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INTRODUCTION

Purpose of the Study

Marine strata contribute by far the largest percent-
age of the sedimentary rocks in the geologic column and in
great part these are of shallow water origin. Only in re-
cent year§ have near-shore environments begun to receive
the attention necessary for adequate description and inter-
pretation of the factors determining the sedimentary pat-
terns and characteristics developed,

St. Joseph Bay is unique in being the only sizable
body of water along tﬁe eastern portion of the Gulf Coast
not of estuarine origin or markedly influenced by the in-
flux of fresh water, It is the hope of the writer that the
stuﬁy of recent sedimentation in this bay may furnish
useful information on yet another type of environment en-

countered along our present coastline,

Location and Extent
St. Joseph Bay, or more properly St, Joseph Lagoon,
is located on the panhandle portion of the Florida Yest
Coast in Culf County (Fig. 1) The bounding spit encloses
a body of water about eleven miles long and three to five
miles wide opening to the north, This study includes a

1



- lLocation map of St, Joseph Bay, Florida.

Figure 1,
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I
roughly rectangular area of approrimately 10 square miles,
extending from five miles southwest of Cape San DBlas north
and east to the mainland., About fortyusix square miles lie

within the lagoon.

Previous Investigations in the Area

The gross characteristics and shoreline features of
this portion of the Gulf Coast have been well described by
Price (195Lr)., Tor the past severallyears members of the
faculty and their graduate students at Florida State Uni-
versity have beeq engaggd in near-shore studies along the
west coast of the state; with special emphasis on the
northern panhandle, i, F. Tanner (1959, 1960, 1961) has
described the morphology and sediment-energy relationships
of the coastal area and sunmarized the work of Brenneman
(1957), Waskom (1958), Vause (1959}, ullins (1959), and
others., Two studies have been completed recently on bays
immediately to the east and to the west of St, Joseph Bay
(Xofoed and Gorsline, 1962; Waller, 1961). A beach profile
study along the panhandle coastline is presently in pro-
gress under the direction of D. S. Gorsline,

Vorks defining the bottom characteristics of the con-
tinental shelf and slope off this coast have been presented
by Gould and Stewart (1955) and Jordan (1951).

A preliminary_hydrographic survey of St. Joseph Bay
by Plutchak, Trotts, Hambleton, and lilligan (1961) is the

only work of this nature in the immediate study area. of f-
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shore circulation and hydrograghy have been described by
Austin (1955) and Chew (1755). Gorsline (1962) has re-
cently completed a description of the oceanography of Apa-

lachicola Bay, twventy miles to the east,

Procedures

Field ilethods

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 c,c, capacity.
Twenty-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 obtained with an Emery-Dietz
type gravity corer were measured, described, and sealed in

aluminum foil Tor laboratcry analysise.

Laboratory iethods

In the laboratory, determinations were made of the
textural, mineralogical, and some chemical characteristics
of each sample. These data were analyzed statistically
wvith the aid of an IBM 709 Computer.

Cn arrival in the laboratory all samples were oven
dried at a low temperature of L5° ¢, A representative por-
tion was powderéd for use in chemical analyses. Another

portion of approximately fifty grams was washed free of
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Figure 2, - Sample and profile locations

the study area,
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8

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 Pettijohn (193C) and
utilizing the Ventworth size grade classification (Yent-
worth, 1922},

Upon completion of each pipette analysis a sample was
dravn off anc a slide made for determination of the clay
minerals present by use of the X-~ray diffractometer,

Coarse fractions in each size grade were examined in-
dividually under a binocular microscope to determine compo-
sition, relative percentages of components, and shape
characteristics, The fractions of each sample were then
mixed and split, and the heavy minerals separated from the
total by centrifuging with tetrabromoethane., Heavy minerals
were mounted on glass slides and examined under a petro-
graphic microscope,

Analyses of the carbonate, organic carbon, and or-
ganic nitrogen content were made on the powdered portion of
the samples., Carbonate percentages were determined by the
insoluble residue method (Goforth, 1962). The Allison
method (Allison, 1935) was utilized for organic carbon de-
terminations, and the micro-Kjeldahl method (Vierderl and
ierderl, 1947) was used for measuring organic nitrogen
content,

Cores obtained were divided at C cm. intervals,
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split, and analyses run on texture, organic carbon, and or-

ganic nitrogen according to the above described mrocedures,
Salinities were determined by titration with silver

nitrate solution after the procedure outlined by Knudsen

(1901).



SETTING

Rezional and Local Geology

The stndy area lies in the Gulf Coastal Plain, a
thick accumulation of Cretaceous to Recent sediments abut-
ting upon and initially derived from the Appalachian region
to the north, Thecge sediments dip generally southward
about four feet per mile, extending an undertermined dis-
tance off the present shoreline bgneath the Gulf of lexico,.
The youngest identified formation, the Citronelle of Pleis-
togene-Pliocene age (Doering, 1960), outcrops fifly miles
north of the coast. From this point southward a series of
Pleistocene terraces, four to seven in number according to
various authors (ilacieil, 1949; Cooke, 19.5), 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 10,000 square miles; has
obscured the terraces in the immediate area., A sizable
delta has been develoned in Late Pleistocene to Recent
time, formerly extending from the vicinity of Panama City
castward to the Cchlockonee River; a distance of 100 miles,
and northward for fifty miles, The modern delta is limited

10
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to a distance of about eight miles above the present river
rmouth (Zofoed and Gorsline, 1962)., The river has shown
evidence of an eastward shift to its present location since
the establishment of the delta (Mqore, 1955) .

Along the shore and seaward, sediments are for the
most part of Recent marine origin. Outcrops of limestone,
possidly of lilocene Tampa age, have been found in water
about 100 feat deep to the east in ApglacheerBay and to the
west off Panama City (Tanner, 1959). No outcrops occur in
the study area Lut a similar limestone has Dbeen noted in a
well at Port St. Joe at a depth 6; 610 feet (Doering,
1960). It is not Lknown at present whether the explanation
for this unusual depth lies in facies change or structural

deformation,

Cultural Features

A thriving cotton port, St, Joseph,; occupied a site
just south of the present city of Port 5t, Joe in the early
1C00%s, It's prosperity was short-lived, however, and eco-
nomic failure, followed by an epidemic of yellow fever and
a disastrous hurricane, destroyed the town in 1CL3.

It was not until the 1900°s that the forest industry
brought new 1ife to the area, The St..Joe Pulp and Paper
#1111, the bulwark of the local economy, was started in
1937. This plant, expanded in 1952, uses approximately
thirty million gallons per day (iiGD) of fresh water ob-

tained from an open canal from the Chipola River, sixteen
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miles Lo the ecasty; and recycles 105 15D of salt water., An
adjicent organic chemical plart utilizes extracts obtained
from the paper mill. In 193C the Gulf County Canal was
constructed, liunling the lagoon to the Intracoastal Yater-
way to the northeast. The canal was widened and dredged to
its present 4epth of nine foet in 1943, A magnesium ex-
traction plant, located one-half mile from the coast on the
canal, was completed in 1959. This plant obtains approxi-
mately fiftecen million galions of seawater daily from a
pipe-line opening at the paper mill wharf and, after pre-
cipitating the magnesium, rcturns this water via the canal,

Commercial Ffishing catches in this area consist main-
ly of shrimp, mackerel, and mullet, 35hell fish are not

important although some clams and scallops are taken,

Terresirial Physiography and Bathymetry

Tnshore from the study area the land is typically
low-lying with numerous swvamps and marshes developed on the
old deita surface, A series of old beach ridges parallecl
the entire mainland shore and extend about one mile inland.,
An old'stream channel is clearly seen on aerial photo-
graphs, arriving at the beach ridggs at the right angle
bend of the coast from Lake Wimico, @& bayou extension ot
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.
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The coastal morphology in this area has been classi=
fied as a "cuspate foreland" by Shepard (1960), The spit,
connected to the mainland at the southern shore, extends
three miles westward to Cape San Blas, at which point it
bends sharply north (Fig. 3). A large shoal is developed
from the cape southward for about four miles. Shepard has
postulated a prior existence of this shoal to account for
‘the configuration of the later developed spit. Current
gyrals set up on either side would favor deposition in the
present form, TFrom the configuration of the spit it seems
certain that such gyrals were responsible. Detailed sub-
marine contours give evidence of aL 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, out-
er 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
iz the crest with a minimum of ten
feet near the spit. A tidal channel separates the spit and
shoal. The offshore terrace has an average slope of about
four to five feet per mile in the study area and attains a

maximum depth of between forty and fifty feet, DBeyond this
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¥igure 3, -~ Chart of bo\btom topography.
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16
point the gradient decreases somewhat,

Profiles across the area (Fig. L) show that the spit
represents an accunmlation of sediments above the Surface
of the terrace on the order of 9 x 108 cubic meters, only
a small portion of which lies above sea level. ©Cn the con-
necting arm, sand ridges average ten to fifteen feet in
height. Two miles nortlh of Cape San Blas the ridzes in-
crease in height from twenty to thirty-five feel with a
maximum of fifty-one feet (Bruun, Chiu, Gerritsen, and
Morgan, 1962), trending north-northwest across the surface
of the spit,.

The lagoon is basinal in character, attaining a depth
of forty feet close to the northern portion of the spit.
Basin depth and slope show good correlation with the off-
shore terrace gradient (Fig. ) and apparently little de-
position has taken place since this portion was cut off by
spit developmgnt. Extremely shallow in the southern third
of the lagoon, the floor slopes gradually toward the basin,
except along the Tlank of the spit where steep declinations
occur, The entire lagoon has a mean depth of twenty-one
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 ex-
tension of the barrier. A depth of twenty-five to thirtly

feet has been maintained in this channel. Man-made fea-
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ofiles across St., Joseph Bay.
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19
tures in the bay include a2 boat channel dredged to a depth
of thirty-five 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,

The outer basin to the north reaches a maximum depth
of thirty-two 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 Tig. 3 was taken
from the latest U, S, Coast and Geodetic Smooth Sheets of
the area published in 1875 (Series 11-1265) and corrected
wvhere necessary from present navigational charts and per-
sonal 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 ilavy in 1Ckl with the present features. Virtu-
ally 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 thg basins and old tide chan-
nels,; especially at Eagle Harbor, where some filling might

be expected no significant changes of depth have occurred,
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The sole area of dynamic change lies in the southern shoal
of f Cane San Blas which has fluctuated appreciably in both
length and depth, In 1CL'1 this shoal was extended far
scuth of its wpresent location. By 1C75 much of the sedi-
ment had been removed and the shoal lay much closer in-
shore, while at present a period of building has resumed

and extension is belng repeated,

Climate

The climate of panhandle Florida is classed as humid
sub=-tropical., Rainfall in the study area averages fifty-
seven inches but this generous amount is not evenly dis-
tributed throughout the year; Prolonged dry periods occur,
occasionally during the normal summer rainy season. Tor-
rential downpours are common during the surmmer months and
exceptionally heavy rainfall sometimes occurs in connection
with tropical storms in late summer and early fall. De-
spite the heavy rainfall only about nineteen inches is
available as rgnoff 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 evapora-
tion,

The annual temperature average for the area is about
65° Fahrenheit, with a winter average of 502 and a summer

average of C0°,
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Hydrography

Salinity and Temperature

Salinity measurements in the lagoon range from 33.5
to 16.9 0/00 (Plutchak, Trotts, IHambleton, and iiilligan,

1961), Low values are confined to the surface in areas i

n

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, IIo streams of conseguence enter the bay an

d

fresh water influx is confined primarily to discharge from

the paper mill, Below the five-foot level the salinity

ranges from 28,9 to 33.5 ofoo, identical to values given by

Chew (1955) for the open gulf, Water temperatures for the

period covered, March and April, ranged from 26.5° to 17.20

Centigrade, Again variations occurred in the upper five
ten feet with the exception of the bay mouthj below this
level the water is essentially isothermal,

Data obtained by Institute personnel during beach
profile surveys at Cape San Blas and Mexico Deach, four
miles north of the lagoon, over a five month period from
January through June, 1962, show a salinity range of
28,8 0/00 to 3L.3 O/OOJand a temperature range of 13.50 C

to 29.5O 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 moder-

to

L)
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ately strong flow measured at a maximum of one-and-one-half
xnots sweeps into the lagoon around the point, This cur-
rent has directed the growth of the spit causing it to bend
invard 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 wvicinity of the boat channel., Current move-
ment is essentially 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 1is
apparent that circulation is low 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

Classification

Any classification of sediments requires the estab-
lishment of purely arbitrary boundaries between the select-
ed classes, but clarity of presentation demand that some
such system be utiiized. The reader should keep in mind
howvever, that no sharp discontinuity between the estab-
lished classes is intended, The end-member concept has
seen wide use in sediment work and it has been found that
the triangle or tetrahedron generally provides an adequate
basis for classification. Shepard (1954) has revieved
several such systems and presented his own views. The
classification adopted for this study is a modification of
Shepard®s diagram derived by Gorsline for use with sedi—_
ments along the South Atlantic Coast (Moore and Gorsline,
1960). The sediment types are determined by the relative
percentages of Wentworth size divisions represented in each
sample, particles of granule size being included with the
gravels, Sediment type therefore carries a purely textural
connotation and compositional characteristics are excluded,
Two faces of the tetrahedron were found adequate to de-
scribe sediments in the St, Joseph Bay area (Fig. 5). In
no case was a fourth component present in percentages lavge

23
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enough to nccessitate the use of the complete three-dimen-

sional figure,

Source Areas and Mode of Transnort

The immediate source of the major portion of sediment
contributici: of the St. Joseph area is the Apalachicola
River which empties into the Gulf twenty miles to the east,
Only a minor part of these sediments are presently contrib-
uted by the initial provenance of the Piedmont and TFolded
Appalachians, Dy 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.
Feldspars are virtually non-existent in the coastal sands
and the heavy mineral suite becomes %ncreasingly more
mature with distance; Quartz grains, by far the dominant
component, show a general trend from well-rounded in the
coarser sizes to sub-angular in 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 Apalachicola River at 5 x 105 cubic
meters, Evaluation of coastal energy shows it normally to
be capable of handling approximately 2 x 10” cubic meters
of this supply, the_excess gaing into the building of bar-
riers, beach ridges, and shoals, Medium to fine sand and
Some coarse silt is delivered to the St. Joseph area via

the westward longshore drift, the finer materials being
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srapped in Apalachicola Bay and the basin to the east of
Cape San Blas (Kofoced and Gorsline, 1962).

The free movement of sand past Cape San Blas is a
runction of shoal development in this area which in turn
appears to be dependent on the frequency of intense tropi-
cal storms. Development, as previously pointed out, has
undergzone cycles of expansion and destruction. In the ab-
sence of detailed study it apmpears that increased wave re-
fraction resulting from shoal expansion causes erosion of
the shoreline immediately north of the cape, furnishing
10ad for the northward drift. In the face of this active
erosion the Coast Guard lighthouse located at this point

was moved a cquarter of a mile inshore in 198, At that
time its former site was still well above high water while
today it is awash at high tide. Erosion will probably con-
tinue until desiructive 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 1000°s., The disastrous hurricane of late 13L3
wvhich destroyed the town of St; Josenh may well have pro-
vided the necessary force for reduction of the shoal, In
any event periodicity of the cycles seems to have been suf -
ficiently frequent to establish a near quilibrium condi-
tion to the north during recorded history,; confining
notable change to the immediate vicinity of the cape.

Lolian transport across the spit is greatly dimin-
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ished by a heavy growth of troes and shrubs. This growth

is continuous to a point just south of the tip where dunes
are 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 amourits to the coarse sand frgction. Areas of
greatest procduction lie within the lagoon, isolated from
currents capable of transporting the material, As a conse-
quence 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, Smaller carbonate particles in the form of for-
aminiferal 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 absence 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 alternmative source, the Gulf County Canal, can,
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with its low discharge rate and short period of existence,
be responsible for little of the clay found within the
iagoon. This problem will be discussed in the following
section.
A major source of organic material at present, the
paper mill, complicates discussion of the natural contri-
bution. The weekly BCD (biochemical oxygen demand) average
of 1??QOO pounds per day in mill discharge (Smith, “ake-
field, Bevis, and Philps, 195L) is sufficient to allow
heavy accumulation of organic matter in sediment types of
normally low content. This along with several other envi-
ronmental factors calls for a more lengthy discussion which

7ill also be postponed for a later section.
Texture

Secdinent Tyne

The distribution of sediment types may be seen in
Fig. 5. In view of the sampling techniques used, the pat-
terns shown represent a composite of the first few centi-
meters of sediment, the depth varying somewvhat with the
character of the sediment sampled.

The most apparent feature is the oval pattern con-
forming to the bathymetric configuration 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
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basinal character of the lagoon until energy relationships
and present sediment supply are recalled, If clay materi-
zls were nresently being contributed in amounts sufficient
to produce the observed situation, some accumulation might
be expected in the shallow southern portion of the lagoon
where under present low energy conditions the tidal mecha-
nism described by van Straaten and Kuenen (195C) might be
an important factor. Such accunulation does not occurj; 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 to have been protected
rather than deposited by this flow. To account for these
peculiarities 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 channel has the dimensions
of a sizable river and appears to have once been a distrib-
utary 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 accumu-

lation could be expected. YWith time sand has covered the



FL

northern area and extended into the lagoon, evidenced by
the lobate pattern at the mouth. A line connccting the
areas of greatest clay accumulation forms a crescent before
this encroaching tongue. Eventually sands will cloalk these
finer sediwents. Unfortunately, failure of the coring de-
vice to pmenetrate the sand lobe prevented adequate verifi-
cation of this hypothesis., Recovery in the soft silts at
core locations 1 and 2 (Fig. 2) was poor and the sediments
were disrunted so that layering could not be ascertained.
The longest core of forty-six centimeters, core 2, dis-
played a marked change in composition at sixteen centi-
meters with clay content increasing from 15 per cent to Ly
per cent over the next eight centimeters and to a maximum
of 30 per centat forty centimeters. Clearly an abundance
of clay has been contributed in the past. It appearsg
therefore, that the bullt 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. Havy
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 (Ggorge A,
Dowling, J. 5. Navy liine Defense Laboratory, personal con-
munication).

A second curious pattern is exhibited on the south-
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eastern flanlt of the central oval trend., A large accunu-
lation of shell gravel has formed on the moderate slope of
the basin between the five and twenty-five foot contours,
with maximum values following the twenty to twenty-five
foot interval. The shells consist chiefly of mollusk re-
mains, including principally clams, pectens and the ocyster,

Cstrea equestris., This oyster should not be confused with

the conmon 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, DMuch of this material shows the
effects of age, however biological remains are continually
being contributed in the area, Ividently this site has
nrovided optimal conditions for growth of these sedentary
organisms. Apgain the lack of fine-grained material in this
area attesls to the absence of a present day supplv.

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

giveun in Table 1,

Grain Size and Sorting

A1l means of evaluating sediment texture in use at
npresent fall somewhat short of a true and easily discern-

ible description of the sample, Computations based on
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graphic interpretation of cumulative curves utilize only a
portion of the total sediment range, Statistical evalua-
tion as outlined by Krumbein and Petti john (193C) has, with
greater accessibility of computers, provided a more 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 cor-
related withh secdiment type and shows a correspondingly wide
range from 26 {o 0,003 millimeters, Grain size decreases
slightly seawvard and rapidly into the lagoon. The pattern
of encroachment is readily apparent, as is the barrier ef-
fect established along the eastern shore by current circu-
lation. The southern shell bank is delineated by the
coarse mean diameter values.

Sorting, as defined by the standard deviation (Fig.
7), shows response to +he variation in sediment sources and
to the modal character of the sgdiments. As might be ex-
pected 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 decreases in
the outer basin and lagoon the addition of carbonate silt
narticles creates a secondary mode, increasing the devia-
tion. Similar modes occur in each textural class and as
more classes are represented, notably in the shelly areca,

sorting values become increasingly larger, Cf necessity a
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-ure 7. - Distribution of standard deviation.

Fig
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node occurs in the clay fraction when significant amounts
are present. Computation technigues require the lumpning of
211 clay particles into one size grade despite some varia-
tion in the true size, TFlocculation may well cause clay
minerals to follow the hydrodynamic characteristics of silt
narticles in the marine environment, Thus the presence of
clay tends to increase calculated sorting values beyond
vhat night be dictated by the energy conditions present.

A better picture of the association of mean grain
size and standard deviation in the various sediment types
may be seen in Fig., 8. Inman (19L:9) 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 0,1C mm, minimum. This V-shaped distribution is
illustrated in Fige 8, 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 be-

cause of the residual nature of the biologic contribution.
Chemical Analyses

Calcium Carbonate

The high percentages of carbonate in the study area
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Figure C., - Diagram of mean grain size versus
standard deviation and percent carbonate according
to sediment type.
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are entireiy of biological orizgin. With the_absence of
substantial amounts of fine quartz particles, organic tests
and spicules winnowed from the outer coastal sands increase
the carbonate dominance of the contemporary silt fraction
as energy decreases into the lagoon. Uishest carbonate
percentages outline the limits of penetration of present
fine detrital sedimentation into the basiun (TFig. 10). De-
vond this nenetration, in the central portion of the la-

coon, quariz particles supplied Dy the ancient river to the
north predominate in the silt sizes and a lower carbonate
content is therefore present.

ilolluslk remains contribute heavily to the carbonate
content of sediments along the southern slope of the la-
goong the carbonate contours in Fig. 10 outline the exten-
sive bed of shell gravel.

The relationship of mean grain size and carbonate
percentage with the various sediment types is illustrated
in Fig. C. Carbonate content, low in the sand sediment

type, increases in both coarse and fine grain sizes.

Organic Constituents
Analyses of organic carbon and organic nitrogen con-
tent have been made in order to determine the total organic
contribution to the sediments. The distribution of these
two constituents may be seen in Figs. 9 and 12, Strikingly
similar patterns are evident in all areas with the excep-

tion of the northeastern portion of the lagoon vhere the
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Figure 11. - Distribution of C/N ratio.

Figure 12, - Distribution of organic carbon
content,




LT T s s e o
e : Hipe 2
! ] ] I
|
o B (£0¢) %01 r
2 @ | 160 04 10) %O 31
B . o
vABIINI BNOINOY o [T e T i TPAWILNI HNOLNOZ Q
i . ¥ :
! m
i 01LVY | 39VIN3OHId
N3DOYLIN / NOBYYD { NOSYYD OINVOHO
M
M w
) |
3 m
i !
i ; )
J
1 |
) _
i il
b o
g . 1
P 2 i 2
W g | g
i ”,
S b
m “
E m
K i o
| i
f
S S oy Y S sy
3 Ve worlnen . TS WAILNYN __
i! s v ST oums
b h
.
Ay ¢ S S MR, 25 L | O A v 57 ol e ARAE aclelredal hedetdrodenlscs st oo i




AR RO AR - kA

- dndddne =

AR RS

L7

heavy influence of paper mill discharge gives high organic
carbon contents to sediments normally low in organics., In
view of this influence the nitrogen values probably present
a2 better estimate of organic contribution from natural
sources, The average nitrogen content is 0.071 per cent by
weizht, giving an average total organic content of 1.k per
cent using a conversion factor of twenty. In cqntrast,
organic carbon averages 1.3 per cent by weight, giving a
total organic content of 2.7 per cent using a conversion
factor of two. These conversion factors are slightly
larger than those previously presentecd by Trask (1939) ,
Waksman, Carey, and Renszen (1933), and Emery (1960), but
rounded figures appear to be in order in view of the uncer-
tainty surrounding these factors and the precision of meas-
urements., Crganic content shows a strong relationship to
nresent bottom topography. Reducing conditions character-
izing sediments in the deeper basin and channels restricts
bacterial decomposition and permits substantial accunula-
tion. As might be expected offshore sands contain the low-
est amounts of organics, less than 0.2 per cent, with a
steady increase into the basin, The encroaching lobate
nattern previously discussed is again clearly cvident,

Comparison of organic nitrogen percentage to mean
grain size and standard deviation is presented in Fig. 13,
The V-shaped distribution with mean grain size is again

evident. Nitrogen content increases in both directions
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from & minimum in sands, a reflection of the normally in-
creasing mercentage 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 three, 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. 1L, The
best-fit line through the points has a slope of 13.2,
While this average illustrates present conditions it is
unfortunately influenced strongly by carbonaceous material
discharged from the paper mill, This influence is appar-
ently coufined‘by current flow to the northern portion of
the study area; its extent outlined by the configuration of
the contours in Fig. 11. If this northern area is elimi-
nated from consideration an average ratio of 15.L is ob-
tained, While this average represents a considerable
increase in carbon content over normal offshore sediments,
vhich have an average ratio of about 8 to 12 (Emery, 1960},
it is somewvhat less than the ratio of 19 previously encoun-
tered in the even more restricted environmment of San Tuin-
tin Bay in Baja California (Gorsline and Stewart, 1962).
The excess in carbon is apparently due to the accumulation
of hizhly carbonaceous plant debris under low energy condi--
tions. Under these conditions values depart from what

might normally be expected in a given marine sediment type.
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Lower than average ratios are encountered in the exltensive

!

bed of shell gravel in response to the high protein content
of the shell material.

The average carbon-niitrogen ratios for the various
sediment types; given in Table 1, increase in response to
average particle size, interrupted only in the silty clayey
saads, If four highly contaminated samples in the immedi~
ate vicinity of the paper mill are eliminated; a ratio of
17.9 is obtained for that class and the trend is then con-
tinuous,

The carbon-nitrogen ratio over the forty-seven centi-
meter length‘of core 3, obtained in the 0ld channel off
Eaglg Harbor,; increases steadily with depth from 17.1 to
19.1, despite the uniform character of the sediment., A
corresponding reduction is seen in nitrogen content, from
0.321 to 0.267 per cent, which might be attributed to ana-
erobic bacterial action. The strong presence of hydrogen
sulfide marked the reducing character of the sediments
throughout the length of the core. Possibly the ratio in-
crease was established prior to the establishment of the
reducing environment, Certainly little sediment has bgen

added under the present slow rate of deposition.
lMineralogy

Light Minerals

The characteristics and source of quartz and calcite,
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the only light minerals present in this area with the ex-
ception of the clays; have been covered in previous sec-
tions and nced 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 to
0.062 mm. shows considerable frosting and has probably been
contributed from eolian dune deposits along the coast and
inland. The variable sources and distance of travel of the

guartz is evident in the variation of surface texture and

narticle shape.

Heavy Minerals

The study area lies in the East Gulf heavy mineral
nrovince as defined by Goldstein (1942) and described at
length by Van Andel and Poole (1960) and Hsu (1960)., The
Hleyanite—-staurolite® suite along this coast is character-
ized by abundant ilmenite, staurolite, kyanite, zircon,
tourmaline and sillimanite, and by low magnetite, amphi-
boles, and pyroxenes; This assemblage is well illustratgd
in the average percentages encountered in 5t. Joseph Bay,
given in Table 2,

Recycling of older sediments accounts for part of the
maturity of the suite but loss of unstable heavies is also
apparent in present transport by the Apalachicola River and
its tributaries and coastal currents. Cazeau {(1955) found
a steady decrease downstream in the hornblende and epidote,

which dominate the suite in the upper reaches. These min-
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HEAVY MIDERAL AVERAGES
{based on 20 samples in per cent
of heavy fraction by weight)

riineral % Mineral. %
Ilimenite 28.0 Rutile L,8
Xvanite 15l Magnetite 3.6
Sillimanite 7l | Tpidote 1.4
Staurolite 1b,1 Hornblende 3.1
Zircon C.7 Leucoxene Tw3
Tournaline £

erals are reduced to minor importance by the time they
reach the present study area; On the other hand the per-
centaze of leucoxene increases in response to increased
weathering of ilmenitc; A qurious and interesting note is
the disappearance of garnet, present in Apalachicola sedi-
ments in amounts of one or two per cent of the heavy frac-
tion. The answer certainly does not lie in the stability
of the mineral and does not appear to be connected with
narticle size orrdensity since minerals exhibiting similar
size and density, such as zircon, remain fairly constant in
nercentage,

Heavy mineral content is low throughout the 5t,
Joseph Day area; amounting to less than one per cent in all
examples analyzed and averaging 0.3 per cent. Highest con-
centrations occur along the outer shore of the spit and in
the shoal to the north, percentages decreasing seaward and

into the basins,
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Clay linerals

Kaolinite, montmorillonite, and illite make up the
clay mineral suite in St. Joseph Bay sediments and occur in
fairly constant proportions throughout the area. anntita—
tive estimates based on the areas under the fifteen, seven,
and ten angstrom peaks result in the following average per-
centages: kaolinite 66%, montmorillonite 265, illite S5,
These figures are in good agrecment with the composition
and relative percentages of clays in the terrestrial depos~
jts of this rezion 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%, mont-
morillonite 0-20%, illite 0-5%. The slight variation be-
tween these results and those obtained by this writer are
very likely due to the differing techniques for making
cuantitative estimates from diffractogram patterns.

Segregation of clay minerals on the basis of particle
and floccule sizes has been described by Whitehouse and
Jeffrey (1955). 1lontmorillonite, which develops smaller
floccules in seawvater than either kaolinite or illite is
itept in suspension for a longer time and increases in per-
centage with distance., If the clays of St., Joseph Bay had
been transported over the distance traveled by the present
detrital sediments, a resulting increase in montrmorillonite
nizht reasonably be expected., The fact that the relative

percentages are comparable to the clay mineral content in
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Apalachicola Day strengthens the argument for a more immed-
jate and consequently older source of fine-grained material

in the study area.

Trends of Sedimentation
The procedures invelved in the application of regres-
sion surfaces to sedimentary parameters have been thor-

oughly covered by Krumbein (1956) and iiiller (1956) and the

e N A R

reader is referred to these sources for a more complecte oXx-

planation, In brief; a surface is fit statistically

throush the raw data and the differences between this sur-

face and the original values are contoured as residuals.

Positive residuals occur when original values are higher

T TR T TR

than the surface, negative residuals when these values are

lower, Ideally these residuals should outline those areas

g

wvhich are anomalous to the general trend and which require
an explanation for their presence.

Surfaces up to the fifth degree have been programnmed

for the 709 IBM Computor at TFlorida State and were applied

to the data obtained for mean grain size, standard devia-

RS R P g

tion, carbonate, and carbon percentages in the study area.
: The linear surface appeared Lo give the best representation
of the larger regional trend and the strike and dip of this
surface is included in the following_figures; In the case
of mean diameter, standard deviation, and organic carbon
content the strilte of the linear surface is north-north-

3 wvest, maralleling the shoreline., The one excention is the
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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 seawvard,
values decreasing away from shore, On a regional scale,
however, the study area is itself anomalous and for this
reason the cubic surface which better represents the local-
ized trend of sedimentation was applied. The resulting
patterns are presented in Figs. 15 through 13d.

The response of the surface in all cases to the
basinal character of the area is 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 and may be explained on
that basis, In Fig. 16 positive residuals outline the en-
croaching 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 residuals to the contoureq raw data (Fig.
6) show a striking similarity of patterns, emphasizing the
fact that no single uniform mode of sedimentation can be
accepted to account for the observed situation. Compari-
sons of standard deviation, carbonate, and organic carbon
content show the same to be true of these parameters. The
residual maps might easily be substituted for maps con-
toured on raw data.

In view of the above discussion it appears that
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gl Fizgure 15, - Standard deviation trend and
3 residual man,
i .I‘ |

Figure 16, - llean grain size trend and resid-
ual man.
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little is gained by the apnlication of trend surfaces

to modern scdiments where observation of the present rela-
tionship between encergy, source, and sediment pattgrns per-
mit adequate interpretation, In ancient sediments, however,
this relationship is rarely so apparent and the employment
of trend surfaces might greatly facilitate recognition of
factors in operation in a given environnent. TFor this
reason the application of trend surfaces to modern environ-
ments can be of zreat aid in establishing identifying pat-
terns for recogrizing similar situations encountered in

the geologic record,
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SUMMARY AND COCNCLUSICNS

Present day sedimentation in the St. Joseph area may
be ascribed to lwo doninani factors, the coastal transport
of clean quartz sand from the east and biological activity
thin the area itself, n the abscnce of substantial
armounts of silt size quartz, carbonate tests and shell
fragments increase in importance as the applied energy of
the environment decreases into the lagoon from the north,
Residual shell gravels dominate a sizable 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
slopef The large accunulation of clay in the central
basin, well beyond that accounted for by present minor
sources, has led to the conclusion that these fine sedi-
ments represent a relict surface produced by the discharge
of an old distributary of the Apalachicola River; The
pPresence and location of this distributary have been estab-
lished from aerial photographs;

Mineralogically the sediments of this area are what

6l
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rnight be expected from the character of the Coastal Plain
source; Small differences can be attributed to attirition
and loss in transport. The typical East Gulf "kyanite-
staurolite® suite of heavy minerals is present in amounts
of less than one per cent; Kaolinite, montmorillonite, and
illite comprise the clay minerals present, with kaolinite
dominating the suite;

In 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.

1, Following the last sea level rise, about 5000
years B; P;, a series of north-south trending beach ridges
were formed and an open coast profile established offshore.
A still older set of ridpges was submerged and subjected to
marine attack, resulting in the formation of a shoal trend-
ing south-southwest from the mainland through the Cape San
Blas area,

2. A large distributary of the Apalachicola Jiver,
its course controlled by beach ridge development, debouched
about five miles north of the present lagoon and deposited
a wedge of fine-grained material over the terrace surface.
At approximately the same time gyral currents established
by the presence of the southern shoal initiated spit growth
from the cast.

3. Dapid spit development segregated a large portion

of the older surface and prevented substantial filling of
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the bynassed area; At this time the supply of detrital
materizl by the distributary had ceased and sand supnlied
by long-shore drift and biologic carbonate formed the major
contribution,

l., Development of stronger tidal currents in recent
times controlled spit growth and furnished an agency for
the transport of sand into the basins. Sand has completely
covered 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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TABLE 3

LITURAL DATA

Sample Mo, Mean Diameter Standard Sediment Type
millimeters Deviation
Phi units

i

1 0,206 1.L4e sand
2 0,221 0,60 sand
3 0,321 1400 sand
L 0.207 101 sand
i 5 0,203 0.52 sand
6 0,252 0.72 sand
r 2 0.168 1456 sand
2 0,190 0.3k sand
9 0,218 1,08 sand
10 o.30L 0,97 sand
11 0,616 182 gravelly sand
12 0.ko6 1,92 sravelly sand
13 0,582 2,28 gravelly sand
1L 0.129 1. 0% sand
15 0.019 3.03 si ¢l sand
16 25,992 078 gravel
17 0.299 2416 cravelly sand
18 0.283 04 78 N\ sand
19 0,010 2.96 sa cl silt
20 0.006 2.69 sa cl silt
21 0.018 3.59 si cl sand
22 1.,09L 5.26 sa si gravel
23 o.h23 2,08 sand
2L 0,008 3,00 sa cl silt
25 0,007 3.53 sa cl silt
26 0.009 i ol sa cl silt
27 1,765 .73 sandy gravel
28 0.207 059 sand
29 D16 N s sand
30 0,009 2,96 sa cl silt
31 0.008 2:83 sa cl silt
o 22 0,01l 3.3 sa ¢l silt
33 0,010 3.70 si cl sand
3L 0.213 0.56 sand
35 0,00L 2.8 clayey silt
36 0,009 2.86 sa ¢l silt
37 0,00l 2.60 clayey silt
i 3C 0,006 2,82 sa cl silt
39 0.25L0 1,19 sand
s Lo 0277 0.65 sand
Ly 0.229 0.58 sand
L2 0,.L:86 F.21 zZr si sand
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TABLE 3 - Continued

Sample ilo,. Mean Diameter _  Standard Sediment Type
millimeters Deviation
phi units

T,

g

i L3 0,010 2,62 sa cl silt
i Luly 0,017 3.53 sa cl silt
1 ls 0,023 3.31 si ¢l sand
L& 0,27k 1.L0 sand
: L7 D235 0.56 sand
; L3 0,196 0.5 sand
3 lvg 0.206 0.5 sand
1 50 0237 0.52 sand
' i 51 0,030 3,48 si ¢l sand
] 52 0,10l 2,18 sand
j 53 0.022 J.29 si ¢l sand
sl 0,207 0.51 sand
: 55 0.252 0.6k sand
; 56 0.202 0.8 sand
4 57 0.205 0.5 sand
; 53 0,168 1,67 sand
59 0.209 1,22 sand
. 6o 0,222 0.55 sand
61 0.232 0.63 sand
% 62 0.221 0,54 sand
63 0.2L5 0.71 sand
% Gl 0.120 1.92 sand
; é5 0,170 2.10 sand
3 66 0.088 2.28 sand
i 67 0.,22L 0.5L sand
i 68 0,227 8,57 sand
: 69 c.178 138 sand
] 70 0,192 0,30 sand
; 71 0,243 3.01 gravelly sand
i 0,196 0.21 sand
73 0.209 0.6 sand
3 7L 0.216 0.57 sand
! 75 0,247 0.8 sand
E ?6 0.2 7? 1¢66 sand
] 77 0,200 0.5 sand
i 73 0,195 067 sand
: 79 0.216 0.8L sand
: S0 0,200 0.8 sand
] o1 0.18L 0.73 sand
] B2 0,196 0.82 sand
? 33 0,198 0.6 sand
3 3k 0.187 0.70 sand
85 0.221 0,72 sand
e 0,206 0,5 sand

_—W'ﬂ\ﬂ'i‘m
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TABLE 3 - Continued

Sample Mo, Mean Diameter Standard Sediment Type
rmillimeters .Deviation
phi units
S 0,193 0,52 sand
S 0,17k 0.56 sand
{ § 0,220 0.5L sand
90 0,238 0.51 sand
91 0,003 2.5 clayey silt
92 0.395 0.93 sand
! 9 0.31L 0,58 sand
9l 0.152 2,13 sand
95 0,003 2,62 clayey silt
H - 96 0.203 0.5 sand
: 97 0,050 3.10 si cl sand
98 0,043 2,94 si ¢l sand
99 0.235 0.58 sand
100 0,203 0,53 sand
101 0,209 0.6L sand

102 0.209 0,51 sand
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TABLE L

SEDIMENT COMPOSITION DATA

Sample <% CaCO <% Org. <% Orz,. °5 Heavy
No., 3 Carbon Mitrogen tiinerals
1 L,5 0.738 0,0l€ c.28
2 0 ) 0295 0,010 0,26
3 a0 0,276 0,017 L2
L L Ly 0.262 0,013 0.13
5 2.0 0,366 0,019 0.09
6 Tl 0,257 0,012 .72
7 115 0.918 0,06 021
a2 255 0,166 0.013 0.03
9 6l 0,75 o.oks 0,13
Lo To 0,25 0,011 0.73
11 10,3 0,206 0,016 0,11
12 20,0 0,178 0,019 0,18
13 272 D321 0.D70 0,0k
1L 7.1 0.493 0,03k 0.16
15 22.9 3.006 0.203 0,20
16 50..3 0,706 0,05 0.00
Ly 1C: 7 0.336 0.058 0.19
13 2,9 0,256 0,013 0.12
19 2C.8 L.3b7 0.237 0,17
20 29.0 L,617 0,277 0.07
2l 3148 I,239 0.239 0,18
22 528 0.158 0,082 0,09
23 9.9 0,385 0,024 0,12
2l 2,8 L, ol 0.247 0,06
25 27.0 L, 37k 0,252 0.12
26 27.2 3.767 0,20k 0.10
a7 55,8 0.226 0,082 0,06
22 2.3 0351 0,022 0.09
29 5.7 0.277 0,022 o I
30 27:9 L.361 0.250 0.06
31 o R ) Lh,286 0.229 0.07
32 23.5 3.726 06,193 0.13
o 21,7 2,882 0,140 B3
3L 3.8 0.166 0,011 0.09
35 2o L,550 D271 0.03
36 27 3.906 0.211 0,10
37 32,6 v, 9l 0.275 0,0L
38 287 Ly, 168 04,225 008
39 10,1 0,158 0,015 0.23
.o 2L 0.092 0,007 0,09
551 1:6 0.092 0.007 0.26
12 30,0 0,731 0,039 0.21
I3 3b,5 2.592 0,148 0,19
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TARLE L' - Continued
Sample 4 Ca003 % Orge <% Org, <% Heavy
No, Carbon Nitrogen liinerals
Ll 19,7 2,862 0,152 0.15
Ly 16:7 2,768 0,126 0.16
L6 5.8 0.358 0,017 0,10
L7 1.8 0,119 0,012 0.11
.S 2.0 0,10 ' 0,010 0.5k
g 2:5 0,096 0.007 0.58
5C Fe2 0.196 0,012 o.ob
51 20.1 1.762 0,081 0,19
52 1 ] 0.999 0,0Ls 0,18
53 2540 L, 37 0.185 0,08
5l 1.8 0,078 0,010 027
55 22 0,105 0,010 0.16
56 i | 0,092 0,01l 0,67
57 L.9 6139 0,01k 0,75
58 6.5 0570 0,016 0,13
59 10.L 0.338 0,015 0,24
1 GO 1.9 0.130 0.010 0,0
; 61 55 0,099 0,005 0.53
i 62 1.8 0.097 0,007 0.,9L
63 e B 0,146 0,019 0.62
6L 27 0,431 0,019 0.33
65 7 oLt 0.4k5 0.019 0.36
66 13.2 1.633 0.077 0,92
67 1L 0,548 0.005 0.31
; 68 1.8 0.079 0,005 0.6
69 biys 0,330 0,01k 0. Ll
70 31 0,195 0,009 0.Lk1
71 7.k 077 0,020 o.b1
72 Iy 2 0,313 0,01k 0,33
73 2.L 0.1L6 0.012 0.26
70 2.8 0,192 001D 0,219
75 L, L 0,21k 0,010 0,22
76 0 0.233 0,012 0.51
7 2.5 0130 0.007 0.56
78 3.2 0.188 0,010 s 0
79 Deh 0,199 0,010 021
co B 0,102 0.008 0.13
2 2.8 0,086 0,005 B.28
82 LG 0,079 0,005 .39
: 3 6 0,086 0,005 o.L1
sl 317 0.081 0,005 0.38
G 3.5 0.073 0.005 .12
L3 Fel 0,103 0.007 0,20
o 2.1 0.081 0.C05 0.2
8c 2.8 0.079 0,005 0.33
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TABLE I — Continued

g CaCOg < Org. < Org. % Heavy

Carbon Titrogen Minerals
1.6 0.22
0.6 o,Lo
25,0 G2 5
5.7 D01
1.2 0,10
11,0 ¢.950 0.,0L0 0.62
3h.1 7.065 0.225 0,15
?.5 5.056 0,006 o.gg
1,3 +a 179 o Q0 6y - 0.k
12.9 L,625 0,120 0,70
0.10
0.26

0.29
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TABLE 5

TEXTURAL CLASS PERCENTAGLS

Sample ITo. < Gravel <, Sand < Silt <% Clay
13 3-01-" 93-21!‘ 3-33 0039
2 0,2L 99.52 0,20k -

3 L, 62 95433 0.05 -

L L,26 95,0k 0.0L -

5 Q17 99.77 0.06 -

6 0.38 99.35 0,27 =

T L2k 90,63 l,36 0,77
e 0.01 99 .9 0.05 -

9 377 9L, 95 128 -
10 L,89 9L, 86 0.25 -
i i 1l,21 85,69 0.10 i
12 14,02 85.92 0,06 -
13 2359 e 55 18 -
1L 087 90.83 5,00 3,30
15 OaP2 L8,.58 28,64 22,56
16 100.00 5 - -
17 13.90 83.91 1.52 0.37
18 1.09 98.91 - =
19 0.28 20:03 61.33 18.36
20 0.06 10.20 66.39 2.3
21 1.92 L1,28 31.80 25,00
22 55.93 23,85 11478 8.k
29 13,87 86.03 0,10 -
2L G.22 19,53 58,07 22,08
25 0.09 12453 6lv .30 23,08
26 0,38 19,88 sl 57 2517
27 65.0L 19,81 D435 6.80
28 - 99,50 0.50 -
29 1.7 9l. 65 2.77 0,84
30 D.13 18.19 60.56 20,92
31 Dl 7 1,312 65,10 2051
32 0.1l 27,42 56.39 16..05
33 P L3 .27 29,22 26,29
3L 0.30 99.36 0.3 -
35 - BS+71 59499 31.30
36 o P 1l,91 6331 21,60
37 0.30 8,02 A 33495
38 0.13 10.67 59,23 29,97
39 5.1 9L, 37 0.9 -
Lo 0.16 99,79 0.05 -
L1 D.17 99.77 0.06 -
L2 26,20 61 .90 10,58 1,28
L3 0.06 25,9 52,69 i % |
Luly 0.20 39,21 o 1l 20.L5
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TABLE 5 - Continued

Sammle o, <, Gravel 7 Sand % 6ilt % Clay
Lg 0.72 L9, 50 12 .07 17.71
L4 6,00 90,90 3.10 ~
L. 0.0k 99,87 0.09 -
L 0.02 9.8l 0,1l -
L.g - 100,00 - -
50 0.01 99.99 - -
51 2, b Lé,51 35.02 51 .63
52 1,9 80,63 13,78 L,10
53 0eHS It3,00 l:0,61 15.8L
5l 0,0k 99.90 0.06 -
55 ¢,05 99.88 0.07 -
56 0.06 99 ,8L 0,10 -
57 0407 29.72 0,21 -

c 2.0 89,74 6.17 o I 1.
59 2-?5 950?2 1052 -
60 0.20 99.77 0.03 -
61 0,25 99.66 0,07 -
62 0.19 99,81 - -
63 0,91 99.09 - =
Gl 0.79 38.33 Bal? o1l
65 o e © 88.30 L, L7 3.0L7
66 Lyalil 83.30 9,9 5.80
67 0,02 99.96 B 02 -
68 0.05 99,92 0.03 -
69 0.59 96,09 2.4l 0.88
70 0.79 97.89 1;32 -
71 15.68 76.08 L,35 3.89
72 0.3 98.05 1.6k -
73 - 100,00 - -
7l - 99.76 0,2b -
75 0.20 99.23 0,57 5
76 5P 91.20 0,63 -
77 - 100,00 = -

3 0.08 99.25 0.67 -
79 1,0L 95.78 3. 18 -
co 0,10 99,80 0410 -
c1 1../02 95.89 3,09 -
32 T 3T 96.62 0.01 -
3 2506 96.69 1,25 -
gl 1.89 98,11 - -
a5 1,08 97.98 0,9l *

S 0.39 99,01 0,60 -
e 0,7k 99.26 < -
28 0.79 96 .61 2.60 -
89 O¢28 99-?2 - -
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Lt 5

co

- Continued

Sample ilo. 75 Gravel 7 Sand % Silt <% Clay
20 = 100,00 - -
91 - 6.95 L8.33 Ll ,69
92 5 . 61‘:‘ 915' ° 3 6 - -
93 0.15 99.85 - -
oL 2,09 eo, Ll 5.86 361
95 - 9.65 L9, 32 15103
96 0.07 99.93 - &
o 2.65 60,33 2L,8e7 11,65
93 By, 30 70.%75 15,89 13.06
99 0,07 99,91 0,02 -

100 0,03 99.95 0,02 =
101 025 99,71 0,0l -
102 = 100,00 - -
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TABLE 6

HEAVY MINERAL SUITE PERCE HTAGES

Sample Mo, Xyanite Sillimanite Zircon Staurolite Rutile

1 19 3 5 13 >
3 20 3 6 21 3
5 18 7 8 17 7
6 12 13 13 1l i
13 1.2 9 3 1l 6
18 1L 12 e 16 2
28 18 5 1k 15 6
30 1l 2 11 11 8
L 9 S 10 13 L
L¢ 1.6 5 L3 15 3
50 11 i 3 12 2
53 9 S 6 8 3
57 15 7 2 22 1
5C 12 12 3 13 2
62 3] 11 LY 9 T
62 S 5" 10 13 6
29 12 10 190 17 8
19 12 7 7 16 11
SO 11 3 6 8 c

S3 15 3 13 13 1
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TARLD 6 - Continued

———

Tourmaline TIlmenite Leucoxene Hagncetite Epidote Hornblende

5 35 2 9 & 3
3 30 3 6 3 R

12 11 3 3 - 7

5 26 5 3 5 7

5 32 7 g X 1

15 22 3 Ly 2 2

10 20 3 Ly 2 3

5 36 7 Ly - 2

11 3L ] 2 2 3

? 7 25 8 2 - 2
9 23 31 L 3 ]

5 38 i9 2 1 1

7 30 10 L 1 1

L 29 13 5 2 5

S 3 | 5 1 1 2

15 28 7 3 2 3

6 2% 9 2 1 2

i 12 29 L 1 - 1
9 33 10 - 2 5
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