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SUMMARY

The history of St. Joseph Bay, on the west coast of Florida, begins with the last rise in
sea level about 5,000 years ago. The formation of an extensive cuspate spit has formed
a basin which is now in the process of being filled by detrital sands delivered via
longshore drift from the castern Apalachicola River. Prior to or during early stages of
spit development, a wedge of fine material was deposited over the old terrace surface
from an old distributary of the Apalachicola. Present sedimentation has as yet failed
to obscure portions of this older surface within the lagoon.

Clean quartz sand and biological carbonates comprisc the bulk of the present sedi-
ment contribution. The typical East Gulf “‘kyanite-staurolite” heavy mineral suite i
present, as is the kaolinite-montmorillonite-illite clay mincral suite common to this
coast.

Sediments in this arca have an average organic content of about 1.4%. A high
organic carbon/organic nitrogen average of 15.4 has resulted from the accumulation
of highly carbonaceous plant debris under the restrictive environment of the lagoon-

INTRODUCTION
Purpose of the study

St. Joseph Bay is unique in being the only sizable body of water along the castern
portion of the Gulf Coast not of estuarinc origin or markedly influenced by the influx
of fresh water. It is the hope of the writers that the study of recent scdimentation in
this bay may furnish useful information on yet another type of environment encounter-
ed along our present coastline.

! Contribution No. 188 of the Florida State University Oceanographic Institute.
2 Now with the U. S. Navy Hydrograpiic Office, Washington 25, D. C. (U.S.A.).
3 Now with Department of Geology, University of Southern California, Los Angeles, Calif. (U.S.A-)-
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Location and extent

St. Josph Bay, or more properly St. Joseph Lagoon, is located on the panhandle por-
tion of the Florida West Coast in Gulf County, at a latitude of 29°50” and longitude
of 85°20" (Fig. 1). The bounding spit encloses a body of water about 11 miles long and
3-5 miles wide opening to the north. This study includes a roughly rectangular area
approximately 140 square miles, extending from 5 miles southwest of Cape San Blas
north and east to the mainland. About 46 square miles lie within the lagoon.

Previous investigations in the area

The gross characteristics and shoreline features of this portion of the Guif Coast have
been well described by PRICE (1954). For the past several years members of the faculty
and their graduate students at Florida State University have been engaged in near-
shore studies along the west coast of the state, with special emphasis on the northern
Panhandle. TANNER (1959, 1960, 1961) has described the morphology and sediment-
energy relationships of the coastal area and summarized the work of BRENNEMAN
(1957), Waskom (1958), VAUSE (1959), MULLINs (1959). and others. Two studies have
been completed recently on bays immediately to the east and to the west of St. Joseph
Bay (Koroep and GORSLINE, 1962; WALLER, 1961). A beach profile study along the
Panhandle coastline is presently in progress under the direction of D. S. Gorsline.

Works defining the bottom characteristics of the continental shelf and slope off this
Coast have been presented by GouLp and Stewart (1955) and JORDAN (1951).

A preliminary hydrographic survey of St. Joseph Bay by PLuTCHAK et al. (1961) is
the only work of this nature in the immediate study area. Off-shore circulation and
hydmgraphy have been described by AusTIN (1955) and CHEW (1955). GORSLINE
(1962) has recently completed a description of the oceanography of Apalachicola Bay,
20 miles to the east.

Procedures

Field methods

Eighty samples were taken on a grid dividing the bay into square-mile units oriented
North-south (Fig. 2), using a Rigosha ““Seki™ grab sampler with a 500 cc capacity.

Wenty-two additional samples were taken in areas of special interest. The sediments
Were stored untreated in ice cream containers. Surface water samples were also taken
for salinity determination to supplement previous work in the area. Three cores
?btained with an Emery-Dietz type gravity corer were measured, described, and sealed
!N aluminum foil for laboratory analysis.

Laboratory methods
In the laboratory, determinations were made of the textural, mineralogical, and some
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Fig. 1. Location map of St. Joseph Bay, Florida.
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chemical characteristics of each sample. These data were analyzed statistically with
the aid of a IBM 709 Computer.

On arrival in the laboratory, all samples were oven dried at a low temperature of
45°C. A representative portion was powdered for use in chemical analyses. Another
portion of approximately 50 g was washed free of salts and wet sieved with dilute
calcium hexametaphosphate solution through a 0.062 mm screen. The coarse fraction
was sieved and the fine fraction pipetted using standard procedures outlined by
KRUMBEIN and PETTUOHN (1938) and utilizing the Wentworth size grade classification
(WENTWORTH, 1922).

SETTING
Regional and local geology

The study area lies in the Gulf Coastal Plain, a thick accumulation of Cretaceous to
Recent sediments abutting upon and initially derived from the Appalachian region to
the north. These sediments dip generally southward about 4 feet per mile, extending an
undetermined distance off the present shorcline beneath the Gulf of Mexico. The
youngest identified formation, the Citronelle of Pleistocene-Pliocene age (DOERING,
1960), outcrops 50 miles north of the coast. From this point southward a series of
Pleistocene terraces, four to seven in number according to various authors (MACNEIL,
1949; CooKE, 1945), have been tentatively correlated with interglacial stages.

Fluvial deposition by the Apalachicola River and its tributaries, a major drainage
system extending from the Piedmont in Georgia and Alabama southward to the coast
and covering an area of approximately 18,000 square miles, has obscured the terraces
in the immediate area. A sizable delta has been developed in Late Pleistocene t0
Recent time, formerly extending from the vicinity of Panama City eastward to the
Ochlockonee River, a distance of 100 miles, and northward for 50 miles. The modern
delta is limited to a distance of about eight miles above the present river mouth
(KoroED and GORSLINE, 1962). The river has shown evidence of an eastward shift to
its present location since the establishment of the delta (MOORE, 1955).

Along the shore and seaward, sediments are for the most part of Recent mariné
origin. Cutcrops of limestone, possibly of Miocene Tampa age, have been found in
water about 100 fect deep to the east in Apalachee Bay and to the west off Panama
City (TANNER, 1959). No outcrops occur in the study area but a similar limestone has
been noted in a well at Port St. Joe at a depth of 610 feet (DOERING, 1960). 1t is not
known at present whether the explanation for this unusual depth lies in facies chang®
or structural deformation.

Cultural features

A thriving cotton port, St. Joseph, occupied a site just south of the present city of Port
Sedimentology, 1 (1962) 256-286
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St. Joe in the early 1800's. It's prosperity was short-lived, however, and economic
failure, followed by an epidemic of yellow fever and a disastrous hurricane, destroyed
the town in 1843.

It was not until the 190C’s that the forest industry brought new life to the area. The
St. Joe Pulp and Paper Mill, the bulwark of the local economy, was started in 1937.
This plant, expanded in 1952, uszs approximately 30 million gallons per day (MGD)
of fresh water obtained from an op:n canal from the Chipola River. 16 miles to the
east, and recycles 14.5 MGD of salt water. An adjacent organic chemical plant utilizes
extracts obtained from the paper mill. In 1938 the Gulf County Canal was constructed,
linking the lagoon to the Intracoastal Waterway to the northeast. The canal was
widened and dredged to its present depth of 9 feet in 1943. A magnesium extraction
plant, located 0.5 mile from the coast on the canal, was completed in 1959. This plant
obtains approximately 15 million gallons of seawater daily from a pipeline opening
at the paper mill wharf and, after precipitating the magnesium, returns this water via
the canal.

Commercial fishing catches in this arca consist mainly of shrimp, mackerel, and
mullet. Shell fish are not important although some clams and scallops are taken.

Terrestrial physiography and bathymetry

Inshore from the study area, the land is typically lowlying with numerous swamps and
Mmarshes developed on the old delta surface. A series of old beach ridges parallel the
entire mainland shore and extend about 1 mile inland. An old stream channel is
clearly scen on acrial photographs, arriving at the beach ridges at the right angle bend
of the coast from Lake Wimico, a bayou extension of the Apalachicola River, at which
Point it turns sharply north following the last ridge. Just north of the lagoon it appears
to break through a low point in the ridges and its trace is obliterated.

The coastal morphology in this arca has been classified as a “‘cuspate foreland™ by
SHEPHARD (1960). The spit, connected to the mainland at the southern shore, extends
3 miles westward to Cape San Blas, at which point it bends sharply north (Fig.3). A
large shoal is devcloped from the cape southward for about 4 miles. Shepard has postu-
lated a prior existence of this shoal to account for the configuration of the later develop-
ed spit. Current gyrals set up on either side would favor deposition in the present
ff"'m- From the configuration of the spit it seems certain that such gyrals were respon-
Sible. Detailed submarine contours give evidence of an old series of beach ridges
trending southwest from the lower end of the lagoon through the shoal area. The
existence of these ridges would provide the barrier necessary for the establishment of
the gyrals,

Physiographically the study area may be subdivided into five major types: spit,
Offshore terrace, shoal, outer basin, and lagoon. A large shoal extending from the tip
of the spit northwest to the mainland forms the seaward boundary of the outer basin
(Fig.3). The shoal averages 20 feet in depth along the crest with a minimum of 10 feet
Near the spit. A tidal channel separates the spit and shoal. The offshore terrace has an
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average slope of about 4-5 feet per mile in the study area and attains a maximum
depth of 40-50 feet. Beyond this point the gradient decreases somewhat.
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Fig. 4. Bottom profiles across St. Joseph Bay. (see Fig.2 for locations)

Profiles across the area (Fig.4) show that the spit represents an accumulation of
sediments above the surface of the terrace on the order of 9:10°F m3, only a small
Portion of which lies above sea level. On the connecting arm, sand ridges average
10-15 feet in height. 2 miles north of Cape San Blas the ridges increase in height to
20-35 feet with a maximum of 51 feet (BRUUN et al., 1962), trending north-northwest
across the surface of the spit.

The lagoon is basinal in character, attaining a depth of 40 feet close to the northern
Portion of the spit. Basin depth and slope show good correlation with the offshore
terrace gradient (Fig.4), and apparently little deposition has taken place since this
Portion was cut off by spit development. Extremely shallow in the southern thira of the
lagoon, the floor slopes gradually toward the basin, except along the flank of the spit
Where steep declinations occur. The entire lagoon has a mean depth of 21 feet.
Several old tide channels cut the shallow southern end, their depths decreasing with
Probable age. Another channel extends into Eagle Harbor half way up the spit,
Marking with its accompanying protruding shoal a former extension of the barrier.
A depth of 25-30 feet has been maintained in this channel. Man-made features in the
bay include a boat channel dredged to a depth of 35 feet extending from offshore
around the spit to a boat basin located at the paper mill. Spoil from the basin has
been dumped just to the west, forming a small island. Two shorter channels have been
Constructed, one south of the spoil area and the other extending from the mouth of
the Gulf County Canal.
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The outer basin to the north reaches a maximum depth of 32 feet. It is probable
that this basin was once part of the one immediately to the south and has been cut off
and partially filled by sedimentation.

The bottom topography presented in Fig.3 was taken from the latest U. S. Coast
and Geodetic Smooth Sheets of the area published in 1875 (Series H-1265) and
corrected where necessary from present navigational charts and personal observation.
Surprisingly few corrections were found to be necessary and these were based primarily
on man-made features such as the channels, boat basin, and spoil areas. Even more
striking is a comparison of the earliest survey made by the Navy in 1841 with the
present features. Virtually no appreciable change has taken place during that period
of 122 years, either in the length and configuration of the spit and northern shoal or in
depths throughout the area. In those areas such as the basins and old tide channels,
especially at Eagle Harbor, where some filling might be expected, no significant chang
es of depth have occurred. The sole area of dynamic change lies in the southern shoal
off Cape San Blas which has fluctuated appreciably in both length and depth. In 184l
this shoal was extended far south of its present location. By 1875 much of the sediment
had been removed and the shoal lay much closer inshore, while at present a period of
building has resumed and extension is being repeated.

Climate

The climate of panhandle Florida is classed as humid subtropical. Rainfall in the study
area averages 57 inches but this generous amount is not evenly distributed throughout
the year. Prolonged dry periods occur, occasionally during the normal summer rainy
season. Torrential downpours are common during the summer months and exceptio-
nally heavy rainfall sometimes occurs in connection with tropical storms in late
summer and early fall. Despite the heavy rainfall only about 19 inches are available as
runoff in the immediate vicinity of St. Joseph Bay (GiLLESPIE, 1951). The remainder
penetrates the porous sand on the delta surface, is taken up by the lush plant growth,
or is returned to the atmosphere through evaporation.

The annual temperature average for the area is about 65°F, with a winter averagé
of 50°F and a summer average of 80°F.

Hydrography

Salinity and temperature

Salinity measurements in the lagoon range from 33.5-16.9%/,, (PLUTCHAK e/ al.s
1961). Low values are confined to the surface in arcas in close proximity to the
paper mill and canal. Water in the canal is generally brackish to saline and the
flow is tidal at the mouth. No streams of consequence enter the bay and fresh water
influx is confined promarily to discharge from the paper mill. Below the five-foot
level the salinity ranges from 28.9-33.5%/,,, identical to values given by CHEW (1955)
for the open gulf. Water temperatues for the period covered, March and Aprils
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ranged from 26.5-17.2°C. Again variations occurred in the upper 5-10 feet with the
exception of the bay mouth; below this 'evel the water is essentially isothermal.

Data obtained by Institute personnel during beach profile surveys at Cape San Blas
and Mexico Beach, 4 miles north of the lagoon, over a five-month period from
January through June, 1962, show a salinity range of 28.8-34.3°/,, and a temperature
range of 13.5-29.5°C for these open coastal areas.

Circulation

Currents in St. Joseph Bay show a response to the tidal cycle of ebb and flood. During
the flood a moderately strong flow measured at a maximum of 1.5 knots sweeps into
the lagoon around the point. This current has directed the growth of the spit causing
it to bend inward at the point. It seems apparent that a counter-clockwise gyral is
established in the central portion of the lagoon for a northward movement of water is
maintained close in along the eastern shore, disrupted only during the maximum flood.
At ebb tide currents flow from the lagoon and outer basin via the channel at the point
and across the shoal in the vicinity of the boat channel. Current movement is essenti-
ally surficial throughout the major portion of the lagoon, diminishing rapidly below
five feet and is negligible in the shallow southern end.

From consideration of the hydrographic factors, it is apparent that circulation is
slow in the deeper portions of the lagoon and reducing conditions might be expected.

Sediment observations have shown this to be the case in the basin and deeper old tide
Channels.

SEDIMENTS
Source areas and mode of transport

The immediate source of the major portion of sediment contribution to the St. Joseph
area is the Apalachicola River which empties into the Gulf, 20 miles to the east. Only
& minor part of these sediments are presently contributed by the initial provenance of
the Piedmont and Folded Appalachians. By far the greatest amount is derived from
the reworked Cretaceous to Recent deposits of the Coastal Plain. As a result the few
Unstable minerals initially supplied, decrease rapidly in importance toward the coast
F °ld5pars are virtually non-existent in the coastal sands and the heavy mineral suite
Omes increasingly more mature with distance. Quartz grains, by far the dominant
fomponent, show a general trend from well-rounded in the coarser sizes to subangular
N the fines, although a few highly angular grains are present in all grades.
TANNER (1961) has estimated the amount of bed load delivered yearly by the Apala-
“Nicola River at 5:10° m®. Evaluation of coastal energy shows it normally to be
cal?ablc of handling approximately 2-10* m® of this supply, the excess going into the
_‘“lding of barriers, beach ridges, and shoals. Medium to fine sand and some coarse
St is delivered to the St. Joseph area via the westward longshore drift, the finer
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materials being trapped in Apalachicola Bay and the basin to the east of Cape San
Blas (KoroeD and GORSLINE, 1962).

The free movement of sand past Cape San Blas is a function of shoal development
in this area which in turn appears to be dependent on the frequency of intense tropical
storms. Development, as previously pointed out, has undergone cycles of expansion
and destruction. In the absence of detailed study it appears that increased wave
refraction resulting from shoal expansion causes erosion of the shoreline immediately
north of the cape, furnishing load for the northward drift. In the face of this active
erosion the Coast Guard lighthouse located at this point was moved a quarter of a
mile inshore in 1948. At that time its former site was still above high water while today
it is awash at high tide. Erosion will probably continue until destructive storm activity
removes the barrier sufficiently to reduce wave attack and allow replenishment of
sand supply. Such a series of events probably occurred in the early 1800's. The dis-
astrous hurricane of late 1843 which destroyed the town of St. Joseph may well have
provided the necessary force for reduction of the shoal. In any event periodicity of the
cycles seems to have been sufficiently frequent to establish a near equilibrium condition
to the north during recorded history, confining notable change to the immediate
vicinity of the cape.

Eolian transport across the spit is greatly diminished by a heavy growth of trees and
shrubs. This growth is continuous to a point just south of the tip where dunes ar¢
small but active. As a result sediment supply through this agency is greatly reduced.

Shells and shell fragments form the entire gravel size constituent of the sediments
and locally contribute substantial amounts to the coarse sand fraction. Areas of
greatest production lie within the lagoon, isolated from currents capable of trans-
porting the material. As a consequence large accumulations have developed and the
shells have been broken down in situ by boring organisms and larger predators
capable of crushing the shells. In the southern portion of the lagoon an extensive bed
of shells some three and one-half miles long dominates the detrital material. Smallef
carbonate particles in the form of foraminiferal and ostracod tests, sponge spicules,
and fine shell material constitute substantial amounts of the very fine sand and silt
fractions in the area. These particles are for the most part winnowed by currents and
deposited under low energy conditions present within the lagoon, where in the absenc®
of fine-grained quartz they dominate the silt fraction.

Little clay material is being introduced into the study area at the present time-
Virtually none arrives with the major detrital contribution via longshore drift. The
only alternative source, the Gulf County Canal can, with its low discharge rate and
short period of existence, be responsible for little of the clay found within the lagoon-
This problem will be discussed in the following section.

A major source of organic material at present, the paper mill, complicates discussio?
of the natural contribution. The weekly BOD (biochemical oxygen demand) average
of 17,400 pounds per day in mill discharge (SMITH et al., 1954) is sufficient to alloW
heavy accumulation of organic matter in sediment types of normally low content.
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Texture

Sediment type

The sediment type classification adopted for this study isa modification of Shepard's
tetrahedron diagram (SHEPARD, 1954) derived by Gorsline for use with sediments
along the south Atlantic Coast (MOORE and GORSLINE, 1960). Two faces of tetrahedron
were found adequate to describe sediments in the St. Joseph Bay area (Fig.5). In n>
Case was a fourth component present in percentages large enough to necessitate the
use of the complete three-dimensional figure.

The distribution of sediment types may be seen in Fig.5. In view of the sampling
techniques used, the patterns shown represent a composite of the first few centimeters
of sediment, the depth varying somewhat with the character of the sediment sam-
pled.

The most apparent feature is the oval pattern conforming to the bathymetric con-
figuration of the lagoon in which sand is succeeded by silty sand, sandy silt and clayey
silt in that order toward the central basin. Such a pattern might at first thought be
attributable to the basinal character of the lagoon until energy relationships and
Present sediment supply are recalled. If clay materials were presently being contributed
in amounts sufficient to produce the observed situation, some accumulation might be
€Xpected in the shallow southern portion of the lagoon where under present energy
onditions the tidal mechanism described by VAN STRAATEN and KUENEN (1958) might
be an important factor. Such accumulation does not occur; on the contrary, this area
is represented by sands markedly free of clay content.

Areas of greatest accumulation of clay occur south of the opening to the Gulf and
are not uniformly consistent with current activity. One area in particular just south of
the bulge in the eastern shoreline lies beneath the north moving current and appears
t0 have been protected rather than deposited by this flow. To account for these pecu-
liarities it seems necessary to postulate an earlier period of sedimentation preceding
the present sedimentary accumulations. It has previously been noted that an old
Stream channel is present with an exit in the outer basin just north of the lagoon. This
¢hannel has the dimensions of a sizable river and appears to have once been a distri-
butary of the Apalachicola, utilized in periods of flood. Such a flow would have carried
Considerable amounts of fine materials into the basin from the north and a large accu-
Mulation could be expected. With time sand has covered the northern area and ex-
tended into the lagoon, evidenced by the lobate pattern at the mouth. A line connecting

€ areas of greatest clay accumulation forms a crescent before this encroaching
tongue. Eventually sands will cloak these finer sediments. Unfortunately, failure of the
coring device to penetrate the sand lobe prevented adequate verification of this
hypothesis. Recovery in the soft silts at core locations 1 and 2 (Fig.2) was poor and
the sediments were disrupted so that layering could not be ascertained. The longest
core of 46 c¢m, core 2. displayed a marked change in composition at 16 cm with clay
Content increasing from 15-41°, over the next 8 cm and to a maximum of 50 °; at
40 cm, Clearly an abundance of clay has been contributed in the past. It appears,
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therefore, that the bulk of the fine-grained materials are relict from a time immediately
prior to the present period of sand deposition.

Since the conclusion of this study, U. S. Navy divers, investigating the recently
dredged boat channel north of the lagoon, have verified the existence of a clay and silt
wedge underlying sand at a depth of 37 feet, in good accord with exposures in the
lagoon (George A. Dowling, U. S. Navy Mine Defense Laboratory, personal com-
munication).

A second curious pattern is exhibited on the southeastern flank of the central oval
trend. A large accumulation of shell gravel has formed on the moderate slope of the
basin between the 5- and 25 foot interval. The shells consist chiefly of mollusk
remains, including principally clams, pectens, and the oyster, Ostrea equestris. This
oyster should not be confused with the common commercial species, Crassostrea
virginica, which forms large beds in brackish waters along the coast and is found here
only in very limited numbers in the small area of fresh water influx. Much of this
material shows the effects of age; however, biological remains are continually being
contributed in the area. Evidently this site has provided optimal conditions for growth
of these sedentary organisms. Again the lack of fine-grained material in this area attests
to the absence of a present day supply.

The protruding lobe of sand at the paper mill south of the canal is not of natural
origin, but results from the dumping of spoil in this area.

The averages of the characteristics measured and their ranges for each sediment
type encountered in the area are given in Table I.

TABLE [

CHARACTERISTICS OF ST. JOSEPH SEDIMENTS BY SEDIMENT TYPE

Sedimeny

Org. Nit.

CIN

Mean Diam.  Std. Dev. Carbonate  Org. Carbon
Type Ave. Ave. Ave. Ave. Ave. Ave.
—————— — — - & put = —— R Ty
No. of Range Range Range Range Range

Samples mm phi units % o Yo

Sandy Gravel 1.425 5.00 54.3 0.192 0.082 2.3
03] 1.094-1.765 4.73-5.26 52.8-55.8 0.158-0.226 0.082

Gravelly Sand 0.429 2.24 229 0.504 0.037 13.6
(5) 0.243-0.616 1.82-3.01 7.4-40.3 0.178-1.321  0.016-0.070

Sand 0.216 0.94 45 0.291 0.017 17.1
(52) 0.088-0.423  0.45-2.48 0.5-18.2 0.048-1.633  0.005-0.077

Si. CI. sand 0.028 3.36 20.8 3.479 0.151 230
(8) 0.019-0.050  2.94-3.70 12.9-31.8 1.782-4.625  0.081-0.239

Sa. 1. silt 0.009 3.02 27.1 3.951 0.219 18.0
(12) 0.006-0.017 2.62-3.53 19.7-34.5 2.595-4.617 0.148-0.277

Clayey silt 0.004 2.57 30.6 5.520 0.257 215
3) 0.003-0.004 2.48-2.62 25.0-34.1 4.554-7.067 0.225-0.275

—
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Grain size and sorting

Statistical evaluation as outlined by KRUMBEIN and PETTUOHN (1938) has, with greater
accessibility of computers, provided a rapid and accurate means of description and
for that reason has been used in this study.

The distribution of mean grain sizes in the area is displayed in Fig. 6. The overall
pattern is closely correlated with sediment type and shows a correspondingly wide
range from 26-0.003 mm. Grain size decreases slightly seaward and rapidly into the
lagoon. The pattern of encroachment is readily apparent, as is the barrier effect
established along the eastern shore by current circulation. The southern shell bank is
delineated by the coarse mean diameter values.

Sorting, as defined by the standard deviation (Fig.7), shows response to the varia-
tion in sediment sources and to the modal character of the sediments. As might be
expected in a coastal environment, sands exhibit the best sorting, the bulk of the
sample falling into less than two size grades about the mean. As applied energy decreas-
es in the outer basin and lagoon, the addition of carbonate silt particles creates 2
secondary mode, increasing the deviation. Similar modes occur in each textural class
and as more classes are represented, notably in the shelly area, sorting values become
increasingly larger. Of necessity a mode occurs in the clay fraction when significant
amounts are present. Computation techniques require the lumping of all clay particles
into one size grade despite some variation in the true size. Flocculation may well cause
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Fig. 8. Diagram of mean grain size versus standard deviation and per cent carbonate according t0
sediment type.
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clay minerals to follow the hydrodynamic characteristics of silt particles in the marine
environment. Thus the presence of clay tends toincrease calculated sorting values
beyond what might be dictated by the energy conditions present.

A better pictute of the association of mean grain size and standard deviation in the
various sediment types may be seen in Fig.8. INMAN (1949) has pointed out that the
best sorting occurs in sand with a diameter of 0.18 mm in response to the relationship
between settling and threshold velocities, and frictional stresses. Poorer sorting is
exhibited with increase or decrease in diameters from the 0.18 mm minimum. This
V-shaped distribution is illustrated in the diagram. Present deposition extending over
Previously deposited fine-grained material accounts for the wider deviation of sandy
silts and silty sands as compared with that of the virtually uneffected clayey silt
samples. The wide deviation in gravel types might be expected because of the residual
nature of the biologic contribution.

Chemical analyses

Calcium carbonate

The high percentages of carbonate in the study area are entirely of biological origin.
With the absence of substantial amounts of fine quartz particles, organic test and
Spicules winnowed from the outer coastal sands increase the carbonate dominance of
the contemporary silt fraction as energy decreases into the lagoon. Highest carbonate
Percentages outline the limits of penetration of present fine detrital sedimentation
Into the basin (Fig.9). Beyond this penetration, in the central portion of the lagoon,
qQuartz particles supplied by the ancient river to the north predominate in the silt sizes
and a lower carbonate content is therefore present.

Mollusk remains contribute heavily to the carbonate content of sediments along the
Southern slope of the lagoon; the carbonate contours in Fig.9 outline the extensive
bed of shell gravel.

The relationship of mean grain size and carbonate percentage with the various
Sediment types is illustrated in Fig.8. Carbonate content, low in the sand sediment
tYPe, increases in both coarse and fine grain sizes.

Organic constituents

The distribution of organic carbon and nitrogen may be seen in Fig.10 and 11.
Stl‘ikingly similar patterns are evident in all areas with the exception of the northeas-
tef’ T portion of the lagoon where the heavy influence of paper mill discharge gives
QUgh organic carbon contents to sediments normally low in organics. In view of this
Influence the nitrogen values probably present a better estimate of organic contribution
from natural sources. The average nitrogencontentis0.0719; by weight, givingan average
tota] organic content of 1.49 using a conversion factor of 20. In contrast, organic
¢arbon averages 1.34 % by weight, giving a total organic content of 2.7 %] using a con-
Version factor of 2. These conversion factors are slightly larger than those previously
Presented by Trask (1939), WAKSMAN ef al. (1933), and EMERY (1960), but rounded
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figures appear to be in order in view of the uncertainty surrounding these factors and
the precision of measurements. Organic content shows a strong relationship to
present bottom topography. Reducing conditions, characterizing sediments in the
deeper basin and channels, restricts bacterial decomposition and permits substantial
accumulation. As might be expected, offshore sands contain the lowest amounts of
organics, less than 0.2 9, with a steady increase into the basin. The encroaching lobate
pattern previously discussed is again clearly evident.

Comparison of organic nitrogen percentage to mean grain size and standard devia-
tion is presented in Fig.12. The V-shaped distribution with mean grain size is again
evident. Nitrogen content increases in both directions from a minimum in sands, a
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Fig. 12. Diagram of organic nitrogen versus mean grain size and standard deviation.
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reflection of the normally increasing percentage in fine-grained sediments and the pro-
teinaceous content of shells in the gravels. The curve of nitrogen content versus sorting
increases steadily to a standard deviation of 3, the normal maximum deviation of the
fine-grained sediments.

The ratio of organic carbon to organic nitrogen for the study area are presented
graphically in Fig.13. The best-fit line through the points has a slope of 18.2. While
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Fig. 13. Organic carbon/organic nitrogen diagram.

this average illustrates present conditions, it is unfortunately influenced strongly by
carbonaceous material discharged from the paper mill. This influence is appa!"’—“tly
confined by current flow to the northern portion of the study area, its extent outlin

by the configuration of the contours in Fig.14. If this northern area is eliminated from
consideration an average ratio of 15.4 is obtained. While this average represents 2
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considerable increase in carbon content over normal offshore sediments, which have
an average ratio of about 8-12 (EMERY, 1960), it is somewhat less than the ratio of 19,
previously encountered in the even more restricted environment of San Quintin Bay
in Baja California (GORSLINE and STEWART, 1962). The excess in carbon is apparently
due to the accumulation of highly carbonaceous plant debris under low energy con-
ditions. Under these conditions values depart from what might normally be expected
in a given marine sediment type. Lower than average ratios are encountered in the
extensive bed of shell gravel in response to the high protein content of the shell
material.

The average carbon-nitrogen ratios for the various sediment types, given in Table I,
increase in response to average particle size, interrupted only in the silty clayey sands.
If four highly contaminated samples in the immediate vicinity of the paper mill are
eliminated, a ratio of 17.9 is obtained for that class and the trend is then continuous.

The carbon-nitrogen ratio over the 47 cm length of core 3, obtained in the old
channel off Eagle Harbor, increases steadily with depth from 17.1-19.1, despite the
uniform character of the sediment. A corresponding reduction is seen in nitrogen
content, from 0.321-0.267 %, which might be safely attributed to bacterial action. The
strong presence of hydrogen sulfide marked the reducing character of the sediments
throughout the length of the core. Possibly the ratio increase was established prior t0
the establishment of the reducing environment. Certainly little sediment has been
added under the present slow rate of deposition.

Mineralogy

Light minerals

The characteristics and source of quartz and calcite, the only light minerals presentin
this area with the exception of the clays, have been covered in previous sections and
need little further discussion. Some aragonite is also present in the form of shell
material. A moderate percentage of the quartz grains in the range from 0.5-0.062 mm
shows considerable frosting and has probably been contributed from eolian dun¢
deposits along the coast and inland. The variable sources and distance of travel of the
quartz is evident in the variation of surface texture and particle shape.

Heavy minerals

The study area lies in the East Gulf heavy mineral province as defined by GOLDSTEIN
(1942) and described at length by VAN ANDEL and PooLE (1960) and Hsu (1960). The
*“kyanite-staurolite” suite along this coast is characterized by abundant ilmenite_’
staurolite, kyanite, zircon, tourmaline and sillimanite, and by low magnetite, ampht
boles, and pyroxenes. This assemblage is well illustrated in the average percentag®s
encountered in St. Joseph Bay, given in Table II.

Recycling of older sediments accounts for part of the maturity of the suite but 1055
of unstable heavies is also apparent in present transport by the Apalachocila Rivéf
and its tributaries and coastal currents. CAZEAU (1955) found a steady decreas®
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downstream in the hornblende and epidote, which dominate the suite in the upper
reaches. These minerals are reduced to minor importance by the time they reach the
Present study area. On the other hand the percentage of leucoxene increases in respon-
s to increased weathering of ilmenite. A curious and interesting note is the disappear-
ance of garnet, present in Apalachicola sediments in amounts of 1 or 29, of the heavy
_ fraction. The answer certainly does not lie in the stability of the mineral and does not
appear to be connected with particle size or density since minerals exhibiting similar
size and density, such as zircon, remain fairly constant in percentage.

TABLE Il
HEAVY MINERAL AVERAGES

(based on 20 samples in per cent of heavy fraction by weight)

limenite 28.0 Rutile 438

Kyanite 13.1 Magnetite 3.6
Sillimanite 7.4 Epidote 1.4
Staurolite 14.1 Hornblende 3.1
Zircon 8.7 Leucoxene 7.3
Tourmaline 8.5

Heavy mineral content is low throughout the St. Joseph Bay area, amounting to
less than | % in all examples analyzed and averaging 0.3 9. Highest concentrations
Occur along the outer shore of the spit and in the shoal to the north, percentages
decreasing seaward and into the basins.

Clay minerals
Kaolinite, montmorillonite, and illite make up the clay mineral suitein St. Joseph Bay
Sediments and occur in fairly constant proportions throughout the area. Quantitative
Sstimates based on the areas under the 15, 7, and 10 A peaks result in the following
average percentages: kaolinite 66 9;, montmorillonite 26 %, illite 8 %. These figures
are in good agreement with the composition and relative percentages of clays in the
terrestrial deposits of this region as given by GRIFFIN (1962). Griffin's estimated ranges
for marine clays in the Apalachicola area, based on relative peak heights, are kaolinite
60-80 7s montmorillonite 0-20%, illite 0-5%. The slight variation between these
Tesults and those obtained by the writers are very likely due to the differing techniques
for making quantitative estimates from diffractogram patterns.
Segregation of clay minerals on the basis of particle and floccule sizes has been
escribed by WriTEHOUSE and JEFFREY (1955). Montmorillonite, which develops
Smaller floccules in seawater than either kaolinite or illite is kept in suspension for a
longer time and increases in percentage with distance. If the clays of St. Joseph Bay
ad been transported over the distance traveled by the present detrital sediments, a
fsulting increase in montmorillonite might reasonably be expected. The fact that the
Telative percentages are comparable to the clay mineral content in Apalachicola Bay
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strengthens the argument for a more immediate and consequently older source of
fine-grained material in the study area.

Trends of sedimentation

The procedures involved in the application of regression surfaces to sedimentary para-
meters have been thoroughly covered by KRUMBEIN (1956) and MILLER (1956) and the
reader is referred to these sources for a more complete explanation. In brief, a surface
is fit statistically through the raw data and the differences between this surface and the
original values are contoured as residuals. Positive residuals occur when original
values are higher than the surface, negative residuals when these values are lower.
Ideally, these residuals should outline those areas which are anomalous to the general
trend and which require an explanation for their presence.

Surfaces up to the fifth degree have been programmed for the 709 IBM Computor
at Florida State and were applied to the data obtained for mean grain size, standard
deviation, carbonate, and carbon percentages in the study area. The linear surface
appeared to give the best representation of the larger regional trend. In the case of
mean diameter, standard deviation, and organic carbon content, the strike of the
linear surface is north-northwest, paralleling the shoreline. The one exception is the
carbonate trend which is offset to a north-south position, probably as a result of the
linearity of the extensive shell bank. In every case the surfaces slope seaward, values
decreasing away from shore. On a regional scale, however, the study area is itself anom-
alous and for this reason the cubic surface which better represents the localized
trend of sedimentation was applied.

The response of the surface in all cases to the basinal character of the area was at
once apparent. Since the trend reflects the summation of all factors involved, residual
contours on these surfaces represent areas in which individual factors dominate. For
example, positive residuals of mean diameter outlined the encroaching sand lobe and
the shell bank to the south, while the fine-grained sediments of the central portion of
the lagoon show up as a negative anomaly. Comparison of the mean grain size resi-
duals to the contoured raw data showed a striking similarity of patterns, emphasizing
the fact that no single uniform mode of sedimentation can be accepted to account fof
the observed situation. Comparisons of standard deviation, carbonate, and orgaﬂic
carbon content showed the same to be true of these parameters. The residual maps wer®
found to be easily substituted for maps contoured on raw data.

In view of the above discussion, it appears that little is gained by the application of
trend surfaces to modern sediments where observation of the present relationship
between energy, source, and sediment patterns permit adequate interpretation. In
ancient sediments, however, this relationship is rarely so apparent and the employ”
ment of trend surfaces might greatly facilitate recognition of factors in operation in 2
given environment. For this reason, the application of trend surfaces to mode™
environments can be of great aid in establishing identifying patterns for recogniziné
similar situations encountered in the geologic record.
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CONCLUSIONS

Present day sedimentation in the St. Joseph arca may be ascribed to two dominant
factors, the coastal transport of clean quartz sand from the cast and biological activity
within the area itself. In the absence of substantial amounts of silt size quartz, car-
bonate tests and shell fragments increase in importance as the applied energy of the
environment decreasces into the lagoon from the north. Residual shell gravels dominate
asizable portion of the southern slope of the lagoon removed from active deposition
of detrital material.

The slow rate of deposition which has followed since the construction of the
enclosing spit has allowed the preservation of depth and gradient in the central
portion of the lagoon in close agreement with that of the offshore slope. The large
accumulation of clay in the central basin, well beyond that accounted for by present
minor sources. has led to the conclusion that these fine sediments represent a relict
surface produced by the discharge of an old distributary of the Apalachicola River.
The presence and location of this distributary have been established from aerial
Photographs.

Mineralogically the sediments of this area are what might be expected from the
character of the Coastal Plain source. Small differences can be attributed to the attri-
tion and loss in transport. The typical East Gulf “*kyanite-staurolite™ suite of heavy
Minerals is present in amounts of less than 17, Kaolinite, montmorillonite, and illite
Comprise the clay minerals present, with kaolinite dominating the suite.

[n view of the conditions established by this study. the following sequence of events
appears to be in order in the development of modern St. Joseph Bay.

() Following the last sea level rise, about 5000 years B.P. (CURRAY, 1961: MaAc
FARLAN, 1961) a series of north south trending beach ridges were formed and an open
€oast profile established offshore. A still older set of ridges was submerged and sub-
Jected to marine attack. resulting in the formation of a shoal trending south-southwest
from the mainland through the Cape San Blas area.

('2) A large distributary of the Apalachicola River. its course controlled by beach
rldgedcvelopmcnt.dchouchcd about 5 miles north of the present lagoon and deposi-
ted a wedge of fine-grained material over the terrace surface. At approximately the
Sdme time gyral currents established by the presence of the southern shoal initiated
SPit growth from the cast.

) Rapid spit development scgregated a large portion of the older surface and pre-
vented substantial filling of the bypassed area. At this time the supply of detrital mate-
Mal by the distributary had ccased and sand supplied by long-shore drift and biologic
¢arbonate formed the major contribution.

) Development of stronger tidal currents in recent times has controlled spit growth
and furnished an agency for the transport of sand into the basins. Sand has completely
‘overed the fine-grained material to the north. Under the lower energy conditions of
the lagoon, sand encroachment has been slow and limited. and a large portion of the
older surface remains relatively unobscured.
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Several additional conclusions of a broader geologic nature regarding the characte-
ristics of shallow marine detrital deposits can be drawn from the observations. These
are as follows:

(5) In areas where sediments are supplied in excess of the amounts which can be
readily moved, prograding shore and coastal deposits will be formed. The basic con-
figurations of such coasts may also produce extensions (St. Joseph Spit) which result
in large seaward movement of the coast. If the sedimentary configuration of the St.
Joseph Spit was observed in the rock column, the older concepts of the products of
transgression and regression would lead to the conclusion that the sediments had been
deposited during a period of eustatic lowering of sea level.

(6) The associations of sediment structure and shore trends may be misleading in
studies of paleocurrent observations. In St. Joseph Bay the spit and foreshore are
essentially in equilibrium. However, the probable slow filling of the bay will come as 2
result of movement of sediment around the end of the spit and deposition in a lobe
growing from north to south. Primary structures such as cross-bedding will then tend
to indicate a prograding at right angles to the actual trend of the coastline.

(7) In areas of relatively low wave energy, a transgressing sea may produce only
minor erosional alteration in submerged barriers. Recent observations of old shore-
lines by divers at depths of about 60 feet in the Florida area support this. These old
features still preserve such details as stumps in place and beach structures which are
identical in every respect to those of the present shore.

It is obvious that a considerable lag exists between the accumulation of marine sedi-
mentologic data and its application to stratigraphic analysis. Much of the thinking
with respect to transgressive and regressive facies will require modification if correct
interpretations are to be made.
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