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INTRODUCTION 

Purpose 

Much of the marine interest on the Gulf Coast tends to 

center on the study of the shallow water environs where 

there are many lagoons, bays, 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 

major 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 studie~ 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 environment have been constant 

throughout geologic history. 

The specific objectives 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, 

1 
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{3) to establish a theory of formation of the Ten Thousanc;. 

Islands, and (4) to attempt to determine the relationship 

of the sedimentary characteristics to their environment~ 

Location and Description 

The area of investigation is located along the Gulf 

Coast between Chatham Bend and Gullivan Bay in Collier 

County, Floride.e 'i'he center of the area is located on 

the interse~tion ;:,r' 26° 50 1 latitude and 81° ~0' 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 is 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 is a low-lying coasts~ region with 

many tidal inlets, rivers, bays, lagoons, and small to 

large shoal water islandso This area is the most topo­

graphically dissected coastal region in Fl orida, and it 

is this dissected appearance which separates the Ten 

Thousand Islands from the rest or the southwest coast or 
Florida. ,. 

Climate 

The c l imatic 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 7.11 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 lowast temperature ever 

recorded in the area was 24 degrees. 

The wind is 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 section 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 plants. This was a general discussion of 

the action of the mangrove roots as sediment traps, 



.. 
4 

rather than a treatment of any speci.fic region. A st:J.'l;r 

was made o.f the hydrology of this region by Drago7i~h, 

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

of the Red Tide organisms. 

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. 

This is the only environmental 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 Swamp. Northwest of the Islands 

1s the Cape Romano barrier spit, which lies at the southern 

end of a series of stra~ght beaches extending north nearly 

180 miles. The barrier spit was probably built by a combi­

nation of storm waves and longshore drift. 

Extending south from the Cape are the Cape Romano 

Shoals. These shoals, which mark the southern extremity 
, 

of the longshore drift on the western Florida Coast, 

extend approximately nine miles into the Gulf of Mexico 

(fig. 1). Between the shoals and the Ten Thousand Islands 

is a triangular shelf, averaging about nine feet in depth. 

IY.JiMIS½ii&AEA 
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The shoreline beo0rnee increasingly dissected north of 

Cape Sable~ reaching m4Y.lr.r.ll11 ccmplexity in the Ten Tho11s~nd 

Islands. South of the island~ the coast is broken only by 

t1dal channels and in the northern section near the islands 

by an outer line of islets and small penin~ulas. Three to 

eight miles inland from the coast, there is a zone of 

interconnected lagoons and channels, roughly parallel to 

the outer coast. Between the lagoons and channels there 

is a mangrove barrier. DaYi~ (1940) showed that _the height 

of the barrier should be a function of ~hQ tidal range, 't¼ 

siope of the bottom and the topography of the adj~oQnt land 

surface across which the mangr~ve belt o~iginally spread• 

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~~ 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 found. This growt;.h is reported by Davis (1940) to be 

one of the greatest known •. In this subtrop~cal environment 

the red mangrove (Rhizophora mangle) predominates. This 

species drops its roots from the branches and can exist in 
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water two feet below the low tide level (Davis, l940)p 

Another common species found . in this region is the black 

or honey mangrove (Avicennia nitida). The wh~t~ mangrove, 

sometimes called Buttonwood {Laguncularia racemosa), is 

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 thege trees in occupying marginal marine and 

lagoonal areas in protected watersj such as is round in the 

Ten Thousand Islands (Davis, 1940). The black mangr,~e 

aeeds immediately unde~ it• branches, and tend■ to grow 

toward the land from the shore~ This species is reapon­

sible tor the build-up of the interior or the larger 

islands. 

The formation of the mangrove barrier ridge is due to 

a combination of three major factors; an oft~hore windt 

the climate, and the tide. The history of the formation 

of a mangrove barrier such as is found in southern Florida 

may be somewhat as follows: On a 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 deep. 
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Once seeded~ m~.ngro~,e trees spread rapidly by sending 

their roots out into deeper water. Root growth may exten1 

_as . far offshor~ 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 environment. The maximum 

accretion is toward the open water since this acoretion 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 

~ack 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. ~long the southwest coast or 
Florida, the mangrove barrier is 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-lying islands, some of wpich are 

awash at high tide. These islands seem to stretch out 

end to end in somewhat parallel rows, all trending in a 

~0utheast direction.· These are thought to have baen shell 
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b~rs on which the mangrove sw~~P hes developed (Davis, 1940; 

Cook, 1945). Concurrent with the formation of the mangrove 

swamp on these shell bars was the formation of the Cape 

Romano Shoals. It is believed that the shoals helped to 

create the strong tidal c~rrents which formed the deep 

channels now dissecting the islands. The dissection of 

these islands gives the area tha 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 is 

Chokoloskee Bay which is approximately six miles long and 

~tle mile wide. This is a typical bay for the region except 

in size. The bottom is flat and smooth except for the 

areas around the tidal channels and rivers where submarine 

deltas are formed. A large number of oyster bars exist on 

the Gulf'ward side of the bays, .the largest population _ 

being found in the southern portion of the islands, around 

Chokoloskee Island. 

The bays are connected by small inlets dissecting 

what is belie·ved to have been old oyster bars, on which 
~ 

the mangroves have trapped sediment. These bars ar~ now 

acting as narrow barriers separating one bay from another. 

A peculiar feature of these barriers is that they all 

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

Many channels di3sect the mangrove barrier connecting 

the Gulf w1th' 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 this is that the 

southern end is open to direct attack from the open Gulf, 

and is not protected by the shoals as is the northern 

portion. Another possible cause is that the highest local 

tide range occurs in the south, giving rise to pctent~ally 

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 currents were 

the only detectable currents in these st!"eams. 

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 rnakeD it 

difficult to delineate. In the Ten Thousand Islands the , 
recognized shoreline starts in the coastal lagoon behind 

Cape Romano and curves to the southeast, ending et 1opas 



Fig. 2: Location Map of the Ten Thousand Islands, Florida 
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On the southwest coast of Florida there is a diagnostic 

feature which could well be considered as a shoreline 

marker. Thia feature is the "worm rockn which is tound on 

the Gultward side ot the outermost islands. The rock 11 

found in the littoral zone and is believed to be re1tricted 

by the tidal range. The roek 1s a bioherm ot eale~reou1 

tubes b&lieved to be formed by the gastropod, Lemintina !l?• 

It appears in the form ~r slab■ and on the Gul.tward side 

of the islands ends in an abrupt slope. On aome of the 

small keys there can be seen more than one ledge present 

below the low water level. These ledges could possibly 

i~dicate tidal ranges at a lower stand of the sea. 

The "worm rock'• is found from Marco Is land 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 rock. 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 islands, as there was no evidence 

of its presence in the mangrove barrier or lagoonal 

chain. 

The islands on the 6uter fringe 0nn be classed into 
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two groups, those cc-.ii1:._:,,~ f.:,:. -:J-.t 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 kitchen middens 

built up by pre-Columbian Indians (Oaltstoff, 1954). 

1hese 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 southeast. 

Physiography 

The Ten Thousand is~nds region has been classified 

physiographically by the author into four main divisions. 

The four are: (1) the Gulf area) located between the 

1oaln and the islands, (2) the mangr0ve barrier (Price, 
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1954) which separates the open Gulf from the bay chain 9 

(3) the bay chain, which is bordered on the east by the 

(4) mangrove swamp (fig. 3). 

AGEN':'S 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 w~ys; first, 

in the distribution of sediments from the sourc~ 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 

environments. 

In the Ten Thousand Islands the ocean currents and 

the normal waves affect the sediment distribution very 

little if at all. The storm 1Naves help to form some of 

the physical features found in the vicinity of the Islands, 

such as the shoals. Storm waves and storms, however, 

produce minor changes in tn,e Islands as was noticed from 

aerial photographs taken before and after hurricane "Donna" 

in 1960, which passed directly over the study area 

(T ier, personal communication) o 
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Fig. 5: Physiographic divisions of the Ten Thousand Islands 
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Tide 

Tide is the predominant transporting agent in the 

Ten Thousand Islands. 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 motions, characterized by enormous wave length■ 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 ip a 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 establ~shed eight tidal observation 

stations. From the constants derived from tidal obaer­

V9.-clons, the present tidal activity c~n be computed. The 

cou ;tatior..s of the times of high and low tides, and the 
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tidal range, give some cluae to the regional tidal circu­

lation. 

Associated with the vertical movement of the tide are 

horizontal movements or tidal currents. These currents are 

believed to be responsible for the distribution of sediment 

in this area. The current has its maximum velocity 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. In 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 thia section of the Gult' 

occurs at Pavilion Key. The probable reason for this is 

the configuration of the coast with the superimposed 

local bottom topography of the shoals. The tidal wave is 

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 is further 

restricted by the Cape Romano Shoals which tend to rorce , 

the tide movement around them. 

The tidal currents in the Ten Thousand Islands are 

believed to be directly related to thi~ tidal b?lge. The 
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plots or the tidal curves tor the eight atationa show that 

the highest water level occur, at all timoa at Pavilion Key 

(tig. 4A), and that corresponding low water ooour1 at Coon . 

Key and Ma~co Paae (tig. 4A). The net tlow ot the tidal 

currents was ealculated by tinding the ratio ot the time 

that the water level at one station was higher than at•~ 

adjacent station. Aa an exa~ple, the water lovel at 

Indian Key is higher than the water at Everglades tor 

fourteen hours of the day. Thus the current flows trom 

Indian Key to Everglades for fourteen hours and from 

Everglades to Indian Key for ten hours, resulting in a 

net flow toward :r.Nerglades. 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 during 

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 physiographio 

divisions. The direction of the arm at the end of this 

__ J1s was randomly oriented and then extended to reach 
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Tidal curves or the eight tidal stations 
(1 Indian Key~ 2 Coon Key, 3 Marco Pas : 
4 Everglades City, 5 Pavilion Key, 6 Re 
Key, 7 Cape Romano, and 8 Pumpkin Bay 

Fig. 4B: The regional tidal currents or the 

Fig. -4c: The local tidal current in the Ten Thousand 
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water. The purpose of thls sampling grid was to ... •compare 

each of the physiogFaphio 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! s of the tive cores again were located to give a 

comparison ot the physiographic provinces of the investi­

gated area. 

The samples collected on the h1erarchial pattern and 

the offshore grid ~pattern were collected by grab method•• 

Three devices were used in obtaining these samples. The 

first was the Van Veen sampler which was very suitable 

for sampling the region or soft bottom. In areas where 

the water was settled enough, tree diving was employed. 

In the shoal water another ~ethod was used. This was a 

scooping device with a top to keep the sample in. This 

1evice proved to be unsatisfactory and it was abandoned 

ln ror of the Van Veen. 

At each station 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 skiffo 

Cores were taken by a coring tube made of 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 handleo The core was extracted by means of 

a plunger, then described, and sectioned for laboratory 

ar~lysis. The pH of the water and sediment was measured 

at each core station. 

VJith the use of e.ir-photographs and hydrographic 

charts, samplea were located with great accuracy because 

of the proximity of land marks. 

I.aboratory Procedures 

After the samples wer~ returned to the laboratory, 

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

(Pettijohn and Krumbein, 1938)0 A representative split 

Wt placed in a plastic box and storedo Another split 

~as placed in the ove~ and dried at low temperature. 



Fig. 5: Sample index map of the area 
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This split was used tor chemical analysis. 

The textural analysis was car~ied out in two steps; 

first, a standard pipette analysis tor 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 

outlined 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 pre.dominant clay types. 

,rbonate analysis was run on each size fraction. The 

percent of carbonate in each size fraction w~s determined 

by the gasometric method outlined by Bien (1938). After 

the percentage of _each s1z·e ,f1"action was obtained, the 

total carbonate percentage by weight 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 computor. The percentage of 

the sample in each size fraction was also obtained. With 

the computed parameters, suoh as the means, trend surfaces 

were computed and plotted. 

) 
:n plott!ng the rew data it wa3 found that the 
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presently accepted method of contouring the data would ~ot 

be acceptable because the contours would have to cross 

islands, givir.g an erroneous picture of the distribution 

o~'the mapped parameter. To represent the raw data on a 

map, the parameters were first contoured as if the islands 

were not present. Then at all the sample stations arrows 

were drawn orthogonally to the isopleths. The length of~ 

the tail corresponds to the nume~ical value represented 

on the map~ The head of the arrow points in the direction 

of the decreasing parameter value which is bein~ mapped. 

"'' - ls method was used to depict the raw total mean and 

non-carbonate mean. 

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 or 
the waves during the high stand of the sea during Pamlico 

time. The sediments are composed of marl and shell beds 

wi·th interlayers of mang:rove peat. The peat section 

varies from about 5 to 14 feet in thicknesso Except 

where it descends into the irregularities of the bed 

k, Davis (1940) thought that the sediments average 

a:iout 7,,5 feet thick. 

I,, 
I' 
! 
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The modern sed.ireents of the region are distribut.ed 

according to i~he main envirom!lental condftions· present in 

the region: 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 environ."llental conditions as the mangrove barrier., 

and therefore was clasRified with the latter. 

Sedlment 7-ypes 

For the purpose of this st~dy, the sediment samples 

were classified by the Wentworth-Udden size terms and 

?ade 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 naked eye. The mechan­

ical analysis of the samples from this environment revealed 

that the sediment is 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 excrement of diatoms ,. 
living in and on the bottom 1s an essential factor of the 

unctuous nature of the sediment (Brok:nan, 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 is derived from the ancient shoreline, in the 

northern sector of the region. 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 

tor the sand present on the outer fringes of the islands. 

The sand in this environment 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. 

mhis material is classed as sandy-silt. Another region 

where the sediment type is similar to that of the mar.g~ove 

barrier is located behind Rabbit Key. The environmen.tt1.J. 

conditions which exist there are similar to those which 

are found in the mangrove barrier. 

In the isolated bays behind the edge of the m~ngrove 
~ 

swamp, such as Ferguson Bay, the sediments are very fine, 

made up of fine silt and clay with little or no sand • .. . ,... .· 

This sediment type is restricted to the back bay regions 
. .' . _t ! 

and to the few isolated regions in the mangrove barrier. ,. 

Texture 

Mean grain size in phi units for the total sample 

a the non~arbonate fraction were computed~ The standard 

deviation was also calculated and used as a measuro of 



I 
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sorting. Mapa ~ere prepared showing the dist~ibution cf 

the mean grain •size and sorting. For the purpose of map­

ping, the standard deviation (sorting) was broken down 

into: fairly well sorted, moderately sorted, poorly 

sorted, and very poorly sorted. A standard deviation of 

less than one is considered fairly well sorted, betweeJ one 

and two is moderately well sorted, between two and six 

poorly sorted, and greater than six, very poorly sorted. 

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 coarsec 

In the examination of the graph of the mean gx-r:.ir: 

size plotted against the sorting, five sedimentary g:i:·~' :..~s 

were outlined by the writer {fig. 7). These netlme:r,,,f?.'Y 

groups are believed to he related to the environments from 

which t~e samples came. Group one consists of coarse~ 

fairly well sorted material, indicating a relatival:-r h.:tgh 

energy environment. Samples in this group were taken from 

the region of Chokoloskee Pass and Rabbit Key Pass on the 

out er fringes of the islands. The map of the total 't;e.x­

ture shows that the mean grain size ranges from 1~5 to 

2.5 phi units and the mean grain size decreases toward 

the center of the islandso 

Sediments also falling into group one we!.'19 fourn5 u-;i 

~h~ rivers in the north corner of the study area, frcm 

!,I 

I ' 

', I 



Fig. 7: Graph of the total mean and non-carbonate meai 
against the sorting of the samples. 
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Blackwater River to Etst Ri·ver,, Th~se sediment a, which 

indicate a former high energy enviromnent, are believed 

to be derived from the ancient sho~eline. 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 or calcium carbonate in the form of shells 

and shell hash. Sediments taken from these features are 

shown on the graph as one-A. These are in areas or varied 

energy conditions, and thus thare is a wide range or tine 

anr· ioars• material. These sediments were deposited in 

a biogenic environment. 

Group two includes samples, taken trom the channels, 

consisting of coarse. moderately sorted material. Thia 

group is made up ot sediment which ranges trom two to 

three phi units in median diameter. Tbeae channel eedi­

ments give a clue to the energy or the current• which 

flow through the channels. 

The sediments or the lagoonal chain vary between 

three and tive phi units 1n,median diameter and are 

classed as group three. This group, composed ot tine, 

moderatelr sorted material, shows the effect ot the tide 

as agent ot distribution in a protected environment. 

The map or the raw data- shows that in the lagoonal chain 

. i . 
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there is a decrease in grain size from the central porti~n 

of the "bays to the shore line. The distribution of the 

tine 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 Bay. They are very fine 

and poorly sorted with the mean grain size ranging 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 t he 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. In 

the Ten Thousand Islands the non-carbonate fraction is 

composed of quartz sand with an admixture of clay minerals. 

The graph of the mean grain size against the _sorting 

or the non-carbonate fraction outlines only four sedimentary 
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Fig. 9: The Non-carbonate mean and sorting 
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groups as compared to five in the graph of the total mea~. 

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-carb~nate distinctly 

outlines only four major sedimentary environments. These 
-

are as follows: the high energy environment on the open 

Gulf; channels with the moderate energy of the tidal 

cP-~ents; 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 environmental controls on 

sediments. whereas the more local fluctuations may be 
,. 

due to the local environments. structure. and topographic 

effects. In this paper two types of trend surfaces were 

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

cubic surface. T~e _ trend surface represents the major 
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etruotural and envirornnental effects of southern Florida, 

and the cubic surface represents the major trends in the 
- . . 

local area of study. 

Total Texture 

The linear regional surface of the mean grain size 

show~ a trend dipping to the southwest at the rate of one 

phi unit per six miles (fig. 10). This plane accounts 

for twenty-two percent of the variability of the samples. 

The residual map shows a negative anomaly located in the 

mangrove barrier from Tiger Key to Coon Key. A negative 

anomaly is also located east of Rabbit Key. The negative 

e.._Jmalies represent areas of material finer than the 

regional plane. 

The sorting su~face dips in the same direction as the 

mean grain size surface (fig. 11). The plane dips a~ 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 negative anomaly indicating poor sorting in 

this region. Positive residuals occur up the rivers in 

the northern section near ~he ancient 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. lOA: Total mean linear surface 

Fig. lOB: Total mean eubi~ surface 
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Fig. llA: Total sorting cubic surface 

. 
Fig. llB: Total sorting plane surface 
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out the general trends in the specific area or the Ten 

Thousand Islands. The surface showa a ridge or fine ma­

terial running through the central portion of the island■• 

Thia ridge represents the mangrove barrier. The residuals 

mapped from the cubic surtace show the local variations 

in the general picture of the cubic surface. The surface 

shows that the finest material lies in the area near Lopas 

River. This surface accounts for thirty percent of the 

variability of the total mean- data. 

In the map of the cubic surface of the sorting, ,a 

lge of poor sorting trends east-west, coinciding with 

the ridge of fine material of the total texture. The 

poorest sorting coincides with the fine material in the 

area south of Chokoloskee Island. The sorting improves 

toward the open Gulf~ This surface reduces the sample 

variability by twenty-seven percent, 

Non-c~rbonate 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 at a rate or one phi unit per 

six miles. The dip or the non-carbonate mean surraee is 

the same as the dip of the total mean surface (fig. 12). 

T' residual shows the tine sediment, located b1- negative 

e.nomaJ.ies ~ in the same locations as re-cognized on the raw 

data map. 

Hi 
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Fig. 12A: Non-carbonate linear surt'ace (mean) 

Fig. 12B: Non-carbonate cubic surface (mean) 
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The cubic mean grain size surface shows that the same 

1 fine grained ridge extends through the mangrove barrier. 

There 1s coarse mg,terlal representP,d in the BlP..ckwater 

River area end along t~s outer fringes of the iAland~. 

Tne finest material is present in the Oyster Bay region. 

The trend surface o~ the sorting shows an inzreaee 

in sorting toward ~he Gulf' " The tr~nd surrace dips to the 

south at Oo:l st~ndarcl de 11iEi.~i0n pet> mile. The residual 

shows poor sorting behind Rabbit Key and in the mangrove 

ba ler (fig. 13) o 

The cubic surface distinctly outlines the ridge of 

poorly sorted fine material. The finest and most poorly 

sorted material is located in the vicinity 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 data. 

In the case of possible loss of the calcium carbonate ,. 
by diagenesis, the non-carbonate fraction would have to be 

relied on for future interpretations of such a region. 

rhe )on-carbonate texture could not be used alone to 

~orrectly interpret the region. Other evidence would be 

1eeded, such as structure, fossils, and organic materia.l. 

~he non-carbonate texture gives evide"-Ce solely or the lo~ 
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Fig. 13A: Non-carbonate sorting plane surface 

Fig. 13B: Non-carbonate sorting cuoic surface 
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energy ot this environment. 

Chemistry of the Sediments 

The carbonate content of the sediment samples is a 

function of the amount of shells, foraminifera and shell 

hash. 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 ot 

shell bars. The migrating organisms are made up of mol­

lusks, such as the gastropods which inhabit the littoral 

en, onment on some of the sand keys in the northern 

3ection of the islands. The lag effect accounts for the 

~alcium carbonate material found in the channel bottoms 

and on the southern fringes of the islands. The ·shoal 

oars in the region are made up entirely ot oyster shells. 

The map of the mean grain size ot the calcium car­

bonate shows an area of tine carbonate material in the 

vicinity or Chokoloskee Pass {fig. 14). The coarsest 

~arbonate material is t"ound in the. ·shell bars, located 

~n, the ·baya. The plane surface or the carbonate mean 

dips to the west at 0.25 phi units per six miles. The 

plane indicates that the material becomes coarser toward 

The cubic surface follows the trend or the shoreline, 

r1.ipping toward the Gulf. This surface indieates that the 



. 55 

Fig. 14A: Mean Carbonate map 

Fig. 14B: Carbonate mean plane and cubic surface 
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mean carbonate becomes finer toward the Gul.1'. 

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 (tig. 15). The 

high concentration of calcium carbonate in the bay regions 

is due to the oyster bara. 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~ ~ent in Chokoloskee Bay. The Pesidual anomalies show 

the high percentage of carbonata in the shell islands and 

in the vieinity of Chokoloskee Pass. 

X-ray analysis of the clay size sample~ showed no 

calcium carbo~ate in the mangrove swamp sediments, whereas 

samples from the lagoon and mangrove barrier ahow 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 (Ben~a, 1961). 

Organic Con~ent 

The investigatton of organic matter has been restricted 

t ~ bottom surface and is based mainly en n determination of 

the ce.rbon and nitrogen percentages,.., Th9 carbon cycle in 
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Fig. 15A: Percent carbonate map 

Fig. 15B: Percent carbonate cubic surface 
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the sea forms a partially open system. The carbon dioxi1e 

is removed from the sea water by organisms and is utilized 

partly for their carbonate structure. The bulk, however, 

of the carbon is consumed in synthesis 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 is 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 is 

found principally in protein, the carbon-nitrogen ratio 

if 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 gi7es a clu9 to high protein content, whereaa 

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 of the organic material is needed to 

determine what the carbon-nitrogen ratio of a region 

means. 

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 swamp. 

The pattern of the carbon distribution delineates high 

percentages in the back swamp. 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 

mile. 

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 

region is due to the abundance of plant material rather 

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

Fig. 16B: Carbon-Nitrogen ratio map 
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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 interface. The 

acidity or alkalinity of an environment is an important 

factor in determining whether or not certain minerals 

will precipitate or be dissolved. The measurement of 

the pH was accomplished with a Beclanan pH meter and is 

considered to be accurate to- one tenth of one unit. The 

study of pH is only a cursory one, inasmuch as measure­

ments were taken only at core stations. 

Krumbein and Garrels {1952) defined three environ­

ments based on acidity, namely the most acid (pH less 

than 7.0); a more nearly neutral environment (pH 7.0 

to 7.8); and an alkaline environment (pH over 7.8). 

According to this scheme, the most acid environment will 

produce peat; in the more nearly neutral environment 

silicates, organic material and other matter will form; 

ln the alkaline environment calcite will precipitate. 

The pH in the Ten Thousand Islands ranges from 7.9 ,. 
.n the open waters and lagoons to 6.8 in the mangrove 

wamp. The pH decreases with depth in the cores taken 

ro~ '·he mangrove barrier and the mangDove swam~, whereas 

n the cores taken on the outer fringes -of the islands the 

i increased slightly with depth. The decrease in pH 
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readings toward the mangrove swamp is corroooratea by the 

decrease of the fine calcium carbonate. 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 nature. The clay minerals were identified 

and rough approximation of the predominant clay minerals 

present was made by x-ray diffraction methods. The samples 

used were selected in order to give a representative cross 

section or the environments of the area. · Montmorillonite, 

ohlorite, kaolinite and 1111te were identified from clay 

3ize fraction of selected sediment samples, Chlorite 

1ppears to be mixed with the montmorillonite, and domi-

1ates the montmorillonite (K. Osmond, personal communi­

:ation). 

Two principle types of clay mineral assemblages were 
,. 

ound to be present: a kaolinite assemblage with minor 

mounts of montmorillonite, chlorite, and 1111te, dominating 

he .... · -ngrove swamp sediments; and a chlorite assemblage 

1th 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, 1llite is 

bel1e·.; ed to be the predominant clay mineral in the off­

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

In addition to the carbonates, silic~ and the forms 

of iron suli'ide which are pH-sensitive, it is believed 

that kaolinite requires an acid environment for its forma­

tion, whereas montmorillonite is most stable in an alkaline­

environment (Millot~ 1949). _ The distribution of the clay 

minerals seems to meet with the environmental conditions 

as given by Millot. Kaolinite is dominant in the acidic 

environment 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 represe9tative siteso The core stations were 

chosen to give the most complete cross section possible of 

the environments of the region~ The cores were for the 

most part devoid of internal structure such aa has been 

repo1,ted in other sediment studies (sc-ruton and Moore, 

l955)Q In a few cores peat layers and some sand lenses 
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were f'ound. 

Texturally the cores maintained the same mean grain 

size and sorting with deptha The carbon-nitrogen ratio 

increased with depth1 giving some indication of the altera­

tion of the plant and animal material in the sediment. 

The carbonate percentage showed neither an increasing nor 

decreasing trenq with depth. 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 6 and the absence of calcareous 

micro-organisms with depth. 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 formation. These 

sediments combine with the mangroves and underlying 

ancient shell bars to form the low-lying islands. The 

build-up of the islands is due to the entrapment of the 

inorganic material in the quiet water around the mangroves 
,. 

and also to the many mollusks which inhabit the area. 

There are four physiographic divisions discernible in 

;hoareao The maagrove barrier extends through the central 

po:t.'t ion of the etudy areao This mangrove barrier, which 
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is dissected by many tidal channels, S€parates the open 
• 

Gulf from the bay chain. The bay chain, a group of bays, 

is connected by small inlets cutting across what is be­

lieved to have been old oyster bars. The bay chain is 

bounded on the northeast by the fourth physiographic 

province, the mangrove swamp. 

The shoreline is very irregular and difficult to 

delineate. There is a diagnostic feature which could 

be used to determine the modern shoreline. This is the 

presence· of the "worm rock", which is found only on the 

outer edge of the islands and is limited to the littoral 

zone. The rock forms ledges which seem tote restricted 

by the tidal range. The "worm rockn 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 is 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 wave~ p~ay 

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 is 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 

~arbonate particles in the total sediment sample defines 

one environment not discernible from the non-carbonate 

fraction. This environment is the shoal bar, generally 

marked by a great deal of oyaters and other carbonate 

secreting organisms~ In gereral the fine material is 

located in the protected regions of the mangrove barrie~ 

and the mangrove swampo Coarse materie.l 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 shore1ine. The sedimepts in the lagoons and bays 

are, according to the classification used in this paper, 

medium grained in size ar.d poorly sorted. In the southern 

s, ion of the mangrove barrier around Rabbit Key, the 

sediment is composed oI' fine, poorly sorted material. 

I 
I' 

I, 
ti 
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The caleium carbonate in the . islands and bays was 

derived rrom oyster shells and other carbonate-secreting 

organisms. Most of these organisms are restricted to the 

Gulf side of the bays • . 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 fragments. 

The carbon content of the sediments is high as 

compared to normal marine sediments. The highest carbon 

percent is found in the fine grained sediment ot the 

mangrove swamp and the mangrove barrier. The carbon­

nitrogen ratio is large indicating a high percentage of 

plant material. 

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, illite, and an interlayered montmoril-,. 
lonite-chlorite .. The kaolinite predominates in the 

acitlic protected areas~ whereas montmorillonite pre­

C"llinates in the more normal ma.rine environmentso 

Illite iB pre~ent only in the southern end of the study · 

rre.~. f-1.nd ~.r.. 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 here. 

The Ten Thousand Islands is a region of low physical 

energy as is manifested by the swampy shoreline. The 

tidal high created in the area is responsible for the 

strong tidal currentse These currents produce the tidal 

iag 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 it 

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 energy be~auc,e of the refraction 

of the shoal and the gentle shoaling. Waves, due to 

local variable winds, are only of minor importance, but 

~aey do serve as an agitating agent in stirring up the 

71 
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tine material for distribution by the tidal currents. 

- . 
The quartz sand in the study area 11 derived from 

two different sources. The coarse quartz sand is derived 

from the ancient s·horeline in the northe This sand is 

transported and deposited in the rivers as bars, and at 

the mouths of the rivers as deltasa Finer quartz sand, 

as the result of the longshoro drift from the north, is 

deposited on Cape Romano and in the Cape Romano Shoals. 

These two sand populations become mixed in the region 

behind Cape Romano~ 

The car~onate content of the samples is a function 

of the amount c,f ~hell hash, shells and micro-organisms. 

The distributior. of the carbonate is due to the migration 

or calci um-secreting organisms, to the lag effects of 

the currents and to the population of numerous shell 

bara. 

The formation of the islands is due to four major 

factors: the ancient surface, the migration of the man­

g~oves, the fom-ation of the shoals~ and subsequent strong 

tidal curr.en+.a., Th") b\st,ory r:-f fo:"'lantion of the isla~ds 

may have been somewhat as fol:.C'F3: On the broad shelf of 

southern Florida, during a somewhat high sts.nd of the sea, 

~h~ old shoreline was formed. Off this shorel.ine there 

were many shell bars in the form ot patch reefs all 

'I ,I 

l" I 



73 

trending along the shoreline. With a lowering or the sea 

level these shell bars became shoal bars, and conditions 

became right tor the mangroves to take root on these 

bars. 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 

Shoals. 

The shoals formed a protective setting for the 

mangrove forest to take root and grow. These shoals 

also produced conditions which caused strong tidal cur­

rents to flow into the region behind them. These currents 

kept the i nlets between the original shell bars open, and 

the result of the currents and the mangrove growth is the 

dissected region or the Ten Thousand Islands. 

If the area of study were lithitied,. there would 

be a zone of fossiliferous limestone, overlain by sand 

beds in the north-central part on the outer edge of the 

study area. In an inter-zone there would be beds ot 

carbonaceous silty material and peat (some form of coal). 

This zone would be dissected by channels filled with 

coarse shell fragments~and eando The lagoon and bay 

zones would be represented by fine silt with biostromes 

present on the edges. The swemp region woulj te repre­

~~nted by coal and coa~se sand in the north, If the 

,~a1.c:t,.ll11 carbonate were all J.ePchea aw~y -~ onJ.v t.he 

i , 
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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 wuld 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 inf'ormation 

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 formation. 

,. 
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Appendix I 

Total Texture Non-Carbonate Texture 
Sample No. Mean Sorting Mean Sorting 

l 1.78 0.68 1.77 0.66 
2 2..,17 0.57 2.17 0.56 
3 3o28 3.42 4.15 2.98 
4 2.29 1.48 2.41 1.34 
5 6.27 2.30 6.27 2.30 
6 2o20 0.61 2.18 0.58 
7 3.23 2.88 4.76 2.64 
8 2.71 1,,71 2.86 1.57 
9 5.39 3.75 7.17 2.48 

10 5.39 3.75 7.17 2.48 
11 5.14 3.18 5.58 3.03 
12 6.26 3.98 7.54 2 .. 73 
13 2.44 l.91 2.68 1.81 
14 6-e80 2.88 6.96 2.72 
15 3o56 2.16 3.,77 2.07 
16 5.28 3.23 5.40 3.19 
17 2.68 2.15 3.00 1.87 
18 2~30 1.15 2.53 0.64 
19 2.,89 2o39 2.99 2.36 
20 2e96 2,,31 3.15 2.26 
21 2.06 0.76 2vl4 0.64 
22 2.25 lo39 2.66 0.68 
23 3-.68 2.97 4.00 2.69 
24 lo39 3.17 3.30 2.65 
25 3.48 2.83 4.02 2.78 
26 6.86 3.93 7.96 3.06 
27 .. 2.41 1.10 2.59 0.88 
28 3.38 3.55 4.32 3.41 
29 2o69 3.64 4o64 3.23 
30 0.45 3.42 6033 3.25 
31 0.04 lo76 2o69 0.91 
32 2.23 Oo78 2.31 0.47 
33 4.,35 2.89 4.46 2.88 
34 7.36 3o20 7.80 3.11 
35 2.78 2.38 3.05 2.36 
36 3.,77 3 .. 63 5.36 2.81 
37 7e98 3ol9 8,)00 3.11 
38 3a69 80-Bl 4>16 2.46 
39 3.09 2~"99 3-,85 2ol6 
40 3.60 3o77 5 .. 29 3o29 
41 1.89 4.61 6.16 3,.02 
42 o.s5 3n29 5 .. 15 3v09 
43 lo25 4.o06 5c25 3o77 
44 3o61 3oll 4:,37 2(\88 
45 -L,74 L,52 2.66 0,92 

I 

\1 

46 5o83 3o28 6.00 3~23 
I 47 0.63 1.74 2 .. 04 Oo54 
i' 
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Appendix I (cont.) 

r• Total 'i'exture Non-Carbonate Texture .. 
Sample No. Mean Sorting 

. 
Mean Sorting 

48 0:.53 2.16 2.46 1.64 
49 6 ,61 3o76 7.93 3Q04 
50 2-.29 o.s1 2.30 0.51 
51 5,.lJ 3~31 5,47 2.97 
52 3,74 2.36 3.95 2.17 
53 8~27 2,47 8.27 2.47 
54 4,03 2.21 4.28 2.04 
55 2,17 2o09 2.59 1.89 
56 -0.67 2.63 2.93 2.49 
57 4 .. 26 3o35 4.87 2o26 
58 
59 3:i99 1.99 4.17 1.98 
60 -1 .. 33 2.11 2o89 1.14 
61 5.18 3.21 5.47 3.rn~ 
62 4o93 2e96 5.09 0.91 
63 -0.42 1(,47 1 .. 68 Oo49 

64A 2.03 0.86 2Dl2 0$63 
64 5.09 2.95 5o49 2.'73 
65"-1- 5o63 2o96 6019 2.76 
66 2.53 2o04 2o77 lo 9'7 
67 4 "32 2o46 4 .. 48 2 .. 39 
68 4~17 2.85 4 ... 38 2.8'7 
69 2066 2 o35 4.14 2.3~ 
70 4.,.,35 2o53 4o82 2.65 1:1 

71 2.84 ·lr9::> 2086 1 .. 75 
.,, 

72 3.32 1 .. 87 3c.46 ~c,15 li,I 
1,1 

73 2<'84 0.91 2.85 0.89 ~!i 
74 3<>20 1 .. 86 3.37 lc8l 

I 

fli 

75 2,.71 1.69 2 086 1.53 
,11 

11111 

76 4.26 '?,,,77 ~-41 2.?$ 
77 5.21 2•1t46 5t174 3 .. 16 

i:111 

78 5.76 3 .. 38 6.26 3.0: 
lji 

79 2 .. 06 lt-16 2 .. 38 0068 
80 2033. J .. 52 2.78 1.26 I 

81 4. ~36 3.16 4 (>59 3,,11 ! 

82 r.o33 2.28 3.06 le96 
83 3.e09 2o75 3 .. 58 2 .. 8f 
84 3<-26 2o4l 3.,69 2 <>45 
85 4.07 ,. 2 c73 4 u35 2.'71 
86 4<>39 ?. c.66 4.,55 2.E4 
07 3 !,67 2a77 4..,.03 2 c>'76 
88 2o93 2.51 3o27 :: ... n 
89 2c-,5l 8055 3,,33 ~.,5S 

) 
90 3c-33 ~ ,;54 3 , 62 2o4Z 
91 4 ., 32 3 ~.06 4 , 47 2 .. 96 
02 :•. c02 2 , 93 3_,54 2 .. 05 
93 3u39 2o43 4o09 2,..4~ 
94 5.36 3.19 5.86 2 .. 88 f·t 

[ I, 

i 



77 

Appendix I (cont.) 

Total Texture Non-Carbonate Texture 
Sample No. Mean Sorting Mean Sorting 

95 3.96 2o69 4.73 2 .. 97 
96 3.35 2.34 3.40 2.35 
97 3.36 2.59 3.79 2.44 
98 4.98 3.67 5.79 3.24 
99 4.37 3.15 4.86 2.93 

100-i~- lo63 Oo47 1.65 0.47 ' 

lCT 2c23 1.52 a.4s 1.25 
,, 
1·1 

lCB 1.68 4o44 6.43 2.84 
,, 

2CT 5.12 2.71 5.28 2.64 
I 

2CM 8.15 2.60 8.68 1.a2 
2GB 5o05 2.83 6.07 2.83 

1:! 

3CT 4.61 3,.53 4.85 2.62 
1, 

3CM 5,.09 3.37 6.41 2.64 
3GB 4.,57 3.04 5.26 2.87 
4CT 6-.09 2ol2 6.09 2.12 
4CM 3,,42 lo26 3.42 1.26 
4CB 6c29 2&41 6.30 2.32 
5CT 2~36 0.91 2.39 0.86 
5CM 2.01 1.20 2.03 1.11 
5GB 2c56 lo50 2.60 1.46 
lWT 2o75 Oc94 2.86 01>69 
lWB 2o7l 0 096 2.73 0.95 
2WT 5 .. 32 3066 6.18 3.91 
2WB 31155 21158 3.89 2&45 1\1 

3WT 4.o92 3o37 5&48 3-ell I" ii 
3WB _ 3,.43 2.41 3.81 2c.27 j:' 
4WT 4cl4 3088 5.88 3.12 

,1;1:1:1 4WB 4,A8 3.59 5.93 2.87 
5WT 4,,37 3c-66 4.41 3.63 

1111111 

5WM 5o96 3.34 5o96 3.32 ,111 

5WB 6olJ. 3o67 6r,ll 3 ... 65 'I' 1,1 

1HT 5 .. 52 3~09 5o82 2.,99 Ir 
lHM 5o46 3.,91 7.16 2 .. 70 I 

lHB 5 o89 3,,77 6.56 2.82 i' 
2HT 7 008 2~71 7o43 2 .. 24 I I 

I 

2HM 5 ,,1'7 3c;43 6030 2.o45 j: 

2HB 6,32 3-,15 t7,,54 2e55 'I 

3HT 4 ,.: .. 2 ~ 3,56 5,,58 2 c78 
3HM 4-.,.j[.1 

,.. r, ·- 5 ,,48 2,,83 0 .'.>ie ,'. 

3ID3 5ct:i.6 3el6 5086 2,,64 
4HT 4 ,-03 2 o97 4o62 2,.59 
4HM 6 ,, 89 3 ,_37 7ri07 3c23 
4HB 6 ::, 6'3 3 06? 7,.41 2 .. 89 
5HT r;· Q • ) 3 o23 .f.,68 3,,03 t.:" i:- v..J 

5EM 2 .~80 2 :, 6(; - :5 :l '79 2,42 
5FJ3 - f"' /l ~ ,23 lo07 1,13 

·'·· ( '-' I! 
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Appendix II 
1/1 

Sample No. Caco3% caco
3
X _c~. N% C/N 

1,11 

• i 

,I 1 6.79 1.85 0.37 0.03 12.46 
2 0o06 0.53 o.os 11.19 ii 

3 17.92 0.70 16.17 0.16 98~59 111111: 

I, 4 3.64 -0,,63 2.36 0.03 97.60 ii 1,l:1 

l 5 21.81 o.77 28.00 !1lf 

6 1.91 3.22 0.41 0.03 J.5.76 
11

1

1:!i 
7 44 .. 11 1.27 -9.41 0.17 48.91 ,I, llj 

8 19055 2.07 8.41 0.12 70 .. 00 
11,;11: 
I II 

9 28 .. 44 0.91 2.53 0.11 24.16 
10 6-40 o.54 10.54 0.33 32.60 
11 llo9l 1,.88 2.03 0.06 32.20 
12 15096 0,46 8.23 0-.16 50.49 1111 I 

13 14.76 1&03 0.39 0.38 10 .. 40 
, I 

14 2~86 1.24 7.64 0.21 36.04 
15 10098 1.,82 1.43 o.os 24.67 
16 3~57 lo89 1.88 0.09 19.61 
17 9-,26 -o<-47 2.55 o.oa 31.09 
18 l9ol0 l,38 21.31 0.26 81.96 

9 4o23 0t-66 1.09 0.08 12.90 
.:::0 7o9l 0086 l.37 0.06 24.50 
21 4 <>56 0e>59 0.83 0.06 l3e50 
22 15.62 0.02 9.09 o.os 27.90 
23 9.,88 o .. oo 2.72 0.04 75.58 
24 44.28 -1.02 0.78 o.os 14.69 r· ,,, 

25 1 9~42 1~27 0.89 0.06 15.94 
\ ~ 
itfli 

26 15.07 0.68 8.47 0.21 40.,.75 'I, 
it1;;;, 1 

27 l7e>30 1.52 0.16 0.03 4 .. 70 iilij(i 
28 27.49 o.92 17.46 0e24 72.14 .,,H1 

29 39.93 -0(,38 l ·c:66 0.09 19.03 11
1il: I 

30 81.93 -0 .. 85 0c88 0.06 14.33 1

11! I 
31 94002 -0.13 0e82 0.07 11.92 I i 
32 1.69 -2.41 0.12 0.01 17.71 ,I 

33 4.10 2 .. 20 9.04 0.31 29.15 
I 

34 3ell -0c-.36 2lo31 0.77 27.34 
35 13045 1~00 2o2l 0.19 11.82 
36 28.,93 -0~1s lo52 0.1s 9.74 
37 0\:36 o .. oo 20.96 Q.,77 27.18 
38 9e92 -0 ., 61 23.69 0.46 51.30 
39 2lo69 0138 3c56 0.23 15.41 
40 36089 0~71 3.56 o.s1 6.15 
41 54~44 -~.068 4c56 0.09 4.8.45 
42 76 .. 5'7 -0c83 2.47 0.12 24.05 
43 er .,4:.. -1 .. 16 1.46 o.os 27.47 

2.f, ('ql 0-c-35 1.25 0.04 z,5 c>57 
__ , '?4o05 -2 .. 01 3.74 0.14 26.48 
46 4..., 96 2 ! 62 3to62 o.os 43 .. 66 
47 51 ... 33 -0o71 0.56 0.01 40~40 
48 62.,'73 - 0(>62 0.46 0.03 15,93 Pl 

1,I'• 

1, 
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II Appendix II l'I 

Sample No. CaC03% caco3X c% N% C/N ill 
l:i, 

Ii! l . 49 22.03 2.28 22.96 0.94 23.00 
11. 50 l.61 1.58 0.45 0.04 10.50 111 
i1/ 

\ 
51 6.9.0 -0.31 9.68 0.38 25.10 [i' 

52 5.65 -0.21 4.25 0.24 17.86 11li:11 
•"I' 

53 OoOO 23.75 0.14 16.00 1:i::1 :11 

54 8074 1.38 8.66 0.44 l0o8l ·•111, 

1
11 1:'

1 

55 15.,24 -0.18 1.26 0.04 30068 i!iJ 
56 74~94 -1.86 l.68 0.06 27.67 I, 

57 171)19 lo32 3.65 o.oa 4o50 
58 lOOoOO -6.00 ---- -----
59 15.72 2.55 2.38 OrOO 23.70 
60 88060 -1.87 ·6.77 0.03 22~ss 
61 6&48 1.00 9.25 0.04 32.68 , I 

62 5-,96 2.23 2,46 o.oa 31.22 
63 77/)91 -L,01 0.11 0.02 s.29 
64A l2e28 1.38 Oc45 o.oo ----
64 9.91 1.42 8.78 0.1s 54.20 
65* 15.39 2.53 5.52 0.12 46e80 
66 13078 1.05 1.os 0.03 35.00 
37 5068 1.69 1.45 o.os 23~40 
68 10.57 2.58 2.76 0.02 137.75 
69 53.72 1.39 1.46 0.04 36.50 
70 22.94 2.83 4.09 0.09 44.00 

ii I 
71 7.54 2.52 2.97 0.03 102.30 ii' 

72 35.34 3.os 1.03 0.04 24"'97 
I 

73 5.61 2.1s 0~13 0.01 10.20 
74 13.46 2.11 o.77 0.02 32.00 I ' 

ji11 ,I [• 

75 8.16 - 1.06 0.47 0.33 14.15 !l!i;III 

76 s.45 1.06 2.83 0.06 44.22 1:1 1: 

77 10.04 Oo42 4.03 0e05 75.60 I' I 

78 8071 0.49 St164 0.12 46~40 ii lif 

79 14~67 0~1a Oal2 0.03 3o34 111 

80 2J.o0.'.3 Oo61 lol5 o.os 24.50 :1 

'I 81 J.l:195 J.e78 2.03 o.os 41.40 ii! 

82 23 .. 14 -0.12 2ol8 o.os 44e40 I 

r 83 25077 lc68 lo9l o'Dos 40970 Ji 

84 24-:08 1.90 2"04 0.07 26057 1{1 
85 11?36 l.,91 4o57 --~- Ir 
86 ?e58 21156 lo'70 o.os 32.75 11 

87 l.4a36 J.o56 2(195 Oe09 32.41 111 

88 l.2o!36 Oo51 1-,86 o~os 21.03 
,1,,1, 

1111: 89 2~h .. O:i. 0.,51 2Q39 Oall 22050 , L 

90 10'!'•12 0(119?. 3e69 Oo03 101092 i> I 
91 3';)·~1 0<;.~1 2.,59 Oo04 53090 

ii 
II '

1 

, GJ. :> I>, -0.,60 2<:59 Oo04-- 73090 I 
' 

.,.5 200?.l :1. ,_60 4"62 0.04 1:.0..,Gl 
94 0~53 0:.i66 9c,0:.3 Q,.,14 E4 - G?. 
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li:i: Appendix II (cont.) II I Iii' 

Sample No. CaC0:5~ Caco3X cy, N!( C/N pS 
II 

i"1 • 

lii:ij 95 33.64 2.43 1.09 o.os 20s98 
96 5.96 1 .. 67 2'"50 o.os 51 .. 08 (I 
97 11.85 o<,30 4~97 0.06 73.10 1i:i1 

1ilj: 
98 14.68 Oo28 6c26 o.os 75.10 . I 

I 99 11.54 0.62 2o53 Ool9 24.30 l',11!; 
J11,: 

100~ 18.62 1.51 ....... ---- ---- i i'II 
lCT 1'7.54 1.03 10.84 0.11 99-.50 7.2 11:11: 

lCB 61.91 -1.23 8.34 0.12 70,07 7.0 11

1

:i:
1 

·, 
2CT 4.51 le55 6 .. 34 0.14 45.30 7.2 
2CM 8.84 2.58 10022 0.14 72.24 7.1 
2CB 32.93 2c.98 60.89 - o.os 63.00 7.2 
3CT 10.01 2.46 3.15 0.04 68.19 6.9 
3CM 24.89 1.oa 3.12 0.04 82.15 7.2 , I 
3CB 20.21 le84 3.22 0.03 94.60 6.8 
4CT 00.00 ----- l0e69 0.11 es.10 7.9 
-iCM 00.00 

,_ ___ 
11&73 0.06 195.50 6.8 

4CB 0.1s ----- 15.28 o.o7 219.29 6.7 
5CT 2.49 0.89 1.s1 0.03 62,20 7.6 
5 5.64 1 .. s1 2.84 0.04 81.05 7.0 
5"-.., 2.27 0.95 2.es 0.01 237.50 6.9 
lv.!T 6.35 1.,00 lo07 0.03 36t.O0 7.1 
lWB 1.95 lo53 6029 0.06 98.20 7.2 
2WT 15.59 Oc.63 9.o84 0.::..3 76ca30 7.1 
2WB 7.52 0 .. 63 6.90 0&05 153035 6.8 
3WT lle59 0.70 10.l.3 ,· 0&04 2:J.f c,.45 ?.l 
3WB 13.83 1.09 6.95 OQ07 1oi~'73 6.9 
4WT 29.29 Oe07 5,,91 0.17 50042 7al 1f ,,11,1 

4WB 27.36 0.63 5G56 0.11 32.:-89 6,8 i1l1 

'111 5WT 0.69 o.oo Oo-91 O.e07 26;.,91 7.2 I 
' 

5WM o.o~ ---- 12.44 0"05 24!3o30 6.8 : ~I 5WB o.,o ----- 6.84 o.04 rll(>OO 6.0 11,I 

lHT e~o4 2.07 14.,04 . 0.04 127.,50 7.8 Iii 
1ml 28.06 0,,10 13.96 0.16 84050 7.1 !! 
lHB 18.68 •Oo20 18~76 0&15 112.00 €.9 
2HT 4.88 Oo34 18Q88 0.11 174 .. ,00 7.1 I 

ii 2HM 17.44 -0.21 10.33 0~04 215,00 7.1 '( 2RB 16.91 -0.15 8.91 Q,,01 ,.rn .10 7.3 11 

3HT 27.60 0 .. 29 6.'76 0()05 l3OcOO 6.9 [11 :I 
3HM 26.28 lr-:ii7 4.44 0.05 98e70 6.,8 11 

ii,' 

3HB 12.56 Oo29 4086 0.04 1or," 70 7.1 I i I ~ ' 

4liT lS .. 66 0_27 3.J.3 0.07 •Uo20 7 .?, ;:11 

4RM 2 .. 75 o.61 0.'!5 o.os 9o50 6.8 ii 
4fil3 10"37 -o~oa 1.39 0.03 4~?..00 6.5 Ii 
c:;- .... 16"<33 0~51 6.91 Oo34 ?.C.,32 6.9 
" 

l,1, 

b ___ .• 37 ~?.7 1~21 4 ,.85 0.13 38~'50 s.!)s IJ J! 
SHB oo"co 0J!i3 ·0.18 (-;.C v7J f,6 Ii' 

I/ 
11 
;11 

''I'. 

I 
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Appendix III !:ii Sediment Types q 

1'1 

:;11
1 

Sample No. % Shell % Sand % Silt % Clay Sed0 Types 
]., 

11 
' l 00.00 100000 00.,00 00.00 Sa.nd I 2 00.00 100000 00.00 00 .. 00 Sand j; 

I 
1111 ) 

3 9.12 64.23 19.74 6,,94 Silty Sand 
4 1.97 93038 2~34 0.28 Sand i1I: 

5 0.,17 7,,84 77.04 15.04 Silt :!1(1: 

6 0.02 99.98 00.,00 00.00 Sand !ll11 

7 6.05 70049 18.72 4o74 Silty Sand 
11

1
1! 

8 2.64 87.23 9.67 0.,44 Sand !1 

9 4.54 26 .... 78 51.45 17.45 Sandy Silt .d 

10 00.,00 11,.04 86 .. 32 2o62 Silt -11 Oo78 57o,82 36.39 14 .. 9'6 Silty Sand ! 
12 5.57 26.97 60037 23~87 Silt H 13 1.95 9411,24 3.23 2o52 Sand 
14 00 •. 00 llo95 63.87 24.18 Silt I, 

15 1.91 80034 15e55 2 .. 19 Sand 
16 0.14 54,.34 26.66 15.82 Silty Sand 
17 4.69 83c-80 10.11 1.38 Sarni 
18 4e34 95~66 00.00 OOaOO Sand. 
1 . 0~73 86059 7~59 4 .. 84 Sand 
20 Oo.62 86e75 8.85 3o76 Sand 
21 0.42 99._,57 o.os 00.00 Sand 

1, 
22 5.17 93.92 Oo9l 00.00 Sand 1

1
.:, 

23 4c4l 71.51 l7e5l 6,,.59 Silty Sand I 
24 28076 63033 2,,.92 4o97 Shelly Sand ,,1' 

111, 

25 3.41 71 .. 94 18,18 5o73 Silty Sand I 

26 3.02 2lo37 29.34 39e24 Sandy Silt ,II 
27 1.05 97 a,28 1 •. 57 0.07 Sand :1111: 

28 8099 65.28 l4o5l llo2:.. Silty Sand 
29 13083 62.69 15.25 8 .. 23 Sh Si Sand 
30 47.81 40070 6977 4 .. 51 Sandy Shell 
31 32.91 66033 0.76 00 .. 00 Shelly Sand 
32 1.58 98 .. 32 00 .. 00 00.00 Sand 

111 
33 0.32 67.16 17e76 12 ., 86 Silty Sand 

··1 
34 00.00 17034 42.03 40s63 Silt 

I. 35 2.21 68,,70 26.81 2.91 Silty Sand 
36 11.61 50.51 30 ... 22 7066 Sh Si Sand r I I 

37 00.00 J.8039 30.-54 51 .. 06 Silty Clay I, 

!1 
38 4~28 5] -,87,. 25a87 lo83 Silty E\and 

ii:" 39 6"81 71.90 13.,97 7.,31 Silty Sand 
40 13.84 55.01 20.,04 llel5 Sh Si Sand 

I! 41 41.59 25.59 21.94 10.88 Sd Si Shell 
42 38059 48c69 9.,18 3.04 Sh Si Sand 1 • 

43 37053 47.,41 6 .. 14 8 .. 92 Silty sa .. 1d i: 

'I' 44 3,.38 76,89 17c4l 3,,53 Sjlty Sand l!!i 
45 81.52 18.40 00.00 00-.00 Sb0ll H 46 0(')03 45.16 30.29 '.34,54 Sandy Silt 

11!
1 

il 1'i 
i'' 
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Appendix III (cont.) 
11 

Sediment Types I 

Sample No. % Shell % Sand % Silt % Clay Sed. Type 1\1 

• 
111 

47 25.88 74rll 00(100 00.00 Shelly Sand I 
48 26.91 57.89 14.45 0.76 Sh Si Sand 

1111 

49 00 .. 00 24045 50.93 34.72 Sandy Silt 
50 0.07 99.83 OOoOO 00.00 Sand I 
51 3.07 24.99 59.02 12.92 Sandy Silt I 

52 2o49 72.67 2lo06 4.38 Silty Sand 
!!\! I · 53 00.00 00.00 73.64 26.37 Clay Silt 

54 OOoOO 66049 28.46 5.03 Silty Sand 11

1111 

55 5.89 87.56 4.06 2.49 Sand 1:1.: 

56 60.83 35.78 1.60 1.79 Sandy Shell 
57 1.06 69.37 13.05 16 .5.5 Silty Sand 

·~ 58 100.00 00.00 00.00 00.00 Shell 
59 0.74 56.33 39.04 4.00 Silty Sand 
60 0.41 521115 30.09 - 17.34 Silty Sand I 
61 73.35 26.65 00.00 00.00 Sandy Shell I 
62 0.64 61.51 22.72 15.15 Silty Sand 
63 41.32 58.68 00.00 00.00 Shelly Sand 
63A lo30 98.70 00.00 00.00 Sand 
' 4 1.78 48.27 49.94 10.13 Silty Sand 

....Js~~ 1.68 39a70 46.13 12.50 Sandy Silt 
66 2.26 89.59 5.88 2.27 Sand 
67 0.49 66.59 27.74 5.23 Silty Sand 
68 0.87 69 .. 56 21.83 7.74 Silty Sand 
69 5.59 77c33 15.92 1.15 Silty Sand 
70 0.16 64043 31.21 5.,23 Silty Sand 
71 0.16 89 .. 71 8.59 1.58 Sand 
72 1.15 85 .. 60 10.58 2.74 Sand h· 

- ,,11: 

73 Oo08 99.92 00,..00 00.00 Sand Iii\:: 
74 1.36 87003 6036 3.35 Sand 1:1 

75 0.69 92.66 3.71 0.94 Sand 
"' I'' 

76 Oo25 59e23 30.99 9,.59 Silty Sand 1i:1 ii, 
77 0.36 44.17 40053 l4e94 Sandy Silt 

1111: 

78 2.56 31.57 65.89 00 .. 00 Sandy Silt 
Iii 79 3.26 95.58 lol5 00.00 Sand 

80 2.98 86067 12.36 OOoOO Sand 
1

1

1: 81 1.89 66.82 22.23 9.85 Silty Sand 
82 7.00 78.32 13.77 0.90 Silty Sand I, 

[i,I 
83 3.56 75.73 23.71 5 .. 84 Silty Sand 1., 

84 lo70 80.1'3 13.32 4.44 Sand 
85 00.00 69.94 21.85 8021 Silty Sand 
86 0.29 57.91 31.96 9 .. 84 Silty Sand 
87 1~11 76.89 l6ol4 6t-96 Silty Sand 
88 3.81 82.73 8.23 5.21 Sand 

9 2~53 78.39 15025 3-,84 - Silty Sand 
_J 1.68 81.56 11.19 5.58 -Sand 
91 0.-89 50.19 28 ... 27 llo64 - Silty Sand 
92 19.82 69 .. 54 7.33 3.31 Sh Si Sand 
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Appendix III (cont") ! 

Sediment Types I 

Sample No. fo Shell % Sand fo Silt fo Clay Seda Type 
11 • ,I 

93 1.15 74c97 20.73 3 ... 15 Silty Sand 
94 00,..00 39 .. 19 52.17 8.64 Sandy Silt 
95 Oo40 72.,14 19.19 7.,57 Silty Sand 
96 0~39 79g73 16.29 3.59 Silty Sand 
97 lo97 71 ... 52 23000 3.,53 Sili;y Sand 
98 5ol6 45046 31.46 17~93 Silt:;y Sand 
99 3el9 55.12 33ol7 8.,49 Silty Sand 

100-1...i~ Oo09 99g91 00.00 00.00 Sand 
lCT 1.78 98,.22 00.00 00.00 Sand 
1GB 43,i,37 2 7 C)83 25019 3.,54 Sd Si Shel:. lii1 

2CT 00,,00 56..89 32 .. 73 10,-38 - Silty Sand I 

2CM OOoOO 10069 89c41 27059 Silt I 

2GB 1.04 47063 38081 12.55 Sandy Silt 11: ! I 

3CT 0.16 6lo48 32.06 6 <>31 Silty Sand I, 

111 
3CM 00,:-00 37.75 53044 a.so Sandy Si 1_t 
3GB 3o43 51 .. 39 35.62 9.56 Sil-!; 
4CT 00 ... QO oo~oo 89086 10:>19 Silt 
4CM OOuOO 95.,39 4.61 00 .. 00 Sand I 
I ' OOuOO 11.19 738-94 14 .. 86 Silt 11 

bv.J.1 0.-16 98,.09 L,67 Oo07 Sand 
5CM Oo28 97.63 1.67 0'.>41 Sand 
5GB Oo09 94~07 4o71 1.,13 Sand 
lWT L,64 96.,64 1 .. 73 00,.00 Sand I 

lWB 00.00 95.65 4c23 0-,13 Sand i'' i! 
2WT 4.24 45051 3lal2 J_9c 13 -Silty Sand I 

2VJB 1 ,,83 68 ,,57 24049 5 :-- 11 Silty Se.nd 
3V!T 2('87 54ol0 27.64 17~38 Silty Sand 'l ,, 

3\fJB 2 .. 39 80.88 llol7 5.53 Sand i' 

4WT 8062 44 ... 78 35.38 llo22 Sil:cy S~nd 
4WB 7.06 44.69 35e79 12045 Silty Sand 
5WT 0.13 68t105 l2e86 18,,96 Silty Sand 
5WM 00.00 40.31 28062 3lo07 Sandy Silt 
5WB 00.00 48.,49 14.93 36057 Sandy Silt 
lHT Oo20 42()04 39087 17~88 Sandy Silt 
lHM 4.,66 3lc.82 45.07 18.42 Sandy Silt 
1HB 7 .. 26 42.34 36.27 14.13 Sandy Silt 
2HT L ,07 8 .. 49 77.78 12.66 Silt 
2HM 2.,79 22,.92 61.29 9u88 Sandy Silt 
2HB 6.15 15.-,?l.7 53.60 25.,18 Sandy Silt 

3HT 9.,32 44,,91 39.30 6 .. 46 Sh Si Sand 

3HM 3.32 48.92 37.95 9.81 Silty Sand 
3HB 3,,62 30 .. 21 54022 11,94 Sandy Silt 
4HT 4.67 55o-6l 30.03 9o69 Sili.;y Sand 

\ Q,,87 25 .. 15 32.08 4J_., 99 Sandy Silt 
~ .. .d 4,.72 21.48 45025 28055 Sandy Silt 

-5HT 00~00 65 ,,55 26.51 s .. 91 Silty Sand 



Sample Noc 
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5T;IB 

' 
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Appendix III (cont.) 
Sediment Types 

% Shell % Sand 

72.68 
100.00 

% Silt 

20046 
OOoOO 

• 
5 .. 65 

00.00 · 

% Clay Sed. Types 

lc21 
00.00 

Silty Sand 
Sand 

• ~ Samples taken on the offshore grid 
~r Sample taken on the beach of Tiger Key 
T Top of core 
M Middle of core 
B Bottom of core 

I' 

I, 
I 
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