are
generally covered with a black glaze of unknown composition and there-
fore may resemble pumice. Chemical analyses of five of these pebbies
show that they are mainly pyritic, very phosphatic, dolomite or dolo-~
mitic limestone. The mineralogies of these pebbles differ significant-
1y from the mineralogies of the underlying, overlying, and adjacent de-
posits. There are no older formations or beds in the study area that
contain this particular lithology. These pebbles are, therefore, min-
eralogically exotic.

It is postulated that these pebbles formed on the sea floor as a
sort of pavement during a period of time when the sediments and the

overlying watermasses were not in chemical equilibrium and when the
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sedimentational system was either in a state of dynamic equilibrium or

very mild degradational disequilibrium. If the pebbles lay exposed to

the watermass for any significant period of time, then even the zomne of
base level migration must have been very narrow and little, if any, re-
working of the underlying deposits was likely,

Epeirogenic uplift, and therefore indirect evidence supporting
degradation, can be demonstrated only if the marine deposits occur at an
elevation too high for the difference in their elevation and present sea
level to have resulted from simple eustatic lowering of sea level. Epei-
rogenic uplift also can be inferred if the bathymetric interpretation of
the benthonic faunas in the marine deposits likewise require an ancient
gea level stand to have occurred at an elevation too high for the dif-
ferences in elevation between the ancient sea level and present sea
level to be attributable to eustatic lowering of sea level.

In Walton County the highest marine Miocene deposits are the up-
dip Chipola equivalent sands that are found at elevations up to 235 feet
above sea level. The highest occurring Shoal River deposits are around
220 feet above sea level whereas the Choctawhatchee Formation is 165
feet. The highest occurring Jackson Bluff Formation is 135 feet in the
vicinity of Alum Bluff. The elevations of all the deposits listed above
include the very shallow water regressive phases and probably do not
vary appreclably from ses level at the time of deposition of the units.
All of these deposits are thin and are of shallow ﬁater origin. The
Choctawhatchee Formatlion is the thickest terrigenous clastic unit in the
study area and ranges in thickness.from 67 feet to 231 feet. Even if

penecontemporaneouvs subsidence did net occur during sedimentation of the
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Choctawhatchee, a;d its basal beds were deposited In water depths be-
tween 200 and 250 feet deep, the benthonic foraminiferal fauma is not
inconsistent with a middle neritic environment (see Cushman, 1931;
Cushman and Ponton, 1932). It is not consistent however, with an outer
neritic environment postulated by Bandy (1956) and by Puri (3953).

The amount of sea water locked up in glacial ice in Greenland and
Antarctica is sufficient to have caused a lowering of about 400 feet in
the sea level of the world. Therefore the elevations of marine deposits
do not offer unequivocal evidence supporting epeirogenic uplift. In ad-~
dition, none of the shallow water, clastic deposits in western Florida
were deposited in water of sufficient depth to demand a sea level stand
greater than the highest occurring Miocene deposit at 235 feet above
sea level.

Demonstrated truncation or even nonexistence of units on the
flanks or crest of the Chattahoochee Arch could suggest, but not prove,
that at least subtle, local epeirogenic uplift occurred. A positive
feature such as an "arch" would be the most likely place to seek evi-
dence of uplift. Vernon (1942) reported the Shoal River from the wes-
tern flanks of the arch in western Washington County and the Choctaw-
hatchee from the western flanks and the crest in northern Bay Cownty.
The Chipola passes over the arch without thinning whereas the Jackson
Bluff overlaps the arch from the east and grades into noncalcareous
sands on the western flanks of the arch (Fig. 20). The arch evidently
had little or no influence on either Chipola or Jackson Bluff sedimenta-
tion and the presence of the other two important Miocene depositional

units on the flanks and crest of the arch require there to have been
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little if any erosion subsequent to deposition of the units. It is co;-
cluded, therefere, that the Chattahoochee Arch was not involved in epei-
rogenic uplift in the study area during the Neogene. It appears, rather,
that the area of the arch has the general aspect and features of a stable
sedimentary shelf.

Since it must be concluded that there is no evidence of uplift
within the area under study in western Florida, we are left with two
possible explanations for the formation of the nondepositional intervals
or hiatuses. Either the hiatuses formed during periods of tectonic sta-
bility as a result of sedimentational equilibrium on the sea floor, or
they resulted from degradation and erosion on the sea floor due to eus-
tatic lowering of sea level. If the hiatuses were formed as a result of
eustatic lowering of sea level, then there is no apparent reason for a
concomitant reduction in sediment influx on the continental shelf. At
each low sea level stand, one would expect to find nearshore, sandy shell
beds or beach deposits developed in the shallow subsurface sandwiched
between deeper water, microfossiliferous deposits. This however is not
the case. Based on both the absence of very nearshore and beach sedi-
mentary associations and very shallow water benthonic foraminiferal as-
sociations, there are no nearshore~type deposits in the downdip sections
in the wesé Florida subsurface. All of the shallow water, shelly clas-
tic wedges with the very shallow water, brackish marine benthonic fora-
miniferal faunas ﬁre found in the updip areas, As a result there is al-
so no unequivocal evidence supporting periodic eustatic lowering of sea

level as an explanation for the formation of the various hiatuses. In

the one hiatus where there is evidence of erosion in the updip area,
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i.e., the disconformity underlving the Citronelle Formation, there is no
evidence of dissection below present sealevel. And with one possible
exception in the Bruce #1 (W-B592), there 1s also no evidence of a shal-
low water shell bed associated with this interval,

It is concluded that there is in west Florida neither definite
evidence for epeiéogenic uplift nor evidence for recurrent eustatic low-
ering of sea lavel before the end of the Miocene or during the Pliocene
depositional interval. There is, however, evidence that sea level has
gradually dropped through Miocene and Pliocene time {see Page 169 ) but
this lowering of sea level was not evidently of a recurring nature and
consequently would not show the extreme variations in sea level such as
are known to exist in the Pleistocene. As a result the paraconformities
cannot be related to repeated lowering of relative sea level.

It may be suggested that the depositional intervals are. on the
other hand, effects of eustatic lowering of sea level and that the gedi-
ments deposited during the intervening nondepositional intervals were
updip deposits that have long been stripped off due to erosion and de-
gradation. Little can be said of this alternative explanation because
there is little evidence to either support it or reject it. The discon-
formity and paraconformity between the Miocene and Pliocene deposits may
be sited as evidence for either case because it would take a veé} sig-
nificant lowering of sea levz2]l from the very high stand to cause the
dissection of the Miocene "offshore" deposits. Yet it would take rela-.
tively little lowering of sea level from those levels postulated in the

earlier pages to cause the dissection at the end of the Miocene.

According to the Tertlary time scale presented by Berggren (1972)
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and Berggren and van Couvering (1974) (see alsc Figs. 4 and 5) the Oli-

gocene/Miocene hiatus includes a time interval of approximately 15 mil-
lion years in the study area, the middle/late Miocene hiatus includes an
interval of approximately 5 million years, and the Miocene/Pliocene hia-
tus includes about 3 million years. It can be gseen from Figures 4 and 5
that each of the depositional intervals probably does not exceed 1.5 .
million years in duration and is generally less. Therefore, assuming
that simple eustatic sea level changes alone could not alter the volume
of sediment influx into the study area, a much greater volume of gedi-
ments would have to have been removed from the study area than there is
present there today. Certainly the removal and bypassing of so much
terrigenous clastic sediment should have left some imprint on the para-
conformities in the form of scour and lag deposits. That these geclogi-
cal features are either very rare or not apparent in the study area is
further evidence against the depositional units being results of eus-
tatic lowering of sea level.

Without recurrent high and low stands of sea level or epelrogenic
uplifts, the only controls of sedimentarion left that are possible fac-
tors of deposition in the west Florida Neogene are subsidence, stability,
and fluctuations in sediment influx.

The evidence for subsidence in the study area is both elementary
and clear. Shallow water limestones containing common algal balls, mol-
luscan molds and impressions, and palygorskite clay (Apalachicola Embay-
ment only) now occur at outer neritic to upper bathyal depths relative
to present sea level in both the Apalachicola Embayment and the Gulf

Coast Basin. In addition, the benthonic foraminiferal faunas in the
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downdip Chipola limestone and the Bruce Creek Limestone are relatively
shallow water assemblages that indicate water depths no greater than
shallow middle neritic.

By the simple existence of the depositional units in westerm
Florida it must be accepted that sedimentation was periodic. And since
there is no evidence for epeirogenic uplift or recurring high and low
sea level stands during the Miocene and Pliccene, it must be concluded
that the nondepositional intervals must represent intervals of time when
the sea floor was roughly in a state of sedimentational dynamic equilib-
rium. That being accepted, it follows that the depositional intervals
represent periods of sediment accumulation due to the state of sedimen-
tary disequilibrium. Therefore, the intervals of time when there was ac-
curmulation of sediments on the inner coantinental shelf of western Florida
were periods of subsidence or downwarping on the continental margins of
the northeastern Gulf of Mexico. Similarly the intervening intervals of
time represent periods of stability on the continental margin.

The concept of sedimentational dynamic equilibrium, sedimenta-
tional disequilibrium, and general tectonic stability punctuated by
brief periods of tectonic instability and subsidence is sufficient for
explaining many of the west Florida Neogene characteristics of sedimen-
tation. It also explains well enough the sudden, simultaneouws inception
of both terrigenous clastic sedimentation in the updip, nearshore areas,
and carbonate sedimentation in the downdip, offshore areas. It also can
explain the ;brupt termination of offshore, bioclastic sedimentation. It
does not, however, explain the apparent termination of nearshore terri-

genous clastic sedimentation at the end of Chipela, Shoal River. and
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Choctawhatchee times. This problem is especially acute with the termi-
nation of upper Shoal River and Choctawhatchee sedimentation in that
these depesits thin and pinch out downdip, leaving a paraconformity be-
tween the St. Joe Limestone of middle Shoal River age and deposits of
early and late Pliocene age.

Two possible explanations for this aspect of the problem are sug-
gested, (1) all terrigenous clastic sediwents were bypassed over the sea
floor, and (2) the terrigenous clastic influx was either terminated or
severely reduced during the periods of nondeposition. In the first case,
dynamic equilibrium caused the terrigenous clastics to be bypassed while
in the second case dynamic equilibrium was caused by & real reduction in
terrigenous clastic influx. Yet a real reduction in the terrigenous
clastic influx prior to the establishment of sedimentational dynamic
equilibrium should have resulted in an vpward increase in biloclastic
sedimentation during the depositional periods. This 1s not the case.

On the other hand there is only scant evidence that sand was being by-
passed during the nondepositional intervals because the basal beds of

the depositional units, interpreted in this study as being equilibrium
deposits of the zone of base level migration "trapped" at the inception
of subsidence, are only slightly and occasionally quartzose sgandy. It
may be that both explanations are in part correct, that there was both a
real reduction in terrigenous clastic influx aud the terrigenous clastic
sediments that were still being supplied to the shelf were being bypassed.

There are two possible causes for the reduction in the terrigenous
clastic input in the study area. The first is a real reduction in the

terrigenous debris supplied to the continental shelf in the northern
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Gulf of Mexico while the other possible cause is a change in the current
regime resulting In either a net cessation or reversal of the long shore
drift.

If, as Barrell (1917, p. 787) suggested, basin subsidence is
coupled with "geanticlinical™ or continental uplift, then the deposi~
tional intervals in the study area should be coupled with epeirogenic
uplift in the continent rather than alternating with uplift as examined
earlier in this paper. This may be the case since it is only during the
subsiding depositional intervals that there has been any terrigenous
clastic sedimentation in the study area. To follow this possibility
further, it could be argued that the greatest amount of terrigenous de-
bris would be carried into a basin immediately after an uplift in the
interior and before the incising drainage systems had achleved equilib-
rium, during which the drainage systems would be incising into the soft
saprolite formed during the preceding stable period. If the uplift were
periodic the amount of detritus brought into the basin by rivers should
diminish until either dissection and lateral erosion cease or until the
erosion cycle is terminated by another uplift.

In the study area there should be evidence of declining sedimen-~
tation during a depositional interval with the youngest terrigenous
clastic sediments being dominated by clays and silts. There is, how-
ever, no evidence of diminishing sedimentation during the Miocene deposi-
tional intervals and there is certainly no tendency for the size of the
clastic particles to diminigsh. If anything, the particle size appears
to increase with time in that the upper part of each of the Miocene de-

positional units is sand whereas clay is most common in the lower parts.
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The general impression is that sedimentation and terrigenous clastic in-
flux builds up to a climax, and then simply ceases. What compounds the
problem is that the deposition of the offshore plankton-rich foraminif-
eral limestones ceases concurrently. .

It may be that sedimentation continues to the west, farther into
the Gulf Coast Basin, at a diminishing rate. And it must be stressed
that the westernmost part of the area under study is only the eastern-
most fringe of the basin. It is dangerous to draw too many conclusions
about the tectonics and sedimentational characteristics of the Gulf
Coast Basin from such a small area on its peripher&.

It is possible that the terrigenous clastic deposits in the west-
ern part of the study area were dominantly transported from the west
(see Figures 13, 14, and 15). If so, the diminution, cessation, or
reversal of the long shore drift system in the northeastern Gulf of
Mexico should have a profound impact on the nearshore sediments. With
the drift being directed from lhe Gulf Coast Basin depocenter in
Louisiana, sand and clay would be transported to the study area. The
stronger the drift currents, the greater the influx of sand and clay on-
to the west Florida shelf. If the velocity of the drift currents were
reduced, or if the net drift direction declined, ceased, or was re-.
versed from eastward to westward as at present, the influx of clastics
from the west should have been either reduced or terminated. Certainly
the Florida peninsula or archipelago would have been a very poor source
for terrigenous clastic sediments. Such a reduction or cessation of
terrigenous clastic influx would be conducive to sedimentational dynamic

equilibrium or erosional disequilibrium in that the current system would
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cease to be overwhelmed with an inundation of sediments.

Although a change in the long shore drift system could severely
alter the amount of terrigenous clastics being transported into the
study area, it is not at all eclear that it could cause a simultaneous
cessation of carbonate sedimentation both nearshore and offshore in the
study area. Nor is it clear why a subsequent reversal or net change in
drift direction should cause a recurrence of carbonate sedimentation.

As a result, at the present time the writer prefers a tectonic origin
coupled with a diminishing supply of terrigenous clastic sediments to
explain both the inception and termination of sedimentation in the study
area.

The writer wishes to emphasize that the standard concepts of
transgression and regressiéu are not employed in this model. Such
transgressions as that documented for the late Cambrian of the Midconti-
nent or the oscillatory transgressions and regressions of the cyclothems
during the Pennsylvanian in the Midcontinent cannot be demonstrated in
this area of the Coastal Plain. Rather, the ancient shorelines were
relatively stable im position, prograding outward gradually through geo-
logic time. Subsidence may have altered the position of the ancient
shorelines only slightly, but the outbuilding, prograding mass of coast-
al sediments was probably more effective in displacing the shorelines

seaward and therefore giving the deposits a regressive aspect.



STRATIGRAPHIC SYNTHESIS

The various concepts discussed above allow a preliminary geologic
history to be constructed for the study area in western Florida, This
geologic history 1s based on the probable validity of the roles and ef-
fects of (1) general tectonic stability punctuated by periods of mild
instability and subsidence, (2) of dynamic equilibrium and disequilib-
rium on the floor of the continental shelf, and (3) periodic influxes of
terrigenous clastic sediments during intervals of subsidence.

The Chickasawhay depositional interval in the study area consists
of limestones, dolomites, and dominantly calcareous sediments referred
to in this study as Chickasawhay-equivalent deposits, "Suwannee Lime-
stone', and Chattahoochee Formation (Tampa Limegstone in part of earlier
authors). The foraminifera that establish the age of these deposits are

Globigerina angulisuturalis, G. tripartita, G. galavisi, and Cheilogum-

belina cubensis among the planktonic foraminifera; Pararotalia mexicana,

Discorinopsis sp., and Valvulina sp. among the benthenic foraminifera.

Only G. angulisuturalis ranges into the Miocene according to Blow (1969),

all other species and Discorinopsis and Valvulina are restricted to

Qligocene time or older in the Coastal Plain of the Southeastern United
States.

The sediments of late Oligocene age in Alabama, Florida, Georgla,
and South Carolina are either dominantly calcareous or are entirely

limestones with some dolomite. Evidently then, if epeirogenic uplift im

180
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the eastern part of the continent accompanied subsidence of the conti-
nental marging in the Southeast, it was minimal and resulted in only an
increase in clay deposition with scome sand in the nearshore areas. The
offshore sediments of Chickasawhayan age are almost pure, shallow water,
limestones and dolomites.

In the study area west of the Apalachicola River {(possibly ex-
cluding the coastal area of Gulf and Franklin Countiles due to insuffi-
clent control), much of the Chattian, all of the Aquitanian, and much of
the Burdigalian Stages are missing in the hiatus between the Chickasaw-
hay depositional unit and the Chipola depositional unit. In the area of
western Florida from the Apalachicola River to Okaloosa County, the
ancient sea floor on the continental shelf must have been in a state
close to that of dynamic equilibrium for an extended period of time. De-
posits of intermediate, early Aquitanian age are knowm in eastern Georgia
underlying the southern Atlantic Coastal Plain (Huddlestun, 1973) and
they may extend south into eastern Florida, Although other contemporan-
eous depositional units in eastern Georgia appear to be in step with the
Chipola, Shoal River, and Pliocene depositional units, the absence of
Aquitanian in western Florida and the absence of a recognizable Choctaw~
hatchee depositional interval 1n eastern Georgla suggests that there may
be subtle differences in the regional tectonics between the continental
margins of the Gulf of Mexico and the Atlantic Ocean.

The Chattian~Burdigalian pericd of stability ended in west
Florida with a general subsidence that resulted in the first terrigenous
clastic coastal plain deposits over much of the area, the Chipola For-

mation and its equivalents. Because the Chipola planktonic foraminif-
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eral assemblage 1s dominated by long-ranging species, the diachroneity
of the formation boundaries cannot be demonstrated. However, the Chip-
ola Formation must be viewed as a regressive, prograding mass of terri-
genous clastics and carbonates. In Walton County it is invariably more
calcareous and contains a much more diverse fauna in its basal beds
whereas it is less calcarecus in its uppermost beds and contains a more
restricted foraminiferal fauna characterized by the brackish-water, ben-

thonic foraminifera species, Ammonia beccarii. The prograding clastic

tongue of the Chipola extends to the present coast under central Walton
County.

The updip Chipola-equivalent sands in Walton County is believed
by this writer to constitute a vast semi-sound or lagoon complex that
developed during the Chipola depositional interval. It may have been
geparated from the open ocean environment by a barrier island chain that
trended approximately westnorthwest-eastsoutheast across central Walton
County, or it may have had direct access to the open ocean but with re-
stricted watermass access due to a very low ramp angle on the continent-
al shelf. Within this area of restricted marine conditions is the sound
facies of the Chipola, the Chipola equivalent sands. Seaward is the
Chipola Formation that grades downdip into the offshore, Chipola-equiva~
lent limestone.

it appears likely from examination of Figures 21-23 that some of
the upper deposits here included in the Chipola equivalent sands may in
fact be both Bruce Creek/Oak Grove-equivalent and Shoal River-equivalent.
1f that is the case, then the nearshore, semi-sound or lagoon facies may

have persisted into a later, middle Miocene time.
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The updip limit of the marine Chipola (which is believed to ap-
proximately parallel the ancient shoreline trend of the Chipola) changed
to that of a more east-west direction in the vicinity of the Choctaw-
hatchee River during the Chipola depositional interval. This east-west
trend is maintained as far east as Alum Bluff, east of which the Chipola
Formation has not yet been identified.

The Chipola-Bruce Creek contact is interpreted as a paraconformi-
ty in this study although in all cores the formations have the appear-
ance of being conformable and gradational. There are two sets of cri-
teria used in judging the presence of a hiatus, (1) the apparent evolu-

tionary jump from forms tramsitional from Globigerinoides sacculifera

quadrilobata to G. sicanus in the Chipola Formation to well developed
and typical G. gicanus in the basal sediments of the Bruce Creek Lime-
stone. The time interval involved in the hiatus 1s as little as a few
hundred thousand years (see Figure 4); and {2) the heavily bored, phos-
phatic dolomite pebbles that are always assoclated with either paracon-
formities or bilostratigraphic breaks are commonly found at or immediate-
1y above the contact between the Chipola-equivalent limestone and the
Bruce Creek Limestone.

There was a tectonic change during the Chipola/Bruce Creek non-
depositional interval. The stratigraphic relations between the Chipola
Formation and Bruce Creek Limestone west of the Choctawhatchee River is
one of overlap while east of the river it is offlap. 1In addition, in
the Walton County area the Bruce Creek is characterized as a minimm in
terrigenocus clastic influx. In general it appears that there was a

brief period of sedimentational dynamic equilibrium on the inner shelf
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immediately following Chipola deposition. The equilibrium condicion was
interrupted rather abruptly in the western part of the study area with a
subsidence but with only a feeble influx of terrigenous clastics. This
gsubsidence affected only the coastal areas of west Florida west of the
Choctawhatchee River. Apparently the region east of the Choctawhatchee
River, i.e., the area of the Chattahoochee Arch, was not involved sig-
nificantly in the Bruce Creek subsidence since the updip clay bed of the
Bruce Creek Limestone (Figure 12) trends in a more southeasterly direc-
tion in the vicinity of the Choctawhatchee River and the benthonic fora-
miniferal fauna of the c¢clay bed exposed at Boynton Landing on the Choc-

tawhatchee River is very strongly dominated by Ammonia beccarii.

Bruce Creek deposition ceased slightly diachronously in the study
area with sedimentation lingering the longest only in the western-most
part of the study area in western Walton County and Okaloosa County.
Subsequent to Bruce Creek deposition there occurred a period of equilib-
rium that lasted from one to two million years according to the time
scale of Berggren and van Couvering (1974). Sedimentation in the study
area was reinitiated with subsidence and deposition of foraminiferal
limestone in the Apalachicola Embayment and with an influx of nearshore
terrigenous clastics in northern Walton and Okaloosa Counties. This
sedimentation resulted in the beginning of St. Joe and Shoal River de-
position respectively. In Walton and Okaloosa Counties, the clastic
wedge of the lower, Whites Creek Member of the Shoal River Formation
prograded both in an eastern direction as a possible result of sediment
transport in the long shore drift system, and in a southerly, offshore

direction which probably resulted from basin filling. In addition,
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sedimentation began in an irregular diachronous manner near the updip
limits of the lower Shoal River in that the age of the base of the unit
varies unsystematically between the zones N9 and N10 of Blow (1969) sug-
gesting local sources of sediment. The Whites Creek depositional unit
thins and pinches ocut downdip and this depositional unit has been recog-
nized in the study area west of the Apalachicola Embayment only in
goutheastern Walton County. This would suggest that at least in Walton
County, sedimentation was not due so much to subsidence as it was to a
disruption in equilibrium due to an abrupt increase in terrigenous clas-
tic influx.

In the Apalachicola Embayment, on the other hand, foraminiferal
sedimentation of the St. Joe Limestone began almoat at the beginning of
the Whites Creek depositional interval., This requires the origin of the
St. Joe sedimentation in the Apalachicola Embayment to be in subsidence,
not in increased rate of sedimentation.

It is clear from the planktonic foraminifera content of the Bruce
Creek Limestone that the upper part of the Bruce Creek lithology is
Shoal River in age in an irregular east-west band across the south-
central part of Walton County. Only one nonindurated interval from the
Bruce Creek Limestone in the Mack #1 (W-8587) contains a Whites Creek
fauna. This is sufficient to show that the Whites Creek depositional
unit may contain Bruce Creek lithology before it pinches out under
coastal Walton County, and that the Whites Creek depositional unit may
be more widespread in Walten County than is currently demonstrable.

The Whites Creek depositional interval was terminated by a sedi-

mentational minimum in the downdip, offshore area and by a hiatus in the
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updip, nearshore area of Walton County. It would appear that regional
dynamic equilibrium was almost achieved before being disrupted by anoth-
er period of subsidence and sedimentation.

The areal and temporal distributions of the ensuing middle and
upper Shoal River depositional unit does not fit with ease any simple
sedimentational model. Based on the evolutionary bioseries of Globoro-
talia fohsi s.1., the earliest sediments of the Shoal River depositional
unit in the Walton County area are contained in the St. Joe Limestone in
the southeastern corneé of Walton County. From there the transgression
progressed northward and westward in an updip direction. This diachron~
eity continues up the dip to the type area of the Shoal River Formation
along the valley of the Shoal River where the middle Shoal River trans-
gression is climaxed with the deposition of a relatively nearshore shell
bed.

What makes this Shoal River transgression difficult to understand
is that in the coastal area, there are significantly greater time dif-
ferences in the unit between the cores than there are within the unit in
any one core. The base of the unit is strongly diachronous in the coast-
al area and the top of the unit is equally diachronous. Surprisingly,
terrigencus clastic sedimentation in the updip area was not initiated
until the transgressive "wave" of foraminiferal sediments passed a line
just north of Choctawhatchee Bay that parallels the present coast. This
line also marks the area of the facies change within the depositional
unit between the offshore foraminiferal limestone and the nearshore
sands and clays. By the time foraminiferal and biogenic sedimentation

reached the vicinity of this line, all downdip St. Joe sedimentation
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ceased. According to the sedimentary model employed in this study, the
most offshore area had reached approximately a state of dynamic equilib-
rium while foraminiferal and biogenic sedimentation commenced in a more
shoreward area. This was due either to high biological productivity
and/or a subsidence which resulted in a place to bury the debris.

It is curious that in Walton County almost all of the middle part
of the Shoal River Formation is younger than any of the St. Joe Lime-
stone which constitutes the early part of the transgression. Two fac-
tors must be pointed out in discussing the stratigraphic relationships
between the two lithosomes in this particular transgression. First the
source of sediment between the two facies was vastly different. The
source of gediment for the foraminiferal limestone was essentially
microfossiliferous debris that formed either in situ or rained down from
the overlying watermass, On the other hand the source for the terri-
genous clastic facies was either local or possibly from the long shore
drift system from the west. Secondly the "line" mentioned in the above
paragraph not only is a facles boundary but is also a sort of temporal
hinge line in that the depositional unit is strongly diachronous south
of the "line" but is only slightly diachronous north of the "line". 1In

spite of ihe rapidly evolving Globorotalia fohsi lineage, no diachron-

elty can be distinguished in the middle and upper Shoal River Formation
parallel to the depositional strike. This is unlike both the earlier,
diachronous Whites Creek Member and the downdip, offshore St. Joe Lime~
stone. What little diachroneity can be distinguished occurs in an up~
dip-downdip direction. This diachroneity is not that of a prograding

clastic wedge but that of a transgressing deposit. It can only be con-
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cluded therefore that the main mass of the middle and upper Shoal River
Formation must have been deposited relatively rapidly. It was probably
the sudden overwhelwing influx of terrigenous clastlcs (an average rate
of aedimentati?n that may not have been wmuch more than 10 cm/1000 years)
that terminated the transgression of the foraminiferal 1imestone. Pos-~
sibly the long shore drift currents may have been unusually vigorous and
competent during this period. But why middle Shoal River clastic sedi-
mentation began so suddenly and why dynamic equilibrium was maintained
in the nearshore area after it was disrupted in the offshore area is a
puzzle, If sedimentation were strictly related to subsidence and if
subsidence were epeirogenic, then it is difficult to understand why
clastic sedimentation did not begin In the nearshore area at the begin-
ning of the middie and upper Shoal River depositional interval. It is
also difficult to understand why, if subsidence continued slowly
through the middle and upper Shoal River depositional interval, the
sedfmentation did not continue in the downdip, offsheore area throughout
middle and upper Shoal River time.

Part of the problem may be involved in the recognition of lower
and middle Shoal River in the far updip areas where the deposits are
discontinuously fossiliferous or are nonfosgiliferous. For convenience
in this study, the base of the middle Shoal River in the type area of
the Shoal River valley is arbitrarily defined as the base of the shell
bed. However the shell bed appears to be gradational with the underly~
ing noncaleareous sands. 1t is possible then that the upper part of
these noncalcareous sands that are arbitrarily referred to as Whites

Creek Member in this study may indeed be middle Shoal River in age and
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a part of the middle Sheoal River depositional unit.

In this study the middle and upper Shoal River is considered to
be one depositional unit. The lack of a litholegic discontinuity plus
the paleontological gradation within this interval (460-430 feet) in the
St. Joe #1 (W-12051) in the Apalachicola Embayment supports this conten-
tion. However, in Walton County the contact between the two parts of
the Shoal River Formation is significant from both a paleontological and
sedimentological point of view and will therefore be discussed in some
detail.

In Walton County there is a clear break in fossiliferous, calcar-
eous sedimentation at the top of the middle Shoal River. In all cores
where fossiliferous middle Shoal River is overlain by upper Shoal River
that contains fossiliferous beds, there is a black, sulphurous clay im-
mediately above the topmost fossiliferous bed of the-middle Shoal River.
In only one core (Cosson #1, W-8004) is there a fossiliferous bed im-
mediately above the black clay, and this bed contains an Lpper Shoal
River planktonic foraminiferal assemblage and not a widdle Shoal River
assemblage.

The nature of the change from middle to uprner Shoal River i1s not
clear at this time due to the fact that the stratigraphic interval con-
taining the middle/upper Shoal River tranmsition is not continuously fos-
siliferous in Walton County. The upper and lower contacts of the black
clay bed are everywhere gradational with the overlying and underlying
sediments but from the earlier discussions, it is clear that the pres-
ence of apparent stratigraphic continuity may be quite misleading in

these west Florida deposits. However, in the Cosson #1 (W-8004) the
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clay separating fossiliferous middle Shoal River from fossiliferous up-
per Shoal River is only 3 feet thick. Because the clay is gradational
with the two fossiliferous beds over an interval of approximately 6
inches, the writer concludes that this is evidence supporting a grada-
tional and conformable contact between the middle and upper Shoal River,
and therefore of continuous sedimentation through middle and upper Sheal
River time.

As discussed in the section on the description of the Shoal River
Formation, the geometries of the middle and uppe£ Shoal River differ
from each other. The middle Shoal River is a thin deposit, its greatest
known thickness being 37 feet in the Gavin #f1l (W-7972). It is inter-
mediate in shape between a wedge or prism, and a blanket (Figure 15).
The upper Shoal River is a clastic wedge that has an Eastqwest axis and
is no more than about 12 to 15 miles across (Figure 16). 1In Walton
County 1ts greatest thickness 1is about 120 feet,

There is, finally, a paleontological discontinuity between the
wmiddle and upper Shoal River. Four species of planktonic foraminifera,

including Globorotalia fohsi robusta, became extinct in the study area

and one species, Globigerinoldes subquadrata, was very severely reduced

in numbers (see page 69). One species, or form, had its evolutionary
first occurrence., This faunal discontinuity 1s also present in the
equivalent section of the St. Joe Limestone in the St, Joe #1 (W-12051)
in the Apalachicola Embayment. This interval in that core is continu-
ously and abundantly rich in planktonic forawinifera. The discontinuity
is not abrupt as it is in Walton County but takes place over an interval

of about 2 feet, The species that disappear do not vanish but appear to
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fade out.

In Walton County the upper Shoal River thins and pinches out
downdip, passing into the paraconformity between the earlier middle
Miocene and the upper Miocene and Pliocene, The upper part of the mid-
dle Shoal River alsc pinches out downdip, but in the southwestern corner
of Walton County this interval penetrates almost to the coast before it
pinches out.

The contact between the middle and upper Shoal River depositional
unit and the Choctawhatchee depositional unit presents the typical case
in western Florida where there is only a very vague lithology change a-
cross a paraconformity. In spite of the hiatus that includes three and
probably four planktonic foraminiferal zones (Figure 4), the change in
lithology across the paraconformity is extremely subtle. For whatever
reasons then, the terrigenous clastic sedimentatien that prevailed dur-
ing Shoal River time in the nearshore area of Walton County was rather
abruptly terminated and a condition approaching equilibrium that had al-
ready become established in the offshore area, was extended to the near-
shore area. This condition of dynamic equilibrium lasted for about 5
million years in the ancient nearshore area of Walton County and for ap-
proximately 10 million years in the offshore area (Figures 4 and 3).

When the condition of dynamic equilibrium was again disrupted in
the late Miocene and the condition of sedimentational disequilibrium re-
initiated, the physical conditions in the nearshore area were essential-
1y identical to those that prevailed when sedimentation ceased in the
middle Miocene. As a result, the basal sediments of the Choctawhatchee

depositional unit are for practical purposes the same as the underlying
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Shoal River.

The Choetawhatchee depositional unit in the Walton County area is
a large clastic wedge that thins, narrows, and pinches out to the east.
As with the older clastic wedges in the study area, the source of the
Choctawhatchee terrigenous clastics was apparently either from the west,
via the long shore drift system, or from local sources (Figure 15).

The general structure of the middle and upper Shoal River wedge
and the Choctawhatchee wedge are rather similar in that there is an up-
per and lower part to both. In the Choctawhatchee wedge, a lower, cal-
careous fossiliferous bed is analogous to the middle Shoal River whereas
the upper Choctawhatchee {Permenters Farm beds of Smith, 1941) is analo-
gous to the upper Shoal River. The principal deviation from the analogy
is a basal Shoal River type Choctawhatchee lithology that has no analo-
gles that are known with certainty in the Sheal River depositional unit.
The possibility of such a basal middle Shoal River deposit was dis-
cussed, however, on page 76 .

The diachroneity of the Choctawhatchee Formation is both similar
to and different from that in the middle and upper Shoal River. 1t is
similar in that no diachroneity can be detected along the depositional
strike of the unit. It should be pointed out, however, that there were
no raplidly evolving lineages of planktonic foraminifera during much of
Choctawhatchee time., In this way the main part of the Choctawhatchee
planktonic foraminiferal assemblage is like that of the Chipola and the
measurement of diachroneity must be viewed as relative to the measuring
system. The diachroneity of the Choctawhatchee Formation differs from

that of the middle and upper Shoal River in distinctly prograding sea-
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ward. The youngest Choctawhatchee deposits immediately north and north-
east of Choctawhatchee Bay are measurably younger than the baszl depos-
its in the outcrop area.

There is also a similar planktonic foraminiferal assemblage
change between the lower and upper Choctawhatchee Formation, carrying
the analogy between the middle and upper Shoal River and Choctawhatchee
depositional units a step further. The Choctawhatchee assemblage change
differs in that there are no extinctions or evolutionary first appear-
ances, although there are local first appearances (see pages 94-97).

The principal changes are in increases and decreases of assemblage pro-
portions by several of the species and in evolutionary development

among other species. In general the faunal change between the lower and
upper Choctawhatchee is more subtle than between the middle and upper
Shoal River but none-the-less it does exist and is about the only pale-
ontological means at this time of correlating within the Choctawhatchee
depositional unit,

As with the upper Shoal River, sedimentation ceased abruptly at
the end of Choctawhatchee time over much of Walton County. It appears
to have lingered longest in the southwestern corner of the county where
a phosphoritic sand was deposited relatively slowly. The Choctawhatchee
depositional unit thins and pinches out downdip, passing into the para-
conformity between the middle Miocene and the Pliocene Series. There is
no indication in the downdip Walton County area that sediments of Choc-
tawhatchee age had ever been deposited. It appears, therefore. that the
sea floor in the offshore Walton County area had remained essentially in

a state of dynamic equilibrium during deposition of the relatively thick
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Choctawhatchee wedge in the nearshore area. It is curious that a pat-

tern emerges that suggests that periods of relatively thick, nearshore
clastic wedge sedimentation are also periods of nondeposition offshore.
The nondepositional interval following Choctawhatchee sedimenta-
tion and preceding Citronelle sedimentation in the updip areaz and marine
Pliocene sedimentation in the downdip area, apparently does contain an
interval of lowered sea level. Since there is no evidence for epeiro-
genic uplift in the study area, the most likely explanation for the low-
ering of sea level is eustacy. Indeed there is evidence elsewhere in
the world for a climatic cooling event and worldwide lowering of sea
level pear the end of the Miocene. The Messinian evaporites in the
western Mediterranean basin have been linked to a eustatic lowering of
sea level due to Antarctic glaciation (Bandy, 1969; see discussion by
Berggren and van Couvering, 1974). There is a sharp increase in ice
rafted clastics recorded from the Southern Ocean (Margolis and Kennett,
1971) near the end of the Miocene and this ice rafting event has been
correlated with the Kapitean Stage of New Zealand. The Kapitean Stage
has long been recognized as a cool interval both on the basis of the
Mollusca and planktonic foraminifera (Kennett, 1966, 1967). Kennett and
Watkins (1974) have presented evidence that the Kapiltean Stage of New
Zealand is related to the Gilbert C paleomagnetic events that have been
dated at approximately 4.5 million years. This according to recent Neo-
gene time scales (Berggren, 1972, 1973; Berggren and van Couvering, ’
1974) would be early Pliocene in age becavse the presently zccepted age
for the Miocene/Pliccene boundary is approximately 5 million years, near

the Gilbert/Epoch 5 paleomagnetic boundary. Whatever the cauvse of the
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discrepancy between the postulated ages of the cooling event near rthe
Miocene/Pliocene boundary may be, the cooling event or events along with
the eustatic lowering of sea level is still contained in the nondeposi-
tional interval between the Miocene and Pliocene deposits in western
Florida.

In the diachroneity of irs lithofacies and hiatuses, the varia-
bility of lithofacies and biofacies, the low predictability of physical
stratigraphic relationships without recourse to sophisticated strati-
graphic analysis, and the variabilicty and flux of the planktonic fora-
miniferal assemblages, the Pliocene depositional unit is by far the
most caomplex Neogene depositional unit in western Florida.

Marine sedimentation was not resumed in the study area until near
the end of the early Pliocene when dynamic equilibriuvm was again dis-
rupted due probably both to an inundation of terrigenous clastics di-
rectly from the Appalachian and Piedmont provinces and to subsidence.
This inundation buried previously formed topography in the onshore aveas
of western Florida and spilled over into the Gulf of Mexico immediately
north of the present north shore of Choctawhatchee Bay. It is clear
that his thin blanket of nearshore sand prograded seaward because in
southeastern Walton County, older Pliocene sediments occur at the base
of the updip section than occur at the base of the updip section (Fig-
ure 24). Concurrently, however, subsidence progressed offshore with the
greatest subsidence occurring to the west and not in a presumed downdip
direction to the south. This combination of subsidence and sedimenta-
tion resulted in a progradation of shallow water sands from north to

south, and a deeper water, offshore phosphoritic sand transgressing
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concurrently from west to east. Consequently the earliest currently
datable marine Pliocene sediments are found either in the southwestern-
most part of the cccurrence of marine Pliocene sediments or sporadically
in the most updip part in the Walton County area. Conversely the young-
est basal Pliocene sediments in the Walton County area occur in the
southeastern corner of the county.

With only two cores from the downdip Apalachicola Embayment, it
would appear that the distribution of early Pliocene sediments is just
as complex in the carbonate lithosome in that basin. It is curious that
the early Pliocene interval is not presently recognized in the thicker,
more unstable part of the Apalachicola Embayment in the St. Joe #1
(W-12051) but is present on its eastern flanks in the St. George Island
#1 (W-7574).

An environmental change that resulted in both a regional litho-
facies and biofacies change occurred throughout the study area in the
early part of the late Pliocene, immediately subsequent to and during
Jackson Bluff sedimentation and the maximum phase of the Pliocene trans-
gression. This environmental change was irregularly diachronous as re-
flected in the sediments. In some places it occurred, at the earliest,
during the time of Jackson Bluff deposition. This has resulted in the
recognition of an Ecphora Zone or facies, and a Cancellaria Zone or
facies. In other places, such as in the Price #/1 (W-8591), the change
occurred slightly later, during an advanced stage of the Jackson Bluff
regression.

The lithofacies and biofacles of the early part of the Pliocene

depositional unit, prior to the environmental change, are characteristic
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and restricted in areal distribution. The phosphoritic sand unit of
this study is restricted to the Gulf Coast Basin and is not known at
this time to occur east of the Choctawhatchee River. The sands and
clays of the Ecphora zone in the outcrop area of the Chipola and Apa-
lachicola Rivers are a prodeltaic deposit found only in that area.
These lithofacies are lithology types that are characteristic of the
Miocene and early Pliocene of western Florida and to some extent of the
Miocene and early late Pliocene of the Atlantic Coastal Plain. Subse-
quent to this environmental change, these lithology types do not occur
again in the outcropping or shallow subsurface coastal Plain from west
Florida to North Carolina.

The marine Pliocene sediments deposited after the environmental
change are all calcareous and consist of impure limestones with occa-
sional beds of calcareous clay or calcareous sand in the shallow sub-
surface. Representative deposits in the outerop area have been called
the Cancellaria Zone or faciles. This upper part of the Pliocene depo-
sitional unit is very well developed both in the Gulf Coast Basin and
the Apalachicola Embayment where it is called the Intracoastal Lime-
stone in this study.

Because the principal part of the marine, Pliocene depositional
unit is found, in the study area, only under the present coast of west-
ern Florida, the full geometry of the unit remains unknown due to in-
sufficient core control. It is clear, however, that the unit thickens
very abruptly from north to south across Choctawhatchee Bay in Walton
County. This suggests that the downdip, open marine part of the de-

pesitional unit is a wedge, similar to the Whites Creek wedge, the mid-
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dle and upper Shoal River wedge, and the Choctawhatchee wedge. The
Pliocene wedge differs from those earlier wedges in that the Pliocene
wedge is relatively starved from lack of terrigenous clastics. The
geometry of the depositional unit, therefore, cannot be ascribed to an
influx of terrigenous clastics. It is rather more apparent then that
Pliocene sedimentation in the offshore area was due to subsidence and a
disruption of dynamic equilibrxium.

There are two aspects of the Pliocene depositional unit that are
distinctive. The first is the presence of a cooling event that occurred
just subsequent to the environmentzl change. This cooling event is rec-
ognized from the great increase in abundance of the temperate planktomic

foraminiferal species Globorotalia puncticulata and the concomitant re-

duction in purely tropical speciles such as Globorotaliz menardii and the

extinction of other tropical species such as Globoguadrina venezuelana,

G. altispira, and Sphaeroidinellopsis subdehiscens. In addition the

tropical to warm temperate species Globorotalia tosaensis evolved at

this time from its immediate ancestor G. crassaformis.

Based on planktonic foraminiferal correlation, this cooling event
is the same as that referred to the "Nebraskan' glaciation by Akers
(1965), Akers and Holk, (1957), Akers and Dorman (1964), Beard and Lamb
(1968), Beard (1969), Lamb and Beard (1972), Poag (1971), Sachs (1970),
and Sachs and Skinner (1973). According to these authors, then, the
main mass of the Intracoastal Limestone in the upper part of the Plio-
cene depositional unit would be "Aftonian" in age. Berggren (1972)
recognized the same cooling event in the North Atlantic Ocean as the

first major northern hemisphere, continental glaciation. He placed the
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age of this event at approximately 3 million years and correlated it ap-
proximately with the Mammoth magnetic event in the Gauss magnetic epoch.
Although he originally correlated this cooling event with the Nebraskan
glaciation (Berggren, 1972), he later rejected this correlation
{Berggren and van Couvering, 1974) and placed the Nebraskan at a much
younger date.

The other distinctive aspect of this depositional unit is the
presence of a definite hiatus within it that is restricted to the west-
ern part of the Walton County subsurface. This hiatus is not present
in the southeastern corner of Walton County but it opens up westward and
includes the greatest interval of time In the gouthwestern corner of the
county. The hiatus is spproximately related to the cooling event in
that the base of the hiatus occurs within the upper part of the cool in-
terval in the Price #1 (W-8591) but completely includes the cool inter-
val in the Coffeen #1 (W-8863). In the Louisiana subsurface, the so-
called "Nebraskan" has been aséociated with a eustatic lowering of sea
level (see for example Akers and Holk, 1957). If the hiatus discussed
above is due to eustatic lowering of sea level, it is not obvious from
the benthonic foraminiferal assemblage in the Intracoastal Waterway #1
(W-8873) where sedimentation was apparently continuous through the
cooling event, Unfortunately there is too little core control to be
certain of the relationship of this hiatus with the ccoling event.

Dynamic equilibrium was apparently regained before the end of
the Pliocene and it is suggested that no more subsidence occurred in
the study area until sometime in the late Pleistocene. This, however,

is not clear since all Pleistocene deposits in the study area are
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either noncalcareous and nonfossiliferous or as in the Apalachicola Em-
bayment, consist of very shallow water, nearshore sheil beds that are
almost devold of planktonic foraminifera. I1f a discrete, Pleistocene
depositional unit exists in western Florida, it occurs off the coast of
Florida where it has not yet been identified.

One characteristic of the coastal Plio-Pleistocene sands must be
stressed. The late Pliocene, calcareous marine deposits all grade up-
ward into noncalcareous, nonfossiliferous sands. These noncalcareous,
nonfossiliferous sands on the other hand are not overlain either gra-
dationally or with sharp physical break by any other deposits in the
coastal area, The top of these sands is the soll zone or grass rocots.
Certainly the sands under the present shoreline are either late Pleisto-
cene or Holocene in age and therefore there may be numerous diastems in
the section that are not detectable on the basis of lithology change.
The almost continuously shelly, fossiliferous Pleistocene section in the
St. Joe #1 {W-12051) suggests that most of the stratigraphically equiva-
leut sands in other coastal cores are of one age and therefore there may
be only one break present in the sections. This paraconformity (or dis-
conformity) would separate the late Pliocene depositional interval from
a possible late Pleistocene depositional interval. If colder Pleistocene
coastal sands are, in fact, present in the study area, they cannot be
identified as such in this study.

A paraconformity between the late Pliocene and the late Pleisto-
cene would differ from other paraconformities in the study area in that
this paraconformity would not represent a nondepositional interval due

to a state of sedimentational dynamic equilibrium. Due to the Pleisto-
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cene glaciations, there has been one or perhaps numerous eustatic sea
level falls affecting the present coastal area of west Florida. There~-
fore the surface of the paraconformity or diastems would have been ex-
posed to subaerial erosion and perhaps dissection. There is, however,
no evidence of subaerial erosion or weathering in the Plio-Pleistocene
sands under the coastal area, suggesting that subaerial exposure result-
ed in neither erosion nor in oxidation of the surficial sands. The con-
tact between the sands is of the type where there is no physical indica-
tion of a break.

This situation would appear to have serious consequences for the
hypothesis that such breaks in the marine sections of the study area
represent a state of dynamic equilibrium on the gea floor. Obviously
the same sort of ambiguous discontinuity can occur without having to
resort to the equilibrium concept. However, the Pliocene/Pleistocene
discontinuity is a different situvation from that of the other paracon-
formities in that shoreline deposits overlie shoreline deposits para-
conformably or disconformably. These deposits being noncalcareous
cannot be analyzed paleontologically by the writer and the exact nature

of the break or breaks remains unknown.



BIBLIOGRAPHY

Abbott, W. H., 1974, Lower middle Miocene diatom assemblage from the

Akers,

Akers,

Akers,

Bandy,

Banks,

Beard,

Beard,

Coosawhatchie Clay Member of the Hawthorn Formation, Jasper
County, S. C.: South Carolina State Development Board, biv. of
Geol., Geologic Notes, v. 18, no. 3, p. 46-52.

HW. H., 1955, Some planktonic foraminifera of the American Gulf
Coast and suggested correlations with the Caribbean Tertilary:
Jouro Pal., Ve 29’ no. 4' P- 647-664-

1965, Pliocene-Pleistocene boundary, northern Gulf of Mexico:
Science, v. 149, p. 741-742,

1972, Planktonic foraminifera and biostratigraphy of some Neo~
gene formations, northern Florida and Atlantic Coastal Plain:
Tulane Studies in Geol. and Paleontology, v. 9, 140 p.

1974, Age of the Pinecrest beds, south Florida: Tulane Studies
in Geol, and Paleonteology, v. 11, p. 119-120,

W. H., and Dorman, J. H., 1964, Pleistocene foraminifera of the
Gulf Coast: Tulane Studies in Geol. and Paleontology, v. 3, p.
1-930

W. H., and Holk, A, J. J., 1957, Pleistocene beds near the edge
of the continental shelf, southeastern Louisiana; Geol. Soc.
America Bull,, v, 68, p. 983-993,

0. L., 1956, Ecology of foraminifera in northeastern Gulf of
Mexico: U. S. Geol, Survey Prof., Paper 274-G, p. 179-204.

1964, Cenozoic planktonic foraminifera zonation: Micropaleon-
tology, v. 10, no. 1, p. 1-17.

J. E., and Hunter, M., E., 1973, Post-Tampa, pre~Chipocla sediments
exposed in Liberty, Gadsden, Leon, and Wakulla Counties, Florida:
Trans., Gulf Coast Assoc. Geol., Soc., v. 23, p. 355-363.

J. H., 1969, Pleistocene paleotemperature record based on plank-
tonic foraminifera, Gulf of Mexico: Trans., Gulf Coast Assoc,
Geol, SOC-, Ve 19’ P 535-553.

J. H., and Lamb, J. L., 1968, The lower limit of the Pliocene and
Pleistocene in the Caribbean and Gulf of Mexico: Trans., Gulf
Coast Assoc. Geol. Soc., v. 18, p. 174-186.

202



203

Bender, M. L., 1973, Helium-uranium dating of corals: Geochimica et

Cosmochimica Acta, v. 37, p. 1229-1247,

Berggren, W. A., 1969, Cenozolc chronostratigraphy, planktonic foramin-

iferal zonatlon and the radiometric time-scale: Nature, v. 224,
p. 1072-1075.

1972a, A Cenozoic time-scale — some implications for regional
geology and paleoblogeography: Lethaia, v. 5, p. 195-215.

1972b, Late Pliocene-Pleistocene glaciation: In: A. S. Laughton,
W. A. Berggren et al., Preliminary Reports of the Deep Sea
Drilling Project, XII, U, 5. Government Printing Office, Wash=
ington, D. C., p. 953-963.

1973, The Pliocene time-scale: calibration of planktonic foram-
iniferal and calcareous nannoplankton zones: Nature, v. 243,
P. 391-397.

Berggren, W. A., and van Couvering, J. A., 1974, The late Neogene, bio-

Berry,

stratigraphy, geochronology and paleoclimatology of the last 15
million vears in marine and continental sequences: Paleogeo-—
graphy, Paleoclimatology, Paleoecology, v. 16, 216 p.

E. W., 1916a, the physical conditions and age indicated by the
flora of the Alum Bluff formation: U, S. Geol. Survey Prof.
Paper 98, p. 41~59.

1916b, The flora of the Citronelle Formatiom: U. 5. Geel. Survey
Prof. Paper 98, p. 193-208.

Bertolino, V., Borsetti, A. M., Cati, F., Cinelli, D.,, Colalongo, M. L.,

Blank,

Crescenti, U., ballan, L.,, De Franceseco, A., Dondi, L., D'Ono-
frio, S., Gianelli, L. Papetti, I., Pomesano Cherchi, A., Sal-
vatorini, G., Sampo, M., Sartoni, S., and Tedeschi, D., 1968,
Proposal for a biostratigraphy of the Neogene of Italy based on
planktonic foraminifera: C. M. N, S, Proc. IV Sess., Bologna,
1967. G. Geol., Ser. 2, v. 35, pt. 2, p. 23-30.

R. G., and Margolis, S. V., 1975, Pliocene climatic and glacial
history of Antarctica as revealed by southeast Indian ccean
deep-sea cores: Geol. Soc. America Bull., v. 86, p. 1058-1066.

Blow, W. H., 1956, Origin and evolution of the foraminiferal genus

Orbulina d'Orbigny: Micropaleontologv, v. 2, no. 1, p. 57-70,

» 1959, Age, correlation, and biostratigraphy of the upper Tocuyo

(San Lorenzo) and Pozon Formations, eastern Falcon, Venezuela:
Bull. An‘. Pal., Ve 39, po 67"251-



204

y 1969, Late middle Eocene to Recent planktonic foraminiferal bio-
stratigraphy: In: P, Bronnimann and H. H. Renz (Editors), Proec.
Int., Conf. Planktonic Microfossils, lst., Geneva, 1967, 1. E. J.
Brill, Leiden, p, 199-421.

Blow, W. H., and Banner, F. T., 1966, the morphology, taxonomy and
biostratigraphy of Globorotalia barisanensis LeRoy, Globorotalia
fohsi Cushman and Ellisor, and related taxa: Micropaleontology,
v, 12, p. 286-302.

Bolli, H. M., 1950, The direction of coiling in the evoution of some
Globorotaliidae: Cushman Found. Foram. Res., Contr., v. 1, pts.
3-4, p, 82-89,

s 1957, Planktonic foraminifera from the Oligocene - Miocene Cipero
and Lengua Formations of Trinidad, B. W. I.: U. S. Nat, Mus.
Bull, 215, p., 97-123.

, 1966, Zonation of Cretaceous to Pliocene marine sediments based
on planktonic foraminifera: Bol. Inf, Asoc. Venez. Geol. Min.
Pet., Ve 9’ P 3-32.

» 1967, The subspecies of Globorotalia fohsi Cushman and Ellisor
and the zones based on them: Micropaleontology, v. 13, p. 502-
512,

Bolli, H. M., and Bermudez, P. J., 1965, Zonation based on planktonic
foraminifera of middle Miocene to Pliocene warm-water sediments:
Bol, Inf. Asoc, Venez. Geol. Min, Pet., v. 8, p. 119-149.

Cita, M. B., 1973, Pliocene biostratigraphy and chronostratigraphy: In:
W. P. B. Ryan, K. H. Hsu et al,, Initial Reports of the Deep
Sea Drilling Project, XIII. U. S. Government Princting Office,
Washington, D. C., p. 1343-1379.

Cita, M. B., and Blow, W. H., 1969, The biostratigraphy of the Langhian,
Serravallian, and Tortonian Stages in the type-sections in Italy:
Rivisita, Italiana Paleontologia e Stratigrafia, v. 75, p. 549-
603.

Clarke, . J., and Blow, W. H., 1969, The inter-relationships of some
late Eocene, Oligocene and Miocene larger foraminifera and
planktonic biostratigraphic indices: In: P. Bronnimann and H. H.
Renz (Editors), Proc. Int. Conf, Planktonic Microfossils, lst.,
Geneva, 1967, 2. E. J. Brill, Leiden, p. 82-97.

Cole, W. S., 1938, Stratigraphy and micropaleontology of two deep wells
tn Florida: Florida Geol. Survey Bull. 16, p. 8-19.

Cooke, C. W., 1926, Geology of Alabama; the Cenozoic formations: Ala-
bama Geol. Survey, Spec. Rept. 14, p. 251-297.



205

» 1943, Geology of the Coastal Plain of Georgia: U. 8. Geol., Sur-
vey Bull. 941, 121 p.

1945, Geology of Florida: Florida Geol., Survey Bull., 29, 339 p.p

Cooke, C. W., Gardner, J. A., and Woodring, W. P,, 1943, Correlation of
the Cenozoic formations of the Atlantic and Gulf Coastal Plain
and the Caribbean region: Geol. Soc. America Bull., v. 54, p.

1713-1724,

Cooke, C. W., and Mossom, S., 1929, Geology of Florida: Florida Geol.
Survey Ann. Rept. 20, p. 29-227.

Cushman, J. A., 1920, Lower Miocene foraminifera of Florida: U. S.
Geol. Survey Prof. Paper 128, p. 67-74.

, 1930, The foraminifera of the Choctawhatchee Formation of
Florida: Florida Geol. Survey Bull, 4, 91 p.

Cushman, J. A., and Ponton, G. M., 1932, The foraminifera of the upper,
middle, and part of the lower Miocene of Florida: Florida Geol.
Survey Bull, 9, 147 p.

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

Dall, W. H., and Stanley~Brown, J., 1894, Cenozolc geology along the
Apalachieola River: Geol. Soc. America Bull., v. 5, p. 147-170.

Doering, J. A., 1956, Review of Quaternary surface formations of Gulf
Coast region: Am, Assoc. Pet. Geol. Bull., v. 40, p. 1816-1862,

1958, Citronelle age problem: Am. Assoc. Pet. Geol. Bull., v.
42, p. 764-786.

1960, Quaternary surface formations of southern part of Atlantic
Coastal Plain: Jour. Geology, v. 68, p. 182-202.

DuBar, J. R., 1971, Neogene stratigraphy of the lower Coastal Plain of
the Carclinas: Atlantic Coastal Plain Geol. Assoc., l2th Ann,
Field Conf,, 128 p.

Dubar, J. R., and Beardsley, D. W., 1961, Paleoecology of the Choctaw-
hatchee deposits (late Miocene) at Alum Bluff, Florida: South-
eastern Geology, v. 2, p. 155-189.

DuBar, J. R., and Taylor, D. S., 1962, Paleoecology of the Choctaw-
hatchee deposits, Jackson Bluff, Florida: Trans., Gulf Coast
Assoc. Geol. Soc¢., v. 12, p. 349-376.



206

Dunbar, C. 0., and Rodgers, J., 1957, Principles of stratigraphy: John
Wiley and Sons, New York, 356 p.

Emiliana, C., Gartner, S., and Lidz, B., 1972, Neogene sedimentatiom on
the Blake Plateau and the emergence of the Central American
Isthmus: Paleogeography, Paleoclimatology, Paleoecology, v. 11,
P. 1-100

Foerste, A. F., 1893, Studies of the Chipola Miocene of Bainbridge,
Georgia, and of Alum Bluff, Florida: Am. Jour. Seci,, 3rd. ser.,
v. 46, p. 244-255,

s+ 1894, The upper Vicksburg Eocene and the Chattahoochee Miocene
of southwest Georgia and adjacent Florida: am Jour. Sci., 3rd.
ser., v. 48, p. 41-54,

Frazier, D. E., 1969, Depositional episodes: their relationship to
Quaternary sea-level fluctuations in the Gulf Coast region
{(abs.): Trans,, Gulf Coast Assoc. Geol. Soc,, v. 19, p. 611-612,

Furlow, J. W., 1969, Stratigraphy and economic geology of the eastern
Chatham County phosphate deposit: Georgia Geol. Survey Bull, 32,

39 p,

Gardner, J. A., 1924, Coastal Plain and European Miocene and Pliocene
mollusks: Geol. Soc. America Bull., v. 35, p. 857-866.

» 1925, The detection of the Chipola fauna in the Marks Head marl:
Washington Acad. Sci. Jour., v. 15, p. 264-268,

y 1926, The molluscan fauna of the Alum Bluff Group: U. S. Geol,
Survey Prof, Paper 142, 491 p,

» 1936, Additions to the fauna of the Alum Bluff Group of Florida:
Florida Geol, Survey Bull. 14, 82 p.

Gibson, T. G., 1967, Stratigraphy and palecenvironment of the phosphatic
Miocene strata of North Carolina: Geol. Soc. America Bull,, v.

78, p. 631-650,

Gravell, D. W., and Hanna, M. A., 1938, Subsurface Tertiary zones of
correlation through Mississippi, Alabama, and Florida: Am. Assoc.
Pet. Geol, Bull., v. 22, p. 984-1013,

Hays, J. D., Saito, T., Opdyke, N. D., and Burkle, L. H., 1969, Plio-
cene~Pleistocene sediments of the equatorial Pacific: their
paleomagnetic, biostratigraphic, and climatic record: Geol. Soc.
America Bull,, v. 80, p. 1481-1514.



207

Hendry, €. W., and Yon, J. W., Jr., 1967, Stratigraphy of upper Miocene
Miccosukee Formation, Jefferson and Leon Counties, Florida: Am.
Assoc. Pet. Geol, Bull., v. 51, p. 250-256.

Herrick, 5. M., and Vorhis, R. C., 1963, Subsurface geology of the
Georgia Coastal Plain: Georgia Geol. Survey Inf. Cirec. 25, 79 p.

Howe, H. V., et al,, 1935, Ostracoda of the Arca Zone of the Choctaw-
hatchee Miocene of Florida: Florida Geol. Survey Bull. 13, 37 p.

Huddlestun, P. F,, 1973, Lower Miocene biostratigraphy along the Savan-
nah River, Georgia (abs.): Trans., Gulf Coast Assoc. Geol. Soc.,
v. 23, p. 432-433,

Hunter, M., E., 1968, Molluscan guide fossils in late Miocene sediments
of southern Florida: Trams., Gulf Coast Assoc. Geol. Soc., V.
18, p. 439-450,

Ishphording, W. C., and Lamb, G. M., 1971, Age and origin of the Citro-
nelle Formation in Alabama: Geol. Soc. America Bull., V. 82,
p. 775-780.

Johnson, L. C., 1892, The Chattahoochee Embayment: Geol. Soc. America
Bullc’ Vo 3’ P 128"'133.

Kennett, J. P., 1972, The climate and glacial record in the Cenozoic
sediments of the Southern Ocean: In: E. M. van Zindern Bakker
(Editor), Paleocecology of Africa and of the surrcunding islands
and Antarctica: Cape Town, A. A, Balkema, v. 6, p. 59-78.

Kennett, J. P. and Brunner, C. A., 1973, Antarctic late Cenozoic glaci-
ation: evidence for initiation of ice rafting and inferred in-
creased bottom-water activity: Geol. Soc. America Bull., v, 84,
p. 2043-2052.

Kennett, J. P., and Watkins, N. D., 1974, lLate Miocene - early Pliocene
paleomagnetic stratigraphy, paleoclimatology, and biostratigra-
phy in Hew Zealand: Geol. Soc. America Bull., v. 85, p. 1385-
1398.

Krumbein, U. C., and Sless, L. L., 1963, Stratigraphy and sedimentation:
San Francisco and London, W. H. Freeman, 660 p.

Lamb, J. L., 1969, Planktonic foraminiferal datums and late Neogene
epoch boundaries in the Mediterranean, Caribbean, and Gulf of
Mexico: Trans., Gulf Coast Assoc. Geol. Soc., v. 19, p. 559-578,

Lamb, J. L., and Beard, J. H., 1972, Late Neogene planktonic foramini-
fers in the Caribbean, Gulf of Mexico, and Italian stratotvpes:
Univ. Kansas Paleontological Contr., Art. 57, 67 p.



208

Langdon, D. W,., 1889, Some Florida Miocene: Am. Jour. Seci., 3rd. ser.,
V. 38’ P. 322"324.

s 1891, Geological section along the Chattahoochee River from
Columbus to Alum Bluff: Georgila Geol. Survey lst. Prog. Rept.,
pu 90—970

MacNeil, F. S., 1947, Geologic map of the Tertiary and Quaternary for-
mations of Georgia: U. 5. Geol. Survey 0il and Gas Inv. Prelim.
Map 72.

Mansfield, W, C., 1916, Mollusks from the type locality of the Choctaw-
hatchee marl: U. S. Nat. Mus. Proc., v. 31, p. 599-607.

s 1930, Miocene gastropods and scaphopods of the Choctawhatchee
Formation of Florida: Florida Geol. Survey Bull. 3, 142 p.

» 1932, Miocene pelecypods of the Choctawhatchee Formation of
Florida: Florida Geol. Survey Bull, 8, 240 p.

» 1935, New Miocene gastropods and scaphopds from Alaqua Creek
Valley, Florida: Florida Geol. Survey Bull. 12, 64 p.

s 1936a, Stratigraphic significance of Miocene, Pliocene, and
Pleistocene Pectinidae in the southeastern United States:
Jouro Palc’ Ve 10, P' 168-1920

» 1936b, A new speciles of "Crassatellites" from the upper Miocene
of Florida: Vashington Acad. Scil Jour., v. 26, p. 395.

s 1937, New Mollusks from the Choctawhatchee Formation of I'lorida:
Jour. Pal, v. ll, p. 608-612.

Mansfield, W. C., and Ponton, G. M., 1932, Faunal zones in the Miocene
Choctawhatchee Formation of Florida: Washington Acad. Sci. Jour.,
V. 22, pc 84-88-

Margolis, 5. V., and Kennett, J, P,, 1971, Cenozoic paleoglacial his~
tory of Antarctica recorded in subantarctic deep-sea cores: Am.
Jour. Sci., Va 271’ po 1_36|

Marsh, 0. T., 1966, Geology of Escambia and Santa Rosa Counties, west-
ern Florida panhandle: Florida Geol. Survey Bull. 46, 140 p.

Matson, G. C., and Clapp, F. G., 1909, A preliminary report on the geol-
ogy of Florida with special reference to the stratigraphy:
Florida Geol. Survey 2nd. Ann. Rept., 1908-1909, p. 25-173.

Patterson, S. H., and Buie, B. F., 1974, Field conference on kaolin and
fullers earth November 14=-16, 1974, Guidebook 1l4: The Soc. of
Econ. Geol., Ilnc., Georgia Geol. Survey, pt, II, p. 23=-533,



209

Patterson, S. H., and Herrick, S. M., 1971, Chattahoochee Anticline,
Apalachiccla Embayment, Gulf Trough and related structural fea-
tures, southwestern Georgia, fact or fiction: Georgia Geol.
Survey Inf. Cire, 41, 16 p.

Poag, C, W., 1971, A re—evaluation of the Gulf Coast Pliocene-Plelsto-
cene boundary: Trans., Gulf Coast Assoc. Geol., Soc., v. 21, p.
291-308.

Pumpelly, R., 1893, an apparent time-break between the Eocene and the
Chattahoochee Miocene in southwestern Georgia: Am. Jour. Sci.,
3rd. ser., v. 46, p. 445-447.

Puri, H. S., 1953, Contribution to the study of the Miocene of the
Florida panhandle: Florida Geol. Survey Bull. 36, 345 p.

Puri, H. 5., and Vernon, R. 0., 1964, Summary of the geology of Florida
and a guidebook to the classic exposures: Florida Geol. Survey
Spec. Pub, 5 (revised), 312 p.

Rainwater, E. H,, 1968, Geological history and oil and gas potential
of the central Gulf Coast: Trans. Gulf Coast Assoc. Geol. Soc.,
Ve 18’ po 124"167«

Robinson, E., 1969a, Coiling directions in planktonic foraminfera from
the Coastal Group of Jamaica: Trans., Gulf Coast Assoc. Geol.
Soc., v. 19, p. 555-558.

» 1969b, Geological field guide to Neogene sections in Jamaica,
West Indies: 19th. Ann. Conv., Gulf Coast Assoc. Geol. Soc. -
Soc. Econ. Paleontologists Mineralogists field trip, Geol. Soc.
Jamaica, Geology Dept., Univ. W. Indies, Kingston, Jamaica,

25 p.

Sachs, J. B., and Skinner, H. C., 1973, Calecareous nannofossils and the
late Pliocene - early Pleistocene biostratigraphy Louisiana con-
tinental shelf: Tulane Studies in Geol. and Pal., v. 10, 113 p.

Sellards, E. H., and Gunter, H., 1918, Geology between the Choctaw-
hatchee and Apalachicola Rivers in Florida: Florida Geol. Sur-
vey 1Gth and 1lth Ann. Repts., 1917-1918, p. 77-102,

Sever, C. W., 1966, Reconnaissance of the ground-water and geology of
Thomas County, Georgla: Georgia Geol. Survey Inf. Circ. 34, 14 p.

y 1969, Hydraulies of aquifers at Alapaha, Coclidge, Fitzgerald,
Montezuma, and Thomasville, Georgia: Georgia Geol. Survey Inf.
Circ. 36, 16 p.



210

Sever, C. W., Cathcart, J. B., and Patterson, S, H., 1967, Phosphate
deposits of south-central Georgia and north-central peninsular
Florida: Project Rept., No. 7, South Georgla Minerals Program,
Georgia State Div, of Conservation, Dept. Mines Mining and
Geology, 62 p.

Sloan, E., 1908, Catalogue of the mineral localities of South Carolina:
South Carolina Geol, Survey, ser. 4, Bull. 2, 451 p.

Smith, F. D., 1955, Planktonic foraminifera as indicators of deposition-
al environment; Micropaleontology, v. 1, p. 147-151,

Smith, H. R., 1941, Micropaleontology and stratigraphy of a deep well
at Niceville, Okaloosa County, Florida: Am. Assoc. Pet. Geol,
Bull., v. 25, p. 263-286.

Vaughan, T. W., 1910, The Miocene horizon at Porters Landing, Georgia:
Science, v. 31, p. 833-834.

Vaughan, T. W., and Cooke, C. W., 1914, Correlation of the Hawthorn
formation: Washington Acad. Sci. Jour., v. &, p. 250-253.

Veatch, 0., and Stephenson, L. W., 1911, Preliminary report om the
geology of the Coastal Plain of Georgia: Georgia Geol. Survey
Bull, 26, 466 p.

Vernon, R. 0., 1942, Geology of Holmes and Washington Counties, Florida:
Florida Geol. Survey Bull, 33, 256 p.

Vokes, E. H., 1965, Note on the age of the Chipola Formation (Miocene)
of northwestern Florida: Tulane Studies in Geol. and Pal., v. 3,

p. 205-208,

Waller, T. R., 1969, the evolution of the Argopecten gibbus stock
(Mollusca: Bivalvia), with emphasis on the Tertiary and Quater-
nary species of eastern North America: Jour., Pal., (Memoir 3},
v. 43, no., 5, 125 p.

Whecler, H. E., 1964, Baselevel, lithosphere surface, and time-strati-
graphy: Geol, Soc, America Bull,, v. 85, p. 1385-1398.






r Ll T

Favon

widll

* =100

Flgure !9

AL #A0YE B
1N

na o

Ptk Srowsd

L 23T Z VI TN

Pirs Loy Crim
Lol Greey

dnnidw  Craay
Popd  Srpal

Trprevs

! -
[ ]
2>
L]
WHITES CREEX MEMBER oF Tug SHOAL RIVER  ForMmAvigN
ﬁ;‘ ROVE  $AND
—_—— M
CHIPOLA  EQUIVALENT  SANDS
S

UNDIFFERENTIATED CHICKASAWRAYAN SEDIMENTS N o







*eopr

LI ETY)

3 ;
- = ABDNIINS § 1
§ L O L1
Saghl BIVER 81 i i
0 ¢
CITRONELLE  FORMATION I ‘ i
N\, & oo AIREIP
i o saluygy
, SHoag N -
VEn fo..‘r i)
l ~~a MDD, "a * ‘ ‘
Mty g, LE SHoa a.
Ltiven , . [N\ I ,
OWIM‘;O" ~ N
—— i
WHITES CaEEx WINDLN
i
M

, LL{

UEE  CREER LIMESTONE
\’

-]
¥ Y H
] 1 2 3
wortleddl wing;

-

-

¢

-»

¥

tosend &
L 8 )

»
—

A
'y
Ly ot
\\
==X

\ 3 ‘.___:._—'—.‘._’&‘ iy hag

Ao

T
W







e S ~

A

SS SECTION AA

3 L]  wine
I J

L]
+ L ] ] T uu-_mn

venlics) eagguration 108 tmas

H . E '
H ; s sivee g ¢ "
: - H LI ] LB viptaan a4
cosaen @1 = s g [rar——,
-»
.. 8084 2 . ‘ l

: alifA

\ - u Vet tHoey,

THAY,
— hady CHOCTAWHATCHEE FORMATION
Lomgy (7Y /
— Crawngr
—‘:‘:'-“--‘:"_Q- My

PP,

SRUCE cafEx LIMESTONT

L VN ey e

i e e el Nt et A Tl T ot g ]
CHIPOLA EZQUIVALENT SANMDS

hall hed
-—.__-._—4
P,

S ™ " VAW " e e

"SUWANNEE LIMESTONE®

LS P8

eyl

,
T






e L s e

’ - AT - LA T s
RS > - ) s
» - ¢ & R4 T - .

* "~ .

. - 4 e e e " e . ﬁgm

- L3 e oL - - . . o ,._..f £ .

- w o - . e n-t. -
- ) :

")

ol el

e d,]
Ll
- 1N

o,

-
L3

A

]

|

vaashia Bt
webiia

T 'w‘.1|‘°‘

pcnit

A L) A
*pren [
e
B
v c“ﬂ‘““n

7

- r— - —---—-\
L)
FORMATION
rol““‘“
.al""
T

-
3
st

T
AN

CHOCTAWHATCHE
SHOAL mvER

ruem g i
w.trh

-

S o e S— W e

they bt

!
WHaTeny,

&
€N LiMESTONK







e

-
-

TR

I

CROSS SECTION BB’ .

] [ 4 4 [ ] * 16 allm
2 4 L] L} -] ] L] % tilemewery

il
whtiesl saaqgotation BRI fimye
8
-
e n i
WAUEC B H
el ]
w4 w-esul s
Lavowid ot ber -
. w-04r8 o
cent
o V\ N rLioCE
NOLRLLNE ~
"\'vv-' M“l
? M!M
k=190 0
a1
<te0
-m L 3







-

w-i0Me

}

| ’ |
| ; j § g i \\\,::;:}\/\[‘f14///\
‘ ! o o i i

Lep Sreed

SANDS

Chsstanbatober  Hiver

UNOIF FERENTIATED

J—

Lpseons Cram

cORMATION

BLUFF

JACKSON
cHl,

CHATTAHOOCRES FORMATION

Figure 20







“
D
&

TR

Puprelie
Tedale e

Tee

- =ty

it cMEX @1

Pelley Stee

cHiPOLA  FORMATION

S A

Yiow

'SUW‘WNEE

Troed

L'MES}-O~E.

“ALnous cLaY?

-

-

st @t
v-resr

| Jirbory vme
¢
/“lm' L1 S

W;:

=7







o

* L

[
ez

Ny

4 5, -

ol
-

A3

DR Tt - BN A o= ' AR Py A AT LY o
T ’ ’ PR o
* ]\ - \-J\Dlv\zﬂ -
. Tee )-..vhﬁl-
-, r-u._.u.nwmr.m.
. ' AR a.‘ua.u
- i
= , ¥ .~ - u_-.
. ]
A
\l- i‘
. . m -
- ® £ & = s
i: i i : 2 i i .
t 3K : $ L ; i :
i r o Y A & . 1
- - - m H
- . 3
- ]
L ]
&
2
[
. -
=
=
o
-
=
=
o
"H
- -
=
-
x
-
,
—t
tlllllsl“ ..
-
L
g
;. { .1, )
- 3 1.5 %3 v,
F B v
[ -
. )
$ N %
(
- b <
= -
H ) < .
. @ %
e |} 9
s =
— 2 3
[ ¥y "
g spvstepwdy
it







v "
L v

" W " s B0
-0

2 1]

Leng Cranh

- e vl

-0

et m A e—— . w —— o ——

Figure 24







N et

Sred
Popgy Orinsn
Nag Cresd

(%, ]
e

P : E i

Zytis W i
et [ J¥ - 1]

Bhagl Alear W
V- 4304

L

SHOAL RIVER FORMATIOI”

~







CROSS SECTION ¢¢' L i

"W
M

lli ?
e,

¥

-
- 40
-0
&
-»

fi)

i
‘; L)
A

rent
oro
-
-
-
-
-
.y
g o
"
o3

X

-

.
o

L]
e

LX)

oot
A
L3 i e

vorricol Bengperatisn (OB times

4,

Lalia @0
. 8383

]
-
')

N

-

S 4 4045550 1D Nody

oy Read Broash
Ly ]
-
" ',u
Lt

Baliet Srevh

!
i ! '

17
tottare l ¥
3

YHATCHEE FORMATION

WOLOCKET=PLEIRTRCERE  SARD)
_’ Wﬁ!

> Soand 1
UNOIFFERENTIAYEOD pLiocENE SANDS

LOowtn CRPCTAWKATCNE L

4 MibOLE snoaL  MIVER

Peeg, 4 1ty Feed
('™ 5tk YL LA LL]
Mooﬂ':'f::'u'.:-’- Tea

Y







_ . -
. e e -
3 ™
‘_f r i S
Al
hid 1 - - 'r. n“‘ . -
T , 1
vt A I
~ - o
CROSS SECTION cc¢
- . -
] ] ] ! 4 3 ol
M . i H H
[ 1 2 3 L] ] [} ? langters ' ¥
varticsl wnaggeration 104 taw
r 0
3405440444 Hme Vaes '
3 "
-
; L]
H 2
H -
$ 1
o ; - een
; Cattsnn 4 i
- i -l k3
Leloade - - i
w-00TF
na e
]
s \ b sow et
u... \
e, 3 ; FOLOCENE~PLEISTACENT  BARDS
..l hef ] »
Sree,, **e, UNDIFFERENTIATED  pLIOCENE  sawDs
"." ‘s,
‘o,‘.‘ .
LI
arewge F -1me e
- wipoLL  SHOAL _Wivil
b -a00m
a1
Lo
L
~ ok







- 2eb

- {00 11

- =108 M

Figure 22

aown B
e

Ykowey ERENYIATED

e bmap Asese
My Boeng

WLLEWLY @
=814

sy

[TeTT Y
w—atis

Ny Pwap Swd







i :
i ; m YT
“is @ !
e APSINEON %) l
l w-Hoem i !
_ ~ A”l : oo ety

Wlesst W Coaen
Littis  Aiegee Cremd

™

8RUCE CREEK

O







I

H

'

- T - e
T SO,
et T
S

L
¥
Pl
1

r
Iy

B4 a‘

o

-
+

CROSS SECTION DD’ -

0 gl‘ﬁ\'\‘a -‘;’i'.- hy

.o
e TN

5 alise

s
=]
=3

o To

]

H

— v v g
4

-
-
-
-4
-
|
.:;;;

1 tilonaion

Am

..
S >

yertics) ssagpacntion 103 times

~

falin Wi

v-s esssscesse tine lnge

R

Sreaa
Magie  Sreah
oy

sAYVIIY gt

-84T8 /_\ry‘:
\ f

\\ e — Hmoceus-n.smocauz

\ CHOCTAWHATCHEE FORMATION
urrER cuocnwun;uu

————— e p

S

[LOWER CHOCTAWNATCHER UNDIFunE,‘n"tn

XX 2]

e

'L|octﬂt 3"0'

& fonn indeste IV L L ssere
eorsteas
oS RN T T

BRUCE CcREEK |

IMESTONE
M

— = |

"SUWANNEE

f/

.

Kot yoer e






CROSS SECTION DD" -

2 ails
0 ! ' : S
‘l—" d v ad L v
STy 2 o« ¥ 8 7 Aamwe
particgl agayprraiied 109 Han
venetsvess tins Vs
D.
i i %
£ oong &4 T
? wowe
vty @I
w-nte

S T N T et s

b UMDIFFERENTIATED  PLIOCENE SANDS

r N

ikl

ey

1 kil

laadid

Tl 1]

e

e






E

LI B
—-nn

Crost

}

o ; ; H
wATIER 91 f
L BL 1L 1
s
[ 2]
L 1
_-_ra L’MESTONEn
il AL

Figure 23







I’
awT 13

R

% onin g1
4 =T

CITRONELLE

;TONE [

Rl R

1
i

<
[ {
w SANDS

cauMnL §1
w=er0g

RIVER

enen Craed

BRUCE  CREEK (y,,,

Sl o LR PR SV E U™
- s
e § e Y
| ™~
L

HMYANE @
g=ren

e £ooed
Welt St
Latagoite

Uppy
» mﬂl."‘ Tew

A

CHOCTAWHATCHEE  FM, "3

Low,
e CHiCTs 'Hl?‘“‘:
ey

MIDDLE SHOAL RIVER it

. .

Sy










CROSS SECTION EE'

§ wmite
d

hitometera

wrtical saeggaration {04 timee

dsessesr Limd Hot

(-]

SILTA DEMNITE :-; NOLOCENE = PLEISTOCENE SANDS
P, L1

A

rRict Bt
L I

UNDIFFERENTMTIQ PLIOCENE

SANDS

W el

- 300 v

=00 N

- wtoam

L ~wo

b w0000

.
.
.
.
. L3
.
?.
YL
>
i
G
» bl
i
'
Ck
N
B “he






LY
¥

[

]
»
o
RN
i
W
F
vAuenAN W1
r A08 tr Lt ] i
‘darnia ¥ i ‘ g
"-r1ena : \ ot I
: 5
T R | i
i : ‘
F 108 :‘E‘ ¢ i A <,
X QAL 2 ‘ %‘u
s ? ‘ r‘:‘ﬂ-’mrn . - SHOC)-‘“ %‘
. - 'fﬂau ™o ~p ~4rc"e h”
CHIPD 0 ST VLT €
LA EOU'VALENT SANDS » . - ".
‘-"\“\__ ’RUCE e —
p 4ol ol S N}“
“Esra,,_
L}
UW‘WNE
L —100 11 Ly
_______________i______i____......_.___._.--
|
' e e e e
Figure 24







CROSS SECTION FF'

[ 4 L] 4 uhe

e

3 * ] [ ] Y SHonslery

rerticel maegpretien a8 dam »

atesssey Hme Hats

Randhid

INTAsCHARTAL et &)
-7

absaievhstoms e

T -
-t

HOLOCERE » MOSTOCENE SANDS

mygh  sEPONTE

et m———
U‘lDl‘FFEBENTIA‘!’ED PLIQCENE SANDS

INTRACOASTAL LIMESTONE

e
..""Ot’o'oec
o vt

=108

OSPHENTIC
eyt

L ~2e0 0t

-

Y

o

v
T

-
s

b

ra
4

b

;.
e

RTE,
<

S

2N
4-%'9

L g,

82
oy






