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INTRODUCTION

Purpose
Much of the marine interest on the Gulf Coast tends %o
center on the study of the shallow water environs where
there are many lagoons, bgys, and inlets of great importance
to fishing, recreation, navigation, and many other activi-
ties. Each of these presents its own particular problems,
and extensive investigations have been carried on in many

of them, especially those of the Northwest Gulf (Shepard,

1961).

The study of modern sediments has become one of the
ma jor research fields in marine geology. The main reason
for this is that the geologist has come to realize that
much knowledge can be gained by these studies to help in
interpretation of the paleogeography of a region. This is
based on the premise that the physical and chemical factors
acting in the modern enviromment have been constant

throughout geologic history.

The specific objeectives of this paper are (1) to
explain the distribution of the sediments in terms of the
environments and the agents of their distribution, (2) to
suggest criteria for recognition of equivalent ancient
Sediments as aids to paleogeographic interpretations,
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{3) to establish a theory of formation of the Ten Thousand
Islands, and (4) to attempt to determine the relationship

of the sedimentary characteristics to their enviromment.

&

Location and Description
The area of investigation is located along the Gulf
Coast between Chatham Bend and Gullivan Bay in Collier
County, Floride. ''he center of the area is located on
the intersestion or 26° 50' latitude and 81° 20! longitude.
The Ten Thousand Islands occupy an area of approximately -

one hundred and ten square miles.

Natural geographic boundaries defined the study area.
The Gulf of Mexico 1s the westward limit; the mangrove
-wamp proper is the eastward. In the north the Blackwater
River marks the boundary, whereas the Lopas River is the

southern limit of the study area.

The entire area 1s a low-lying coastal region with
many tidal inlets, rivers, bays, lagoons; and small to
large shcal water islands. This area is the most topo-
graphically dissected coastal region in Florida, and it
1s this dissected appearance which separates the Ten
Thoudand Islands from the rest of the southwest coast of

FPlorida. *

Climate

The c¢limatic data were obtained from records of the
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United States Weather Bureau at Everglades City. The Ten
Thousand Islands are located in the zone of tropical cli-
mate. The average annual precipitation is 52.82 inches.
The wet season (May to October) has an average total precip-
itation of 42.69 inches, with a mean of 7.1l inches per
month. The dry season (November to April) has an average
total precipitation of 10,14 inches, with a mean per month
of 1.50 inches. The mean annual temperature of the region
is 75.3 degrees with an average of 82 in the wet season
and 67.2 in the dry season. The lowest temperature ever

recorded in the area was 24 degrees.

The wind 1s predominantly from the east, offshore.
During the dry season the winds vary with equal percentage
from the northeast and the southeast, whereas 6 percent
of the time they are light and variable. Winds during
the wet season are predominantly from the southeast, while

19 percent of the time they are variable.

Previous Investigations
Davis (1940), in his work on the ecology of the man-
groves of southern Florida, included a small sectioﬁ on
the mangroves of the Ten Thousand Islands. His work was
mostly concerned with the distribution and types of man-
groves present, but*he devoted a section to the geologic
role of these plantse. This was a general discussion of

the action of the mangrove roots as sediment traps,
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rather than a treatment of any specific region. A studry
was made of the hydrology of this region by Dragorich,

Finucane, and May (1956) as a part of the investigation

of the Red Tide organismse.

An investigation of sediments similar to those de-
scribed herein was carried out by Van Andel et al (1954)
in the Gulf of Paria, Venezuela. Van Andel's work in-
cluded a section on the mangrove environment of the Gulf.s
This is the only envirbnmental study, similar to the

present investigation, known to the author.
GEOLOGICAL SETTING

General
The Ten Thousand Islands lie on the southwestern
fringe of the Big Cypress Swampe Northwest of the Islands
is the Cape Romano barrier spit, which lies at the southern
end of a series of straight beaches extending north nearly
180 miless The barrier spit was probably built by a combi-

nation of storm waves and longshore drifte.

Extending south from the Cape are the Cape Romano
Shoals. These shoals, which mark the southern extremity
of the longshore drift Bn the western Florida Coast,
extend approximately nine miles into the Gulf of Mexico
(fige 1)» Between the shoals and the Ten Thousand Islands

" 1s a triangular shelf, averaging about nine feet in depthe.
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The shoreline becomes increasingly dissected north of
Cape Sable, reaching maximum ccmplexity in the Ten Thousand
Islandss South of the islands the coast is broken only by
tidal channels and in the northern section near the islands
by an outer line of islets and small peninsulas. Three to
eight miles inland from the coast, there is a zone of
interconnected lagoons and channels, roughly parallel to
the outer coast. DBetween the lagoons and channels there
is a méngrove barrier.c Davis (1940) showed that _the height
of the barrier should be a function of The tidal range, tras
slope of the bottom and the topography of the adjzcent lard

surface across which the mangrove belt originally spreads

The entire coast south of the Cape Romano barrier spit
is composed of mangrove swamp and lagoons except for the
sandy beaches of Cape Romano itself, some small islands on
the outer edge of the Ten Thousand Islands, and the sandy

beaches of Cape Sable.

Mangrove Barrier
Approximately 98 percent of the land area is covered
by a dense growth of mangroves. It is along this cliffless
and beachless coast that the mangrove ridge and lagoons
are founde This growth is reported by Davis (1940) to be
one of the greatest knowne. In this subtropical environment

the red mangrove (Rhizophora mangle) predominates. This

Species drops its roots from the branches and can exist in
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8
water two feet below the low tide level (Davis, 1940),
Another common species found in this region is the black

or honey mangrove (Avicennia nitida). The white mangrove,

sometimes called Buttonwood (Laguncularia racemosa), 1s

the third species found. The fact that the red mangrove
builds out the shore on which it grows has long been known
to geologists (Vaughn, 1909). The abundant roots and the
manner of seeding on shoals by the floating of well-sheathed
seedlings aid these trees in occupying marginal marine and
lagoonal areas in protedted waters; such as is found in the
Ten Thousand Islands (Davis, 1940). The black mangréve
seeds immediately under its branchesy; and tends to grow
toward the land from the shore. This specles is relpbn-
sible for the build-up of the interilor of the larger

islands.

The formation of the mangrove barrier ridge is due to
a combination of three major factors; an offshore wind,
the climate, and the tides The history of the formation
of & mangrove barrier such as is found in southern Florida
may be somewhat as follows: On 8 broad} well-protected -
tropical shoal coast where the wind is dominantly offshore,
but with some onshore wave movement present, advance of the
mangrove forest is assured. The ground swells from the
open water bring in the elongated, winged mangrove pods

vhich take root in water from six to eight inches deepe.
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Once seeded; mangrove trees spread rapldly by sending
their roots out into deeper water. Root growth may extend
‘as.far offshorc as a 2-foot depth at low tide (Davis, 1940).
The dense growth of the roots, trunks and associated vege-
tation slowly advances seaward by the consolidation of
the peaty growth and by trapping fine-grained inorganic
sediment (Vaughn, 1909). Shells are added by small species
of mollusca which inhabit such an enviromment. The maximum
accretion is toward the open water since this aceretion is
helped by storms and high tide piling up more of the inor-

ganic material in the swamps.

With the maximum accretion toward the open water, the
tack of or decrease in accretion in the zone near the orig-
inal mainland permits the normal compaction of peat and
marl, which results in the formation of lagoons and bays
behind the mangrove barrier. Along the southwest coast of
Florida, the mangrove barrier 1s dissected by many tidal
channels which allow the penetration of Gulf waters into

the lagoons and bays.(Price, 1954).

Mangrove Islands
In the Ten Thousand Islands, the mangrove barrier is
composed of small low-ly&ng islands, some of which are
awash at high tide. These islands seem to stretch out
end to end in somewhat parallel rows, all trending in a

~outheast dirsctlon. - These are thought to haveAbéen shell
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bars on which the mangrove swamp has developed (Davis, 1945;
Cook, 1945). Concurrent with the formation of the mangrove
swamp on these shell bars was the formation of the Caps
Romano Shoals. It is believed that the shoals helped to
create the strong tidal currents which formed the deep
channels now dissecting the islands. The dissection of
these islands gives the area the appearance of being

drowned.

Bays and Channels

Behind the mangrove barrier are a number of irregular,
more or less interconnected bays. The largest of these 1s
Chokoloskee Bay which is approximately six miles long and
vie mile wide. This is a typical bay for the region except
in sizee. The bottom 1is flat and smooth except for the
areas around the tidal channels and rivers where submarine
deltas are formeds A large number of oyster bars exist on
the Gulfward side of the bays, the largest population
being found in the southern portion of the islands, around

Chokoloskee Islande

The bays are connected by small inlets dissecting
what is believed to have been o0ld oyster bars, on which
the mangroves have trappeh sediment. These bars are now
acting as narrow barriers separating one bay from another.
A peculiar feature of these barriers is thst they all

¢ ve toward the north. An example of this can be seen
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at the southern end of Fakahatchee Bay (fig. 2).

Many channels dissect the mangrove barrier connecting
the Gulf with the iagoonal chain. These channels are deep
and have swift currents at the change of the tides. The
number of these channels per unit area increases toward
the south. One probable reason for thils is that the
southern énd is open to direct attack from the open Gulf,
and is not protected by the shoals as 1is the northern )
portion. Another possible cause is that the highest local
tide range occurs in the south, giving rise to pctentlally

strong tidal currents.

The hinderland swamp region is drained by numerous
streams. These streams have many characteristics of the
tidal channels which cut across the mangrove barrier. It
was not.ced by the author that:the tidal ecurrents were

the only detectable currents in these streamse.

Shorelines
Price (1954) classifies this modern shoreline as a
submergent, biogenous shoreline. It is very irregular in
this region because of the mangrove forest which makes it
difficult to delineates ‘In the Ten Thousand Islands the
recognized shoreline starts in the coastal lagoon belhind
Cape Romano and curves to the southeast, ending et Iopas

RPivoar.




Figo 2:

Location Map of the Ten Thousand Islands, Florida
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On the southwest coast of Florida there is a dlagnostic
feature which could well be considered as a shoreline
marker. This feature is the "worm rock" which is found on
the Gulfward side of the outermost islends. The roek is
found in the littoral zone and is believed tec be restricted
by the tidal range. The roek i{s & bioherm of ealearecus
tubes believed to be formed by the gastropod, Lemintina sp.
It appears in the ro?m of slabs and on the Gulfward side
of the 1slands ends in an abrupt slope. On some of the
small keys there ecan be seen more than one ledge present
below the low water leveles These ledges could possibly

indicate tidal ranges at a lower stand of the sea.

The "worm rock"™ is found from Marco Island to Lawson
Creek, some 35 miles southward. In the central portion of
the Ten Thousand Islands, from Panther Key to Pelican Key,
the rock is covered by a veneer of quartz sand. These
sand-covered keys seem to have been built on a platform
of worm rocke. South of Coon Key in the north, the rock
forms spits which extend Gulfward from the island. In
the south the rock is found hugging the fringes of the
islands. The rock seems to be limited to the outer
fringes of the present isl;nds, as there was no evidence

of its presence in the mangrove barrier or lagoonal

chain.

The islands on the outer fringe c¢an be classed into
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two groups, those composa& 22 sand, and those composed
mostly of shell hash. The sand keys are found in the
north from Coon Key to Indian' Key.' In the south from
Indian Key to the southern end of the Ten Thousand Islands,
the outer keys are built of shell hash. Most of these
shell keys are covered with a thin veneer of sand giving

an indication to the present sedimentological activity.

- Shell Mounds
In the center of the mangrove barrier are four
man-made islands. These shell mounds are kitechen middens
built up by pre-Columbian Indians (Galtstoff, 1954).
These shell mounds give a clue to the existence of shell
bars in this region. The largest of these is Chokoloskee

Island which is a quarter of a square mile in area.

Ancient Shoreline
In the northern region, an old shoreline can be
recognized. The ancient shoreline, seen on the areal
photographs of the region, is composed of coarse sand.

This feature trends northwest to southeaste.

Physiography
The Ten Thousand Jslands region has been classified
physiographically by the author into four main divisionse.
The four are: (1) the Gulf area, located between the

10als and the islands, {(2) the mangrove barrier (Price,
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1954) which separates the open Gulf from the bay chain,
(3) the bay chain, which is bordered on the east by the

(4) mangrove swamp (fig. 3).
AGENTS OF DISTRIBUTION

General

The physical agents active in the Gulf which affect
the distribution of the bottom sediments are currents, ~
normal wind waves, storm waves, and tidal currents. These
agents affect the bottom sediments in three wgys; first,
in the distribution of sediments from the source to the
si of accumulation, second, in the reworking and post-
depositional modifications of sediments already deposited,

and third, in controlling the chemical parameters of the

environmentse

In the Ten Thousand Islands the ocean currents and
the normal waves affect the sediment distribution very
little if at all. The storm waves help to form some of
the physical features found in the vicinity of the Islands,
Ssuch as the shoals. Storm waves and storms, however,
produce minor changes in the Islands as was noticed from
aerial photographs taken before and after hurricane "Donna"
in 1960, which passed directly over the study area

(T er, personal communication)se




Physiographic divisions of the Ten Thousand Islands
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Tide
Tide 1s the predominant transporting agent in the
Ten Thousand Islandg. The tide in this region is the’
mixed type, with two high and two low tides not of the
same amplitude. The range of the tide is from four feet

at Pavilion Key to two feet at Marco Pass.

The tide at any place is not an isolated phenomenon,
but is the local manifestation of large-scale, long-period
wave motlions, charé;terized by enormous wave idngtha and
comparatively small amplitudes, which are called tidal
waves (Fleming and Revelle, 1939). Although the amplitude
of the tide can be arrived at theoretically, the range of
t . tide at any place is also controlled by the horizontal
and vertical topography. The topographical effects are not
predictable; thus the variables must be determined by
actual observations. After these observations have been
made, it is then possible to predict the tide in e partic-
ular location. If the topography changes, then the tide

predictions based on the old tide observations are errone-

ous, and new observations must be taken.

In and near the Ten Thousand Islands, the Coast and
Geodetic Survey has establi'shed eight tidal observation
stations. From the constants derived from tidal obser-
vations, the present tidal activity can be computed. The

con ‘tatiorns of the times of high and low tides, and the
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tidal range, give some cluss to the regional tidal circu-

lation.

&

Assoclated with the vertical movement of the tide are
horizorital movements or tidal currents. These currents are
believed to be responsible for the distribution of sediment
in this areas. The current has its maximum veloclty in the
direction of wave progress at the crest of the wave, that

is at high tide. The maximum current in ‘the opposite
direction occurs at low tide, with no current at mean sea
level. 1In the Ten Thousand Islands, with the mixed type of
tide, there is a larger range about the mean at high tide
than at low tide, indicating a larger net flow in the

direction of the tidal wave.

The highest tidal range in this section of the Gulf
occurs at Pavilion Key. The probable reason for this is
the configuration of the coast with the superimposed
local bottom topogrephy of the shoals. The tidal wave 1s
funnelled by the curvature of the southwest coast of
Florida and the Florida Keys, creating a tidal bulge at
the apex near Pavilion Key. The tidal wave 1is further
restricted by the Cape Romano Shoals which tend to force

the tide movement around them.

The tidal currents in the Ten Thousand Islands are

believed to be directly related to this tidal bulge. The
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plots of the tidal curves for the eight stations show that
the highest water level occurs at all times st Pavilion Key
(rig. 4A), and that corresponding low water osours at Coon .
Key and Marco Pass (fig. 4A). The net flow of the tidal
currents wag ealculated by finding the ratio of the time
that the water level at one station was higher than at an
adjacent station. As an exemple, the water level at
Indian Key i1s higher than the water at Everglades for
fourteen hours of the day. Thus the current flows from
Indian Key to Everglades for fourteen hours and from
Everglades to Indian Key for ten hours, resulting in a
net flow toward Tverglades. Similar ratios were computed

or all eight stations and the resultant flow mapped

(figs. 4B and 4C).

SAMPLING METHODS

Field Methods
The collection of the samples was carried out durilng

the month of June, 1960« The samples were collected on
three sampling patterns. The first pattern was the multi-
level (nested) sampling pattern. With this method, the
samples were collected in a hierarchial design. In the
investigation the axis which connects four sample locations,
two on each end, was selected to include two physiographic
divisionse The direction of the arm at the end of this

-«ils was randomly oriented and then extended to reach
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Fig. 4A: Tidal curves of the eight tidal stations
(1 Indian Key, 2 Coon Key, 3 Marco Pas:
4 Everglades City, & Pavilion Key, 6 Rc
Key, 7 Cape Romano, and 8 Pumpkin Bay

FPig. 4B: The regional tidal currents of the

Fige 4C: The local tidal eurrent in the Ten Thousand
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waters The purpose of this sampling grid was to~compare

each of the physiographic divisions of the region.

This sampling is perhaps the most effective way of
estimating the variability of the population at various
sampling spacings. But because this sampling technique
is not as effective as other methods for mapping the
variables, samples were taken on a grid extended from

that used in the nearby open water (Richey, 1960).

The third method of sampling used was core lines.
Three profiles of five cores each were taken. The posi-
t{ 3 of the five cores again were located to give a
comparison of the physiographic provinces of the investi-

gated areae.

The samples ecollected on the hierarchial pattern and
the offshore grid pattern were collected by grab methods.
Three devices were used in obtaining these samples. The
first was the Van Veen sampler whiech was very suitable
for sampling the region of soft bottom. In areas where
the water was settled enough, free diving was employed.
In the shoal water another method was used. This was a
scooping device with a top to keep the sample in. This
device proved to be unsatisfactory and it was abandoned

in ror of the Van Veen.

At each statlon descriptions of the location, water
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and position of the tide were made. A great number of

photographs were also taken for future reference.

A sixteen foot skiff was used in the collection of
most of the samples. However, some of the samples were

collected from a twenty-eight foot skiff,

Cores were taken by a coring tube madedof four inch
aluminum irrigation pipe. The coring tube was driven
into the bottom and a cap was placed on the top. The
suction brought out the core and a column of water.

Tr weight of the water column made the coring tube

difficult to handle. The core was extracted by means of
a plunger, then described, and sectioned for laboratory
aralysise The pH of the water and sediment was measured

at each core station.

Wiith the use of air-photegraphs and hydrographic
charts, samples were located with great accuracy because

of the proximity of land marks.

Iaboratory Procedures

After the samples werg returned to the laboratory,

they were dried and split by the use of the Jones splitter

(Pettijohn and Krumbein, 1938). A representative split
W placed in a plastic box and storede Another split

vas placed in the oven and dried at low temperature.



Fig. 5:

Sample index map of the area
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This split was used for chemical analysis.

The textural analysis was carried out in two steps;
first, a standard pipette analysis for the silt size frac-
tion and second, a standard sieving for the sand size
fraction (Pettijohn and Krumbein, 1938). Each sample was
analyzed for organic carbon, carbonate, and organic nitro-
gen. The organic carbon was determined by the method
ouflined by Allison (1935). Organic nitrogen content was
found using the Micro Kjeldahl method as outlined by
Kabat and Mayer (1948). X-ray analysis was run on some
selected samples to find the predominant clay typese.

arbonate analysis was run on each size fraction. The
percent of carbonate in each size fraction wgs determined
by the gasometric method outlined by Bien (1938). After
the percentage of each size :fraction was obtained, the

total carbonate percentage by welght was calculated.

After the raw data had been obtained by the laboratory
analysis, the total mean, the non-carbonate mean, and the
carbonate mean, and the standard deviation of each sample
were computed on the IBM 650 computore. The percentage of
the sample in each size fraction was also obtained. With
the computed parameters, such as the means, trend surfaces

were computed and plotted.

-n plotting the rew data it was found that the
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presently accepted method of contouring the data wculd ot
be acceptable because the contours would have to cross
islands, givirg an erroneous picture of the distribution
of ‘' t he mapped parameter. To represent the raw data oh 8
map, the parameters were first contoured as if the islands
were not present. Then at all the sample stations arrows
were drawn orthogonally to th? isopleths. The length of
the tail corresponds to the numerical value represented
on the map. The head of the arrow points in the direction
of the decreasing parameter value which is being mapped.
™-1s method was used to depict the raw total mean and

non-carbonate means
SEDIMENTOLOGY

) General

The sediments of the Ten Thousand Islands overlie the
limestone of the Tamiami formation (Cook, 1945). The bed
rock was planed essentially flat by the erosive action of
the waves during the high stand of the sea during Pamlico
time. The sediments are composed of marl and shell beds
with Iinterlayers of mangrove peat. The peat section
varies from about 5 to 14 feet in thickness. Except
where it descends into the irregularities of the bed
! 'k, Davis (1940) thought that the sediments average

adhout 7.5 feet thicke.
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The mocern sediments of the region are distributed
according to the main environmental conditions present in
the regicn: the open environment, the mengrove barrier,
and the lagoon. The mangrove swamp, the region on the
mainland side of the lagoonal chain, seems to consist of
the same envirormental conditions as‘the mangrove barrier,

and therefore was classified with the latter.

-

Sediment Types
For the purpose of this study, the sediment samples

were classified by the Wentworth-Udden size terms and

rade scale (Pettijohn, 1957). The sediment types were

defined by the use of the end-member. Thus, the three

end-members used are shell hash, sand and silt-clay.

The sediments of the lagoon and bay environments
consist of soft unctuous, water-soaked slime in which
few particles can be seen with the nakéd ayee The mechan-
ical analysis of the samples from this environment revealed
that the sediment 1is a fine sand to sandy silt, the pre-
- dominant portion being a fine sand. The sand of this area
consists mainly of quartz. The slimy excfement of diatoms
living in and on the bot;om is an essential factor of the

unctuous nature of the sediment (Brolnan, 1935).

In the open Gulf environment and river environments

the bottom sediments are classed as sand. The sand in



Fig. 6:

Sediment types of the study area
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the rivers 1s derived from the ancient shoreline, ;n.the
northern sector of the regions The sand of these river
bottoms consists of almost-pure coarse quartz sand.
Sand is presently carried along the Gulf beaches in a
southernly direction by the longshore drift. This accounts
for the sand present on the outer fringes of the islandse.
The sand in this enviromment consists of sand with a

significant portion of shell hash intermixed.

In the mangrove barrier, the sediment is character-
isticly finer than the material on either side of it.
™his material is classed as sandy-silt. Another regicn
where the sediment type is similar to that of the mangrove
barrier i1s located behind Rabbit Key. The envirommental
conditions which exist there are similar to those which

are found in the mangrove barrier.

In the 1solated bays behind the edge of the mangrove
eﬁamp, such as Ferguson Bey, the sediments are very fine,
mede up of fine silt and clay with little or no sand.
This sediment type 1s restricted to the back bay regions

and to the few 1solated regions in the mangrove barrier.

Texture
Mean grain size in phi units for the total sample
a 7the non-carbonate fraction were computed- The standard

deviation was also calculated and used as a measure of
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sorting. Mapc were preparec showing the distributionr cof
the mean grain‘*size and sorting. For the purpose of map-
ping, the standard deviation (sorting) was broken down
into: fairly well sortedy, moderately sorted, poorly
sorted, and very poorly sortede A standard deviation of
less than one is considered fairly well sorted, betweexn cne
and two is moderately well sorted, between two and six
poorly sorted, and greater than six, very poorly so;ted.
For the purpose of description, material whose median
diameter is greater than three phi units is considered

fine, and material less than three phi units is coarse.

In the examination of the graph of the mean grain
size plotted against the sorting, five sedimentary gioups
were outlined by the writer (fig. 7). These sedimenisxy
groups are believed to he related to the enviromments from
which the samples came. Group one consists of coarse,
fairly well sorted material, indicating a relatively high
energy environment. Samples in this group were taken from
the region of Chokoloskee Pass and Rabbit Key Pass on the
outer fringes of the islands. The map of the total tex-
ture shows that the mean grein size ranges from 1.5 to
245 phi units and the mean grain size decreases toward

the center of the islands.

Sediments also falling into group one were found up -

&,
L

02 rivers in the north corner of the study arees, from
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Fig. 7: Graph of the total mean and non-carbonate mea:
against the sorting of the samples.
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Blackwater River to Egst Rivers These sediments, which
indicate a former high energy envirormsent, are believed
to be derived from the ancient shorelines There is a
decrease in the mean grain size from the ancient shoreline

to the lagoonal chain.

Scattered through the area are shoal bars having a
high percentage of calcium carbonate in the form of shells
and shell hash. Sediments taken from thése features are
shown on the graph as one-A. Thesée are in areas of varied
energy conditions, and thus there is a wide range of fine
an” soarse material. These sediments were deposited in

a biogenic environment.

Group two includes samples, taken from the channels,
consisting of coarse, moderately sorted ﬁaterial. This
group is made up of sediment which ranges from two to
three phi units in median diameter. These cﬁannel sedi-
ments give a clue to the energy of the currents which

flow through the channels.

The sediments of the lagoonal chain vary between
three and five phi units in*median diameter and are
classed as group three. This group, ocomposed of fine,
moderately sorted material, shows the effect of the tide
w8 agent of distribution in s protected environment.

The map of the raw data shows that in the lagoonal chain

-
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Flg. 8¢ Map of the Total Texture and Sorting
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there is a decrease in grain size from the central portion
of the bays to the shore line. The distribution of the
fine grain sediments in this manner can best be explained

. by the tidal lag effect (Postma and Van Andel, 1954).

The sediments of group four are found in the highly
protected pockets such as Ferguson Bays They are very fine
and poorly sorted with the mean grain size rangipg from 5.5
phi units to 7 phi units. These sediments are composed of
a large percentage of clay sized particles which leads to

the very poorly sorted sediments.

In general the total textural map shows coarse,
fairly well sorted material present in the northern
section near the old shoreline. The same type of material
lies on the Gulf fringes on the islands. Fine, poorly
sorted material is present throughout the mangrove barrier,

and also in the protected region behind Rabbit Key.

Non-carbonate
The non-carbonate fraction was studied to obtain a
picture of what the region would look like if the carbonate
material were leached out by subsequent diagenesis. 1In
the Ten Thousand Islands the non-carbonate fraction 1s

ccmposed of quartz sand with an admixture of clay minerals.

The graph of the mean grain size against the sorting

of the non-carbonate fraction outlines only four sedimentary




Fig. 9:
]

The Non-carbonate mean and sorting
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groups as compared to five in the graph of the total mean.
Because group one-A consisted of poorly sorted samples
with a high carbonate percentage, the elimination of the
calcium carbonate resulted in the re-classification of
these samples. Since these samples were obtained from
shoal bars in the lagoonal region, they are now classed
into group three of the non-carbonate graph. Thus the
resultant graPh and map of the non-carbenate distinctly
outlines only four major sedimentary environmmentss These
are as follows: the high energy environment on the open
Gulf; channels with the moderate energy of the tidal
cr~rents; lagoons with the tide acting as the major agent
of distribution; and the highly protected environments of
the back bays.

Trend Surfaces

To separate the regional effects of the sediment
distribution from local effects, Krumbein (1956) and
Miller (1956) adapted the use of trend surfaces to the
study of sediments. The regional trends reflect the
relatively broad tectonic or envirommental controls on
sediments, whereas the more local fluctuations may be
due to the loeal environmen%s, structure, and topographic
effectss In this paper two types of trend surfaces were

used in the study of the data; the plane surface and the

cubic surfacee Thé_trend surface represents the ma jor

-
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structural and envirommental effects of southern Florida,
and the ecubic surface represents the major trends in the

local area of studye.

Total Texture
The linear regional surface of the mean grain size

shows a trend dipping'to the southwest at the rate of one

phi unit per six miles (fige 10). This plane accounts
for twenty-two pércent of the variability of the samples.
The residual map shows a negative anomaly located in the
mangrove barrier from Tiger Key to Coon Keye. A negative
anomaly is also located east of Rebbit Key. The negative
a..omalies represent areas of material finer than the

regional plane.

The sorting surface dips in the same direction as the
mean grain size surface (fig. 11). The plane dips at a
rate of half a standard deviation per six miles. The
surface is almost flat, but shows a faint trend toward
better sorting offshore. The mangrove barrier is repre-
sented by a négative anomaly indicating poor sorting in
this region. Positive residuals occur up the rivers in
the northern section near the anclient shoreline. A negative
anomaly occurs behind Rabbit Key, indicating poor sorting

in this region.

The cubic surface of the total mean grain size brings
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Fig. 10A: Total mean iinear surface

Fige 10B: Total mean eubic surface
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Total sorting cubic surface

Total soréing plane surface
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out the general trends in the specific area of the Ten
Thousand Islands. The surface shows a ridge of fine ma-
terial running through the central portion of the islands.
This ridge represents the mangrove barrier. The residuals
mapped from the cublc surface show the local variations

in the general plcture of the cubic surface. The surface
shows that the finest material lies in the area near Lopas
River. This surface accounts for ;hirty percent of the

variability of the total mean data.

In the map of the cubic surface of the sorting, a
1ge of poor sorting trends east-west, coinciding with
the ridge of fine material of the total textures The
poorest sorting coincides with the fine material in the
area south of Chokoloskee Islande The sorting improves
toward the open Gulf. This surface reduces the sample

variability by twenty-seven percent

Non-cgrbonate Texture Surfaces
The linear surface of the non-¢carbonate mean grain
size parallels that of the total sample surfaces. The
surface dips to the south ?t & rate of one phi unit per
six miles. The dip of the non-carbonate mean surface is
the same as the dip of the total mean surface (fig. 12).
T' residual shows the fine sediment, located by negative

énomalies, in the same locatlons as recognized on the raw

data map.
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Fige. 12A: Non-carbonate linear surface (mean)

Fig. 12B: Non-carbonate cubic surface (mean)
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’ The cubic mean grain size surface shows that the same
fine grained ridge extends through the mangrove barrier.
There 1s coarse material represented in the Blackwater
River area end along ©tn3 cuter fringes of the irlandse.

Tne finest material is present in the Oyster Bay region.

The trend surface of the sorting shows an Increase
in sorting toward She Guif. The trend surface dips to the
south at 0.1 standard deviabicn per mile. The residual
shows poor sorting behind Rabbit Key and in the mangrovs

ba ter (fige. 13).

The cubic surface distinctly outlines the ridge of
poorly sorted fine materiales The finest and most poorly
sorted material is located in the vicinlity of the mouth

of the Lopas River.

The cubic mean grain size surface accounts for 35.5
percent of the data, whereas the cubic sorting surface

represents 38 percent of the datsa.

In the case of possible loss of the calcium carbonate
by diagenesis, the non-carb;nate fraction would have to be
relied on for future interpretations of such a regione.

I'he on-carbonate texture could not be used alone to
sorrectly interpret the region. Other evidence would be
needed, such as structure, fossils, and organic materisl.

‘he non-~carbonate texture gives evidence solely of the low
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Fige. 13A: Non-carbonate sorting plane surface

Fige. 13B: Non-carbonate sorting cubic surface
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energy of this envirommente.

Chemistry of the Sediments
The carbonate content of the sediment samples is a

function of the amount of shells, foraminifera and shell
hashe The distribution of calcareous material is due to
the migration of the calcareous-secreting organisms, to the
lag effects of the tidal currents and to the population of 5W§@
shell bars. The migrating organisms are made up of mol-
lusks, such as the gastropods which inhabit the littoral
ent onment on some of the sand keys in the northern
section of the islands. The lag effect accounts for the
calcium carbonate material found in the channel bottoms
and on the southern fringes of the islands. The shoal

bars in the region are made up entirely of oyster shells.

The map of the mean grain size of the calcium c&r-
bonate shows an area of fine carbonate material in the
vicinity of Chokoloskee Pass (fige 14). The coarsest
carbonate material is found in the. 8hell bars, located
-n: theé ‘bays. The plane surface of the carbonate mean
dips to the west at 0,25 ph; units per six miles. The
plane indicates that the material becomes coarser toward

Ca] Romanoe.

The cubic surface follows the trend of the shoreline,

Aipping toward the Gulf. This surface indieates that the
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Fig. 14A: Mean Carbonate map

Fige 14B: Carbonate mean plane and cuble surface
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mean carbonate becomes finer toward the Gulf.

The percentage map of the calcium carbonate shows a
high concentration of material in the bay regions and the
central portion of the mangrove barrier (fig. 15). The
high concentration of calcium ecarbonate in the bay regions
is due to the oyster bars. The high percentage in the
central portion of the mangrove barrier is due to the shell
islands and the larger percentage of micro-organisms in
this area. The cubic surface of the carbonate percentage
shows the highest percentage of carbonate material is
p.- sent in Chokoloskee Bay. The residual anomalies show
the high percentage of carbonate in the shell islands and
in the vieinity of Chokoloskee Pass.

X-ray analysis of the clay size samples showed no
calcium carbonate in the mangrove swamp sediments, whereas
samples from the lagoon and mangrove barrier show calcium
carbonate in the form of calcite and aragonite. An exami-
nation of the micro-organisms of the mangrove swamp
sediments shows that no calcium carbonate secreting

organisms exist there (Benda, 1961).

Organic Content
The investigation of organic matter has been restricted
te¢ bottom surface and 1s based mainly cn a determination of

the cerbon and nitrogen parcentages. The carbon cycle in
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Fige. 15A: Percent carbonate map

Fig. 15B: Percent carbonate cublc surface

=



TEN THOUSAND ISLANDS . . 7
COLLIER CO, FLORIDA

‘ v

SH TS
N et

> Lol
A

PERCENT CARBONATE

CONTOUR INTERVAL — 10%

-

\'. 9
Z A
) )
> R LD 8 Y 7.
SCALE "_nnnuv;.-n.
‘ — R
1ICAL &
MILES

: ‘3 ‘.;’1 "
el ¥
v O o
CUBIC PLANE ---- 12%
b & RESIDUAL 10
LLIVAN
r BAY




€0
the sea forms a partially open systeme« The carbon dioxide
is removed from the sea water by organisms and is utllized
partly for their carbonate structure. The bulk, however,
of the carbon is consumed in synthesls of organic compounds.
In the second case most of the carbon returns to solution
in the form of carbon dioxide, which occurs under oxidizing
conditions. Under reducing conditions the anaerobic bac~
teria generate various products of putrefaction. If the
calcareous structures are dissolved, the carbon, in the
form of carbon dioxide, is returned to solution. However,
there is always some lost in the cycle because neither the
aecomposition.of the organic matter nor the dissolution of

the calcium carbonate 1s complete (Rankama and Sahama, 1949).

In the analysis of the sediment sample of the Ten
Thousand Islands, the carbon of the calcium carbonate, the
carbon of the partially decomposed organic matter which
has been washed in, and the non-decomposed carbon compounds
were found. The carbon, then, is taken as an index of the

total organic material in the sediment.

Nitrogen, which follows a cycle similar to carbon, is
also an index to organic material. Since nitrogen 1is
found principally in protein, the carbon-nitrogen ratio
1r n index to the type of organic material present.

This may also represent the degree of alteration of the

organic material in the sediment. In the modern sediment
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a low ratio gives a cius to high p£otein content, whereas
a high ratio indicates low protein content. A low ratio
could mean that there is a high percentage of animal
material in the sample, whereas a high ratio indicates a
high percentage of plant material or a high degree of
alteration which removed the protein from the sample.
A further study ofvthe orgénic material 1s needed to
determine what the carbon-nitrogen ratio of a region

meanse.

The areal distribution of the carbon percentage is
shown in fig. 16. The carbon percentage ranges from a
few tenths: of a percent to twenty-three percent. The
higher percentages are due to the plant debris in the swampe.
The pattern of the carbon distribution delineates high '
percentages in the back swampe High percentages are also
present in the highly protected region behind Rabbit Key.
The regional surface of the carbon percentage shows that
the percent carbon increases toward the mainland. The
surface dips toward the Gulf at about three percent per

£y

milee.

Fig. 16 shows the carbon-nitrogen ratio distribution.
Th” map shows the high ratios of the swamp and the pro-
tected region behind Rabbit Key. The high ratio in this
reglon is due to the abundance of plant material rather

than animal material.
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Fig. 16A: Percent Organic Carbon

Fige. 16Bs Carbon-Nitrogen ratio map



B

TEN THOUSAND ISLANDS

COLLIER CO, FLORIDA

SCALE
Q 1 2 4
NAUTICAL
MILES

Ao
R
Ty,
Cs g‘{

PERCENT CARBON
CONTOUR  INTERVAL —— 4%

2659

SCALE
9. ___1 34
NAUTICAL
MILES

.
e Tl
2 -~
SO kA S
%S o & s A ? @
NG 7 CARBON/NITROGEN RATIO
A ,V‘E 26 CONTOUR INTERVAL — 20
E2) °§l £y
5., DR GULLIVAN
EXI B BAY
e




64

Hydrogen Ion Concentration

The hydrogen ion concentration (pH) of the sediments
is an indicator of the physical=chemical environment with-
in the sediment and at the sediment-water interfacee. The
acidity or alkalinity of an enviromment is an important
factor in determining whether or not certain minerals
will precipitate or be dissoclved. The measurement of
the pH was accomplished with a Be;kman pH meter and is
considered to be accurate to one tenth of one unite. The
study of pH 1s only a cursory one, inasmuch as measure-

ments were taken only at core stationse.

Krumbein and Garrels (1952) defined three environ-
ments based on acidity, namely the most acid (pH less
than 7.0); a more nearly neutral enviromment (pH 7.0
to 7.8); and an alkaline enviromment (pH over 7.8).
According to this scheme, the most acid environment will
produce peat; in the more nearly neutral enviromnment
silicates, organic material and other matter will form;

in the alkaline environment calcite will precipitate.

The pH in the Ten Thousgnd Islands ranges from 7.9
.n the open waters and lagoons to 6.8 in the mangrove
wampe The pH decreases with depth in the cores taken
ror “he mangrove barrier and the mangrove swamp, whereas
n the cores taken on the outer fringes of the islands the

1 increased slightly with depth. The decrease in pH
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readings toward the mangrove swamp is corroborated by the
decrease of the fine calcium carbonatee. In the sediment
samples of the mangrove swamp no trace of carbonate was
found in the fine grain size fraction. Also there were

no calcium secreting micro-organisms found in the samples

(Benda, 1961).

-

Clay Mineralogy

The study of the clay mineral distribution is only
of a cursory natures The clay minerals were identified
and rough approximation of the predominant clay minerals
present was made by x-ray diffraction methodss The samples
used were selected in order to give a representative cross
section of the enviromments of the area. Montmorillonite,
chlorite, kaolinite and 1llite were identified from clay
3lze fraction of selected sediment sampless Chlorite
ippears to be mixed with the montmorillonite, and domi-

iates the montmorillonite (K. Osmond, personal communi-

sation).

Two principle types of clay mineral assemblages were
ound to be present: a kaolinite assemblage with minor
mounts of montmorillonite, chlorite, and illite, dominating
he " "ngrove swamp sediments; and a chlorite assemblage
i1th minor amounts of montmorillonite and kaolinite found
n the near marine environments of the lagoonal chain and

1e open Gulf. The presence of illite is marked only in
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the southern portion of the study area; however, illite 1is
belie.ed to be the predominant clay mineral in the off-

shore area (R. G. Evans, personal communication).

In addition to the carbonates, silicg and the forms
of iron sulfide which are pH-sensitive, it is believed
that kaolinite requires an acid enviromment for its forma-
tion, whereas montmorillonite is most stable in an alkaline
envirorment (Millot, 1949). The distribution of the clay
minerals seems to meet with the environmental conditions
as given by Millote. Kaolinite is dominant in the acidic
enviromment of the mangrove swamp, whereas montmorillonite
and illite dominate the alkaline environments of the
lagoons and the open Gulf. These clay assemblages may be
of some help in future interpretations of such environments.
However, further study of the clay minerals would be neces-

sary to determine what effects will occur during diagenesis.

Cores

In an attempt to give a three dimensional aspect to
the study, cores ranging from two to four feet in length
were taken at represeptative sites. Ths core stations were
chosen to give the most complete cross section possible of
the enviromments of the region. The cores were for the
most part devold of internal structure such as has been
reported in other sediment studies (Scruton and Moore,

1958)s In a few cores peat layers and some sand lenses
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were founde

¢

Texturally the cores maintained the same mean grain
size and sorting with depths The carbon-nitrogen ratio
increased with depth, éiving some indication of the altera-
tion of the plant and animal material in the sediment.

The carbonate percentage showed neither an increasing nor
decreasing trend with depthe It is believed that the
carbonate is being leached from the sediment especially

in the swamp area. Evidence for this is given by the pH
which decreases with depth, and the absence of calcareous
micro-organisms with depthe The shells that were found in
the cores were badly corroded, indicating chemical attack

in the acidic environment.

SUMMARY

The sediments of the Ten Thousand Islands overlie
the wave-eroded surface of the Tamiami form;tion. These
sediments combine with the mangroves and underlying
ancient shell bars to form the low-lying islands. The
build-up of the islands 1s due to the entrapment of the
inorganic material in the quiet water around the mangroves
and also to the many méilusks which inhabit the area.

There are four physiographic divisions discernible in

-he area. The mangrove barrier extends through the central

portion of the study area. This mangrove barrier, which
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is dissected by many tidal channels, separates the open
G;lf from the bay chaine. The bay chain, a group of bays,
is connected by small inlets cutting across what is be-
lieved to have been old oyster barse. The bay chain is
bounded on the northeast by the fourth physiographic

province, the mangrove swamp.

The shoreline 1is very irregular and difficult to
delineates There is a diagnostic feature which could
be used to determine the modern shoreline. This 1s the
presence of the "worm rock", which is found only on the
outer edge of the islands and is limited to the littoral
zonees The rock forms ledges which seem to te restricted
by the tidal range. The "worm rock" is present throughout
the entire area from Coon Key to Lopas River 35 miles to
the south. From Hog Key to Indian Key the "worm rock"
‘ledges are covered by sand in the north and by shell
hash in the south. South of Coon Key the rock forms
spits which extend out into Gullivan Bay. South of
Indian Key the rock hugs the fringes of the islands.
Off some of the islands the "worm rock" forms ledges

»

below the low tide water level. These ledges may indicate

the tidal range at a lower stand of the sea.

The predominant transporting agent in the Ten
Thousand Islands 1s the tide. The tide in this region

is the mixed type and ranges from four feet at Pavilion
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Key to two feet at Marco Pass. Wind-generated waves play

only a minor part in the distribution of sediment, and

probably act only as an agitating force.

The highest tidal range in this section of the‘Gulf
occurs at Pavilion Key. The reason for this 1s that the
concavity of the coast causes a tidal bulge. The high

_tide in this region is believed to be the cause of the

strong tidal currents.

Both the total texture and the non-carbonate texture

define environmental conditions. The presence of the large

carbonate particles in the total sediment sample defines
one environment not discernible from the non-carbonate
fraction. This environmment is the shoal bar, generally
marked by a great deal of oysters and other carbonate
secreting organisms. In gereral the fine material is
located in the protected regions of the mangrove barrier
and the mangrove swamp. Coarse materisl is found in

the open Gulf on the fringe of the islands, in the
channel bottoms and in the northern swamp area near the
old shoreline. The sediments in the lagoons and bays

are, according to the classification used in this paper,

medium grained in size ard poorly sorted. In the southern

s¢ lon of the mangrove barrier around Rabbit Key, the

sedlment is composed of fine, poorly sorted material.
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The caleium carbonate in the islands and bays was
derived from bysteryshells and other carbonate-secreting
organisms. Most of these organisms are restricted to the
Gulf side of the bayse. A small percentage of calcium
carbonate is found in the channels adjacent to the bays,
due to the presence of a few oyster bars. The relatively
high percentage of calcium carbonate found on the Gulf
side of the islands is due to the presence of the worm

rock and shell fragmentse

The carbon content of the sediments is high as
compared to normal marine sediments. The highesat carbon
percent 18 found in the fine grained sediment of the
mangrove swamp and the mangrove barrier, The carbon-
nitrogen ratic 1s large indicating a high percentage of

plant materials

The pH in the region shows that acidic conditions
prevail in the mangrove swamp and slightly basic condi-
tions are present throughout the rest of the area. The
clay minerals present in the region are kaolinite,
montmorillonite, illitez and an interlayered montmoril-
lonite-chlorite. The kaolinite predominates in the
acidic protected aress, whereas montmorillonite pre-

>minates in the more normal marine environmentse
Iilite 1s present only in the southern end of the study

c¢ren and in the open Gulf.




CONCLUSIONS

Observations pertinent to the objectives of this
paper as stated in the introduction have been discussed
in various sections. The conclusions of these observa-

-

“ions.are discussed heree.

The Ten Thousand Islands is a region of low physical
energy as is manifestedgby the swampy shoreline. The
tidal high created in the area is responsible for the
strong tidal currents. These currents produce the tidal
lag and scour effect which accounts for the distribution
of most of the sediments of the region. With the pre-
dominant wind offshore, the tidal range is lower than 1t

might otherwise be.

Ground swells derived from storms in the Gulf create
an onshore movement of sediment. The presence of the
shoals refracts these waves so that there is always a
frontal attack on the islands. These waves, however,
have lost most of their %nergy becauce of the refraction
of the shoal and the gentle shoaling. Waves, due to
local variable winds, are only of minor importance, but
vney do serve as an agitating agent in stirring up the
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fine material for distribution by the tidal currentse.

The qﬁaréz saﬁd in the study area is derived from
two different sources. The coarse quartz sand is derived
from the ancient shoreline in the northe This sand 1is
transported and deposited in the rivers as bars, and at
the mouthé of the rivers as deltas. Finer quartz sand,
as the result of the longshore drift from the north, is
deposited on Caps Romano and in the Cape Romano Shoals.
These two sand populations become mixed in the region

behind Cape Romanoe.

The carbonate content of the samples is a function
of the amount cf shell hash, shells and micro-organismse.
The distribution of the carbonate is due to the migration
of calciuam=-secreting organisms, to the lag effects of

the currents and to the population of numerous shell

bars.

The formation of the islands is due to four major
factors: the ancient surface, the migration of the man-
groves, the formation of the shoals, and subsequent strong
tidal currents. The history eof fomumation of the islands
may have been somewhat as follcwvs: On the broad shelf of
southern Florida, during a somewhat high stand of the sea,
the 0ld shoreline was formed. Off this shoreline there

were many shell bars in the form of patch reefs all



73
trending along the shoreline« With a lowering of the sea
level these shell bars became shoal bars, and conditions
became right for the mangroves to take root on these
barse The lowering of the sea also caused the longshore
drift of sand to change to a more southernly direction.
This change resulted in the formation of the Cape Romano

Shoalse

-

The éhoals formed a protective setting for the
mangrove forest to take root and growe These shoals
also produced conditions which caused strong tidal cur-
rents to flow into the regidn behind them» These currents
kept the inlets between the original shell bars open, and
the result of the currents and the mangrove growth is the

dissected region of the Ten Thousand Islandse.

If the area of study were lithified, there would L
be a zone of fossiliferous limestone, overlain by sand ‘ U
beds in the north-central part on the outer edge of the ;
study areas In an inter-zone there would be beds of - W
carbonaceous silty material and peat (some form of coal)e. i
This zone would be dissected by channels filled with
coarse shell fragments’'and sand. The lagoon and bay i
zones would be represented by fine silt with blostromes
present on the edges. The swemp region would te repre-
santed by coal and coarse sand in the north. If the

calcium carbonate were all leached away, onlv the
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carbonaceous material and the quartz sand would be left

for interpretation. The quartz sand would give an inves-
tigator some clue to the energy conditions, and the carbona-
ceous material would be a good clue to the swamp conditions.
The clay mineral assemblages might also be good indications

to the environments of the region.

In a study such as this there are many features
overlooked at the time as unimportant, which later appear
as important in understanding the history or geology of a
region. One of the features which was only given a
cursory study was the worm rock. More work needs to be
done on this feature to find its exact relation to the
area, and to find how it effects the sediment distribution
of the region. More work needs to be done on the chemical
processes controlled by pH and on the clay mineral distri-
butions. These data would give valuable information
about the processes at work in such an area and would be
of great value in the study of areas which are suspected

to be similar in environment and formatione




Appendix I

Total Texture Non-Carbonate Texture
Sample Noe Mean Sorting Mean Sorting

1 1.78 0.68 177 0.66
2 2~17 0.57 217 0.56
3 328 3.42 4,15 298
4 2.29 1.48 2.41 l.34
5 627 230 627 2.30
6 220 0.61 2.18 0.58
7 3623 2.88 4,76 2+64
8 2.71 1,71 2086 1.57
9 5639 3675 717 2.48
10 5.39 375 7417 ~ 2.48
11 5.14 - 3.18 5+58 3603
12 6026 398 754 2673
13 2+44 1.91 2.68 l.81
14 680 2.88 6496 2672
15 3056 216 377 207
16 5.28 323 5.40 319
17 268 2615 '3.00 1.87
18 2030 1l.15 253 0.64
19 2089 2039 2,99 236
20 296 2,31 315 226
21 2.06 0,76 2.14 0.64
22 225 1.39 2466 0.68
25 268 297 4,00 2.69
24 139 Re T 3:30 2465
25 3648 283 4,02 2.78
26 686 393 7096 3606
27 - 241 1.10 2.59 0.88
28 3.38 3458 4,32 3641
29 2069 3.64 4,64 3623
30 045 3642 6033 3425
Sl 0.04 1.76 2069 0,91
32 2.23 0,78 231 0+47
33 4.36 289 4,46 2.88
34 736 3420 780 3e¢11
35 2+78 2.38 3405 236
36 BT 363 5.36 281
37 798 3019 8,00 3011
38 369 8.81 4,16 2446
39 3.09 299 3085 2016
40 3660 3677 5.29 3629
41 1.89 4.61 6.16 3,02
42 0e55 3629 5¢15 3,09
43 1.25 4,06 5.25 3277
44 3,61 3011 - 4,37 2.88
45 "-..074 1052 2.66 0192
46 5.83 3028 6,00 3.23
47 0.63 1.74 20,04 0.54
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Sample No.
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Appendix I (cont.)

Total Texture

Mean
0,53
6.61
229
9.11
3.74
8,27
4.03
2,17
-0.6%7
4.26
3-99
-1633
5.18
4,93
=042
203
5.09
5.63
2.53
4.32
4,17
2.66
4,356
2.84
332
2.84
3.20
2,71
4.26
5.2
5,76
2.06
2033
4236
2033
509
5e26
4,07
4.39
3.67
2093
2651
3¢33
4.32
ic02
20,39
536

Sorting’
20,16
3076
0.31
B3l
2.36
2.,47
ek
2009
2.63
5035
1.99
2011
3.21
2.96
1.47
0.86
295
2,96
2.04
2046
2.85
2:35
2053
190
1.87
0.91
1.86
1l.69
277
2046
538
1.16
1.52
3416
2.28
2075
2041

* 273
2.66
277
2.51
2055
2.54
3-08
2.93
2:43
3«19

Non-Carbonate Texture

Mean
246
793
230
5.47
3695
827
4,28
2.59
2.93
4,87
4017
2.89
5047
5.09
1.58
2,12
5049
6.19
277
4.48
4.38
4,14
4,82
2.86
3046
2.85
3037
2.86
2,4]
5.74
626
2.38
2,78
4,59
3.06
3.58
5.69
4,35
4,55
4,03
3.27
3503
5:62
4,47
3.64
4,09
5486

Sorting
l.64
3004
0.51
2.97
2417
2247
2,04
1.89
249
2.26
1.98
l.14
3.02
0.91
0.49
Q.63
2.73
2.76
1.97
2.39
2.87
2,33
2,68
1.75
2615
0.8¢
1le81
1e83
278
3.15
3,00
0.6%
1.26
3-11
1.96
2,88
2045
2,71
2.€4

N _r
[

cedl
205%
Podl
2.9

»C5
2048
2.88




Sample Noe.
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Appendix I (cont.)

Total Texture

Mean
3696
335
3636
4,98
4,37
1.63
223
1.68
5412
8,15
5,05
4.61
5,09
4.57
6+.09
3,42
629
236
2,01
2:56
2.75
2071
5.32
355
4,92

- 3443

40,14
4.48
4.37
5.96
601L
5.52
5046
5.29
7.08
5017
6.32
4.2
4,53
5.16
4.03
6.89
€.5%
&:923
2.85

- v
P )

Sorting

2

2069
2034
259
3667
3015
0047
1l.52
4.44
2.71
2.60
283
3463
337
3«04
2,12
1,26
2041
0.91
1l.20
1,50
0.94
0.96
3666
2058
3.37
2041
3.88
359
366
334
367
3.09
3.91
3,77
2.71
3c43
3215
3(56
321
516
297

O
¢}
-3

9 ¢

©

I OIO
o
VR RIVE e}

~

LOW

Non-Carbonate Texture

Mean
4,73
3040
379
579
4,86
1l.65
2'048
6.43
5.28
8,68
6.07
4,85
6.41
5.26
6609
3.42
6430
239
2:03
2.60
2486
273
618
389
5048
381
5.88
5093
4,41
5096
601l
5,82
716
6.56
70,43
6,30
7 .64
5.58
5.48
5,86
4,62
707
741
4,68
3,79
1,07

Sorting
2497
235
2.44
3024
2493
0.47
1.25
2.84
2.64
l.82
2.83
2,62
2.64
2.87
2.12
1.26
232
0.86
l.11
1.46
0069
0,95
391
2045
3011
2.27
3:12
287
363
332
3.65
2.99
2.70
282
2.24
2045
2:55
£:.78
2.83
2.64
2.59
3:23
2.89
503
242
1.13




Sample No.

OO-TIN UG N =

CaCOS%

6.79
0,06
17.92
364
1.91
44,11
19055
28.44
6-40
11,91
15,96
14.76
2,86
10,98
3+87
9,26
19,10
4.23
7.91
4,56
15.62
9,88
44.28
19.42
15,07
17.30
27.49
39,93
81.93
94,02
1.69
4.10
3.11
13-.45
28493
0.36
9-.92
21.89
36,89
54 .44
76.57
'? a ‘3: l
15e 9l
24605
4-96
51.33
62,73
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Appendix II
CaCOSX

1.85
0.70
-0-.63
3422
1.27
2.07
0.91

0.54

1-.88
0c46
1.03
1l.24
1.82
1.89
-0047
1:.38
066
0,86
0,59
0.02
0.00
‘1102
1.27
0.68
1.52
0.92
-0.38
'O¢85
-0.13
‘2 041
2,20
-0.36
1.00
"01.15
0.00
"O-:Gl
0438
0,71
-1.,68
‘0385
-1lo16
035
"2(-01
2:62
"0071
~-0.62

c%.

0.37
0.53
16.17
2.36
21.81
0.41
9,41
841
2:63
10.64
2.03
8.23
0.39
764
1.43
1.88
2+55
21.31
1.09
137
0.83
9.09
2,72
0.78
0.89
8e47
0.16
17.46
1:66
088
0.82
0.12
9.04
21.31
221
1,52
20.96
23.69
3¢56
356
4.56
2.47
l.46
1.25
D74
362
0.56
0.46

. W%

0.03
0.05
0.16
0.03
077
0.03
0.17
0.12
0.1l1
0633
0.06
0.16
0.38
0.21
0,06
0.09
0.08
0.26
0.08
0.06
0.06
0.05
0.04
0.08
0.06
0.21
0.03
0.24
0.09
0.06
0,07
0.01
0.31
0.77
0.19
0.15
0,77
0.46
0.23
0.57
0.09
0.12
0.05
0.04
0.14
0.08
0.01
0.03

c/N

12,46
11.19
98,59
97.60
28,00
15476
48,91
70,00
24,16
3260
32420
50.49
10.40
36004
24 .67
19.61
31.09
81.96
12.90
24,50
1350
27.90
7558
14,69
15.94
40,75

4,70
72+14
19.03
14,33
11.92
17.71
29.15
27 .34
11.82

Q.74
27.18
51.30
15.41

6015
484,45
24,05
2747
55657
26048
43,66
40.40
15,93




Sample Noe.

CaCOS%

22.03
le.61
6.20
565
0.00
8,74

15,24

74404

17,19

100.00

15.72

88,60
6,48
5,96

77,91

12.28
9.91

15.39

13,78
5.68

10.57

53,72

22.94
7.54

3534
5461

13046
8.16 -
6645

10,04
8,71

14,67

21..03

11.95

23:14

25077

24.08

11,36
7.58

14,36

12636

29.,01

10,42
S.71

Gl /2

2621
CaB3
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Appendix II

CacozX

2.28
1.58
'0031
-0‘21
1.38
"0018
=186
1.32
‘6000
2.55
=1.87
1.00
2023
'1301
1.38
l.42
2.53
1.05
1.69
2,58
1.39
2483
2.52
3405
2.78
2.11
1.06
1.06
0.42
0.49
0.18
0.61
178
=012
1.68
1.90
1.91
2056
1,56
0031
0.51
0,92
O.41%
”0060
1.68
0.65

c%

22496
0.45
9,68
4,25

23.75
8.66
1.26
1.68
3465
2.38
677
9,25
246
0.11
045
8,78
5.52
1.05
1.45
2.76
l.46
4.09
2097
1.03
0.13
0.77
0.4%7
283
4,03
5.64
0.12
1.15
203
2018
1.91
2004
4,57

70
2095
1,66
2039
3069
2,59
2:89

4,62

9.03

N%

0,94
0.04
0¢38
0.24
014
0.44
0,04
0406
0,08
0,00
0.03
0.04
0.08
0,02
0.00
0.16
0.12
0.03
0.06
0,02
0,04
0,09
0.03
0.04
0,01
002
0633
0.06
005
0.12
0.03
0+05
0+05
0.05
0.05
0407
0.05
0,09
0.08
0,11
0,03
0,04

0,04-

0.04
0.14

¢/N

23,00
10.50
25.,10
17.86
16.00
10.81
30.68
27.67
4,50
23.70
22056
32.68
3l.22
8¢29
54,20
46,80
3500
23440
13775
36450
44,00
10230
24,97
10.20
32.00
14,15
44,22
75.60
46,40
3034
24,50
4140
44,40
404570
26057
3275
32641
21.03
22,50
131,92
53,90
73090
12551
c4-57
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Appendix II (cont.)

CaCOz%  CaCOzX cg N% /N
3364 2643 1.09 0,05 20,98
5.96 1.67 2,50 0.05 51,08
11l.35 0.30 4,97 0.06 73.1.0
14.38 0.,28 6.26 0.08 75 .40
1l.54 0.62 253 019 24,30
18062 1.51 - - o o - e
1754 1.03 1084 0.11 99,50
61.91 =1.,23 8+34 0.12 70407
4.51 1655 6.34 0.14 45.30
B8.84 2.58 100,22 0.14 7224
32.93 2.98 6.89 0.08 83200
10.01 2.46 3015 0,04 68.19
24.89 1.08 3612 0.04 82,15
20.21 1.84 3e22 0,03 94.690
00000 et e 10069 0011 96070
00.00 - 11,73 0.06 195,50
0.15 i, 15.28 0007 219929
2.49 0.89 l1.81 0.03 €2,20
5.64 1.81 284 0.04 81,05
2.27 0.95 2.5 0.01 235750
6435 1.00 1,07 0.03 36.00
195 153 6029 0.06 28.20
1559 0.63 9,84 0623 T6.30
752 0.€3 6.90 0,05 1£3.35
11.59 0.70 10,23, . 0a.04 2.8,46
13.83 1.08 695 0,97 103-73
29.29 007 6-91 0.17 50042
2736 063 556 0.11 2¢ .89
0.69 0.00 00,91 0.07 26,31
0.0 i man- 12.44 0305 243030
0.0 S 6.84 0,04 171,00
8.04 2,07 114.C4 0.04 127.50
28,06 0-10 13.96 0.16 84,50
18.68 -0,20 18,76 0015 112,00
4.88 0,34 18.88 O.11 174.00
17.44 =0.21 10.33 0,04 21500
16.91 -O.15 8491 0901 @5-10
27,60 0,29 6.76 C.05 13C.00
26.28 1,37 4,44 C.05 98670
2.56 0.29 4,86 0,04 10770
15565 Oe?? 3013 0007 41030
2073 0061 0,75 0.08 Q650
10037 ‘ane 1039 0005 49a0:
1633 0,81 691 0.34 2C.32
3727 i-21 4 .85 Oel3 3E030

00.C0 b 6,58 . '0el8 £Go70
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Sample No. % Shell

OCDIO WD

00,00
00.00
9.12
1.97
017
0.02
605
2.64
4,54
00,00
0.78
5657
1.95
00.00
1.91
O.14
4.69
4.34
0+73
0.62
O0.42
517
4.41
28,76
341
3.02
1,05
8099
13,83
47.81
3291
1.58
032
00.00
2.21
11.61
00.00
4,28
6.81
13.84
41.59
38659
3753
3,38
8l.52
003

8l

Appendix III
Sediment Types

% Sand % Silt

100500 00,00
100,00 00.00
64.23 19.74
93,38 2.34
7.84 7704
99.98 00,00
70,49 18.72
8723 9467
26.78 5145
11.04 86.32
5782 3639
26497 60,37
94,24 3423
11.95 6387
80,34 15455
54.34 26,66
83-80 10.11
95.66 00.00

86,59 7.59
86¢75 8.85
99.57 0.08
93,92 0.91
71.51 17.51
63033 2092

71,94 18.18
21.37 29,34
97.28 1«87
6523 14,51
6269 15.25
40,70 6.77
66033 0.76
98.32 00.00
6716 17676
17034 42.03
68,70 26,81
50651 300,22
18639 3054
51,87, 25487
7190 13.97
5501 20.04
25.59 21.94
48.69 9.18
47.41 614
76,89 17.41
18.48 00.00
45.16 35029

% Clay

00,00
00.00
6,94
0.28
15.04
00,00
40,74
0.44
1745
2062
14.96
23,87
2052
24.18
219
1582
1.38
00.00
- 4.84
3476
00.00
00.00
6459
4,97
5e73
3924
007
1l.21
823
4451
00,00
00.00
12,86
40.:63
2.91
7,66
51.06
1.83
7631
11,15
10.88
3.04
8692
3:58
00.00
2454

Sed. Types

Sand

Sand

Silty Sand
Sand

Silt

Sand

Silty Sand
Sand

Sandy Silt
Silt

Silty Sand
Silt

Sand

Silt

Sand

Silty Sand
Sanad

Sand

Sand

Sand

Sand

Sand
Siity Sand
Shelly Sand
Silty Sand
Sandy Silt
Sand

Silty Sand
Sh Si Sand
Sandy Shell
Shelly Sand
Sand

Silty Sand
Silt

Silty Sand
Sh Si Sand
Silty Clay
Silty Sand
Silty Sand
Sh Si Sand

Sd Si Shell

Sh Si Sand
2ilty Sand
Silty Sand
Shell

Sandy Silt




82 \‘\‘

Appendix III (cont.)
Sediment Types ' i

Sample No. % Shell % Sand % Silt % Clay Sed. Type i

47 25.88 78wl 00,00 00,00 Shelly Sand
48 26.91 57.89 14445 0.76 Sh Si Sand N
49 00.00 24.45 50.93 34,72 Sandy Silt I
50 0.07 99.83 00,00 00.00 Sand |
51 3.07 24.99 59.02 12,92 Sandy Silt |
52 2049 72 .67 21.06 4.38 Silty Sand |
53 00.00 00,00 73 .64 26.37 Clay Silt I
54 00,00 66049 28446 5.03 Silty Sand I
55 5.89 8756 4,06 2.49 Sand
56 60683 35.78 1.60 1.79 Sandy Shell
57 1.06 69037 13,05 16.55 Silty Sand 1y
58 100,00 00.00 00,00 00,00 Shell |
59 0e74 56433 39,04 4,00 Silty Sand 1
60 0.41 E2.15 30,09 - 17.34 Silty Sand |
61 73 ¢35 26465 00,00 00.00 Sandy Shell |
62 0.64 61.51 22 72 15.15 Silty Sand
63 41432 58,68 00400 00,00 Shelly Sand
634 1.30 98,70 00400 00.00 Sand |
4 1.78 48.27 49,94 10.13 Silty Sand |
5% 1.68 39,70 46.13 12,50 Sandy Silt
66 2426 89059 5.88 2,27  Sand
67 0.49 66459 27« 74 5.23 Silty Sand
68 0.87 69.56 21.83 7.74 Silty Sand
69 5.59 7733 15.92 1.15 Silty Sand
70 0.16 64.43 31021 De23 Silty Sand
71 0.16 89.71 8459 1.58 Sand
72 1.15 85.60 . 10.58 2.74 Sand I
73 D008 99,92 00,00  00.00 Sand |
74 1.36 87,03 6036 3.35 Sand i
75 0.69 92.66 Be71 0.94 Sand W
76 0.25 59023 30499 9.569 Silty Sand |
7Y 0436 44,17 40053 14.94 Sandy Silt i
78 256 3157 65489 00.00 Sandy Silt I
79 3426 95058 1.15 00,00 Sand i
80 2.98 86067 12.36 00,00  Sand il
81 1.89 6682 22423 9.85 Silty Sand i
82 7,00 78e32 13,77 0,90 Silty Sand |
83 3456 75473 23471 5.84 Silty Sand |
84 1.70 80.33 13.32 4,44 Sand E
85 00,00 69.94 21.85 8,21 Silty Sand il
86 0,29 5791 31.96 9.84 Silty Sand "k‘
87 1.11 76.89 16,14 696 Silty Sand i
88 3.81 82.73 8.23 5.21 Sand *
9 2«55 78439 15:25 3,84 Silty Sand il
9 1.68 81,56  11.19 5.58 Sand - Y
91 0.89 50619 BB .27 11.64 - Silty Sand Il
[‘

92 19.82 69.54 733 331 Sh Si Sand |




Sample Noe.

93
94
95
96
97
o8
99
100
1CT
1CB
2CT
2CM
2CB
3CT
3CM
3CB
4CT
4CM
/ \
bu,l.l
S5CM
5CB
wT
lwB
20T
2WB
SWT
3B
4WT
4WB
SWT
SWM
SWB
1HT
1HM
1HB
2HT
2HM
2HB
SHT
SHM
SHB
4HT
. f

-
-BHT

Appendix III (conte)
Sediment Types

% Silt

% Shell

1.15
00,00
0040
0.39
1.97
5016
3019
0.09
1.7
433"
00,00
00,00
1.04
0.16
00.00
3:43
00.00
00,00
00.00
0.16
0.28
0.09
1.64
00,00
4.24
1.83
2.87
2.39
8.62
7.06
0.13
00.00
00.00
0,20
4.66
7.26
1.07
2079
6.15
9.32
3.32
3.62
4,87
0087
4,72
00,00
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% Sand

7497
39,19
72014
79,73
7152
45046
55.12
99,901
98.22
27083
56489
10,69
47,63
61,48
3775
5139
00,00
95039
11.19
98,09
97.63
94 .07
96 .64
95665
45.51
68,57
54,10
80.88
44,78
44 .69
€805
40631
48.49
42,04
31.82
42 .34
849
22,92
15,47
44,91
48,92
30.21
55.61
25,15
21.48
65455

20.73
52417
19.19
16.29
23,00
31646
33617
0000
00,00
250,19
32673
8941
38081
32406
53044
35462
89.86

4.61
7394

1.67

1.67

40,71

1.73

4.23
31.12
24,49
2764
11.17
35438
35679
12.86
28,62
14.93
39.87
45.07
3627
7778
61.29
53.60
39430
3795
54,22
30603
3208
45,25
26,51

% Clay

S5e¢l5
864
7.57
359
3053
1793
849
00,00
00.00
3054

27.59
12.55
631
8.80
9.56
10,19
00.00
14.86
0,07
0-41
1.13
00.00
0.13
19:13
5211
17.38
553
11.22
12.45
18,96
31.07
36057
17.88
18.42
14.13
12.66
9.88
25.18
6046
9.81
11.94
9.,69
41,99
28055
8,91

Sed« Type

Silty
Sandy
Silty
Silty
Silvy
Silty
Silty
Sand
Sand
5d 81
Silty
Silt
Sandy
Silty
Sardy
Sils
Silt
Sand
Silt
Sand
Sand
Sand
Sand
Sand

Silty

Silty
Silty
Sand

Silecy
Siliy
Silty
Sandy
Sandy
Sandy
Sandy
Sandy
Silt

Sandy
Sandy
Sh Si
Silty
Sandy
Silvy
Sandy
Sandy
Silty

Sand
Silt
Sand
Sand
Sand
Sand
Sand

Shel’
Sand

Silt
Sand
Silt

Sand
Sand
Sand

Sand
Sand
Sand
Silt
Silt
S1lt
Silt
Silt

Sile
Silt
Sand
Sand
Siit
Sand
Sile
Silt
Sand
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Appendix III (cont.)
Sediment Types

' Sample Noo % Shell % Sand % Silt % Clay Sed. Types

5HM 565 72.68 20046 1.21 Silty Sand
5HB 00,00 100,00 00,00 00,00 Sand

Key:
- % Samples taken on the offshore grid
#+ Sample taken on the beach of Tiger Key
T Top of core :
M Middle of core
B Bottom of core
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