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Florida Inner Continental Shelf Sediments 

The inner Continental Shelf off eastern Florida between Cape Canaveral and Georgia was 
surveyed to obtain information on bottom morphology and sediments, subbottom structure, and 
sand deposits (borrow sites) suitable for restoration and nourishment of nearby beaches. Primxy 
survey data consist of 1,153 statute miles of high-resolution seismic reflection surveys and 197  
sediment cores. 
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The major structural trend in the study area shallow subbottom is a broad coastal plain high 

consisting of truncated strata judged to be of Eocene and Miocene ages. Overlying strata not 

affected by the high are late Miocene to Holocene in age and are characterized by a predominant 

eastward dip, common occurrence of internal bedding features, and filled erosional channels. The 

Pleistocene and Ilolocene sediments disconformably overlie late Tertiary sediments which crop out 

in many places north of St. Aupstine, Florida. The dominant lithology of both surficial and 

shallow subsurface strata is quartz sand. Detl-ital accessory silicate minerals, carbonates, and 

phosphorite comprise the remaining 5 to 10  percent of the sediments. Surface exposures and 

near-surface occurrences of Tertiary unconsolidated quartzose sands are recognized by diagnostic 

microfauna or dolomite silt matrix. 

Quaternary sediments are unusually thin and discontinuous. The paucity of recognizable 

Pleistocene fluvial deposits in this region and the thin nature of the Holocene sand blanket suggests 

that shelf sands were derived in part from transgressive erosion and that Georgia streams supplied 

little material to the inner shelf. 

Sand suitable for beach restoration and maintenance on the adjacent north Florida coast occurs 

abundantly in places on the inner shelf. Ten potential borrow sites and an additional 21 possible 

sites have been delineated, each comprising a sand reserve ranging in volume from 5 to 17'8 million 

cubic yards, all within 13 nautical miles of the coast. Underlying quartzose Tertiary deposits 

contain an estimated 100 billion cubic yards of sand. 

Filled erosional channels in shallow subbottom strata, especially north of Jaclaonville, and the 

occasional occurrence of sinkholes, complicate generalization of foundation conditions. Clays and 

cohesive sandy silts occur throughout the area in various stratigraphic associations. The character 

and strength properties of these fine-grained deposits are variable; however, soft watery clays, 

usually interbedded with fine sand, are most common in the area from Jacksonville to Georgia. 
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PREFACE 

This report is one of a contiri~ting series whicli describes results of the Inner Continental 

Shelf Sediment and Structure (ICOIYS) study. One aspect of the ICONS study is locating 

and delineating offshore sand and gravel deposits suitable for beach nourishment and 

restoration. Tllc work was carried out under the coastal processes program of the U.S. Army 

Coastal Engineering Research Center (CERC). 

Edward 1'. Meisburger and Micllael E. Field, CERC geologists, prepared the report with 

the assistance of Dr. David B. Duane, former Chief, Geological Engineering Branch, and his 

successor Dr. William R. James. As part of the research -pmgmrn of the Engineering 

Development Division, the ICONS stud) is under the general supervision of 

Mr. George M. Watts, Chief of the Division. The field work iilvolving coring and continuous 

seismic profiling was accomplished under contract wid1 Alpine Geophysical Associates, Inc. 

Discussions wit11 S. Jeffress Williams of the CERC staff were helpful in preparation of the 

study. bliss Ruth Todd and Mr. J. E. Hazel of the U.S. Geological Survey, provided 

important data on die fauna and geological age of sediments in several core samples. 

Microfilm copy of all seismic data are stored at the National Solar and Terrestrial 

Geophysical Data Center (NSTCDC), Rocl,ville, Marl-land 20852. Cores collected during the 

field survey propam are in custody of tile University of Texas at Arlington, Arlington, 

Texas 76010, under agreement with CERC. Requests fur information relative to  these items 

slzould be directed to  NSTGDC or the University of Texas. 

Cornments on this publication are invited. 

Approved for publication in accordance with Public Law 166, '99tll Congress, approved 

31 July 1945, as supplemented by Public Law 172, 88th Congress, approved 7 November 

1963. 

C o m m a n d e r  and Director 



CONTENTS 

111 

APPENDIX 

A 

B 

Page 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1 . Bacligound . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2 . Field and Laboratory Procedures . . . . . . . . . . . . . . . . . .  8 

3 . Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IbO 

4 . Hydrograph]- . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

5 . Stratigraplly and Geologic History . . . . . . . . . . . . . . . . .  16 

. . . . . . . . . . . . . . .  6 . Coastal Morpllology and Development 19 

7 . Regional Marine Geology . . . . . . . . . . . . . . . . . . . . . .  21 

GEOMORPHOLOGY AND SHALLOW SUBBOTTOM STRUCTURE O F  
THE CONTINENTAL SHELF . . . . . . . . . . . . . . . . . . . . .  21 
1 . Continental Shelf Geomorphologj . . . . . . . . . . . . . . . . .  21 

2 . Shallow Subbottom Structure and Bedding . . . . . . . . . . . . .  25 

SURFACE AND SUBBOTTOM SEDIMENT CHARACTERISTICS AND 
DHSTRIBUTION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 
1 . Inner Shelf Sediment Characteristics . . . . . . . . . . . . . . . .  4 1  

2 . Sediment Distribution on the Inner Shelf . . . . . . . . . . . . . .  56 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  DISCUSSION 6 7  
1 . Sllallow Subbottom Stratigraphy and Structure . . . . . . . . . .  67 

2 . Sources of Inner. Shelf Sediments . . . . . . . . . . . . . . . . . .  12 

3 . Origin of Area Beach Sediments . . . . . . . . . . . . . . . . . .  7'7 

4 . Inner Shelf History . . . . . . . . . . . . . . . . . . . . . . . . .  79 

SAND RESOURCES ON THE NORTH FLORIDA INNER SHELF . . 81 
. . . . . . . . . .  I . Sand Requirements for the North Florida Coast 81 

. . . . . . . . . . . . .  2 . Comparison of Beach and Offshore Sands 83 

. . . . . . . . . . . . . . . . .  3 . Potential Offshore Sand Resources 88 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SUMMARY 9 7  

. . . . . . . . . . . . . . . . . . . . . . . . .  LITERATURE CITED 100 

. . . . . . . . . . . . . . . .  SELECTED GEOPHYSICAL PROFIEES I 09  

SIZE DATA O F  OFFSHORE CORE SAMPLES DESIGNATED AS 
SUIlTABLEMATERIALFORBEACH RESTORATION . . . . . . . .  P%6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  FAUNAL LHSTS 118 



TABLES 

Page 

. . . . .  Generalized upper Eocene to Holocene stratigraphy of northern Florida 18 

. . . . . .  Tentative correlation of seismic refraction layers and reflection units 40  

. . . . . .  I. tthologic classification of major sediment categories in north Florida 46 

Stratigrapllic summary of reflection units . . . . . . . . . . . . . . . . . . . .  71 

. . . . . . . .  Areas and estimated cluantities required for beach erosion control 8 3  

Median sieve diameter of composite samples for three north Florida 
counties by position on profile . . . . . . . . . . . . . . . . . . . . . . . . .  841 

Summary of potential borrow areas near designated coastal communities . . . .  89 

FIGURES 

General map of the Florida peninsula showing location of the s h d y  area . . . .  11 

Survey traclilines and core locations. Fernandina to Jacltsorlville . . . . . . . . .  1 2  

Survey traclilines and core locations. St . Aupstine area . . . . . . . . . . . . .  1 3  

Survey tracklines and core locations. St . Augustine t o  28'55'N . . . . . . . . . .  14 

Survey traclilines arid core locations. 28'55'S . to  Cape Canaveral . . . . . . . .  15 

Generalized bathymetry of the East Coast Shelf off north Florida . . . . . . . .  22 

Idealized profile of the Continental Shelf showing major geornorpliic elements . 23  

Representative shelf profiles from the north Florida East Coast Shelf . . . . . .  24 

Plioto reproduction of selected sections of seismic reflection profiles . . . . . .  26 

Photo reproduction of selected sections of seismic reflection profiles . . . . . .  29 
Location of schematic profiles presented in Figures 1 2  and 1 3  . . . . . . . . . .  29 

Schematic shore-normal profiles showing typical subbottom reflection patterns 30 

Scllematic sllore-normal profiles sllowirig typical shallow subbottorn bedding 
and structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  

Schematic shore-parallel profile sl~owirlg configurations of primary reflectors 
and reflection units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

Contour map of red reflector (nortl~ part) . . . . . . . . . . . . . . . . . . . .  33 

Contour map of the red reflector (south part) . . . . . . . . . . . . . . . . . .  34 

Contour map of tlle wl~ite primary reflector . . . . . . . . . . . . . . . . . . .  3 5  

Contour map of the green primarj- reflector (north part) . . . . . . . . . . . . .  38  

Contour map on tile surface at tlie g c e n  reflector (south part) . . . . . . . . . .  39 

Line profile reduction of seismic reflection profile line J. Fernandilla grid area 42 



Page 

Line profile reduction of seismic reflection profile line A. Jaclcsonville grid area . 43  

Photos of typical type A sediment samples . . . . . . . . . . . . . . . . . . . .  45 

Photos of typical type F sediment samples . . . . . . . . . . . . . . . . . . . .  
Photos of type G sediment samples . . . . . . . . . . . . . . . . . . . . . . . .  
Photos of type L sediment samples . . . . . . . . . . . . . . . . . . . . . . . .  
Photos of type M sediment samples . . . . . . . . . . . . . . . . . . . . . . . .  
Surface distribution of sediments on the north Florida shelf . . . . . . . . . . .  
Surface distribution of sediments on the north Florida shelf . . . . . . . . . . .  
Map of the Georgia border t o  Jaclisonville area . . . . . . . . . . . . . . . . . .  
Shallow shelf stratigraphy along lines E and J in the Fernandina grid . . . . . . .  
Shallow shelf stratigraphy along lines A. E. and G in the Jacltsonville grid . . . .  
Bathymetric map of the inner shelf near St . Johns Inlet . . . . . . . . . . . . .  
Map of the Jacksonville t o  St . Augustine area . . . . . . . . . . . . . . . . . .  
Sl~allow shelf stratigraphy along lines E and J in the St . Augustine grid . . . . .  
Lithostratigrapliic correlations between St . Aupstine and Daytona Beach . . . .  69 

Litilostratigaphic correlations between Daytona Beach and Cape Canaveral . . .  70 

Weight percent at acid soluble material. median grain size. and sorting of 
sediment samples for east coast beaches of north Florida . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . .  Map of north Florida sllowing erosion conditions 82 

Comparison of the distlib~ttion of beach and slielf sands . . . . . . . . . . . . .  85 

Potential offsllorc sand borrow areas off the Fernandina-Jaclisonville area . . . .  90 

Potential offshore sand borrow areas between the Jacksonville area and 
Matanzas Inlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 

Potential offshore sand borrow areas between Matarlzas Inlet and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Day torla Beach 92 

Potential offshore sand borrow areas between Daytona Beach and 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cape Canavcral 9 3  



CEOMORPIIIOLOGY, SHALLOW STRUCTURE, AND SEDIMENTS OF THE 
FLORIDA INNER CONTINENTAL SHELF, CAPE CANAVERAL TO GEORGIA 

bJ 

Edward P. Meisburger and Alichael E. Field 

I. INTRODUCTION 

1. Baeligouatd. 
Ocean beaclies and d ~ ~ n e s  constitute a vital buffer zone between the sea and populated 

coastal areas, and also provide nlucll needed recreation areas for the public. The 
construction, improvement, and maintenance of beaches througli tile artificial placement 
(nourishment) of sand on the shore is one of several protection methods. This technique has 
gained ~ronninence in coastal engineering largely. as a result of the successful program 
initiated at Santa Barbara, California, in 1938 (Hall, 1952). 

Wilere a slxcified plan of improvemerit involves shore restoration and periodic 
nourisl~rnent, large volumes of sandfill rnaj be needed. In recent years it 3ias become 
increasingl~ difficult to  obtain suitable sand from lagoonal or inland sources in sufficient 
quantities and at an ecoriomical cost for beach fill purposes. This difficulty is due in part to 

increased land value, diminution and depletion of previously used nearby sources, arzd added 

cost of transporting sand from areas iricreasingl? remote. Material composing tlle bottom 

and subbottom of estuaries, lagoons, and bays, is often too fine-grained and unsuitable for 

long-term ~rotect ion.  Regardless of the source of replacement material, the loss of some 

fines is inevitable as replacement beach sediment seelts equilibrium with its environment. 

However, it is possible to estimate amount of material that will be lost through sorting in 

the surf zone b) cluatititative comparison with the native material and therefore minimize 

losses tllrougll selection of the most suitable fill material (Krumbein and James, 1965; 

James, 1954). 

The problem of locating suitable sand supplies led tlle Corps of Engineers to  a search for 

new ~znexploited deposits of sand. Tllc search focused offshore with the intent t o  exl)lore 

and inventor) deposits suitable for f~i ture  beach fill requirements. This exploration program 

is conducted tllrough the U.S. Army, Coastal Engineering Research Center (CERC). 

In 1964, a yrogam was initiated to  surve) offsliore regions of the Atlantic, Pacific, gulf, 

and Great Laltes coastal areas t o  delineate the eliaracter of sand de~msits. Formerly called 

the Sand Inventorj Program, it was begun with a survey off tlie New Jersey coast. 

Subsequent survepa have included the inncr Continental Slielf off Florida, New Englaild, 

New Yorli, Marl land, and parts of Nortli Carolina, Delaware, Virginia, and California. 

Recogilizing a broader application t o  the CERC mission of illformation collected in conduct 

of the research, the progarn is now referred to  as tile Inner Continental Sllelf Sedirneilt and 

Structure h o g a m  (ICONS). The ICONS program is directed not only towards mapping of 

sand deposits suitable for beac11 restoration but also delineation of shelf structural 



cllaracteristics (Meisburger and Duane, 1969), analysis of shelf history and sediment sources 
(Duane, et al., 1992; Pilliey and Field, 1992; Field, 1944) and determination of regional 
engineering properties of shelf sediments (Williams and Duane, 1972; Field and Duane, 
1992: Williams, 1993). - - 

An early study b j  the Corps of Engineers in evaluating techniques for transferring 
offshore sand t o  the beach is described by Mauriello (1969). This experiment at Sea Girt, 
New Jersey, involved dredging of 250,000 cubic yards of sand by use of the hopper dredge 
Geothuls at a location 2 miles offshore from the beach segment to  be restored. The loaded 
dredge, which had a pumpout capability, docked alongside an anchored barge and the sand 
was pumped ashore through a submerged pipeline. 

At Redondo BeacIi, California, in 1967-68, tile U.S. Army Engineer District, Los 
Angeles, contracted dredging of over 1.4 million cubic yards of sand from offshore in 40  
feet of water and transfer t o  the beach. The dredging contractor used a 16-inch hydraulic 
dredge with powerful water jets for agitation in lieu of a normal cutterhead on the ladder. 
These operations as well as others conducted in open-ocean inlet mouths and in Long Island 
Sound and along the @If coast have demonstrated the feasibility of using offshore marine 
and lake deposits for beach restoration and periodic nourishment operations. 

2. Field and Laboratory Procedures. 

The exploration phase of the ICONS program uses seismic reflection profiling 

supplemented by cores of the marine bottom. Additional supporting data for the sbdies are 

obtained from I\iational Ocean Survey (NOS) hydrographic smooth sheets and pertinent 

publislled literature. Planning, seismic reflection profiling, coring, positioning, and analysis 

of sediment obtained in the cores are detailed in Geomor~~lzology and Sediment 

Cllaracteristics of the Nearshore Contznenlal Shelf, Miami to  Palm Beach, Florida (Duane 

and Meisburger, 1969). However, a brief description of techniques follows: 

(I. Planning. Survey trackclines were laid out initiallj in grid or reconnaissance lines. A 

grid pattern (line spacing of about 1 or 2 statute miles) was used to  cover areas where a 

more detailed development of bottom and subbottom conditions was desired. 

Selection of core sites was based on a continuing review of the seismic profiles as they 

became available during the survey. This procedure allowed core-site selection based on the 
! 

best information available; i t  also permitted the contractor to complete coring in one area 

before moving his base to the next area. 

b. Seisnzic Reflection Profil~ng. Continuous seismic reflection profiling is a tecllnique 

for delineating subbottom structures and bedding planes in sediments and roclis underlying 

water-covered areas. Continuous reflections are obtained by generating repetitive 

high-eneru, sound pulses underwater near the water surface and recording "echoes9' 

reflected from tile bottom-water interface, and subbottom interfaces between acoustically 

dissimilar materials. In general, compositional and physical properties which commonlj 
differentiate sediments and roclis also acoustic contrasts. Thus, an acoustic profile 

is roughlj comparable to  a geologic cross section. 



Seismic reflection surveys of niarine areas are made b! towing sound-generating sources 

and receiving instruments bellin;: a sur\ e\ \ essel which follow predetermined survey 

tracldines. For continuous profiling, the sound source is fired at a rapid rate, and returning 

signals from bottom and subbottom interfaces are received b) one or more hydrophones. 

Returning signals are amplified and fed to  a recorder which grapllicall! plots the two-way 

signal travel time. Assuming a constant slteed for sound in water and shelf sediments, a 

vertical depth scale can be co~istructed to  the chart paper. Horizontal location is obtained 

b~ frequent (%-minute intervals) navigational fixes lteyed to  the cliart record b) an event 

marker. 

A more detailed discussion of general seismic profiling tecllniques can be found in several 

technical publications (E~Ylng 1963; Hersel, 1963: Qliller, Tirey, and Alecarini, 1961: Moore 

and Palmer, 1968). 

Seismic reflection profiles for this stud! were made with an Alpine Engneeri~lg Sparker. 

Two sound sources, one operated at 50 to  100 joules arid tlle other operated at 100 to  200 

joules, were fired alternatelj during dle survej. Returns frorn the sound sources were 

recorded by a dual channel recorder wllich displa! ed the results on a single strip chart. 

c. Cor11lg Technzques. An Alpine Geop1i)-sical Associates, Inc. pneumatic vibrating 

hammer-driven coring assembl> was used for obtaining cores froin the surve! area. The 

apparatus consists of a standard 20-foot core-barrel (nominal 3-inch diameter) liner. shoe 

and core catcller with tlie driver elernelit fastened to the upper end of tlie barrel. These are 

enclosed in a self-supporting frame which allows the assemblj to  rest on the bottom during 

coring, thus not influenced b! limited motior~ of the support vessel in response to  waves. 

Power is supplied to  tlie vibrator from a deck-mounted air compressor b) means of a 

flexible lloseline. After tlie core is driven and returned, the liner containing the cored 

material is removed and capped. Denser materials (compact sands, ;jartiall? lithified roclis) 

are more difficult t o  penetrate tliari loose materials. Cohesive materials cause drag on the 

liner walls and give some distortion. 

d. A%au~gutzon. Position location was determined during tlie surve! b: use of the Alpine 

Precision Radar S) stem \vllicIi accuratel? locates tile lessel wit11 respect to two onshore 

reference points. Yavigation fixes were made at 2-minuLe intervals during all seismic 

reflection survej work and at each core position. Final plots of traclJine arid core locatiorl 

compiled from surve! data were peparcd at scales of 1:24,000 and 1 :80,000. 

e. Process~ilg. Seismic records are a~ial! zed to establish the principal bedding, erosional, 

constructional, and structnral features in upper subfjottom strata. After preliminars 

analysis, t! pica1 records are reduced to  detailed cross-sectional profiles sho~ving all reflectike 

interfaces within several hundred feet of the bottom. Selected reflectors, considered 

significant because of their extent and relationship to  the general structure and geolog! of 

the stud) area are mapped. If possible. the uppermost mapped reflector is correlated wid1 

core data to  provide a measure of continuit) between cores. 



Cores are visually inspected and logged aboard ship. After delivery to CERC, these cores 
are sampled every foot by drilling through die liners and removing samples of representative 
material. After preliminary analysis, a number of representative cores are split to determine 
details of the bedding, 

Cores are set up for s1)litting on a wooden trough. A circular powersaw mounted on a 
base which is designed to  ride along the top of the trough is set so as to cut just through the 
liner. By malting a cut in one direction and then reversing the saw base and malting a second 
cut in the opposite direction, a 120" segment of the liner is cut. The sediment above the cut 
line is the11 removed with a spatula, and the core is logged, sampled, and photographed. 

Samples from cores are examined under a binocular microscope, and described in terms 
of gross Lithology, mineralogy, and the type and abundance of skeletal fragments of 
organisms. Petrographic analysis through transmitted-light microscopy was performed on 
certain core samples that coincided with prominent acoustic reflectors to  further delineate 
their nature and origin of associated sediments. 

Foramillifera in 200 representative samples were concentrated by panning and the more 
comrnori types were identified; primary references were Cushman (1930, 1944), Cushman 
and Ponlori (1932), Parker (1948), Phleger and Parker (1951), Puri (1953b), Bandy (1956), 

Loeblicll and Tappan (1964), Wilcoxon (1964), Buzas (1966), Schnitiker (1971), and h e r s  

(19'92). Rlolluslis contained in the sediments were identified primarily with reference t o  

Mansfield (1930, 1932), Gardner (1943, 1948), and Abbot (1954, 1968). A representative 

sample of Type I, sediment was also submitted t o  the Paleontology and Stratigrapl~y 

Branch, U.S. Geological Survey, for detailed analysis and age determination. 

3. Scope. 

The area covered in this report comprises the east Florida coast and adjacent Continental 

Shelf from the Florida-Georgia boundary (3o04L?'I"I.) to  False Cape (28"4Q1N.) on Carlaveral 

Peninsula. A map of the study area (Fig. 1 )  shows the major geographic features of the 

region; Figures 2 through 5 show the ICONS survey coverage. ICONS studies of the Florida 

Atlantic coast south of this study area are contained in three CERC Technical 

Memorandums: No. 29, Miami to  Palm Beach (Duane and Meisburger, 1969); No. 34, Palm 

Beacli to Cape Canaveral (Meisburger and Duane, 1971); and No. 42, Cape Canaveral (Field 

and Duarle, 1994). 

Field survey arid data collectior~ for this study were accomplislled by contract between 

August 1966 and February 1967. This work produced 1,153 statute miles of continuous 

seismic reflectiori profiles and 197 vibratory cores (3-inch diameter) of sea floor and 

i subfloor sediments ranging from 1 to  15.5 feet long. 

Data processing included analysis of all seismic reflection records and reduction t o  line 

profile drawings. Cores were logged and sampled to provide sediment representative of eaclt 

sediment or rock facies penetrated. The samples were visually described and size analysis 

was made by means of a fall velocity-type rapid sediment analyzer. The positions of cores 

and seismic reflection profile lines were plotted at 1 :80,000 and 1 :24,000 scale (Fig. 2). 



Figure 1. General map of the Florida peninsula showing location of the study area. 





Figure 3. Survey tracklines arid core locatiolla, St. A ~ l p s t i ~ i e  area. 



Figure 4. Survey tracldines and core locations, S t  Aupstine to  28°55'N. 



Figure 5. Survey tracklines and core locations, 28'55's. to Cape Canaveral. 



Basic field data were supplemented for this study by pertinent scientilic and teclinical 

literature dealing wit21 tlie region and by the National Ocean Survey IiydrograpIiic smooth 

sheets. 

4. Hydrography. 

Tides in the study area vary from 3.5 t o  5.8 feet, mean range, and from 4.1 to  6.8 feet, 

spring range. Tidal ranges decrease progressively from north to  soutli (National Oceanic and 

Atmospheric Administration, 1993a). Tidal currents have not been reported for shelf waters 

in this region (National Oceanic aiid Atmosp'rieric Administration, 19153b). Drift bottle 

studies of circulation over the shelf are slietchy but indicate that over the inner shelf off the 

northern and central parts of the study area a northward drift predominates in spring and 

autumn and a southward drift predominates in winter and summer. Off tlie southern part, 

the inshore drift is toward the north in summer and sou tli in autumn and spring; winter drift 

is unlinown. The speed of the surface drift is generally under 4 miles per day but a high 

speed of' 10 to 1 5  miles per day was reported for January off tile northern part of the study 

area (Bumpas and Lauzier, 1965). 

Salinity of the inner shelf waters in tile northern and central part of the strtdy area tends 

to  be lower than in deeper waters to  seaward. They range from about 33.5 t o  36 parts per 

thousand over the inner shelf while salinities farther seaward are general13 36 parts per 

tilousand or higher. Off the southern part where the narrow shelf facilitates mixing of 

oceanic and coastal waters, inshore salinites are generally Eiigiler than in tile north 

(Anderson, Moore, arid Gordy, 1961). 

Tlie wave climate of tile study region is relatively mild. Wave gages at Daytona Beach and 

off Savannali, Georgia,show that waves more than 5 feet high occur less ;liar1 10 percent of 

the time. About 95 percent of the waves recorded off Savannah had a 4- to  9-second period 

and about 155 percent of the waves at Daytona Beach had periods between 6 and I1 seconds 

(from CERC wave data). 

5. Stratigraphy and Geologic History. 

a. General. Knowledge of the geology of the Florida Atlantic coastal region is scant. 

Most available data coneerrii~ig the coastal zone are derived from drilled svells, few of wllicll 

have beet1 s~tbject to  detailed stratigrapllie st~ldy.  Coolye (1945) and, more recently, Puri and 

Vernorl (1964) have s~~mrnarized tile known geology of Florida. Coastal Plain geology of the 

adjacent Georgia regiori is summarized in Herriclc and Vorhis (1963). Specific regional 

studies of Florida east coast geology are available it1 several Florida Geological Survey 

Bullctiris dcscribirig geology arid watcr resources of individt~al counties. Tfiosc pertinent to  

ttiis stitdy are: Tarver (1958), Bermes (1958), Wyrick (1960), Leve (1961 a, b), and Brown, 

el al., (1 962). 

There are two prominent subsurface structural features in the region covered by this 

study. One is tlie Soutlieast Georgia Embaymelit (also called "Atlantic Embaymerit of 

Georgia") wliidi is centered just north of the Florida border and probably influences 



structure under11 ing northeastern Florida, 'Cnder thc Georga Atlantic Coastal Plain the axis 

of tlie emba? merit trends southeastward. It has been traced offsllore under tlie Atlantic 

shelf b~ Antoine and Nenrj (1965). 

The second significant structural feature is the Sariford High (Vernon. 1951). Vernon 

described this feature as a half dome truncated by a fault bounding the eastern border of t!ie 

Essimmec faulted flexure. 

Because of tlieir proxin~ity to  the surface, on11 rochs of late Eocene age and ? ouiiger are 

pertinent to  this study; these rochs include limestone of Eocene and RIiocene age and clastic 

sediments of hlioccne tllrougli Holocene age (Table 1). Ari important nonstratigraphic unit 

witliin tllese strata is the Floridan aquifer (Parker, 1951) whicll locall> cuts across 

stratigraphic boundaries. In the main the aquifer is associated with limestones of Eocene arid 

Oligocene age but includes permeable units in the lower Miocene section as well. The 

ayuiclude consists of impermeable strata in the aliocene section; coliseyuentl~ in most 

places the Miocene and pre-IIiocene contact is the upper boundar! of the aquifer. 

b. Eocene Strata. .411 upper Eocene strata under l~ing Florida have been designated tlie 

Ocala Group bg h r i  (1953a). The group includes diree l i t l~ologcal l~  similar limestone 

formations. ]in ascending order these formations are the Irigles, Williston. and Cr? stal River. 

In coastal areas where data on these formations must be based on well samples the three are 

often undifferentiated in well logs, The Ocda Croup overlies tlie eroded surface of the 

middle Eocene Avon Park limestone. Tlle lowermost formation. the Zngles, consists of 

cream-colored lo white fossiliierous marine limestone. The overl: ing Williston Formation is 

similar to  the Ingles. Puri and Vernon (1964) describe the uppermost C r ~ s t a l  River 

Forrnatioii as a rnicrocoq~~ina made up almost entirel:, of foraminifera tests: Ilowever, tlle 

basal section ma:, c o ~ ~ t a i n  beds of secondar) dolomite. Tlle surface of tile Cr\stal River 

Formation has been subject t o  post Eocene erosion, and in Yolusia Count) and northern 

Brevard Count? it  is reported that tlie formation has probablj been removed (WJ ricli, 1960; 

Brown, ct  al., 1962). 

c. Post-Eocene Strutc~.  Miocene stratigraph) of Florida is best known in the panllandle 

region and in the central and western parts of the Florida peninsula where outcrops and 

shallow subcrops arc accessible for st~ad!. Witiliml stud: limits only reports from Brevard, 

Duval, and Nassau Counties provide a breakdown of sediments of Miocene and Pliocene age. 

In these three counties, wluctl underlie the north and south ends of the s t ~ ~ d j  area, the basal 

Miocene unit is identified as the Hawttlornr Formation of Sliocene age (Leve, 196 la ,  b ;  

Brown, et al., 1942). Tllis formation is found IJ Ing directl? on the eroded surface of Eocene 

rocks and is in turn overlain b j  undifferentiated beds of upper Miocene and Pliocene age. 

In B'olusia and St. Jollns Counties-and i:res~imabl) Flagler Count) in between-the 

I-Iawthonl Formation is apparentla absent and sediments of upper Rfiocene and Pliocene age 

directlj overlie the Eocene surface (Tarver, 1958: Bermes, 1958; WJ riclr, 8960). 
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In Brevard Courstg. the Hawthorn beds are described as light geen  to greenish gray sandy 

marl with streaks of green clay, phosphatic radiolarian clay, black and brown phosphorite, 

and thin be& of phosphatic sandy limestone (Brown, et  al., 1962). Under the northern half 

of Brevard County, Hawthorn beds are 10 to 25 feet thick in the area west of Banana River, 

and possibly thicker under the coast and inner Continental Shelf, In Duval and Nassau 

Counties, Hawthorn beds are reported to  b e  450 feet thick in wells near Jacksonville and 

Fernandina. The beds consist of greenish calcareous phosphatic sandy clay and clayey sand 

with lenses of limestone and dolomite (Leve, 1961a, b). 

Late Miocene and Pliocene deposits of the study area are heterogeneous and consist of 

beds and lenses of shells, sand, calcareous clay, clay, phosphatic pebbles and limestone. Most 

of these units have not been sufficiently studied in the Atlantic coastal area to be correlated 

or to determine age relationships and they are generally undifferentiated in coastal well logs- 

Presumably Miocene sections of these deposits are referable to  Choctawllatchee Stage 

sedimentation. 

Various marine fornnations in t21c Florida peninsula have at one time or another been 

assigned to the Pliocene but most have subsequently been ascribed to  late Miocene or 

Pleistocene deposition. Akers (1912) has recently assigned a Pliocene age to  late 

Choctawhatchee Stage sediments. The existence of a marine sedimentary unit of Pliocene 

age under the Florida Atlantic inner Continental Shelf based on data obtained for this study 

is discussed later in this report. 

The most important Pleistocene deposit of the Florida Atlantic coast is the Anastasia 

Formation. Locally the Anastasia Formation outcrops along the shore and nearshore and 

forms the core of the Atlantic ridge north of Boca Raton where it grades southward into the 
Miami Formation. Tentative correlation of the Anastasia with one or more Pleistocene 

interglacial stages has been made by various worlcers but no definitive assignment is now 

possible. Lithologically, the Anastasia Formation is composed of a loosely cemented sandy 

coquina consisting primarily of mollusk shells. 

6. Costal  Morpholou and Development. 

The Atlantic coast of north Florida is a low relief, low elevation, coastal plain surface 

overlain by relict Pleistocene terraces and beach iidges. Geomorphology of the area has been 

recently interpreted by White (1970), who states that surface morphology is shaped 

primarily by the preservation of relict Pleistocene strand lines and offshore profiles and 

secondarily by modification of these features through differential surface erosion and 

solution collapse. 

The term Atlantic Coastal Ridge is applied to the series of relict beach ridges and bars 

that extend from Georgia on the north to south of Miami. In the study area, the Atlantic 

Coastal Ridge is nearly parallel to the modern coastline and displays an overall decrease in 

lagoon and beach ridge width from north of Daytona to  Canaveral Peninsula. Indian River, 

an open water lagoon at Cape Canaveral, ends and becomes an elevated valley just north of 



tlie Volusia-Brevard County liric and merges with the mnodern analog, Mosquito Lagoon. 
Crest clcvatio~is alorig tlie htlaritic Coastal Ridge are about 30 feet, which is interpreted b j  
Wllite (19'90) as cviderice that t l ~ e  entire ridge system represents deposition during Pamlico 
time (pobabl j  the Sarigamori Interglacial). 

Wlritc (1970) 11x3 noted tllat the eastern slojsc of the Atlantic Coastal Ridge is similar t o  
the rnoderu offshore slol)e discussed later in t l~is report. The relict offshore slope reaches a 
rlearlj ilorizontal attitude at about 30 feet below the Pleistocene sea level arld 
approximatelj 1 mile offsllore of the Pleistocene bcacl~. The relict Atlantic Coastal Ridge is 
wider and Irigher that1 older progradational beach ridges, a fact that Wllitc a t t r ib~~tes  to an 
abuildanlt terrigeilous source of material and diminished shell contribution, hence little or no 
loss of elevatioti tlirougEi solution collapse. Wliite9s observation that prograding bcaclles, 
WIIICII he states may develop under stable or regressing sea level, receive little nourishing 
sand from sources to landward seems to  be al~plicable 0111) to this region and is not in 
accord with studies by investigators from otller a19eas. Curraj (1 965) Itas pointed ollt that 
shoreliile deposition and beacli ridge construction are more commorl t o  regressions, w'l~ereas 

erosion and onlj discontinuous deposition occur during transgressions. This is d ~ ~ e  in part t o  
lowering of stream base level and increased sediment discllarge to  the coast as sea level 

recedes. During a rise in sea level, stream cllanncls are flooded atld sediments become 

impounded in their lower reaches. 

In the study area no important soLtrces of fluvial sediments exist south of tlic St. Jofirls 

River. Therefore, prograding and reg~essing shoreline:, can be constructed oiily from 

preexisting shelf sediments or organic production of materials. As evidence of this 

assumption, relict straid deposits l j  iiig at sliallow deptlis and occasionally. exposed along 

the coast arc more highly enriched in shell material than are modern beaches, These shelly 

deposits (coquinas) are believed to  be the result of regressional deposition (Osmond, May, 

and Tanner, 1970; Field, 197'4) and are formed tllro~lgll diminished supply of terrigenous 

quartz material and consequent relative i~rcrease in conceritration of calcareous material, 

At least four, and in some locations as many as seven, terraces lie along the Atlantic coast 

of north Florida. They range in elevation from I 0 to over 150 feet and are particularlj well 

developed in Volusia County. Morphology, age, and stratigraph) of tlie terrace surfaces have 

beer1 reviewed by Field and Duane (1974). In general, they are surfaces planed by Eiigher 

(than present) transgressing seas d~rrilig Pleistocerle and Pliocene eustatic eveiits. The 

terraces liave been described by Flint (1940), Cooke (19451, Doering (1958), Altschulter 

and Young (1960), arid Alt and Broolcs (1965), and Eourld to  correlate on a regional basis 

wit11 terraces in Georgia (Hoyt, Henry, and Weimer, 1968) and on the west coast of Florida 

(Schnable aiid Goodell, 1968). 

The same eustatic events which have shaped the terrain of eastern Florida were 

influential in modifying the submerged shelf area. Receding seas leave behind a veneer of 

beach ridges and lagoons; advancing seas inundate those same areas and cut new terraces, 

level off topog~aphic features, and redistribute the sea floor materials. 



7. Re@oraal Marine Geology. 
The name East Coast Shelf was proposed by Ucllupi (1968) for the geritlv 

seaward-sloping submarine plain bordering tile Altantic coast from near Cape Cod to  the 
Florida ICevs. Tlie north Florida Atlantic shelf area is part of the soutlleastern shelf. This 
shelf has been widely studied and therefore the geoloa is well known relative to other 
shelves of the world (Emery, 1969). Age and lithology of the sediment cover, as well as 
physiography and subsurface structure have been reported by numerous investigators, 

Discussions of regional aspects of the Atlantic shelf marine geoloa have been presented by 

Tyler (19341, Stetsori (1938), Gorsline (1963), Curray (1965), Emery (1965), Pilhey 

(P968), Uchupi (1968, 1970), Pilliey, e l  al. (1969), MacIntyre and Milliman (l9'70), Duane, 

et al. (1912), Milliman, Pilkej, and Ross (19'52), Rlliep and Field (1972), and Swift, et al. 

(1972), While such studies provide useful bachground material, their direct application to  

the objectives of this report are limited because of sampling methods (surface g a b ) ,  sample 

low density, and area of study, which usual13 include deeper parts of the central and outer 

shelf. 

Tl~ese studies have shown that the shelf is comprised of gently dipping Tertiary strata 

with a thin overljirlg layer of Quaternary deposits that has been deposited in response to  

Pleistocene sea level fluctuations. Terraces and ledges mark the site of former sea level 

positions, and topographic highs or shoals are common features whiclr some believe 

originally formed along the shoreface and are now in a quasi-ecjltilibrium stage. Surface 

sediments likewise are in a quasi-equilibrium stage, in that their textural character indicates 

equilibrium with tllc wave conditions but their composition suggests ill place reworking of 

older relict deposits. A v a t  majority of shelf surface sediments has been derived from the 

complex nietamorphic Piedmont Province; streams draining the Piedmont are far more 

significant than streams draining Coastal Plain regions in terms of sediment quantities t o  the 

shelf. Locally on the shelf, biogenic (shell material) and residllal (Tertiarj surface exposures) 

sediments are abundant. 

11. GEOMORPBOLOGY AND SIIALLOW SUBBOTTOM STRUCTURE 
OF TIIE CONTINENTAL SHELF 

B .  Continental Slnelf Geomorphologg . 
a. Gen~raL.  Thc East Coast Slielf in the study area (Fig. 6) is transitional between the 

narrow, topograpllically irregular shelf characterizing tlle regic~ri at, arid south of Canaveral 

Peninsula a i d  the broad, topograpl.iically subdued shelf L! pica1 off most of the southeastenr 

Uriited States. 

For descriptive purposes tile Atlantic sllelf off nortllern Florida can bt, divided into three 

major gcolnorphic units: sIloreface, shelf floor, and shelf edge (Fig. 9). Tlresc u~ii ts ,  based on 

the primary subdivisions of Lgricc's (1954) idealized shelf ecluilibriurn profile, are used Irere 

in1 a strictlj gcorriorphic sells? witlio[~t iniplicatiorl as to  gcziesis or eci~tilibrium state of the 

r~nits. 



Figure 6. Generalized hathymetry of the East Coast Slielf off north Florida. 
Profiles are i)resented in Figure 8. 



F i p r e  7,  Idealized profile of the Continental Shelf sliowing major geomorphic elements. 

As used in this study, shoreface refers t o  a relatively steep slope descending from the low 

water Line or an inshore terrace to  a break in slope at the level of the shelf floor. The shelf 

floor ('kamp" of Price, 195%) is typically a broad, gently seaward sloping submerged plain 

generally comprisirlg the bull\ of the shelf surface. The shelf edge ("camber" of Price, 1954) 

lying at the outer nmgin of the shelf, is a transitional zone between the gently sloping shelf 

floor and the relatively steep upper continental slope. I t  lies between the first significant 

inflection of the outer shelf floor downward toward the continental slope and the first 

significant inflection of the upper slope toward the shelf floor. This transitional zone may 

consist of a convex, sharply rounded shoulder as in the classic shelf profile or be either 

concave, irregular, steplike or broadly rounded. 

b. Description. North of Cape Canaveral the shelf has an atypical configuration (Fig. 8, 

profile D) wit11 a 13.5-nautical mile wide broadlj rourtded shelf edge and a shelf floor of 

about tlie same width. The floor is highly irregular because of overlyir~g sedin~erlt accretions 

it1 the form of linear and arcuate cape-associated shoals. The seaward edge of the shelf floor 

is obscured in places by these sl~oals but lies near -80 feet mean low water (MLW). The 

brealc between ttte sl~elf edge and the Florida-Hatteras slope in this area lies at about -250 

feet MLW. The irlshore sedimeilts nortil of Cape CanaveraI are not disposed in a shoreface 

slope, forming rather, several north-trending shore-connected linear shoals. 

A more tgpical shelf profile develops to  the north of profile D as the shelf talies on the 

aspect typified by profile C (Fig. 8). Inshore there is a prominent shoreface with the toe 

lying at about 45  t o  50 feet deep and witliin P.2 na~atical miles of shore. The shelf floor 

widens to  about 24 nautical miles while the edge narrows and become distinctly steeper 

than the ramp. Except for groups of prominent linear shoals off Turtle Mound (20"56'N.) 
and Daytona Beach (29"12'N.) irregularities of shelf floor topography nortlt of the cape 

area are subdued. They are mostly broad, flat-topped topograpliic highs of irregular outline 

and broad linear to1)ograpltic depressions; typically these features have less than a 20-foot 



MALIT ICAL UlLES 

0 3 10 

0 J 10 

Based on NOS Smooth Sheets at 

Figure 8. Representative silelf profiles from tlle 11ortll Florida East Coast 
Shelf. See Figure 6 for location of profiles. Note progressive 
increase i11 sllelf floor widtll and decrease in silelf edge width 



local relief. In addition, minor irregularities of a few feet relief are common. While these 
small irregularities are clearly visible on the seismic reflection profiles, they are too small 
and discontinuous t o  be delineated with existing bathymetric data. 

From profile C northward to the Georgia border the shelf floor continually widens and 
reaches about 59 nautical miles off Fernandina. The surface topography remains similar t o  
that at profile C but, in addition, several broad shallow southeast-trending depressions 
appear crossing the mid and outer shelf floor (60-, 80-, and 100-foot-depth contours in 
Fig. 6). The alinement and configuration of these lows suggest a stream drainage pattern 
while many of the flat-topped highs axe so situated as to  suggest they are relict interfluves. 

Near St. Augustine (Fig. 6 ,  profile B) the edge is narrow and convex, talung on the 
sharply rounded profile of the classic shelf "breali" which it maintains to the Georgia 
border. The shelf floor-edge junction remains between -140 and -160 feet MEW 
throughout the segment north of profile C; this characteristic depth range persists as far 
north as Cape Hatteras. The break between the camber and Florida-Watteras Slope seems t o  
be at about -180 feet but available bathymetric data for this zone are poor. 

The steep narrow shoreface is very consistent from profile C north t o  near St. Augustine 
where it is interrupted by a broad shoal area (ebb tidal delta) around St. Aupst ine  Inlet. 

From St. Augustine t o  Jacksonville Beach there is again a well developed shoreface slope 

with the toe at about -45 feet MLW. North of Jaclisonville a distinct shoreface does not 

exist and the broad inshore part of the ramp is comparatively shallow with locally complex 

topography. 

2. Shallow Subbottom Structure and Bedding. 

a. Background. Seismic reflection records from this ICONS study show reflectors t o  

depths of 500 feet below MLW. As a working assumption, reflections are considered 

representative of some geologically significant interface. 

Reflectors which persist over a large area are called primarj* reflectors, and presumably 

delineate extensive stratigraphic breaks (Figs. 9 and 10). Between primary reflectors there 

are usually numerous localized reflectors, called secondary reflectors. Most secondary 

reflectors appear to be associated with internal bedding surfaces, local erosional 

discontinuities such as stream channels, or relatively small sediment bodies (Figs. 9 and 10). 

The term reflection unit is used to  designate layers distinguished by their position 

between two specific primary reflectors or by persistent internal reflector cllaracteristics and 

patterns (Figs. 9 and 10). 

Rimary reflectors are most often located between two reflection units; however, strong 

and persistent reflectors may occur internal t o  a unit. The blue reflector of this study is an 

example. 

In tlus study reflection units are identified by a serial letter and primary reflectors are 

identified by a color name. Two of the primary reflectors, red and green, have previously 

been identified and discussed (Meisburger and Duane, 1969, 1971; Meisburger and Field, 

197'2; Field and Duane, 19'94). 



Section of line E, Fernandina grid, showing seaavard-inclined beds in the red and white reflection units 
truncated by erosiori. 

Section of St. Augustirie-Cape Canaveral reconnaissance line D showing typical undulatory flexures 
characteristic of sliallow subbottorn strata underlying the inner shelf. 

Figure 9. Photo reproduction of  selected sections of seismic reflection profiles showing &pica1 acoustic 
reflections under the north Florida East Coast Shelf. 



Section of line H, Fernandina grid, showing filled channels incised into the blue and red reflection unik. 
These cllannels are common off Jacksonville and northward. 

Section of St. Augustinc-Cape Canaveral reconnaissance line B showing truncated s>ncline. Such 
~xonounced  structural features are rare in shallow subbottom strata undrr the inner shelf. 

Figure 10. Plloto rel)rodurtion of selected sections of seismic rcflectiori profiles sliowing t! pica1 acoustic 
reflections under tile nortlr Florida East Coast Shelf. 



b. General .  Based on partly subjective selection criteria, six reflection units and five 
prinnar~ reflectors under the inner slielf between the Georgia border and Cape Canaveral 
have been defined. Tlle typical disposition of reflection units and reflectors in various parts 
of tlie study area is shown by a series of scl~ematic sliore-normal profiles (Figs. 11 ,  12,  and 
H 3) and b! a scllematic sl~ore-parallel profile (Fig. 14). Location of the profiles is sllowll in 
Figure 1 l ; selected reduced seismic reflection profiles are shown in Appendix A. 

,41 but one of tlte identified reflection units and all five primar! reflectors are present in 
tllr Jacksonaille-Fernai~dirta area as depicted on ~ ro f i l e s  A and B, Figure 12. Shore-normal 
profiles to  the south and tlie shore-parallel profile (Fig. 14) show prog-essive southward 
cliariges in tlic scctio~i. These cllanges are primaril~ the result of a southward rise of tlie two 
lowcr units, D arnd E, to  a truncated crest llear I)aj tona Beach. Between Jac l~onvi l le  and 
Flagler Beach, units B and C pincli out against the flanh of tllis high and are supplanted b~ 
u n d e r l l i ~ ~ g  units. Unit 14 is truncated over the crest of the high and only units A and E 
appear to  be present ill tllat area. 

Dip in primarj and secondary reflectors witliin stud) limits is almost ever? where 
eastward. In tlle two lowermost units, D and E, predominant north or south dip occurs in 
places. Westward dip is Lerj rare arid occurs only locally in s e c o ~ ~ d a r j  reflector patterns. 

Broad sliallow ~mdulatorp flexures, probabl? of structural origin, are common 
througlio{it the area (Fig. 9). Man, of the flexures affect tlle entire vertical section while 
others are confined to  one or more of the lower units indicating intermittent structural 
deformation may lia\e occurred oker a long period of time. Pronounced folding is evident in 
a few places by truncated s j  ~iclirlal features (Fig. 10). 

No convincing evidence of faulting was observed on the records but tliere are numerous 
small displacements in reflectors wllicli could be attributed to  Ea~llting among otlier causes. 

Reflection patterns i~ldicate the common presence of filled channels or inlets (Fig. 10) 
incised into the upper two u~li ts ,  A and B. Neither the filled cliannels or the structural 
features appear to  liave topograpllic expressiorl on the shelf floor. 

c. K e j l e c t ~ o n  CTrzzts. 

(1) Unit A. Unit A includes all sediments IJ ing above the red reflector (Figs. 15. 16, 
and 17). The unit, usually less than 20 feet thick, is missing in places. Interrlal reflectors in 
unit A generally dip gently eastward and are often discontinuous and variable in i ~ l t e n s i t ~ .  
Local11 there are complex bedding patterns reflected from channel or inlet fill. 

(2) Unit B. Unit B is 70 feet thick near the Georgia border and tliirls progressivel) 

soutliward to  near Flagler Beach where it  pinclles out. A distinctive feature of unit B is an 

inshore zone about 5 iiautical rniles wide with uniform eastward-dipping internal reflectors 

suggesting a progradational bedding sequence. Seaward of tllis zone the internal reflectors 

become near]) llorizontal and mutually parallel. 

Tlle upper part of unit I3 is iiicised bv nianj cllannel-lilie features wliich generally 

originate in the over11 ing unit A. Tlie largest of tliese cllannels trends soutlleast from tlie 

present St. Johns River Entraiice and is presumed to  be a relict Pleistocene channel of the 

St. Johns River. 
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Figure 14. Scl~ematic sllore-parallel profile showing confi@~rations of primary reflectors and reflection units under 
t l ~ e  East Coast Slkelf off north Florida. Note terminology of designated reflection units and primaru 
reflection horizons. 



Figure 15. Contour map of red reflector (north part) which transgresses the surfaces of 
reflection units B, D, E, and F. Note erosional irregularities in the north 
and tlie large stream valley off St. Johns River Entrance. 



Figure 16. Contour map of the red reflector (south part). 



Figure 17. Contour map of the white primary reflector which transgresses tile surfaces of 
reflection units C and Do Note the uniform and consistent slope of the surface. 



(3) Uriit C. Unit C is 90 feet thick near the Georgia border but thins rapidly toward 

t l ~ c  south arid pinclies out between Jaclisonville and St. Rugustine. This unit is characterized 

by interrial reflectors suggesting a series of foreset-type beds followed by stretcfies of 

bottomset-tjpe beds overlain b j  gently dipping subparallel beds. In contrast to  the overlying 

unit B where iriternal reflectors dip almost due east, internal reflectors in uriit C tend to tip 

in a soutlieasterly direction. 

(4) Unit D. Uriit D is riot well defined in tlie northern part of the study area because 

it generally lies in a zone of strong multiples. As the unit rises southward its boundaries and 

internal reflector pattern becorne clearer. The internal reflectors, where clearly visible near 

St. Aupstine,  are weak but definite, closely spaced and mutually parallel. The internal 

reflectors dip generally in the same direction as the unit as a whole which ranges from r~or th  

to  soutfieast. Over tlle Ilig11 at Daytorla Rcacll tlle unit appears to  have been entirely 

removed by erosion. 

(5) Unit E. Unit E includes all strata below the green reflector and within ycnetra tion 

range of the records. Internal reflectors witliin unit E are scarce and discontinuous; there is 

very little information available concerning its possible structural and bedding 

cliaracteristics. 

(6) Unit F. Unit F includes all strata between the green and red reflectors soutli of 

the Daytona Beach high (Fig. 14). This unit is characterized by regular seaward-dipping 

internal reflectors. Offshore the unit tliickens rapidly eastward and reaches a thickness of 

over 300 feet within 5 nautical miles of Cape Canaveral. No direct connection of this unit 

with an)- of the intermediate units (B, C, or D) riortlz of the Daytona IIigh has been 

established; liowever, unit F is most likely a time equivalent of one or more of these units, 

and its internal reflectors suggest a progradational bedding and stratigraphic position similar 

to  unit B. 
d. Primarj. Reflectors. The uppermost reflector in the blue unit wliich is traceable over 

a large part of the grid areas was selected to  s e n e  as a basis for sediment tl~ickness maps of 

the three gridded areas. By convention the isopacll surface in ICONS studies is called the 

Flue reflector. Tllis does not impl) that the blue reflector of this stud? is necessarilj 

continuous with blue reflectors described in other ICONS studies. It is not known if 

continuit) exists between grid areas, alLlloug11 core data and similarities in elevation indicate 

a probabilitj . 
Tile blue reflector probablj represel~ts an eroded surface. In the inner parts bf tlie 

Jaclisonville arid Fernandina grids ~ v l ~ e r e  tlie red ~ l n i t  is Iligl~, the blue reflector is coinciderit 

with tlie top of tlie ~n i i t  and truncates initernal reflectors witliin the m i t .  Elsewliere up to 20 

fcet of sediment separate tlie b l~ie  reflector and the top of the red unit. 

The blue reflector dips eastward at  a ver! gentle gradient nearl) parallel to tile slielf 

floor; it often intersects offshore and becomes continuous with the shelf floor. 



The red reflector was previously reported by Meisburger and Duane (1969) as an 

extensive acoustic horizon of regional significance underlying the Atlantic inrier shelf off 

Florida. This reflector is easily recognized inshore between the Georgia border arrd Flagler 

Beach because i t  overlies distinctive seaward-dipping internal reflectors in unit B and also 

truncates unit D and parts of unit E over the Daytona Beach high (Figs. 13,  14 and 15). 

From near False Cape southward, a reflector judged to be continuous with the red reflector 

is directly underlain by unit F having seaward-dipping internal reflectors, Meisburger and 

Duane (1971) and Field and Duane (1974) have discussed the red reflector in the Cape 

Canaveral area and southward. 

A coritour map on the surface of the red reflector is shown in Figures 14 arid 15. The 

overall slope of the red surface is generally eastward about 3 feet per nautical mile. The red 

reflector is judged to be an erosioiial unconformity because i t  truncates internal reflectors of 

underlying units and progressively overlies older units to  the south. 

The white reflector like die overlying primary reflectors slopes corisistentlj eastward 

(Fig. 1 '7), Within study limits the slope of the white surface averages about 8 feet per 

nautical mile. In the north it overlies unit C and southward of the pinchout of that unit it 

overlies unit D. Throughout its extent the white reflector is overlain by unit B and can 

readily be located inshore by its position at the base of the distinctive seaward-di1)ping 

internal reflectors of unit B. The white reflector is judged to  be an erosional unconformity 

because i t  transgresses two distinct units and truncates internal reflectors in these units. 

The purple reflector in the northern part of the study area is rarely visible because of 

multiples and perhaps insufficient acoustic contrast between bounding units. Therefore, it is 

primarily an inferred surface between the white and purple units and its position can only 

be approximated in most places. Southward of the pincliout of unit C the purple reflector is 

supplanted by the presumably younger white reflector (Fig. 14). 

The deepest reflection surface which can be continuously followed througl1out the study 

area is the green reflector. Like the red reflector it is of regional significance and has been 

identified in seismic reflection profiles as far sout2r as Fort Pierce (Meisburger and Duane, 

1969,1941; Field and Duane, 1974). 

In tfte northern part the green reflector dips northeastward. South of St. Augustine the 

dip is ~rtrcdomiriaritly eastward (Figs. 18 arid 19). Slopes vary from near horizontal to 40 feet 

per statute mile witli an average in most places of 6 feet per nautical mile. The green 

reflector surface map in Figures 18 and 19 depicts the broad structural trends related t o  the 

high off Daytona Beach and many of the larger fluxures wtiich affect units D and E in 

particular and in places the overlying units. The marked increase in the slope of the green 

surfacc evident from about 28'45'N. to  south of Cape Canaveral may also be structural in 

origin. The projected alinement of this slope north of 28'45'N. places it eastward of tilt 

survey area arid how far the slope extends t o  tlte north is unknown. 



Figure 18. Contour map of tile green primary reflector (north part). Note tlie development 
of a broad structural high centered off Daytorla Beach. 
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Figure 19. Contour map on the surface at the green reflector (soutlr part). 



g. Sclsnlic. K e f i a c t ~ o n  I)atrr. Seismic refraction studies on the East Coast Slielf off 

Georgia and nortli Florida (\Vollard, Ronini, and Iileyer, 1957; Hersey, et al., 1959; Antoirle 

and IIenr~ , 1965: Sl~cridan, et al., 1966) reveal three velocity layers within the 0- to  

500-foot maximum depth range of CERC reflection records. Only a few slielf data poirlts 

are atailable from tltese studies but tlley are in fair agreement on velocity-depth 

relationships (Table 2). 

Table 2. Tentative correlation of seismic refraction layers and reflection units. 

Reflection unit I Refraction layers 

I 

Recent 

The uppermost la]-er in these refraction studies is thin and discontinuous 0- to  90-feet 

thick, and has a characteristic velocity near that of seawater. Below this layer is a second 

layer characterized by variable thickness and sound velocities ranging from 5,169 t o  6,300 

feet per second. This second layer is called Laver A by Hersey, et al. (1959), Layer 1 by 

Aritoine and Henry (1965), and V2 by Sheridan, et al. (1966). The base of the second layer 

and top of the third layer range from about -200 to  -900 feet MSE; the few data points 

indicate that the base is shallowest inshore and dips generally eastward. Antoine and Henry 

(1965) believe that tlie contact between the second and third layer is the top of the 

Oligocene or Eocene section. 

The third layer witlliri range of the CERC subbottom records is ct~aracterized b j  a 

velocity range of 7,218 to  9,514 feet per second. This is Layer C of I-Iersej , et al. (1959); 

Layer 2 of Antoine arid Henry (1965); and V 3  of Sheridan, e t  al. (1966), (Table 2). The top 

of the third la) er is probably within range of CERC reflection records only under the 

innermost part of the shelf. 

From the sparse data available it seems probable that the uppermost velocity layer 

determined from these refraction studies corresponds t o  reflection unit A of this studv. The 

second velocity layer may corresporld to  the reflection units B, C ,  and D. The contact 

between velocity layers two and three would thus correspond to  the green reflector of this 

study. 

h. JOIDES-1 Recoilnaissarlce Lines.  Two seismic reflection lines were run from the 

Fer~landiria and Jackso~lville grids across the slielf to  the site on the central shelf where 



boring J-1 (Fig. 2) o l  the Joint Oceanographic Institutes Deep Eartli Sampling Program 
(JOBDES) was collected. This buring is described in Schlee and Gerard (1945), Charm, 
Nesterofl, and Valdes (1969), and Hathaway, McFarlin, and Ross (1940). Line profiles 
based on the two seismic records are presented in Figures 20 and 21. 

Few primary reflectors identified in the main study area can be traced with confidence 
along these two profiles as far as the site of J - l  because there are extensive discontinuities in 
most reflectors. Projections along the general trend of the reflector surface suggest probable 

conneckions in most cases. The reflector patterns sllow that the gentle seaward dip of strata 

in the Weogene section underlying t l ~ e  study area persists as far as J-1 with occasional 
sections where they are flat-lying or tile dip is reversed. 

In terms of gross litl~ology, the Neogene section at J-1 does not sllow close similarities to  

the succession constructed from cores and borings iin the study area. In particular, the 

pronounced litl-lologc division between quartz sand which appears to  be characteristic of 

units A, B, and C, and the silt-clay of underlying unit D,  are not apparent in the Neogene 

section of J-l which is logged as predominantly silt with some sandy intervals. 

The purple reflector, which in tliis part of the study area separates unit C and D,  was 

tentative1)- traced t o  a position about 171 feet below the sea floor at J-1; there are some 

litllologic changes at this deptll but not as marked as the el-langes observed inshore. 

According to  Charm, Nesteroff, and Valdez (1969), at about 167 to  151. feet downhole in 

J - I ,  there is a sharp decrease in phosphate content where quartz increases substantially in 

particle size and abundance. The white reflector a t  the base of unit B is also traceable wit11 

fair assurance on the Jaclisonville J - l  line but cannot be traced baclc to  Fernandina. At J-1, 

this reflector lies about 98  feet beneath the sea floor near a horizon in J-1 above which there 

is a marked increase in planlctonic foraminifera and a decrease in quartz. The increase in 

planlitonic fauna may be roughly correlative with unit B which contains abundant 

planktonics; however, the low quartz content is lithologically dissimilar to  unit B as closer 

inshore. 

IIl[X. SURFACE AND SUBBOTTOM SEDIMENT CHARACTERISTICS 
AND DIISTRBUTION 

1, Inner Sinelf Sediment Chxacteristics. 
a. Cener.al. Sediment data are based on macroscopic and microscopic examination of 

about 1,200 samples from 19'7 vibratory cores of 3-inch diameter and averaging 1 0  feet in 

length. Numbered core locations are plotted in Figures 2 through 4. Sediment samples were 

coblected at 1-foot intervals from each core; selected cores were split and samples collected 

at closer intervals for examination. Textural parameters of sands visually ascertained t o  be 

suitable for beach nourishment were determined by sieving and fall velocity; results are 

given in Appendix B. 
Sediments of the north Florida inner Continental Shelf are highly variable in boll1 size 

cliaracteristics and in particle shape and mineralogy. These variations are mappable over 







broad areas and can be correlated between indiiidual cores and with distinct acoustic 

horizons in some cases. Trends in sediment distribution appear to  be related to  both sllelf 

stirface morphology and subbottom structure; e.g., shoreface sediments retain certain similar 

characteristics tl~roughout the survej area, as do shallow water sands mantling flanlts and 

crests of shoals and banks. Similarl~ , anomalous surface sediment samples or patterns are 

related to surface exposure of older under11 ing strata. 

hfajor sediment types appear in stratig~aphic configurations which relate to  their origin 

and age. Tliese broad trends and transitions in sediment character are evident between the 

survey limits of Cape Canatera1 to the soutll and Georgia to the north and proiide a basis 

for regional interpretation of shelf sediment Ilistorj . Recent studies of t l ~ e  inner shelf off 

Cape Canaveral to tile soutli (Field and Duane, 197'4) arid off Georgia t o  the north (Henr! 

and Hojt ,  1948; I-Ioward, 1972) provide contiguous data for extrapolation of results and 

comparative interpretation of evolution of the shallow shelf surface, 

General lithologic characteristics and sllallow stratigraphic relationslllps of major 

sediment tgpes on the north Florida inner shelf are summarized in Table 3, Surficial 

sediments are general15 detrital quartz sands. These oierlie older carbonate-rich quartz sand 

deposits. Major sediment categories are: 

(a) Type A. Well sorted, fine to coarse quartz sands. 

(b) TJ pe F. Verg fine silty quartz sands. 

(c) Type Go Gra), occasionallg slight1> indurated, shell! quartz sand to  shell Iiash. 

(d) Tg pe L. White, medium-grained foraminifera1 sands. 

(e) Type ill. Sand and dolomite silt. 

Letters assigned to Lithologies are arbitrar) and established for this progam (Meisburger 

and Duane, 1971) to  simplif~ correlation and associations of sediment from one area to 

another. Therefore, t j  pe A sand is similar i11 character to sediments designated b! that letter 

in the Fort Rerce-Cape Canaveral areas. Sediment tspes L and i&I are not present in the Fort 

Pierce or Cape Canaberal areas. These deposits arc sirictlq defined lithologies, based on 

particular constituellts sucI~ as foraminifera or dolomite silt. 

Fine slioreface sands similar to  Qpe F sediment are generall: common to the soutli, but 

have not been gven a letter designation in two ICONS studies of this region (Duane and 

Il'leisburger, 1969: Field and Duane, 19'74). In the Fort Pierce area hleisburger and Duane 

(19'91) identified the shoreface sands as t-\ pc U sediment. In some respects t)pe G sediments 

are similar to tile semilithified calcarenite (designated Type E) mapped from Cape Canaveral 

south to  Fort Pierce (Meisburger and Duane, 1971; Field and Duane, 1974). However, no 

hrect relationship Ilas et been establislied. 

6. Lzthologj . 
(I) T!pc A Sediments. One of the most common Lithologies of the north Florida 

inner Continental Shelf is a fine to  n~edium. moderately well to  well-sorted, quartz sand 

called type A sediment. Examples are sliown in Figure 22. Type A sediment contains 01-11! 
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Figure 22. Photos of typical type A sediment samples. 



Classification 

TY pe 

'able 3. Litllologic c 

Recog~ized at: 

Carlaveral Pierce * 
!es' yes Z 

assification of major sediment categories in n o d l  Florida, 

Sand, quartzose; very fine to 
fine, silty, poorly sorted. 

Sand, quartzose; shelly, 
and sandy shell hash. 

Smd,  calcareous; silty fine. 

I Benthic lorams; ostracods common; 
I mica and heavy minerals locally 

abundant. 

I Mulinia luteralis abundant; uniform 
white to ivory or light brown in 
color. 

Silt and clay particles are both 
degraded biogenic carbonates and 

I I I terrigenous material. 

Clay, brown and black; fissile. 

Sand, fine; poorly sorted. Similar to Type F; occurs in patches 

1.  Fine, silt);, poorly sorted sands at Cape Canaveral classified as Type H and includes clayey silts. 

2. Fine, silty, ~ o o r l y  sorted sand at Fort Pierce identified as Type U. 

3. Quartzose shell sands and shell haslies at Cape Canaveral included with Type A sediments. 

4. Unclassified. 

small amounts of calcareous material (usually < 15 percent of total sand fraction) and 

displays little variation in textural and compositional cllaracteristics within the survey area. 

Towards the soutllern limits of the survey area type A becomes increasingly enriched in 

biogenic constituents and grades into medium to  coarse, quartzose-calcareous sand at Cape 

Canaveral. The Cape Canaveral type A sand, described by Field and Duane (19'94), is the 

central Florida facies of tile Florida inner shelf modern surficial sand slieet, and represents a 
transition zone between the type A calcareous sands of the south and the quartzose sands 

discussed in this study. 

Mean ga in  size of type A sand in tlie study area ranges from tlle upper limits of very fine 

sand cl- (0.125 millimeters; 3.0 phi), t o  the upper limits of medium sand class (0.500 

millimeters; 1.0 phi). Most samples have a mean size between 0.5 millimeters (0.1 phi) and 

0.17'9 millimeters (2.5 phi); a few samples have a coarse mean ga in  size. Sorting of these 

sands is good relative to  other litl~ologies within the survey area and to  type A depositsat 



Cal'c Canaveral. Standard deviations range from about 0.5 phi to over 1.5 phi, wllicli is 

moderatel! well-sorted to  poorly sorted in terms defined by Friedmarl (1962). In particular, 

the good sorting distinguislles fine-grained type A sands from type F shoreface sands. 

Increases in standard deviations of some samples are due pri~lcipally t o  allomalously high 

sl~ell content, wllich adds a coarse mode to the sand; also, some silt content derived from 

subjacent deposits adds a fine mode to the sand. 

Most t j  pe A deposits arc light gray (10 yr. 711 by Munsell Color Code). Color variations 

adjacent to and south of Cape Canaveral as noted by Field and Duane (1974) and 

Wleisburger and Duruie (1971) are gellerally absent because of the lack of variegated 

carbonate gains, and the general overall fine grain size of quartz in which iron staining may 

be more rare than in medium and coarse sands. Color of quartz sands in this region has been 

examined by judd, Smith, and Pilliey (1969) who found that less than 40  percent of 

medium and coarse quartz grains are iron stained. Surface and subsurface samples identified 

as type A sediment show little or no iron staining, in contrast to  anomalous high staining 

values for the coarser sands at Cape Canaveral (Field and Duane, 1974). Previous shelf 

workers have identified iron staining as an indication of a relict history. However, recent 

studies by Swift and Boehmer (1972) suggest staining may occur in the active submarine 

environment and is dependent on meari g~a in  size, with medium and coarser sands becoming 

stained and fine sallds remaining free of iron stain. 

Detrital quartz is the chief constituent of type A sands, normally accounting for 80 to  90 

percent of the total grains. Other constituents include accessory detrital light and heavy 

minerals and biogei~ic carbonate grains. The fine and medium quartz grains are clear and 

subangular t o  subrounded; interrial discoloration and inclusions are rare. Surface textures of 

coarse and very coarse sand grains are occasionally well rounded, probably as a result of 

solution. Electron micrographs of grains from both the inner and outer shelf show solution 

features to be more common in the Florida shelf sarids than elsewhere on the Atlantic sl.lelf 

(Blacliwelder and Hlltey, 1942). This may indicate a secondary or residual origin of the 

grains from local quartzose sources. Other detrital minerals in type A sands are feldspar, 

mica, phosphorite, and accessory heavy minerals. Field and Pilkey (1969) and Milliman 

(1912) have reported the feldspar content of north Florida surficial deposits to  average 

about 1.5 percent and range from 0.5 to 4 percent with values increasing gradually from 

Jacksonville towards Georgia. Mica flakes occur sporadically in trace quantities in north 

Florida type A sands, whereas in central Florida they are absent (Field and Duane, 1914). 

Phospliorite is a common constituent of sands in the survey area and has previously been 

reported by Gorsline (1963) and Milliman (1972), and on the Georgia shelf by Pevear and 

Rlkey (1966). In type A smds phosphorite grains are black, brown and amber, and range 

from silt to gravel size; their high luster and high degree of roundin~g indicate softness and 

transport history. Individual samples having a high phosphorite content occasionally contain 

fish and sharlc teeth. 



Heaq minerals are present in trace quantities in type A sands. No studies of the Ileav) 

mineral fraction were conducted as part of this investigation. Previous analyses of the 

Florida shelf in heaq- mineral assemblage are contained in Tyler (1934), Pilkey (1963), 

Gorsline (1963), Pilltea and Field (1972), and Milliman, Pilkey, and Ross (1972). 

Tlle calcareous fraction of type A sand comprises less than 1 5  percent of the sand and is 

composed principall.c, of mollusk fragments, with lesser amounts of echinoid fragments, 
barnacles, bryozoa, worm tubes and benthic foraminifera. Calcareous ooids, characteristic 

grain-9 pes off Cape Canaveral, are absent from cores collected in this study, although they 

have been reported in deeper deposits seaward of the survej area by Terleck~ (1967). Other 

calcareous grains reported fart!ler to the soudl by Meisburger and Duane (19'91) and Field 

and Duane (1974), which are absent or occur onlj in small quantities in the survey area, are 
barnacles, calcarenite litlioclasts and algal clasts. 

I t  is principally the difference in total carbonate content arid in composition of the 

carbonate fraction that distinpislies t j  pe A surficial shelf sailds of the north Florida region 

from t11ose adjacent and soutll of Gape Canaveral. 

The mollusk assemblage in t j p e  A sands is quite diverse and includes forms judged to 

have been reworked from the substrata or introduced as a detrital element as well as forms 

presently illhabiting the area. 

The most important mollusLs in type A sediment are species of Aequipecten, Anadarcl, 

Anomla, Lucina, ilIuliniu, and Ostrea, all pelecj pods. Gastropods are scarce in this sediment 

type as they are in general tllrougllout the stud) area. 

Foraminifera1 fauna in type A sediment ranges from sparse to  abundant. The assemblage 

is dominated by species of Quinyueloculinu and Ell~lzidzum with Nanaawazu spp. of equal 

importance south of Marineland (20°$0'N.). The assemblage is diverse in some places with 

30 or more species represented in a count of 300 specimens, and comparatively restricted in 

other places. 

(2) Type F Sediments. Type F sediment is a ver) fine to  fine, poorly sorted silt! 

quartz sand (Fig. 23) characterized in particular b) its distinctive faunal assemblage and 

close relationsliiy t o  shelf morplioloa. This sax$ is the cllaracteristic sediment of the 

shoreface and contiguous innermost ramp along tlie length of the survej area from Cape 

Canaveral to  Georgia. About 70 percent of cores containing type F sediment are within 4 

nautical miles of shore; onlj 10 percent of cores within 4 nautical miles does not contain 

this sediment. 

Accessory detrital minerals comprise several percent of the sediment, and biogenic 

carbonates account for about 20 percent of the sediment. Quartz grains are polished, clear 

and w~brounded to  angular. Accessory minerals include phosphorite, feldspar, mica, and 

heaq  minerals. Mineralogic properties of type F sand are similar to those of type A with 

the exception of high mica content in some samples. Phosphorite grains are also localla 

abundant. 
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Figure 23. Rlotos of typical type F sediment samples. 



Type 1" sediment is distinguished from type A sediment on textural and compositional 

bases. Type F is finer, often contains a significant quantity of silt, and is less well sorted 

than type A sand. In addition i t  contains a distinctively different carbonate composition. 

Carbonate content generally is less than 20 percent of total sample weight. Calcareous grains 

are biogenic in origin; o o i h  and Iithoclasts are absent. The carbonate assemblage is largely 

derived from mollusks, echinoids, and microfauna. None of the macrofaunal fragments 

display significant black or brown coloration, a feature of coarser deposits in adjacent areas 

(Hlltey, e t  al., 1969) and attributed t o  deposition in a former coastal area. Dominant 

molluslis in type F sediment are Mulinia lateralis (Say), Abra  aequilis (Say), and Corbula 

spp. The assemblage is generally uniform but abundance of each species is variable. In 

comparison to  type A sand the fauna are not diverse. 

The foramhifera of' type F sediment are generally uniform and not diverse in comparison 

to  the type A fauna. The assemblage is dominated by species of Elph id ium and varieties of 

A m m o n i a  beccarii (Einnk) which together generally comprise more than '$5 percent of the 

population. Other than the dominant species the only types occurring with any regularity in 

this sediment are Buccella hannai (Cushman), Florilus utlanticus (Cushman), and 

Quinqueloculina spp., all in small quantities. 

(3) Type 6 Sediments. White, ivory-, and light tan (10 yr. '512) shelly sand and 

Illulinia shell hash, locally interbedded with fine sand, commonly occur in cores between 

St. Augustine and Cape Canaveral (Fig. 24). There are also isolated occurrences of these 

sediments to  the north, possibly representing small erosional remnants of the sarne deposit. 

A few surface outcrops occur, but this material is largely buried by overlying types A or F 

sediment and thus is older than these deposits. In cores where type G occurs with type L 
sediment it is always higher and of younger age, 

Distinctive features of the shelly deposit are the uniform coloratiorl of included shells 

and predominance of Mulir~ia lateralis (Say) shell Ilaslles. The general lack of contrasting 

colors indicates postdepositional loss of distinctive coloration as many of the species present 

are strongly colored in life. 

Most species of rnolluslcs in the shelly sand and sllell-has11 deposits are common to  type A 
sediment; however, several common type A forms are either missing or appear to be 

considerably less abundant. Ilynassa obsoletu (Say), an intertidal gastropod is commonly 

found in sliell sand and shell tiaslr~, but not in othcr sediments of the study area and is 

apparently distinctive o l  shell-has11 deposits. Along with Ihe predominance of Jlulirlia 

latcrcrlis the occurrence of llynassa obsoletu indicates initial deposition in shallow (and 

probably brackish) water. Another distinctive mollusli present in sorne samples are 

thick-bodied shells and fragments of Merccnariu sp. which have been highly bored by 

sponges and algae. ) 

In rnariy respects, the uniform liglit color, presence of abundant Mulinia and occasional 

semilitt~ification of the shelly sand and sllellhasli deposits resemble cllaracteristics of the 
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Figure 24. Photos of type G sediment samples. 



widespread deposit on tlie inner sllc.lf between Cape Canaveral and Palin Beach described b? 
IIcisburger and I)uanc, (1991) and Field and Duatle (1944). Tliere are essential differences, 

especiall\ t l ~ e  raritv of litliification arid the absence of oolites and pelletoid calcareous 
particles ~ i r i c l l  are common features of most t\ pe E sediment. Furtller study ma? sltow tltat 
tliesc tabo units are time equivalents as tile) seen1 to  occupy a similar stratigrapllic nicl~e. 

Foranliriiferal assemblages in the hluliri~a shell hash and associated shell) sand and fine 
cluartz sand are ~ariable.  Elphzdzurn and Quzr~queloculir~a are generallj important genera, 
wlicreas Plnnzcrwala is rarely so; in several places a distinctive suite containing abundant 
Elphzdll l f~l  gunteri  (Cole) occurs. Most mollusks and foraminifera in t j p e  G deposits indicate 
deposition in a shallow nearsl~ore or marginal marine environment. Tlie variability in the 
assemblage plus litlrologic differences suggest tltat tlte deposit as a whole probabl) contains 
several facies. 

A more detailed study of tlie mollusl~s and foraniinifcra may produce a clearer defillitiori 
of these facies and indicate distinct time breaks betweell some of tile units. However, in 
terms of the scope of tltis stud) and widt core spacing in the area of occurrence it  seems 
more practical t o  treat tlie interbedded sIlell hash, shell sand, and sand as a single unit. 

(4) Type L Sediment. Tvpe L sediment is a wliite to  light gray (2.5 !r. 1\18 to  N4), 
fine to medium foraminifera-ricli quartz sand and is restricted in areal distribution and 
stratigraphic position. It is locallj exposed at the surface and commonl\ overlies type hl 
sediments. Faunal analjsis of this sediment indicates it  is a late Tertiar? deposit (App. C). 

Detrital fraction of t j  pe L sediment is composed principally of quartz and phosphorite 
(Fig. 25). Quartz grains are general11 fine to  medium in size but very coarse-size grains occur 
frequently. The gains  are well rounded and polislled. With the exception of phosphorite 
gains,  accessory minerals are rare. Phosphorite abundance \aries but  is always less tllani 10  
percent of the total sediment; most grains are rounded arid lligl~l\ polislled a l t l~ougl~ 1)lat~ 
gains  are common. 

Carbonate content of t l p e  L sediments is between 25 and 75 percent b\ weigltt. 
Constituents are mainl) foraminifera; most other contributors are echinoids and ostracods. 
Fine silt and cla) i ~ r  t j p e  L sediments appear to  be degraded biogenic carbonate, in contrast 
to  the terrigenous fines in types F and G deposits. Individual biogenic grains in t \  pe I, 
sediment &splaj evidence of secondan! calcification and recrystallization, 

Onla a few macrofaunal specimens have been found it1 type L sediment. These include 
occasional barnacle plates, sharks teetli and lragments of t l ~ e  pelecypod Arnuszum rnorlorzr 

(Ravenel). A single valve of Placz~r~urzorniu plicuta (Tuorne\ arid Ilolmes) and a few valves 

and fragments of Chlarnys conil~arilis (Toumey and Ilolrncs) complete tlie list. MI of these 

species have been reported in Tert iar~ strata of the Atlantic Coastal Plain. 

11% contrast to  the sparse macrofauna, t j  pe L sediment contains an abundant and diverse 

microfauna domiriated bv C~bic ides  spp. wit11 either planktonic sl~ecies or species of 

'I'ertulariu of secondary importance. Occasional la: ers in tlre type I, sediment, sampled b~ 

orily one or two cores, contain an anomalous microfauna indicating tllat tltere ma! be 

several biofacies associated wit11 tllis deposit; lioavea~er, none seem to  bc widespread. 



Sand 

Approximate Sca le  in M i l l ime te rs  
L L . - A  

8 1  2 3 4 5  i 0 

Forams 

Figure 25. Pilotos of t \  ;,e 1, sediment samples. 



(5) Type M Sediment. The stratigraphically lowest lithologic unit sampled in the 

survey area is a brown and silty sand deposit identified as type M sediment. Views of the 

sediment in reflected light and in polarized light are shown in Figure 26. The sand grains are 

chiefly quartz and phosphorite. Silt component in most cores is composed of quartz, 

dolomite, alld amorphous aggregates of an unidentified mineral. About one-fourth of the 

cores recovering type M sediment contained a matrix of finely particulated organic matter 

and little or no dolomite silt. In cores 181 and 196 both facies occurred and in both 

instances the organic facies was stratigraphically lower than the dolomite silt facies, 

Silt-sized dolomite grains occur in a rhombohedra1 shape; most have sharp edges and lack 

the abrasional features that would indicate a significant trarlsport history. In the shelf survey 

area off Jacltsoriville several cores contain evidence of upward chemical degradation of 

dolomite gains (Sec. IV).  The grains gradually disappear upward along with a noted change 

in grain shape from rhombic to semiangular and a decrease in ga in  transparency in 

transmitted light, the latter indicating degradation in crystal s t r~~c ture  through chemical 

weathering. 

In type M sediment the only macrofossils recovered were a few small fragments of a 

thin-slr~elled pelecypod, probably Arnus ium mor ton i  (Ravenel). Most type M samples 

contained no rnicrofossils; however, a few contained abundant tests of a varied assemblage. 

The assemblage in most samples is dominated by Cibicides spp. and usually contains 

sparse to abundant tests of planktonic types. Cassidulina laevtgata (d90rbigny), Bulirnina 

gracilis (Cushman), and Buccella spp. are generally abundant and appear to be characteristic 

of this sediment; in places, species of Guttulinu are also important. The assemblage 

resembles type L sediment in its dominlailt constituents, but there appears to be some 

significant differences of type and abundance. The foraminifera in type M sediment suggest 

that it is of Tertiary age and was deposited in water depths greater than 150 feet. 

Because of the stratigapl~ic import of types L and M sediments, faunal lists of 

foraminifera in these two Tertiary sediments are included in Appendix C. 

( 6 )  Unclassified Sediments. A number of sediments with characteristics different 
from the commonly occurring types discussed was encountered ill cores from the study 

area. Generally, these sediments occur in only a few cores and have not been categorized as 

types but are grouped as unclassified (U). Because cores are widely separated, especially in 

the reconnaissance area south of St. Augustine, some of these sediments may occur over a 

large area. 

Clays are the most common unclassified sediments. Tllese include g a y  to nearly black, 

sandy clay wlxicll is apparently associated with the silty fine sand (Type F) of the shoreface 

zone since the strata in which i t  Is found are nearly always directly beneath a deposit of 

type F material. This appears to be an extensive deposit but probably discontinuous. 

Olive to light grayish-green clay, in some places massive, and in others fissile, and 

containing varying amounts of included sand, occurs mostly south of St. Augustine. 
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Figure 26. Photos of type M sediment samples. 



Amorplious carbonale modules and weatl~ered molds are often incl~ided in tliese clays. 

Whether a correlation exists between all greenisll-colored clays has not been determined. If 

so, tliese deposits may underlie extensive areas of the inner shelf south of St. Augustine. 

A few samples of g a y ,  black, and brown fissle clay have been obtained from scattered 

locales within tile study area and appear to be unrelated localized deposits. 

Brown silty fine sand similar in cliaracter in type F sediment occurs in isolated patches 

seaward of the type F deposit on the shoreface and continuous innermost ramp. There is no 

evidence that these isolated deposits are continuous with the type F deposit but they 

probably formed under similar conditions. 

Very coarse sllellj quartz sand and granules with pebbles and granules of phosphorite 

occur in a few cores from various parts of the study area. This material has been found 

directly overlying type 1, calcarenite and probably contains a residual lag formed by 

weathering of the underlying type I, material. Since i t  occurs in only a few widely scattered 

cores this malerial is probably present on11 as a11 erosional remnant of a prcvio~~slj  more 

extensive deposit. 

Other unclassified sediments occurring in only one or two cores include lime mud, brown 

and green friable sandstone, peat, cilalky calcareous pebbles, challq friable limestone with 

casts and molds of pelecypods, and reddish brown sand with carbonized wood fragments. 

2, Sediment Distribution on the Inner Shelf, 

a .  Surfice Llistrlbu tion Patterns. The dominant cliaracteristic of surface sediments on 

the north Florida inner shelf is the abundance of fine quartz sand. Over 90 percent of the 

sediments 1gir1g landward of the 70-foot contour are very fine t o  medicim sand size (0.088 

to  0.35 millimeters; 3.5 to  1.5 phi); and composed principally of y~lartz. Surface sediments 

not included in this generalization comprise a verg fine silty quartz-sand facies, an 

occasiorlal coarse, quartz-sand deposit, and some surface exposures of carbonate-rich quartz 

sands. 

Overall distributio~l patterns of surface sediment on the inner shelf floor of the study 

area are largclq a result of the thin and discontinuous nature of Pleistocene and IIolocene 

sediments. Patcl~es of older sediment are exposed wliere the overlying younger layer or 

layers are nnissirig due to erosion or nondeposition. Tfius, adjoining patches of the shelf 

s ~ i r f a c ~  often conlain sediments deposited at different tirncs and ~lrlder different 

environrncritai conditions. Within tlie s ~ ~ t d j  limits, sediments as old as probable late Miocene 

(Type M) and as young ds IIoloccnc (Types A and F) are locally exposed in adjacent wrrface 

patches. Bourldaries between ti~cse patches are sliarp amid not gradational as wit11 lateral 

facies cllangcs in contemporaneous deposits, and bod1 the lithologic character and faunal 

assemblages of the separate patches mag be striliinglj dissimilar. In addition to  the exposure 

of sedinlerlts of different age at tEic strrfacc, tlicre are lateral gradations witllin 

contemporaneous deposits and the dis;)ositiori of surf'acc sediments in detail is locally 

complex and irregular. IIowever, tlierc is a rclativel) unlcornplicated dornina~it sediment 



distribution pattern. Poorly sorted fine quartz sands (TJ pe F) mantle the entire siloreface 

from Georgia to  Cape Canaveral. The shoreface extends out to  depths of 45 to  55 feet, 

usually witllin 1 to  2 nautical miles of tlie slloreline. Seaward of tllis zone t ~ p e  A 

moderatel) well-sorted fine to  coarse quartz sands are dominant (sho~vn as inner shelf facies 

in Figure 2'7). This relativel~ uncomplicated distribution pattern is t \  pica1 of the inner shelf, 

but along the reconnaissance line between Cape Canaveral and St. Aupst ine ,  surface 

sediments generallj displa? more variation titan to  the tiortli. 

Surface occurrence of sediments between tlie Georgia border and Flagler Beach i s  

sliown in Figure 26. The shoreface facies t j  pe F (fine poorlq sorted quartz sand) is common 

only within the generalls narrow shoreface zone and the adjacent innermost shelf floor; 

farther seaward type A sands are dominant. Thus is particularl~ well illustrated b~ cores 

collected along the reconnaissance line between Fernandina and Jacksonbille. Tlle 

a~lomalous appearances of medium sand on the shoreface are adjacent to  St. Mar>§ River 

Entrance and St. Johns River Entrance and are probabl) related to  inlet influence. Areas of 

outcropping Tertiary sediments are indicated b~ the residual facies. These locations are 

restricted to  the southeast corner of the Fernarldina grid and two locations in the 

Jacksondle grid. Seismic reflection profiles indicate that there are probabl> more exposures 

in this area tltat were not sampled. 

Few cores were collected from tlte shoreface along the reconnaissance line between 

Jaclison~ille and St. Augustine; Iicnce, tliere are little data to  provide accurate 

documentation of tlte distribution of a slloreface facies in this regon.  Plost cores from the 

region contain thick sequences of inner shelf tbpe A sand, and surface outcrops of 

underl) ing strata do  not occur. Tlte surface distribution and thickness of t~ pe A sand can be 

directl) related to  tllc complex bottom morpliolog and probabl! represent a large potential 

sand reserve. Adjacent to  St. Augustine Inlet, t~ pe A sediments are distributed oker a large 

region, probabl:, as a result of tidal transport near tlie inlet. T!pc F deposits are generallj 

limited to  witliin 2 nautical miles of the shoreline, whicli ma\ i11 part be related, since the 

shorefacc is steeper and more narrow in tliis area than it is farther north. Soutll of 

St. Augustine tlte shoreface narrows to  about 1 nautical mile in ~ i d t l i  and tile seaward toe 

lies at -50 feet 111LW. 
Because of tlie lower densiix of data coverage relathe to  the gridded surve! areas to  the 

north, sediment patterns between St. Aupst ine  and Cape Canaveral are interpreted with less 

reliabilit) . lIost landward cores contain fine poorl) sorted sands at the top  (T\ pe F), and 

seaward cores corltain medium sands (Fig. 28). Several subsurface units lie near tllc surface 

and exhibit some influence on sediment character and altllougl~ most sediments are 

identified as t \pes X or F, there are bariations. In addition, the spatial distribution of 

sehrnents (Sec. I\') indicate that the simple distribution patter11 of type F deposits on tltc 

shoreface, and of type 4 seaward of the siloreface. is tlie result of a complex succession of 

strata. 



Figure 27. 



Surface distribution of sediments on the north Florida shelf. Sediments are grouped in facies 
dominant occurrence. Inner shelf and shoreface facies are as in Figure 27. Cape Canaveral faeies 
dominant medium quartz-calcareous sand associated with Canavcral shoals. 

according to 
refers to the 



T, pe A deposits adjacent to  3loscluito Lagoon and south are more calcareous than those 

to tlle ~lortli  a i d  represent a tratlsitiom to tile medium to coarse, yuartzose-calcareous 

deposits of Cape Canaieral. Tllese deposits are designated the Cape Canaveral facies in 

Figure 28 and described b\ Field and Duane (11994) as a modera sand sheet derived from 

reworlking of Pleistocene substrata. 

b. 'X'h~cXness und ,$l,atlul D~strlbutlon oJ' Lltl~ologzc Units, 

( I )  Georgia Border to Jachsonville Beacl~. South from the Georgia border to 

Jacbsonvi1le the shallow shelf is characterized by three distinct litholigies: (a) fine to 

medium quartz sand (Type A): (b) poorly sorted very fine to  fine quartz sand (Type F); and 

(c) an assemblage of dolomite silt and quartz sand (Type M) overlain in places b! quartzose 

foraminifera1 sands (Type I,). 
As discussed pre\iouslj, tvpe F sands cl~aracteristicalla mantle the shoreface and 

innermost ramp areas along the entire survey area and are mostly restricted to that zone. 

The shorefacc is topographicall) indistinct in the Jacksonville to  Georgia area but  rouglll) 

extends 4 t o  3 nautical miles offshore. Most cores from this region are relativelj short 

(6 feet) but provide evidence dlat these deposits extend in most places to  sediment depths 

of 4 fret and are not sirnpl? a thin veneer overljing the outcropping slioreface deposits. 

Some of the seismic reflection and core data suggests that in some locales tliere m a j  be an 

older sedimentarj framework underlying tile shoreline. Similar finegrained silt] sands occur 

seaward of the siloreface in a few isolated locations on the shelf surface or at  shallow 

sedment depths but are not contirluous with or genetically related to  the modern shoreface 

deposits. 

Most of tlle shelf region between Georgia and Jacksonville is covered b j  type A fine to  

coarse quartz sand. Deposits are normally 1- to  3-feet thick but in a few places are thicker 

than 6 feet. Off Ferliatldina and Jachsonville t>  pe A quartz sand is tl~iclker and more 

uniform in lateral extent. This pattern appears to  be related to the presence of St. Johns and 

St. hYarjs Rivers, although it ma) be onl) ail apparent pattern due to the lach of detailed 

surveying between the two areas. Iiowever, near St. Johns River the surface sand sheet is less 

than 8 feet t l~ick.  

A marked characteristic of sediment distribution in the region is the widespread 

occurrence at  or near the surface of late Tertiarv dolomite silts (Type M) and foraminifera1 

sands (T! pe L). These sediments are usuallj present several feet below the sea floor in cores 

from the Fernandina and Jachsonville grids and the recorlnaissance line connecting the two 

grid areas. Joint occurrence of tliese two Tertiarj -age deposits is fair]? common. Cores 

containing on]! the ~vllite planktonic foraminifera1 sand (T)pe L)  appear not t o  have 

penetrated deep enough to  reach the underl! ing dolomite silt (Type M). In the Jachsonville 

grid several cores containing onlj Q pe 31, the stratigrap21ically lower unit, appear to  have an 

erosional surface separating thein from the higher t>pe A sands, indicating that the 

associated type L ma) ha1 e been removed througli erosion. 



Distribution of cores corltainirig late Tertiar) sediments (Types L and M) and their 
relation to  tlie dcpth of penetration t o  the first mappable sonic reflector is shown in Figure 
29. There is a subtle suggestion of parallel alinement of the coast and shape of the shelf 
sediment lying over the mapped liorizon. Cores from the gridded areas correlate well with 
the structure; cores from areas showing an overburden of 10 feet or less on top of tile 
uppermost acoustic reflector often contain Pliocene-age foraminiferal sands or dolomite 
silts. Cores collected from areas having greater than 10 feet of sediment consistently contain 
on14 fine to  medium quartzose sands. 

The influence of the s'riallow structure on seiiment distribution is further demonstrated 
in the cross-sectional profiles shown in Figures 30 and 31. These profiles document the 
relatively close association between acoustic and lithologic data and demonstrate that 
post-Tertiary sediments are often quite thin on the north Florida skrelf, and are even absent 
in some places. 

Within the Jaclisorlville grid at shallow subsurface depths and atop the surface of an older 
(Type &I) underlying unit, are found what is interpreted to  be tile remilants of a weatl~ered 
surface (soil or ground water profile). This interpretation is based on the presence of 
iron-stained and organic-coated quartzose sarlds several feet down in eight cores, all within a 

well defined area. The lithologic boundaries correlate with the red (R) acoustic reflector. 

Core location, depth of discolored sands and extent of the soil horizon are shown in Figure 

32. Outside the soil horizon area (Fig. 22) but at the same subsea deptlis, dolomite silts 

(Type M) are encountered in cores 59, 61, 63, and 184. Individual dolomite grains sllow a 

progressive upward degadation towards the soil horizon in both grain shape and crystal 

structure, suggestiilg effects of cllenlical deterioration througli exposure to  subaerial 

processes. Overlying the soil horizon in cores 46 and 47, are organic-rich nluds and peat. The 

peat sample in core 46 at -60 feet MLW tias a radiocarbon age of 9,625 years (B.P.) and 

represents initial accumulation upon the exposed surface as tlie Holocene sea transgressed t o  

that elevation. No other distinct, laterally continuous, soil horizons are apparent within the 

survey region. However, isolated cores offshore from Fernandina and St. Augustine contain 

similar litllologic transitions which probablj record a partially obliterated erosional surface. 

The same criteria of upward degadation arid depletion of carbonate grains towards a 

stained, quartzose sand deposit is 1)resent. Furthermore, tlie depths of these transitions 

correlate wit11 depths of strong acoustic reflectors wllicll lie near the surface and correlate 

with marked lithologic transitions t o  Tertiary sediments. 

(2) Jacksonville Beach to  St. Augustine. South of the Jaclcsonville survey area overall 

sediment character is similar to  that from Jaclisonvillc north (Fig. 33). However, the relative 

distribution of tlic different sediment types changes significantl) both laterall) and 

kertically. Fine to  medium q~iartz sands (Type A) are tlliclter and more laterally extensive; 

pre-Pleistocene dolomite silts and foraminiferal sands are less abundant and more restricted 

in lateral extent. Fine, poorly sorted quartz sailds (Type F) characterize the shoreface 

region, as they do in the northern sector. 
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Figure 29. Map of the Georgia border to Jacksonville area sho~vulg relationship between depth to first sonic reflector and 
locations of cores bearing Tertiary sediments. Depths to first reflector, or overburden thickness, is indicated by 
Zipa-tone patterns. Note close association of cores containing Tertiary-age material (X's) with seismic data 
showing areas of thin ( < 10 feet) overbuden. Shore-normal profile lines in each grid give locations of lines 
shown in subsequent figures. 
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Figure 32. Bathymetric map of the inner shelf near St. Johns Inlet sl~owing location of a 
subsurface soil horizon. Subsurface depth of weathered sediments is given for 
each core. The weathered zone unconformably overlies Tertiary deposits. 
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Figure 33. Map of the Jacksonville to St. Aupstine area showing relationship between depth to first 
reflection and locations of cores bearing Tertiary sediments. Depth to first reflector, or 
overburden thickness, was determined by acoustic data and is indicated by a Zip-a-tone pattern, 
Note the close association. Acoustic data north of St. Augustine (reconnaissance line) is too 
sparse to contour. Note the close association in the grid area of cores containing Tertiary 
material (X's) with acoustic data showing areas of thin (< 10 feet) overburden. Shore-normal 
lines in the grid area refer to lines in Figure 26. This figure (at same scale) ties to Figure 22. 



The reconnaissance line exteriditlg from Jacksonville to  St. Augustine is characterized by 

relatively tIlicli sequences (greater tlian 8 feet) of type A sand. Of the 18 cores from this 

section, 12 contain type A sand to  the bottom. Only sediment types A and F are in tllis 

region, arid their occurrence is correlative between cores. Older strata occur at or near the 

surface a t  several locations in the St. Aupstine grid. These deposits include type L and only 

rarely type M, both of which arc more common at Jacksonville and north; and several 

%itElologies whieli are referred to either as type C or unclassified sediment (U). The 

unclassified sediments represent many diverse ~itllo~ogiks while type C sediment is typically 

coarse quartzose-molluskan sands, judged to  be Pleistocene in age. Core 129 on line J in 

F i p r e  34 shows a thin, poorly ind~irated calcarenite overlying Tertiary deposits. 

(3) St. Augustine to  Cape Canaveral. Sediment character changes south of 

St. Augustine as the surface Quaternary sediments thicken and display facies changes that 

are quite marked on shore-normal lines but not clearly defined on shore-parallel lines 

(Figs- 35 and 36)0 Clayey silt deposits and muddy shell gravels, not present north of 

St. Augustine, occur nearshore in surface and subsurface units along the reconnaissance line, 

particularly south of Daytona Beach. Most muds and shell gravels are adjacent t o  the 

Mosquito Lagoon barrier arld may simply reflect a migration of the lagoon-barrier island 

complex landward during the last lise in sea level. The relation between selected cores along 

the reconnaissance line is shown in Figure 35. Along line A-A' the soutilernmost 

near-surface occurrence of Tertiary strata is in core 142. Overlying sediments are very fine 

to  fine silty sands of uncertain origin. Cores not alined in shore-parallel configuration show 

onshore-offshore facies changes. Nearshore cores at C', Dl, and E' (Fig. 36) contain buried 

sands and (bioturbated) muds with deeply weathered shells. These deposits pinch out 

seaward beneath the surface deposits of clean medium quartz sand. Profile F-F' is a 

simplified example of the same trend; shelf sands are replaced landward by older, lagoonal 

deposits. 

Trends in sediment thicklless and cIiaracter along the reconnaissance line, particularly 

soutli of Daytona, are linear stlore-parallel patterns different from those north of 

St. Augustine. The patterns are similar to  those mapped by Field and Duane (1974) in the 

Cape Canaveral area. 

IV.  DISCUSSION 

I. Slzallow Subbottom Stratigraphy and Structure. 

AltE~ough stratigraphically logged wells from the coastal zone of northeastern Florida are 

scarce, a sufficient number exists for tentative correlation between onshore eoastal geology 

and reflection units beneath tile inner Continental Shelf (Table 4). Of the five reflection 

units observed in this study, all but the red unit probably extend under the east Florida 

landmass where they should be represented in coastal wells. 
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Figure 36. Lithostratigraphic correlations along selected trarisects between Daytona Beach 
and Cape Canaveral. Note the shore-normal trends in vertical sediment 
relationships. 



Table 4. Stratigraphic summary of reflection units. 

Between Cape Canaveral and Palm Valley (30"1QtN.) the green primary reflector 

correlates closely with elevations in coastal wells on top of the Floridan artesian aquifer 

(Bermes, 1958; Tarver, 1958; Wyrick, 1940; Brown, et al., 1942). The top of this aquifer is 
common but not everywhere coincident wit11 the top of the Eocene section. 

North of Palm Valley, wells at Jacksonville Beacli and Fernarldina Beach (Leve, 

1961a, b) show the top of the Floridan aquifer lying over 500 feet below mean sea level 

(MSE) while the green reflector lies under the adjacent shelf no more than 350 feet below 

MSE (Fig. 15), Reasons for this are not clear; possibly the green surface actually dips 

northward to  over 500 feet below sea level at Jaclisonville, but is obscured by an 

overlapping strong reflector which may appear on seismic reflection records as a direct 

continuation of the green surface. Alternatively there may be a sharp downward 

displacement of the green unit between the inshbre boundary of the survey area and the 

onshore wells at Jacksonville and Fernandina. 

Faults and solution features occur in Eocene strata underlying the Florida peninsula and 

it is lilcely that similar features occur in the gTeen unit; however, there is no clear evidence of 

either in the seismic reflection profiles. Some small angular irregularities of the green 

reflectors may result from fault displacement rather than erosion but firm evidence is 

laclting. If large solution features do exist i t  is probable that they are eitfier mashed by the 

generally poor reflection returns from below the green reflector or by insufficient acoustic 

contrast at the boundaries. 

The purple refIectior1 unit and the overlying white unit lie at elevations similar to those 

of coastal wells in units comprising t l ~ e  ayuiclude of tlie Floridan aquifer. These strata are 

relatively impermeable, and in the coastal zone are generally considered to  consist of 

Miocene beds. 

Over the structural Iligh off Daytona Beacl~ the purple and white units and tlre overlying 

red unit are missing or too thin to be resolved on available seismic reflection records. The 

Floridan aquifer thus appears to be breached in tliis localc as the overlying sediments of the 
blue reflection ~tiiit consist generally of permeable clastics. 

The red reflection unit is believed t o  be confined primarily to  the shelf area and not 

continuous witll an) widespread deposit under the adjacent landmass. Since this unit is 



overlain in places b j  t) pe I, sediment of earl) Pliocene age and ~~nder la in  by probable 
middle Sliocene strata of tlle purple and white units it  seems l i l~elj  that this unit is of late 
Miocene age. The foraminifera in some respects suggest relationship to  late dliocene 
Choctawhatcllee Stage fauna but more detailed stud) is needed to  establish any possible 
relationship. 

Sediments Sn the blue unit over l~  ing the red reflectors are believed to  include thin strata 
of Pliocene, Pleistocene and Holocene age. The entire unit is quite thin, especially in the 
northern part of the study area where it rare11 exceeds 1 5  feet in thickness; in the south the 
unit is up to  40  feet tllich. Since the surver ed area is displaced eastward toward the s o u t l ~  
the a,~parent thicl~ening of tllis unit maj  indicate a general downdip increase in thicliness 
ratlier than "onstrike" southward thickening. JOIDES Hole No. 1 a t  81°00'W. off 
Jacksonville contains about 6 5  feet of post-Miocene sediment indicating an eastward 
thickening of the post-Jliocene deposits. This post-Miocene section is about 20 feet tlliclter 
than the blue reflection unit at a comparable longitude in the soutllern part of the study 
area. 

A structure contour map on the surface of the Ingles Formation of the Ocala Group 
(Vernon, 1951) shows that under east Florida, Ocala Group strata rise southward from the 

Georga border to  a broad truncated high situated westward of Dajtona Beach. At the 

summit of tile high ITernon found a closed fold truncated on the west b? a fault. He called 

this feature the Sanford high and hrpothesized that before disruption b) faulting and 

erosion the high mm once have extended westward across the peninsula. Puri and Vernon 

(1964) believe that the structural movement which formed the Sanford high took place in 

earl) Miocene time. 

A comparison between Vernon's (1951) map on the Ingles Formation and the green 

reflector (Fig. 15) shows similar structural trends wit11 botll surfaces rising southward to a 

broad higll near Dar tona Beach. This suggests that strata in\olved in tlie stiuctural 

development sllown b j  Vernon's map and b, the green reflector are continuous and that tlie 

high off Daj tona Beach is possiblr an eastward prolongation of the Sanford high. 

A second prominent feature of the subbottom strata is the abrupt steepening in eastward 

dip of the green reflector from a slope of about 1 on 400 to 1 on 50 occurring south of the 

Volusia-Brevard Count\ line (28O3'9'K.). Presumabl~ this feature is more extensive but lies 

too far offshore elsewhere in the stud1 area to  be intersected b) survey lines. However, 

south of Cape Canaveral the slope appears to  extend as far as Fort Pierce ($leisburger and 

Duane, 1971). Total depth of the steep slope in the green reflector is unknown but it  

extends from about -180 to  -200 feet ZILW to  at least -450 feet 91LTJT, the maximum 

depth of coverage of available seismic reflectiorl profiles. Whether this slope is of structural 

or erosional origin cannot be ascertained from available data. 

2. Sources of Inner Shelf Sediments. 

u. Surjuce and gear-Surface Tertmrj Deposits. Tlle relative occurrence and abundance 

of surface and near-surface deposits of  Tertiar? age on the north Florida inner shelf are of 



major significance to  shallow subshelf stratigrapl~y. Exposures of these strata at the shelf 
surface have not been reported previously nor has their proximity t o  the surface been 
suspected. This is due in part t o  the lack of seismic profiling in inner shelf waters and the 
preponderance of surface-type grab samplers used by investigators for reasons of efficiency 
and economics. The occurrence of Tertiary-age sedimentary units marked approximately by 
a widespread, mappable, acoustic reflector and containing white, quartzose-foraminifera1 
sands and brown quartz-sand dolomite silt, has several marked implications toward 
interpretation of Holocene coastal retreat and sebiment sources. 

Botll sedimentary units are judged t o  represent piimary deposition, and therefore have 
not resulted from major reworliing and secondary transport. Evidence for this is severalfold 
as discussed below. 

The lower unit (Type M) contains an abundance of well rounded, very fine t o  fine 
phosphorite g-rains and rounded medium quartz grains. The sediments are distinctly bimodal 
with quartz, phosphorite and occasionally, foraminifera comprising the sand fraction, and 
dolomite or finely particulate organic matter and unidentifiable degaded carbonate gains  
comprising the silt fraction. 

Dolomite silt grains are wllolly intact and lack any evidence of an abrasional history. 
Degraded ga in  surfaces occur only in isolated cores, and in those instances there is a noted 
increase in grain surface irregularity towards the surface, which is interpreted to  be the 
result of in silu weathering processes. Studies of sediments obtained from JODIES hole J-1 
seaward of the study area showed a generic relationsllip between dolomite silt clusters and 
overlying calcareous deposits, A gadual transition between the two sediments exists, with 
decreases in calcareous fauna accompanied by an increase in similar-sized authigenic 
dolomite clusters (Schlee and Gerard, 1965). Furtllermore, in a study of dolomite sediments 
offshore of Charlotte I-Iarbor on the p l f  coast of Florida, Huang and Goodell (1967) 
concluded that abraded grain surface characteristics indicated the sediments had been 
derived from an inland source. In contrast, dolomite grains in the present survey area have 
clean unaltered rllombohedral surfaces and occur in silt-size friable clusters that suggest a 
complete absence of transport. 

Overlying the dolomite siltj sands are type L deposits composed of quartz, phosphorite, 
and calcium carbonate grains. The calcareous fraction is principallj composed of 
foraminifera and small, largely unidentifiable carbonate fragments. Foraminifera in one 
representative sample and ostracods in several samples were determined t o  be Pliocene in age 

by Dr. Joseph Hazel and Miss Ruth Todd of the U.S. Geological Survey (letter reports t o  

CERC dated 3 and 15 December 1970). Several ages and environments are judged t o  be 

represented by type L sediments, Hazel's analysis showing that both early and late Pliocene 

types were present, and that certain species suggested deeper water than others. 

Presence of many plankctonic foraminifera in sediments would indicate water deeper than 

that of the survey area. Similar fauna are presently accumulating in outer shelf and shelf 

edge (200 to  300 feet below sea level) sediments along the southeastern U.S. continental 

margin where sediment influx is very low (Milliman, Pilkey, and Ross, 1992). 



I$ascd 011 ostracod species and abntidancc of planktonic foraminifera it is estimated that 

tht. origitial en\ironmcnt of dei)osition for most t>pe L sediment was 200 feet decp, or 

about 120 fcet deepcr than at present. Onshore nlarine terraces occur as lliglr as 120 feet 

(Penholo~aa Terrace) and the upper two terraces liave been assigned a Pliocene age (Alt and 

Brooks, 1965). This infornnation corroborates, in a general wag, a deepwater environment of 

about 300 feet for a relatively sllort duration during wllicl-1 time type L sands were 

deposited. 

b. Szgnlfzcunc.e oJ M u d  arid S l ~ e l l  Gmurls. Sediments wit11 modal sizes larger or smaller 

than sand (0.63 to 2.0 millimeters; 4.0 to -1.0 phi) are rare on the north Florida inner 

shelf. In a shallow stratigrayliic record of a transgressed slielf, sediments of all sizes are 

usuall) present, reflecting the preservation, at least in part, of the highly variable 

environments. At Cape Canaveral, lagoonal deposits are common in surface and near-surface 

deposits (Field and Duane, 1994). Adjacent to  the barrier island coasts of the middle 

Atlantic Bight, estuarine and lagoonal facies are commonly present beneath tlie shelf surface 

(Duane, et  al., 1972; Sl~ideler, et al., 1992; Swift, e l  al., 1972). hl both areas, deposits are 

typicall) composed of sand] and claj ey silts with occasional channel clays, and admixtures 

of shell gravel with silt. Peat deposits and organic muds are often present. 

Tlie near absence of sliallow subsurface rnuds and shell gravels on the north Florida inner 

shelf indicates either complete removal of that section of the stratigraphic record or absence 

of a significant barrier coast during Holocene development. Since extensive removal of back 

barrier facies has not occurred elsewhere, the latter explanation seems more accurate. 

thltliougll silt to fine grain deposits and m~addv sliell gravels occur at St. Aupst ine  and 

north, their dstribution and extent are verj limited. Along the reconnaissarice line soutll of 

St. Aupst ine  these particular lithologies become more abundant. This section of tile survey 

area has a well defined barrier-lagoon configpiration (Fig. 35). Mosquito Lagoon is ober 26 

nautical miles long, approximately 3.5 nautical rniles wide and is separated from the 

ocean b j  a narrow 0.5 nautical mile barrier. The occurrence of lagoonal sediments (poorl:, 

sorted shell gravels and muds bearing lagoonal fauna) at  shallow sediment depths on the 

inner shelf suggests that a barrier analogous to  the present one existed during early E-lolocene 

at a point seaward of tlte existing sliorelinc. Interpretation of the large shoals off Cape 

Canaveral as remnants of a relict cuspate foreland by Field and Duane (1974) provides 

supporting informatioil for existence of a barrier-beach ridge complex at this end of the 

survey region. 

c. Generutzon o f  Surficial Quartzose Deposits. 
(1) Quaternarg Fluvial Sources. The dominance of quartz sand in surface and 

near-surface deposits througl~out the study area has been emphasized in this report. Based 

on earlier works (Gorsline, 1963; HllLej. 1963; Giles and Pilliey, 1965; Milliman, 19'32) the 

quartz sands of the slielf (Types A and F) and the beacli sands have characteristics which 

indicate an ultimate derivation from the Georgia Piedmont province. These characteristics 



are: (a) an unstable heavy mineral assemblage similar to  that of Georgia coastal sediments 

and reflecting a metamorphic-igneous source region, and (b) a fine-grained low carbonate 

nature suggesting modern fluvial derivation. 

Tlie Georgia coastal region is a liltely source for the north Florida shelf quartz sai~ds. No 

Barge rivers draining Piedmont formation discharge to the Florida Atlantic coast, whereas 

Georgia contains numerous streams and rivers with headwaters in tlie Piedmont province 

carrying sediment t o  the coast. In particular, the Savannah and Altamaha Rivers, according 

to  Meade (1969), are among the rivers on the east coast highest in suspended sediment 

discl~arge. 

Since north Florida sands (shelf and beach) are finer and less calcareous than sediment 

adjacent t o  and south of Cape Canaveral, investigators have suggested a Georgia fluvial 

source for 66modern99 shoreface sands and "relict" inner shelf deposits. Henry and Hoyt 

(1968) mapped gray fine quartz sands in the nearshore Georgia shelf and ascribed their 

origin to reworking of coastal sands during tlie last transgression. Seaward of approximately 

the -50-foot contour lie coarser iron-stained Pleistocene sands. The sharp break between 

the two sediment types has been reported by many investigators (Howard, 1972; Pilltey and 

Franltenberg, 1964) and referred to  as the "relict-recent boundary," 

Milliman (1972) has ckiaracterizecl the fine satid lying within 4.4 nautical miles off the 

coast (Type F) as possibly modern fluvial deposits and considered the belt to  be continuous 

between Cape Fear, Worth Carolina and Cape Canaveral. Seaward of the possibly modern 

fluvial deposits lie relict shallow water terrigelious deposits. However, nearshore sands off 

Georgia are classified by Milliman as subarkosic, whereas those off north Florida are 

orthoquartzitic. Field and Pilkey (1969), also reported similar discrepancies between 

feldspar values for Georgia shelf and Florida shelf sand. Other mineralogical aspects of the 

two shelf areas are equally incongruent. Heavy mineral assemblages in Georgia rivers and 

shelf sands are unstable, i.e., they reflect derivation from Piedmont rocks without having 

passed through a sedinierltary cycle of deposition, lithification, and subsequent erosion. 

Heavy minerals of Florida shelf sands are both unstable and stable (Filbey, 1963, 1968) 

which niay indicate different source areas or a single source followed by weathering during 

lower sea level or resorting. Within a small area north of Cape Canaveral, Tyler (1934) found 

large variations in mineralogy of surface samples, but gave no explanation. More recently 

Carver (1971), studied samples along a shore-normal shelf trailsect off Georgia and noted 

large variations in mineralogy, particularly hornblendes, which he attributed to  differing 

fluvial sources during the Holocene transgression. These discrepancies in mineralogy 

(feldspars and lieavj minerals) suggest that alt2iougli Piedmont-draining streams in Georgia 

rnay have been the original and perliaps most significant source, other secondary sources 

have been interjecting material into the inner shelf surficial deposits. 

(2) Residual Shelf Contributions. The large extent of surface exposures and 

near-surface occurrences (less than 10 feet) of Tertiary strata has been well documented in 



earlier discussions. Botli major sechnnent types, white foraminifera1 sands and brown sand 

with dolomite silt, corriprise at least 50 percent quartz alid contain few 1it:av minerals. The 

yuartz grains arc rounded to well rounded arid sliow microscopic solution features on grain 

surfaces, like grains frorn the shelf suri'ace. 

111 many parts of the s t~idy area post-Tertiary quartz sands are thin. Contacts between 

the Tertiary sedimerits arid over1)ing citiartz sand are megascopically both sharp and 

transitional. hlicroscopic analysis of trarlsitional intervals in cores shows gradual gradients in 

grain cl.iaracteristics. 

Subsurface Tertiar) deposits (Tvpes L and AT) display continuity with overlying sands. 

Grain surfaces of dolomite rllombs are sharp and well defined below contacts arid become 

increasing degraded up through the transitions. Gradual and increasing surface degradation is 

traceable in some cores for several feet. This transition exists between type L and type M 
sediments, and between t j p c  M and surface cjuartz sands where type L is absent. Where 

type L deposits are present at shallow depth, the contact with overlying quartz is sharp with 

a fine-grained "soil profile" often lying in between. The base of quartz sands usually contains 

small white calcareous fragments. The fragments are highly altered and recrj stallized from 

diagenetic effects and cannot be identified bjr faunal type. Based on color, degree of 

degradation and alteration, these sl~ell fragments are believed derived from the lower unit. 

(3) Slioreface Sands. The entire shoreface in the survey area is mantled by slightly 

silty fine cjuartz sand (Type F) ~v l~ ich ,  except for its finer texture, is similar t o  type A sand. 

Origin of tlie fine sand, like that of the coarser shelf facies, is difficult to determine. 

However, tlie sand may be derived in part from direct fluvial-littoral transport, and in part 

from substrate erosion and reworljng. 

Most cores from tile shoreface are uniform in sediment type, but one core encountered 

Tertiary sediments a few feet down. Thicknesses of the fine q~lartz sand over Tertiary strata 

cannot be accuratel? determined, since few cores penetrated beneath i t ;  the bulk of 

shoreface cores does not exceed 8 feet in length. The composite information collected in 

this survey suggests that the siloreface, or at least the upper 10 feet, is an agg~ading deposit 

possibly superirnposcd in places on a preexisting geomorphic surface. 
From St. Aupstiiie northward, and especially north of Jaclisoriville, tlie shoreface in 

most places is a poorly defined irregular slope having a base at about 50 feet below MLW. As 
a topographic feature in this area the shoreface is difficult to  distinguish and is similar in this 

respect to tile Georgia shoreface. This is due in part to tlie mass of remnant inlet-shoals that 

have been stranded and redistributed as tile coastal sector retreated during the last rise in sea 

level. 

Sliallow subsurface structure of the shoreface is variable and can be ctiaracterized in two 

ways. Sorne areas are underlain by horizontal acoustic reflectors which may indicate either 

constructional or erosionial origin; otliers by bottom parallel reflectors indicate constructiori 

upon a preexisting surface. 



Certain aspects of the sediment mineralogy point to  a modern depositional origin of 

type F sand. Tlie sands contain little or no pllosptlorite, and are micaceous like the Georgia 

counterpart shoreface sands. The mica content reflects fluvial derivation since both offshore 

surface sands and subsurface deposits are deficient in this mineral. 

Faunal assemblages remain constant throughout shoreface cores indicating continuity of 

the deposit. The E1l)hidium-Ammonia foraminifera1 assemblage indicates an environment 

with fluctuating temperature, salinity, and turbidity. Although most commonlv associated 

with marginal marine estuaries, lagoons, and semi-enclosed bays, these conditions may also 

occur in nearshore water off open coasts and where few or no streams discharge in the 

coastal area. Mollout and Molipinslu (194'9) have shown zonation of organisms in Biscayne 

Bay, Florida, due solely to g o u n d  water percolation tllrougll the bottom. 

Macrofauna of the shoreface are chiefly echinoids and the pelecypods Mulinla, Anadaru, 

and Gorbul.~, none of which is restricted to  a narrow well defined environment (Abbot, 

1954; Stanley, 119'90). Shells are even]) dispersed throughout the shoreface; shell gravels or 

hashes were not in an) of the cores examined. 

3. Ori@n s f  Area Beach Se&ments. 

Areal beach sediments range in size from coarse to fine sand and contain between 2 and 

95 percent acid soluble material. These variations in grain size and shell content of beaches 

between Cape Canaveral and Fernandina result from coastline orientation and exposure, 

availabilitp of offshore source materials, arid local presence of Pleistocene coquina outcrops. 

Additionally, short-term changes in sediment character are induced b j  intense periodic 

storms, tidal fluctuations, and seasonal cllarlges in wa) e direction. 

Location, percent acid soluble material, mean gain  size, and sorting are plotted for each 

of 32 beach samples shown in Figure 37. Each locatiori represents a single sample collected 

from the swash zone at a specific time; values shown in dle figure are not long-term 

averages. Results shown on the chart are representative of subtle regional trends and overall 

variation in characteristics of areal beach sands. 

Curves for mean sand size and shell content are directly related-nearly every increase in 

shell content is paralleled by an increase in grain size. This pattern indicates that mean sand 

size is primarily a function of composition, and this correlation is further reflected by the 

sorting curve (Fig. 3%). Although the sorting curve does not always parallel the other two, 

decreases in gain  size and shell content are frequently marked by a decrease in tile standard 

deviation, indicating better sorting. Such a pattern further demonstrates the influence of 

shell material in the areal beach sediments-sands containing lesser amounts of sEiell material 

are finer and appear to  be better sorted than those enriched in biogenic sand. Mollusks, 

chiefly pelecypods, are the primary contributors of carbonate material, whether derived 

from recently living fauna or reworked Pleistocene deposits. Whelks, conchs, and other 

gastropods also contribute a significant amount of sllell to beaches. Among the minor 

components of tlie carbonate assemblage, the absence of ooids is of particular note. Ooids 



Figure 31, Weight percent at acid soluble material, median grain size, and sorting of 
sediment samples for east coast beaches of north Florida. Note relationship 
between acid soluble content, whiclz is predominantly shell, vain  size, and 
sorting. 



are present in sltelf sands beyond the 60-foot contour (Terlecky, 196'7). At Cape Canaveral 

tllese u o i k  are present in both shelf and beach deposits, suggesting that an exchange of 

material ltas taben place between the two environments (Pilkey and Field, 19'92). 
4. Inner Shelf History. 

Certain events in the Cenozoic history and evolution of the inner shelf are indicated by 

data collected for this study. Reflection records yield good evidence of several episodes of 

erosion and fragmentary evidence of the sedimentary processes and environment controlling 

deposition of some units. Sediment cores contain much lithologic and faunal data relating t o  

the history and origin of the late Tertiary, Pleistocene, and I-Iolocene section. 

Seismic reflection data throughout the area show no evidence of structural deformation 

or faulting sufficient to  reverse stratal positions. Therefore, i t  is assumed that superposition 

is valid in establishing the relative ages of reflection and sediment units. 

The earliest event recorded in the ]ICONS survey is erosion of the Ocala Group limestone 

before deposition of overlying Miocene strata. The erosional interval is inferred from tlte 

locally irregular nature of the green reflector in the area where it correlates with the top of 

the Eocene in onshore wells. This erosional episode probably correlates with the 

post-OIigocene, pre-Tampa Stage (Miocene) erosion of rocks underlying the Florida 

peninsula (Puri and Vernon, 1964). 

Evidence of probable erosion of unit E can be seen tlirougllout the penetration range of 

the seismic reflection profiles; thus, assuming that erosion took place in a subaerial or 

littoral setting, relative subsidence of more than 450 feet has occurred off northeastern 

Florida since late Oligocene or early Miocene time (about 26 million years B.P.). 

Following erosion of E unit, sea level rose and D unit was deposited on the eroded 

surface. Internal reflection in D unit can be seen only in a small part of the study. Where 

visible, the secondary reflectors suggest that the unit consists of thin parallel beds of a 

homogeneous sediment. Such a deposit is usually associated with nonturbulent depositional 

conditions occurring in deep or protected waters. 

The evidence at hand indicates that the D unit was in place before tlie uplift resulting in 

the high off Daytona Beach. 

Whether the surface of D unit was eroded before deposition of C unit is not known 

because the contact between these two units is obscure. Later erosion of high standing parts 

of the unit did apparently occur and is discussed later. The internal bedding pattern 

of C unit suggests that this deposit may have formed as either a river mouth delta or a tidal 

platform at the entrance to  a large estuary. Subsequently, the unit was planed off by 

erosion. This erosion surface (white reflector) also transgresses the top of the older D unit 

where i t  supplants C unit in the area south of Jacksonville (Fig. 14). 

The general smoothness of the white reflector surface and apparent lack of channels 

incised in underlying units suggest that the surface may have been eroded in a sltallow 



marine setting with little or no subaerial exposure. Since the overlying I4 unit is believed to 

be an upper Miocene or lower Pliocene deposit the erosional episode evidenced by the white 

reflector is probablv of Miocene age. 

The red reflector has been reached by cores and there is more direct information on the 
red and the overlying blue reflection units than for deeper strata. The red reflector is 
underlain sequentially southward by B, D, and E units. It is overlain by Pliocene, 
Pleistocene, and Holocene sediments. The B reflection unit was deposited on the erosion 
surface corresponding t o  the white reflector. Foraminifera in B unit indicate that the 
deposit was probably lain down in a water depth of 150 feet or greater. The internal 
reflectors suggest that the deposit prograded eastward for at least 5 nautical miles along a 
front of over 70 nautical miles forming an initial 5-nautical-mile-wide series of 
seaward-dipping beds followed by near-horizontal beds. The occurrence of medium to  
coarse quartz sand and a relatively deepwater (> 150 feet) foraminifera1 assemblage 
suggests deposition near the foot of a prograding inshore terrace rising steeply from the shelf 
floor. If this explanation is correct B unit must have originally been much thicker than the 
present remnant. 

The surface of B unit may have been eroded before deposition of the type E sediment 
of early Pliocene aq,e, which overlies i t  in places; however, the evidence for an unconformity 
is not clear. Seismic reflection records indicate that in places, the eroded top of B unit is 
well below the level in which type L sediment was encountered in overlying cores. In the 

few cores where both type L and type M sediment were recovered the contact between 

them was a narrow zone containing elements of both sediment types, Changes in fauna and 

mineralogy suggest that the contact zone could not have been created by unbrolien 

transition from one to  another and more likely represents the result of mixing across a 

boundary marking a11 erosional hiatus. 

If B unit was eroded before deposition of type L sediment the event must have 

occurred in late Miocene or early Pliocene time. Where B unit is not overlain by Pliocene 

sediments its surface was probably re-eroded during a period of lower eustatic sea level in 

Pleistocene time. The red surface is thus a product of more than one erosional episode. 

Age of the sediments contained in A reflection unit ranges from probable early Pliocene 

to Holocene. Type L sediment lithology is the earliest known deposit of the reflection unit 

and probably originated during a higher relative sea level stand in Pliocene time. 

Subsequently this deposit was eroded and sediments of Pleistocene and I-Tolocene age were 

deposited on the eroded surface. 

Locally between Holocene-age sediments (Types A and F) and Miocene-Pliocene deposits 

(Types L and M) there exists a complex group of sediments having widely varying lithologic 

and faunal characteristics. These deposits are judged to be of Pleistocene age, but possibly 

they include older material. Many of these sediments can be included with the broadly 

defined type G sediment which probably comprises several facies and possibly more than 

one stratigraphic unit. 



A few cores recovered atypical sediment of the various unclassified sediments (Type U). 
Characteristics and fauna of these sediments indicate deposition in a wide variety of 
environments ranging from marginal marine t o  mid-shelf. Many may represent remnants of 
previously extensive Pliocene-Pleistocene deposits largely removed by erosion during low 
eustatic sea level stands. In some cores tile deposits from the area over the Daytona Beach 
high may be of Miocene ageo Since such remnant deposits rarely occur together in the same 
core, there is little information about relative stratigraphic relationships or history. 

Although the Pliocene-Pleistocene history of the inner shelf from ICONS data is 
fragmentary, some meaningful generalizations car1 be made. Pleistocene deposits are 

localized and thin and in many places absent from the inner shelf of north Florida. This 

contrasts sharply with the thick late Pleistocene sands mapped from Cape Canaveral (Field 

and Duane, 1974) and farther south (Meisburger and Duane, 1971). The paucity of fluvial 

and coastal sands south of the large Hedmont-draining Georgia river system has two possible 

explanations-either the area was one of nondeposition, or original deposits were stripped 

off by subsequent erosion. Because of the preservation of thick subsurface Pleistocene sands 

south of the study area (Field and Duane, 1974) and in other parts of the east coast, the 

latter explanation seems unlikely. It seems more probable that each time the sea 

transgressed the shelf, the deep stream channels that were cut into the shelf became 

embayed and began to trap sediment, thereby reducing the detritus supplied to  the coastline 

when the shoreline was farther seaward. This lack of new material resulted in a very thin 

sediment cover derived principally from erosion of exposed strata. 
The most recent event apparent from the north Florida ICONS data is the Holocene 

transgression beginning about 15,000 years (B.P.) following the termination of the last 

Pleistocene glacial stage. As the shoreline migrated landward, Pleistocene and Tertiary 

substrata were reworlted to generate thin surficial type A sediment deposits. During the last 
I 

several thousand years finer type F sediments in tlie littoral system have been transported 

seaward mantling the shoreface and the innermost shelf floor. Outside of the littoral and 

shoreface zones there seems t o  be little modern sedimeiitatiorl talting place. Reworliing of 

surface sands of the inner shelf by waves and currents in contiizuing and possibly significant 

transportation and redeposition of winnowed fines is occurring. 

V. SAND RESOURCES ON THE NORTH FLORIDA INNER SHELF 
B .  Sand Requiremernts for tire NortB1 Florida Coast. 

The National Shorxline Study (U.S. Army, Corps of Engineers, 1971) lists the northeast 

coast of Florida as one of four areas within the State where shore erosion problems are 

serious, Specific areas covered in this study arrd undergoing sufficient erosion t o  warrant 

engineering protective measures are shown in Figure 38. Quantities required for initial 

restoration and annual nourislbrnent of tllose areas are cited in Table 5. According t o  a 

Beach Erosion Control S h d y  (BEG) for Duval Courlty (U.S. Congess, 1945) the shoreline 

south of St. Johns River to tlie co~lnty line, a distance of about 10 miles, will require 
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Table 5. Areas ;uad estimated quantities required for beach erosion control. 1 

Area Sllorelirle lengll 

Duval County about 10 miles 

St. Johns County3 about 5 miles 

South Ponte Vedra Beach 1 11,600 feet 

Anastasia Beach 1 7,600 feet 

Cresent City Beach 

Total 

1. Cubic yards. 

2. Beach Erosion Control Study, Duval County, Florida (U.S. Congress, 1965). 

3. Beach Erosion Control Study, St. Johns County, Florida (U.S. Congress, 1966). 

3.75 X 10' cubic yards of sand for initial fill and about 0.26 X PO6 cubic yards annual 
nourishment (Table 3). Including initial fill, nearly 16.75 X 10"c~ibic yards of material 
will be needed to restore and maintain this area in Duval County for a 50-year period. 

Erosion in St. Johns County occurs principally at South Ponte Vedra Beach, 
St. Aupstine Beach, and Crescent City Beach, and approximately 3 5  X 106 cubic yards 
of sand will be required for initial fill and over 0.5 X 906 cubic yards for yearly 
maintenance (U.S, Congress, 1966). Over 31.05 X PO6 cubic yards will be required for 
restoration and nourishment of these beaches over a 50-year period. 
2. Comparison of Beach Offsliore Sands. 

Beach-fill sand, to be well suited for restoration and maintenance should closely match 
the size distribution of native beach material, be mecilanically and cllemically stable, and be 
reasonably free of fines and foreign material (such as sharp coral fragments) which might 
degrade the quality of the beach for recreational purposes. 

Type A deposits occur in a wide range of characteristic sizes, thus reasonably good 
matches for typical sand on north Florida's Atlantic beaches can be defined. However, 
deposits suitable for some areas may not occur within economic transport distance of the 
project site or in the volume required for borrow operations. 

Beach samples from along the active profile of tile northeast Florida coast range from 
very fine to very coarse sand; tlze vast majority of samples are fine sand size, but range from 
about 0.1 to  0.4 millimeters. Median sieve diameters averaged by profile position for each of 
three Florida counties are presented in Table 6. Ranges of median diameters are also 
presented to  provide information on between-profile variability. Most anomalously coarse 
sizes shown on median size range reflect the local occurrerice of shell material. Size range of 
beacli samples, taken frorn several literature sources, 6s compared to size raniges of offsliore 
type A sands in Figure 39. In general, connparison of ranges of median and mean grain-size 
values shows that offshore samples are slightly coarser and would probably be well suited 







for beach-fill material. Ranges of medium values are greater for individual county beaches 

and their overall size is finer than for sample collections from the shelf or mid-tide samples 

covering the entire study area. This can be partly attributable to  the fact that county beach 

samples range across the beach from tlne dune to  -30 feet and the offshore samples are 

usually fine and very fine type F sand (Table 4). The beach samples from the entire 

shoreline are biased toward the coarse side since they were collected only from the mid-tide 

area, Offshore samples are also biased toward the coarse side since selection was based on 

their appearance as suitable sand for beach nourishmknt. 

Direct comparison of size data derived from different ailalysis techniques (settling 

velocity versus sieve) as in Figure 39 may be made for a general overview. However, 

comparison of either individual samples or composite values requires that particle-size 

parameters derived from them be corrected so they are comparable and reproducible by 

either method. An empirical correction factor for the CERC Rapid Sediment ha ly se r  

(RSA) has been determined so that RSA data may be directly equated with sieve data. The 

equation for conversion is: 

M$ (sieve) = 0.154 4- 1.1 M$ (RSA), 
where 

M sieve) = the mean sieve diameter, @ (  
M6 (RSA) = the mean RSA diameter. 

If only the median diameter is available, an assumption can be made that the median is an 

approximation to the mean and differences between the two are insignificant. However, the 

correction factor was determined empirically for the RSA and therefore cannot reliably be 

used for other settling tube data, 

If differing sets of data are in different units (millimeters and phi), then one set must be 

converted to conform to  the other. It is preferable to  transform data to phi ($) values, using 

the formula: 

@ = -log2 (dm ,,), 
$ - diameter in phi units, 

dm, = diameter in millimeters. 

Data from the native beach (the one to  be restored) can be compared directly to data 

from a potential borrow site by cornpalison of a composite sample from each area. A 
composite sample is a single theoretical sample calculated from all samples that statistically 

represents the spread of mean ga in  sizes and sorting that is present. Metllods of calculating 

composite values are given by Mrumbein (P954). The mean gain size and sorting of the 

composite samples from the native beach and borrow site can be compared t o  determine a 



ratio for calculating the quantity of sand t o  be dredged to  yield a given quantity of sand on 

the beach. The rnetl~od for determining the ratio is given by Gumbein and James (196%) 
and in the Shore Protection Manual (U.S. Army. Corps of Engineers, Coastal Engineeing 

Research Center, P973). 
Factors affecting the ci~~aliity of a potential borrow site other than the character of 

included sand are: uniformity of the sand throughout the deposit, accessibility to  dredging, 

proximity to  the project site, and thicliness of the deposit. Based on these suitability factors 

the best sediment in the study area is the coarser facies of type A quartz sand. Type A sands 

are composed predominantly of mechanically and chemically stable quartz particles, are 

generally free of fines and objectionable incIusions which might deg~ade the recreational 

quality of a beach and, being the characteristic surficial deposit, are readily accessible t o  

dredging. 

The characteristic thinness of type A surfieial sand is its cliief potential drawbacli t o  

exploitation since i t  limits the most suitable borrow sites to certain locales. These are 

extensive areas of inner shelf where type A sediment mantles the bottom t o  o d y  a few feet 

in thickness, and thus dredging would affect a relatively large area t o  recover a given volume 

of sand compared t o  dredging a thicker deposit. In addition, dredging thin deposits may 

uncover a different substrate, consequently changing the cllaracter of the bottom in the 

borrow area. 

Sediments of silty fine sand (Type F) which characteristically form the surficial deposits 

of the shoreface and contiguous innermost ramp are considered t o  be generally unsuited for 

nourishing north Florida beaches because of their fine size and silt content. 

Sediments classed as type G are also considered generally unsuited for beach fill because 

of the high shell-gavel content, strongly bimodal size characteristics, and apparent 

rionunifor~nity of characteristics within deposits. Furtller, type G sediments were usually 

found ~tndcr an overburden of dissimilar material some times several feet thick, 

Type L sediment is cornposed of up t o  50 percent calcium carbonate in the form of 

silt-size calcareous grains and sand-size foraminifera1 tests. The large content of silt in "ile 

higll energy beach zone would likely result in excessive loss of fines should this material be 

placed on a beach. 

Exposures and near exposures of type M sand deposits are accessible in places along tire 

northern part of tlle study- area. Available indirect evidence from seismic reflection data 

indicates that the deposit of type M sediment may be over 50 leet tllicli in places. 

Therefore, wliere deposits are accessible, it sllould be possible to  recover large amounts of 

sand with a minimal area directly affected by dredging. Size distribution of the sand fraction 

of type M sediment is within ranges suitable for beach fill in nearby coastal areas. A possible 
drawback t o  use of type M sediment is its con~tent of silt-six dolomite ecrjrstals or, ir, places, 

silt-size particulate organic matter; also the deposit may be litliified below the uppermost 

sc.ction penetrated by cores. 



3. Potentid alffslnore Sand Resources. 

(1. Generul. Delineation of sites within the survey area wliicll appear to  be most 

promising for future detailed investigation as potential borrow areas is accomplished by 

interpretation of data and comparison with geologically analogous areas. Potential borrow 

sites are sllown iri Table 5 .  

Suitable borrow sites are considered to  be those with clean yuartz sand of a size range 

compatible wit11 that judged to be suitable for fills on nearby beaches and t l~ick enough so 

that borrowing operations would affect only a small area. 

In general the inshore zone coincident with the surface distribution of type F fine silty 

sand contains few potential sand sources because of the cliaracteristic fine and frequently 

silty cliaracter of bottom and sliallow subbottom sediments in the zone. 

Seaward of the fine silty sand areas, there are extensive but discontinuous deposits of 

type A quartz sand. The quality of type A sand is more favorable, but deposits are 

commorlly thin and in many areas the sand is too fine to be suitable for beacli fill. 

Linear ridge-like shoals occurling on the inner shelf off Fort Pierce and Cape Canaveral 

were found to be excellent sources of clean, medium to  coarse sand (Meisburger and Duane, 

1971; Field and Duane, 19'74). Similar linear shoals occur south of Daytona Beach off the 

study area. 

In contrast, topographic highs elsewhere in the shady area are large, often flat-topped, 

masses of irregular outline and low relief. Most of these bank slioals are judged t o  be largely 

the product of erosion rather than accretion; however, core data show that accumulations of 

clean type A sand generally occur atop these highs and the sand is likely to  be several feet 

thick in places. Additional detailed surveys on these features may serve to precisely define 

the character and extent of type A sand. 

Very large quantities of fine t o  coarse quartz sand are believed to be contained in 

reflection unit B. However, in most places the unit is buried and only readily accessible 

locally where it outcrops or lies under very shallow overburden. In addition, type M 
sediment is of doubtful utility as beach replenishment because of the certain qualitative 

difficulties with this material as discussed previously. 

Potential sand sources are identified in Figures 40 through 43. Areas designated A are 

considered t o  have the best potential for exploitations as offsliore borrow areas. Subareas 

(within the A areas) that appear to  afford tile best prospects have also been identified in the 

figures. 

Areas designated B are judged to  be possible sources of suitable sand but available data 

on these areas are too scant for an assessment. 

In the Figures 40 and 41, M areas show where the top of the type M sediment layer is 

accessible either in outcrop or under shaiiow overburden. 

b. Georgia Border through S t .  Rugust ine  Grid. Fine sediments rangirlg from clap to  

clean firie sand cover a zone exteriding seaward through most of the Ferriatidina grid and to 



Table 7, Summary of poteaxtial borrow areas near desipated coastal communities. 

~ o c a t i o n  Area Volume ' Significant cores 

Fernandina 

Fernandina 

Nassau sound 

Jacksonville 

Jaclisonville 

Mclder Landing 

St. Aupstine 

Fernandma 

Fernandina 

Fernandina 

Nassau Sound 

Fernandina 

Nassau Sound 

Jacksonville 

Marineland 

Ormond Beach 

Ormond Beach 

Matanzas Inlet 

Flagler Beach 

Daytona Beach 

Ponce de Leon Inlet 

Turtle Mound 

unknown 1 194 

unknown 

unknown 

unlmown 

5 .0 

178.0 

7.4 

unknown 

unlinown 

unknown 

unlinown 

unknown 

unknown 

unknown 

39.0 

6li.0 

5.0 

unknown 

unknown 

unknown 

unknown 

unlinown 

none 

none 

31,32,33 

190 

4'5,50,57,61,62,63, 180 

140 

147 

173 

133 

none 

none 

none 

152,160 

1. Cubic \ ard. 



Figare 40. Potential offshore sand borrow areas off the Fernandina-JachonViIle area. 
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Figure 41. Potential offshore sand borrow areas between the Jaclisonville area and Matanzas 
Inlet. 



Figure 42. Potential offsliore sand borrow areas between Matanzas Inlet and Davtona 
Beach. 



Figure 43. Potential offshore sand borrow areas between Daytona Beach and Cape 
Canaveral. 



tlre south up to 6 nautical miles seaward of the shoreline (Figs. 40  and 41). This sand is 

mostly interbedded with clays, particularly in the region north of St. Johns River Entrance. 

Because of the presence of fine sand and its often silty character, and the common 

occurrence of clay layers, this zone is unpromising for location of any extensive deposits of 

clean sand which would be potentially usable for replenisI~ment of nearby beaches. 

However, some locales within the zone have potential and therefore warrant further 

investigation. A summary of the more promising locals in the region follows. 

(1) Area A-1. This area is a low linear shoal trending northeast. Core 194 near the 

sout'rlwest end recovered 9 feet of clean fine to  medium quartz sand with thin layers of 

varying size. Composite sand borrowed from this site may prove satisfactory for use on 

nearby beaches. Since the site appears to afford the only reasonable prospects in the 

Fernandina grid i t  warrants further investigation. 

(2) Area A-2. Core 1 6  at the nortllwest edge of this low linear ridge atop a bank 

shoal contains clean quartz sand with a median diameter range of 0.330 t o  0.268 

millimeters ( l e g  to  1.9 13ili). Since core 76 was only 3 feet long it is not ltriown if the ridge 

contains similar material in depth. Seismic evidence suggests that the sand is 10 feet or more 

thick. 

(3) Area A-3. Core 191 at the extreme end of a long low ridge contains suitable sand 

with a mean diameter of 0.380 millimeters (1.4 phi), in the upper 2 feet. If the ridge is 

covered by similar material i t  would provide a usable offshore borrow site but details are 

lacking. The material in core 191 is fine gained below -2 feet and i t  is doubtful if any but 

the surficial material will be suitable. 

(4) Area 8-4.  Cores talcen throughout this extensive area off Jacksonville Beach 

generally contained a thin surficial layer of clean, medium t o  coarse quartz sand. In general, 

the upper 2 feet were coarser than deeper material. Suitable borrow sites probably exist at 

several places within this area; however, indications are that the sand is probably too thin in 

many places for a desirable borrow site. The best material was contained in cores 78, 19,  

and 185 in the eastern part of the area. There is not enough information from this area to  

estimate the volume of suitable sand that may be available, but further study is warranted. 

(5) Area A-5. Cores 4 8  and 6 5  located over the "ancient channel9' of the St. Johns 

River contained reasonably clean, medium to  coarse quartz sand under a shallow overburden 

of type IF sand. This material may represent a deposition in the old channel and further 

exploration of the channel area outlined in Figure 1'9 would be warranted, especially since 

this site is clcser to  sllore thr,  most potential sites in the Fernandina-Jacksonville area. 

Further exploration would probably be most productive along the central part of the 

channel area soutl~eastward of core 48; cores t o  the northwest indicate that the channel in 

that area is probably filled, by silty sand and clay. There are insufficient data available for a 

reliable estimate of the sand volume, but there may be over 5.0 X lo6 cubic yards of clean 

sand in the channel deposit. 



(6) Area A-6. A large irregular shoal centered 5 to  6 nautical miles offshore between 

Jacltsonville Beach and St. Augustine is judged to be the best prospect in the northern part 

of the study area. In general, the shoal is of very low relief and nearly flat-topped. 

Geophysical records indicate the shoal may have formed by accretion, possibly during the 

latter part of the last transgession. If so, this is an exception as most similar shoals off north 

Florida appear to  be erosional remnants, The few cores from the highest part of the shoal 

recovered up to  10 feet of clean uniform quartz sand of medium and coarse size. Two small 

ddge-like features surmounting the shoal and its highest central part are considered the best 

prospects. If this shoal was formed entirely by accretion, the total volume of sand within 

the shoal would be approximately 1'98 X 106 cubic yards. However, the typical bank 

slloals appear to be largely products of erosion. 

(7) Area A-7. This is the only prospective site within the St. Augustine grid. Two 

cores penetrated a clean medium quartz sand layer 4 to 6 feet thick. A ridge-like feature 

near core 123 is judged to  be the most likely locale for a suitable borrow area. The 

estimated volume of .,and in this ridge is 1.4 X 106 cubic yards. 

(8) Area B-l.  Core 2 off St. Marys River Entrance at Fernandina contains 5 feet of 

clean well-sorted fine sand witlt an average mean diameter of 0.218 millimeters (2.2 phi). 

The core is 5 feet long and terminates in sand; total depth of the deposit is unltnown. The 

deposit is apparently not extensive as surrounding cores do not contain similar material. The 

material in this deposit may be related to the nearby inlet. 
(9) Area B-2. This area, of unknown extent and depth, is centered on core I1 south 

of St. Marys River Entrance. The core is 5 feet long and consists of well-sorted, quartz sand 

of fine to medium size. Core 11 is the shallowest core talien in the Fernandina area (-20 

feet MLW) and thus represents an upper shoreface locale which was not sampled elsewhere. 

The sand deposit may therefore extend laterally along the upper shoreface, but is unliliely 

to  extend any appreciable distance seaward since a l  cores in the zone immediately seaward 

of this locale contain fine silty sand. 

(10) Areas B-3, B-4, and B-5. Three low, roughly linear slloals lying parallel to  shore 

off Amelia Island may contain thicli sand accumulations. No core data arc available for these 

areas; however, if they are composed of the fine silty sand typical of the inshore zone it 

would not be well suited for beach fill. 

Since these shoals are close to  shore and would be desirable borrow sites if suitable 

material were available, they warrant further investigation. 

(11) Areas I3-6 and B-1. Both of these areas consist of small shoreface-connected 

linear shoals in the vicinity of Nassau Sound. Elsewhere, most similar shoals have been 

found to  be composed of clean sand. Since there are no cores from these shoals the 

character and size gradatien of the shoal sedimemtt arc ut~ltnown, Proximity tc! pvtential 

project sites would make these areas desirable borrow sites should they contain suitable 

material. 



(12) Arca RI-1 .  Near the southern border of the Fernandina grid is a large 
triangular-shaped closed depression in wl~icll cores indicate the top of the type M sediment 
layer outcrops or is at sllallow depth (< 5 feet) and thus accessible to dredges. Type M sand 
in cores from tliis area is general11 of coarse texture and has a dolomite silt matrix. 

(13) Arca M-2. Core 190 is in a small closed depression and contains 11 feet of 
type M sediment whici~ outcrops at the core site and may be exposed tlirougllout the 
depression. The core contains an admixture of coarse quartz sand with a dolomite silt 
matrix. 

(14) Arca M-3. An extensive area covering a broad, ridge-like feature with subtle 
topographic expression off Jacksonville appears t o  be underlain by type M sediment. Cores 
in this area generally encountered the sediment at -3 feet or less, and outcrops probably 
occur in many places. An ancient cl~annel bisects the area and along the channel course 
type M sediment is deeply buried under channel fill. This part of the channel containing the 
fill may provide suitable sand; tlie area has been delineated area A-5. 

The type M sediment fo~tnd in area M-3 is composed mostly of medium to  coarse quartz 
sand in a silty matrix consisting of particulate finely divided organic matter or dolomite silt. 

c .  St .  Augustine Grid to  False Cape. Throughout most of this stretch of coast the 

shoreface and innermost ramp are mantled by silty fine type F sands (Figs. 41 ,42 ,  and 433). 

Because of the fineness of tlle characteristic surficial deposits this zone, which extends 

about 5 nautical miles offshore, is unpromising for potential beach fill material. Farther 

offshore clean type A quartz sands are common on topographic highs. Elsewhere in the 

offshore zone tlie sediment is heterogeneous; fine shelly quartz sand and fine silty sand are 

particularly common in the surficial layer, and sandy shell has11 and clay are common in the 

shallow subsurface. Near the southern end of the study area surficial sediments are shelly 

quartz sand and shell hash typical of type A sands in slloals around Cape Canaveral (Field 

and Duane, 1994). 

There are no ltnown exposures of type M sediment in the St. Augustine-False Cape 

section. Absence of type M material in cores from this area supports seismic reflection 

evidence that the top of tlie type M sediment layer is covered by 1 5  feet or more of 

overburden south of St. Augustine. 

(1) A-8. Clean type A sand over 10 feet thick with mean diameters ranging from 

0.287 t o  0.308 millimeters (1.9 t o  1.8 phi) was recovered by core 140 in the center of this 

linear shoal (Fig. 40). Prospects for locating suitable borrow areas in this ridge are judged to  

be very good. If the entire ridge is of suitable material the estimated reserve is 39 X 1Q6 
cubic yards. 

(2) Area A-9. Core 1 4 1  in this irregular low relief shoal area contained over 11 feet 

of clean uniform medium sand with an average mean diameter ranging from 0.287 to  0.308 

millimeters (1.7 to  1.8 phi). Suitabie borrow areas should exist near core 147 and probably 

occur throughout the main ridge area; probable reserves of sand are estimated to  be 

61 X PO6 cubic yards. 



(3) Area A-10. The surface sand in core 1493 from this long narrow ridge (Fig. 42) is 
a clean medium quartz sand ranging from 0.233 t o  0.308 millimeters (1.4 t o  2.1 phi) mean 
diameter. Below about -2 feet, similar but slightly silt) sand extends to  -7 feet. The 
quality of the material in tixis area does not appear to  be as good as sand in areas A-8 and 
A-9. The ridge is judged to  contain about 5 X 106 cubic yards of sand of which about 
1.5 X lo6  cubic yards are probably well suited for beach fill. 

(4,) Area B-8. This area consists of a crook-shaped low ridge. Core 133 near the 
inshore flank of the ridge contains fine slightly silty sand. I t  is not known if this sand is 
typical of the ridge sediments. 

(5) Areas B-9, B-10, B-11, B-12, B-13, B-14, B-1'3, and B-18. Although there are no 

cores in these linear, roughly north-south trending shoals, they are morphologically similar 

to linear accretionary shoals off Fort Pierce and Cape Canaveral (and elsewhere on the East 

Coast Shelf) which are formed of clean medium t o  coarse sand. Further, three other linear 

shoals (Areas A-8, A-9, and A-10) near these features were cored and found t o  contain sand 

suitable for nourishment and maintenance of beaches within the nearby coastal area. 

Therefore, it is considered likely that areas B-9, B-14, B-17, and B-18 contain usable sand 

and further investigation is warranted. The B-11 shoal is a particularly good prospect since i t  

appears continuous with area A-9 wilere presence of suitable sand is supported by core data. 

(6) Areas B-15 and B-16. These two large flat-topped irregular shoals were not cored; 

however, clean medium sand occurs in cores 160 and 152 at the edge of the shoals. The 

deposit may be thicker on the shoal proper; if so i t  would be suitable for borrow sites and 
would contain large volumes of sand. 

VI. SUMMARY 
Survey of the north Florida Atlamtic inner Continental Shelf was undertaken t o  obtain 

data on inner shelf morphology, shallow structure, sediments, and sand resources. During 

the survey, 1,153 nautical miles of seismic reflection line were run and 197 cores up t o  15.5 

feet long were collected from the study area. 

The Atlantic coast of Florida north of Cape Canaveral is a low coastal plain modified by 

relict terraces and beach ridges of Pliocene-Pleistocene age. Well developed modern beaches 

fringe the shoreline throughout the region; lagoons or marshy lowlands commonly lie inland 

of the beach. 

The East Coast Shelf off northern Florida is a submerged coastal plain with a very gentle 

seaward slope and subdued topography. The most prominent topographic feature of the 

inner shelf is the shoreface slope which decends to  depths of 45 t o  55 feet generally within 

1.2 nautical miles of shore. Elsewhere the inner shelf contains linear and irregular highs and 

broad, linear depressions. These features are generally of low relief and many may be related 

t o  a relict subaerial drainage system. 

A thick section of Cenozoic sedimentary rocks dipping generally eastward underlies the 

Atlantic coastal zone of nortllern Florida. The stratigraphy of these rocks is not well known 



due to a scarcity of outcrops. Major structural features occur near the Georgia border and in 

the vicinity of Daytona Beach. Eocene rocks underlying the coast are principally limestones. 

Overlying the Eocene rocks are clastic sediments of heterogeneous lithologic character 

representing deposits of Miocene, Pliocene-Pleistocene and Holocene ages. The principal 

artesian aquifer of Florida is largely contained in the permeable Eocene limestones and 

confirled by relatively impermeable Miocene strata. 

Beneath the inner shelf floor seismic refle~tion~profiles show reflectors as deep as -450 
feet MLW. Based on primary and secondary reflector patterns the visible section was divided 

into five reflection units. In the lower part of the section with the two lowermost reflection 

units, reflectors indicate that the strata are mutually parallel or nearly so. Dip is northward 

in the northern third of the study area and east to  souttieast elsewhere, In the upper section 

primary reflectors dip gently eastward throughout the study area. Numerous secondary 

reflectors indicate that upper section strata contain internal bedding features and are 

apparently more heterogeneous and complex than in the lower section, Filled channels 

incised into the upper section strata are common, especially in the north. 

A broad structural high affecting the lower stratigraphic section is centered off Daytona 

Beach where the crest of tlie high has been truncated by erosion. Broad gentle undulations 

and occasional sharp folding can be seen in both lower and upper section strata throughout 

the study area. Five widespread subbottom reflectors are judged to be erosional surfaces 

because they truncate internal bedding and structural features, and are time transgessive. 

These surfaces record episodes of lower relative sea level or subsidence occurring from 

probable late Eocene to Pleistocene iirne. Two of these surfaces can be traced tIiroughout 

the study area. 

Correlation of the five reflection units underlying the inner shelf with sparse coastal well 

data indicates that the lowest unit is probably the subsea extension of the Floridan aquifer 

and is comprised largely of Ocala Group limestones. The three units overlying the lowermost 

unit are believed to be of Miocene age. On the basis of core data the uppermost unit is 

considered t o  be composed of various beds, lenses, erosional remnants, and channel fill of 

Pliocene, Pleistocene, and Nolocene ages. 

Cores penetrating up to 15.5 feet into shallow subbottom strata show that the shelf is 

covered by thinly bedded sediments ranging in age from late Tertiary to Holocene, The 

older relict sediments are exposed at the surface where younger layers have been eroded. 

These sediments are predominantly quartz sands; silt and clay are common in places but are 

minor litllologies in the regional context. Most of the sediments encountered are classifiable 

into five broadly defined lithologic types. These lithologics can be related t o  the 

morphology and structure of the inner shelf. 

The shoreface zone contains a fine to very fine quartz sand. Seaward of the shoreface the 

inner shelf is mantled by a fine to medium (0.12% to 0.5 millimeters; 2 to  1 phi), well-sorted 

sand that is well suited for use in beach restoration and nourishment. The sand is 



predominantly yuartz with a small percentage (< 10) of shell fragments, residual 

phospliorite and accessory detrital minerals, and is commonly less than 10 feet thick. 

Beneath the surficial deposits, and locally exposed at the surface are Pleistocene shelly 

quartz sand and Tertiary foraminiferal-ricll yuartz sands, and dolomitic quartz sands. 

Biogenic particles generally comprise less than 20 percent in most sediments of the study 

area. Tllc main biogenic entities are mollusk shells, ecllinoid parts, foraminifera and 

ostracods. Analyses of macrofauna and microfauna indicate that lithologically defined 

sediment groups are genetically related. 

Tertiary sediments bear a microfaunal assemblage indicative of deposition in water 

much deeper than presently exists in the study area. The terrigenous fraction was probably 

derived from the southeastern U.S. Piedmont province. Pleistocene deposits are very thin 

and in most places absent from the sllallow subbottom sediment column, indicating this 

region was starved of sediment influx during repeated transgression and regression of the 

sea. Evidence from cores indicates that a significant fraction of the inner shelf surficial 

deposits may have been generated by erosion and reworking of the Tertiary substrate with 

additional contribution of contemporaneous biogenic material. This evidence consists of the 

thin nature of the Holocene overburden and the upward decrease in abundance and increase 

in degradation of diagnostic grains (foraminifer, dolomite) across the Tertiary-Quaternary 

boundary. 

Shoreface and beach sands are judged to  be modern active deposits. Since few streams 

discharge on the north Florida Atlantic coast, beach and nearshore sands are most likely 

derived from shore erosion and littoral transport of fluvial sand southward from sources 

along the Georgia coast. 

During the next 50 years, 4.78 X lo6 cubic yards of suitable sand will be needed for 

restoration and periodic nourishment of beaches along the north Florida Atlantic coast. 

Favorable conditions exist for obtaining much of this supply from the inner shelf area. 

The best sources of sand for beach fill are the fine t o  coarse quartz sands in the IIolocene 

deposits of the shelf floor area. Thick deposits of this sand, well suited for borrow, are 

located in several places within the study area; Ilowever, not all sites are located near, the 

shoreline. Sediments from areas designated as suitable sites for beach restoration have an 

average mean grain size of 0.30 millimeters (1.13 phi) and 95 percent of the samples have a 

mean diameter between 0.50 and 0.117 millimeters (1 and 2.5 phi). 
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APPENDIX A 

SELECTED GEOPHYSICAL PROFILES 
Appendix A contains line profile drawings of selected seismic reflection records from the 

north Florida area. 

Fix numbers and point of crossing lines are plotted along the upper margin of the profile. 

The bottom and all subbottom reflectors are delineated and those reflectors mentioned 

in the text are identified by letter symbols. 

All depths are in feet below mean sea level (&EL);  and based on an assumed sound 

velocity of 4,860 feet per second in watcr and 5?440 feet per second in the subbottom. 

Position of lines and fixes are plotted on Figure 2. 
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APPENDIX B 

SIZE DATA OF OFFSHORE CORE SAMPLES DESIGNATED 
AS SUITABLE MATERIAL FOR BEACH RESTORATION. 

NORTH FLORIDA 
Intewd Median 

(feet) 

top 
-1 
-2 

Mean Mean Standard deviation 



Core Interval Median Mean1 Mean Standard deviation 

(feel) Qmm) (mm) (phi) (man) 

125 top 0.446 1.38 0.385 0.72 1.647 
125 -1 0.155 2.62 0.163 0.47 1.390 
125 -2 0.153 2.57 0.168 0.55 1.466 
127 top 0.269 1.88 0.272 0.42 1.340 
127 -2 0.267 1.80 0.286 0.62 1.542 
127 -4 0.243 2.02 0.246 0.41 1.325 
140 top to -4 0.266 1.84 0.279 0.51 1.420 
140 -5 to -9 0.299 1.73 0.302 0.50 1.419 
1417 -1 0.297 1.73 0.301 0.4*8 1.396 
147 -4 0.282 1.78 0.290 0.54 1 A50 
147 -8 0.310 1.70 0.308 0.45 1.370 

1 52 top 0.352 P .59 0.332 0.59 1.508 
152 -1 0.352 1.49 0.355 0.46 1.576 
1 52 -2 0.282 1.80 0.287 0.57 1.483 
152 -3 0.335 P .64 0.322 0.63 1.545 
1 52 -4 0.313 8.78 0.292 0.43 1 5444 
P 52 -5 0.248 2.04 0.243 0.64 1.582 
160 lop 0.315 1 -47 0.313 0.56 1.473 
160 -1 0.360 1.51 0.351 0.63 1.550 
160 -3 0.260 1.95 0.259 0.64 1.559 
140 -5 0.491 1 .08 0.472 1.04 2.052 
173 top 0.289 1 .47 0.314 0.50 1.411 
173 -2 0.231 2.09 0.234 0.58 1.495 

176 top 0.281 1 .83 0.280 0.38 1.300 
176 -2 0.277 1.87 0.274 0.43 1.344 
P 74 -4 0.301 1.73 0.301 0.44 1.359 

183 lop 0.261 1.81 0.284 0.93 1.911 
183 -1 0.183 2.44 0.185 0.39 1.306 
183 -7 0.520 1.11 0.463 0.99 1.989 
183 -8 0.452 1.30 0.407 0.70 1.625 
19% top to -1 0.384 1.42 0.374 0.71 1.634 
191 -3 to -4 0.200 2.29 0.204 0.52 1.437 



APPENDIX C 

FAUNAL LISTS 

The presence of upper Tertiary sediments in outcrop and shallow subcrop urider the 

north Florida Atlantic inner Continental Shelf is of considerable stratigraphic interest. 

Therefore, more detailed faunal data on these sediments, not discussed in the text, are 

iricluded in Appendix C. 

A typical sample of type L sediment from core 39 at 11 -5 feet downhole was submitted 

to  the Paleontology and Stratigraphy Branch, U.S. Geological Survey (USGS) for detailed 

analysis of the microfauna. This analysis correlates with zone N. 19 of the Neogene 

pla~llitonic foraminifera1 zonation of Banner and Blow (1965) iridicating a probable early 

Pliocene age. The species list for core 36 at 11.5 feet compiled by Miss Ruth Todd, USGS, 

is presented in Table C-1. Assignment of the stratigraphic range of the sample was based 

largely on planlitonic foraminifera and ostracods. 

Dr. J. E, Hazel, USGS, examined the ostracods in sample C-36-11.5 and also analyzed 

ostracod fauna in several other samples of type L sediment from various parts of the stxdy 

area. Results of this analysis indicate that deposition of type L sediment occurred under 

various environmental conditions over a period probably extending from early t o  late 

Pliocene. 

Table C-2 lists the most common foraminifera occurring in reflection unit B. This list is 

based on analysis by the authors of available samples containing identifiable remains. 



Table C-1. Forminifera in the Wlnike Calcareous Sand 

Acervulina inhaerens Schultze 

Ammonia beccarii tepida (Cushman) 

Amphistegina sp. (rel. to A.  floridanus Cushman 
and Ponton, except smaller) 

Angulogerina occidentalis (Cushman) 

Bolivina rnarginata multicostata Cushrnan 

Buccelh sp. 

Bukimina gacilis Cushrnan = B. elongata d90rbigmy 

C~ssidulina sp. 

Cibicides lobatulus (Wallrer and Jacob) 

Elphidium advena (Cushman) 

Elphidium incertum (WiIliamson), juv. 

Eponides sp. 

Globulins inaequulis caribaea d'0rbigny 

Guttulina costatulu Galloway and Wissler 

Guttulina lactea (Walter and Jacob) 

Harzzawaia concentrica (Cushrnan) 

Lagena substriata Williamson 

Marginulina sp. 

Nonion grateloupi (d'orbigny) 

Planulina depressa (d'orbigny) 

Reussella pulchra Cushman 

Robulus americanus (Custiman), juv. 

Robulus americanus spinosus (Cushman) 

Textularia aff* warreni Cushman and Ellisor 

Textularia sp. of Cushman and Ponton, 1932 

Uvigerina auberiana d30rbigny 

Globigerina apertura Cushman 

Globigerina bulloides d'0rbigny 

Globigerina conglomerata Schwager? 

Glo bigerina eggeri Rhumbler 

Globigerina cf. injlata d90rbigny 

Globigerina opima nana (Bolli) 

Globigerina ru bescens Hofker 

Globigerinella aequilateralis (Brady) 

Globigerinita glutinata (Egger) 

Globigerinoides obliquus Bolli 

Globigerinoides ruber (d90rbigny) 

Globigerinoides sacculifer (Brady) 

Globigerinoides trilo bus (Reuss) 

Globoratalia menardii miocenica Palmer 

Orbulina universa d30rbigny 

Sphaeroidinella dehiscens immatura (Cushman) 



Tala1e C-2. Foraminifera in Refleetion Unit B 

Angulogerina occidentalis (Cushman) 

Bolivina sp. 

Buccella mansfieldi (Cushman) 

Buccella sp. 

Bulimina gracilis Cushman 

Gncris  saga (d'Orbigny) 

Cassidulina crassa d90rbigxiy 

Cassidulina laevigata d'orbigny 

Cibicides cf. C floridanus (Cushman). 

Cibicides lobatulus (Walker and Jacob) 

Cibicides cf. C mollis Phleger and Parker 

Diocibicides biserialis Cushman and Valentine 

Elphidium sp. 

Globulins inaequalis Reiaas 

Guttulina austriaca d'Or6jIgny 

Guttulina costatula Galloway and Wissler 

Guttulina palmarae McLean 

Nanzawaia cf. H. concentrica (Cushman) 

Lagem clavata (d'orbigny) 

Lgena  cf. L. costata (Williamson) 

Lagena substriata Williamson 

Lagena perlucida (Montap) 

Lagem sp. 

Lenticulina calcar (Linne) 

Lenticulina sp. 

Nodosaria catesbyi d'0rbigny 

Nonion pizanense Berry 

Nonion grateloupi (d90rbigny) 

Nonionella auris (d'Orbig~y) 

Oolina hexagona (Williamson) 

Pseudopolymorphi~m ru tila (Cushman) 

Reussia spinulosa (Reuss) 

Rosalina Jlorialana Cushman 

l'extularia cf. T. agglutirmns d'0rbigny 

Textularia conicu d'0rbigny 

Textularia mayori Cushman 

Uvigerina peregrina Cushmarl 

Virgulina sp. 

Globigerina bulloides d'Orbigny 

Globigerina juvenillis Bolli 

Globigerinoides cf. G. conglobatus (Brady) 

Glo bigerinoides trilo bus (Reuss) 

Globigerinoides obliquus Bolli 

Globigerinoides quadrilobatus quadrilobatus (d90rbigny) 

Globigerinoides quadrilobatus sacculifer (Brady) 

Globigerinoides ruber (d'Orbigny) 

Globorotalia acostaensis acostaensis Blow 

Globorotalia acostaensis humerosa Takayanagi and Saito 

Globorotalia cultrata (d'Orbigny) 

Globorotalia margaritae Bolli and Bermudez 

Globoquadrina altispira Cushman and Jarvis 

Nastigerina siphonifera (d'Orbigny) 

Orbulina universa d'orbigny 

Sphaeroidinella subdehiscens Blow 
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