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ABSTRACT 

The C o n t i n e n t a l  S h e l f  b o r d e r i n g  s o u t h e a s t e r n  F l o r i d a  between Palm 
Beach and Miami was surveyed by t h e  U .  S .  Army C o a s t a l  Engineer ing  Research 
Cente r  t o  l o c a t e  and e v a l u a t e  sand d e p o s i t s  p o t e n t i a l l y  u s a b l e  f o r  s h o r e .  
p r o t e c t i o n  and r e s t o r a t i o n  p r o j e c t s .  Survey d a t a  covered t h a t  p o r t i o n  o f  
t h e  C o n t i n e n t a l  -Shelf  between 15- and 100- foo t  d e p t h s ,  and c o n s i s t e d  o f  
s e i s m i c  r e f l e c t i o n  p r o f i l e s  and sediment  c o r e s  of t h e  s e a  f l o o r  and sha l low 
subbottom s t r a t a .  

South  of Boca Raton t o  Miami, much of  t h e  s h e l f  i s  e s s e n t i a l l y  rocky 
wi th  a  t h i n  sediment v e n e e r .  R e l a t i v e l y  t h i c k  d e p o s i t s  of sediment have 
accumulated l o c a l l y  i n  t roughs  on t h e  s h e l f  s u r f a c e  formed between low 
r e e f - l i k e  r i d g e s  l y i n g  p a r a l l e l  t o  s h o r e .  S h e l f  sediments  s o u t h  of Boca 
Raton c o n s i s t  almost e n t i r e l y  o f  s a n d - s i z e  c a l c a r e o u s  s k e l e t a l  f ragments .  

North o f  Boca Raton t o  Palm Beach, most o f  t h e  s h e l f  i s  o v e r l a i n  by 
a  t h i c k  b l a n k e t  d e p o s i t  of  homogeneous f,ine-to-medium, g r a y  sand about  
h a l f  o f  which c o n s i s t s  of q u a r t z  p a r t i c l e s  and t h e  remainder  o f  c a l c a r e o u s  
s k e l e t a l  fyagments.  

A t o t a l  volume of 201 m i l l i o n  c u b i c  y a r d s  of s a n d - s i z e  sediment 
o c c u r s  on t h e  s h e l f  s o u t h  of Boca Raton. Although g e n e r a l l y  s u i t a b l e  f o r  
beach f i l l  i n  terms o f  s i z e ,  d e g r a d a t i o n  o f  s i z e  by a b r a s i o n  and f ragmenta-  
t i o n  o f  t h e  d e l i c a t e  p a r t i c l e s  may occur  i n  t h e  s h o r e  environment.  More 
t h a n  380 m i l l i o n  c u b i c  ya rds  o f  s a n d - s i z e  sediment l i e s  on t h e  s h e l f  n o r t h  
o f  Boca Raton. However, because  o f  i ts  f i n e  s i z e ,  t h i s  sand i s  n o t  con- 
s i d e r e d  i d e a l l y  s u i t e d  f o r  use  on l o c a l  beaches .  

I n  terms o f  p o t e n t i a l  a s  beach sand,  sand s i z e  sediment from t h e  s h e l f  
b o r d e r i n g  s o u t h e a s t e r n  F l o r i d a  i s  of marg ina l  q u a l i t y .  

FOREWORD 

"This r e p o r t  i s  t h e  f i r s t  o f  a  s e r i e s  which w i l l  d e s c r i b e  C E R C ' s  Sand 
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Sect ion  I ,  INTRODUCTION 

I .  Background 

Ocean 'beaches and dunes c o n s t i t u t e  a  v i t a l  bu f f e r  zone between 
t h e  sea and c o a s t a l  a r e a s  and provide a t  t h e  same t ime much needed r e c r e a -  
t i o n a l  a r eas  f o r  t he  p u b l i c ,  Neglect of  t h e  ocean beaches can r e s u l t ,  and 
indeed o f t e n  has r e s u l t e d ,  i n  d i s a s t r o u s  consequences e i t h e r  through long- 
term progress ive  e ros ion  o r  through sudden overwhelming of c o a s t a l  l ands  
by storm waves and su rges ,  

Under a u t h o r i t y  o:f Federal Laws t h e  U .  S o  Army Corps of Engineers 
i s  d i r e c t l y  involved i n  the  s tudy  of beach eros ion  and storm p r o t e c t i o n  
problems. Through i t s  va r ious  d i v i s i o n  and d i s t r i c t  o f f i c e s  and r e sea rch  
f a c i l i t i e s ,  t h e  Corps conducts bas i c  s t u d i e s  i n  c o a s t a l  phenomena and 
c o a s t a l  engineering techniques ,  develops p lans  of improvement f o r  s p e c i f i c  
sho re l ine  a r eas ,  designs p r o t e c t i v e  s t r u c t u r e s ,  and i n  some in s t ances ,  
undertakes t he  p r o j e c t  construct ior i .  Types of shore p r o t e c t i o ~ l  s t r u c t u r e s  
and methods, means of ob ta in ing  design c r i t e r i a ,  and planning a n a l y s i s  
a r e  presented i n  Technical Report No. 4  (1966) of t h e  Coasta.1 Engineering 
Research Center (CERC) . As ind ica t ed  i n  Technical Report No, 4 ,  t h e  con- 
s t r u c t i o n ,  improvement, and maintenance of beaches through t h e  a . r t i f  i c i a l  
placement (nourishment) of  sand on the  shore i s  one of s eve ra l  p ro t ec t ion  
methods. This technique has gained prominence i n  c o a s t a l  engineering 
l a rge ly  a s  a r e s u l t  of t he  successfu l  program i n i t i a t e d  a t  Santa  Barbara, 
Ca l i fo rn i a ,  i n  1938 (Hal l ,  1952) * .  

Where t h e  s p e c i f i e d  p lan  of improvement involves shore r e s t o r a t i o n  
and pe r iod ic  nourishment, l a r g e  volumes of sand f i l l  rnay be involved.  In 
recent  years  i t  has become inc reas ing ly  d i f f i c u l t  t o  ob ta in  s u i t a b l e  sand 
from lagoonal or  in land  sources i n  s u f f i c i e n t  q u a n t i t i e s  and a t  an economi- 
c a l  cos t  f o r  beach f i l l  purposes.  This i s  due i n  p a r t  t o  increased  land 
va lue ,  diminution and dep le t ion  of  prev ious ly  used nearby sources,and added 
cos t  of t r anspor t ing  sand from a reas  i nc reas ing ly  remote. Mater ial  com- 
posing the  bottom and subbottom o f  e s t u a r i e s ,  lagoons, and bays, i n  many 
ins tances  i s  too f ine-gra ined  and not  s u i t a b l e  f o r  long-term p r o t e c t i b n ,  
because the  f i n e s  a r e  immediately winnowed out  and removed. While t h e  l o s s  
of some f i n e s  is i n e v i t a b l e  a s  t he  new beach sediment seeks equi l ibr ium 
with i t s  environment, it i s  poss ib l e  t o  e s t ima te  t h e  s t a b i l i t y  of t h e  beach 
f i l l  and t h e r e f o r e  keep the  l o s s  t o  a  minimum through s e l e c t i o n  of t h e  most 
s u i t a b l e  f i l l  ma te r i a l  (Krumbein and James, 1965). Regardless of sui'cabi-1- 
i t y  of ma te r i a l  i n  shallow back bay a r e a s ,  t h e  p o t e n t i a l  eco logica l  damage 
consequent t o  dredging i n  shal low back bay a reas  made e x p l o i t a t i o n  of t hese  
sources h ighly  undes i r ab le .  

The problem of l oca t ing  s u i t a b l e  and economical sand supply l ed  t h e  
Corps t o  a  search f o r  new unexploi ted sarrd s u p p l i e s .  The search focused 
of fshore  with the  i n t e n t  t o  explore and inventory depos i t s  s u i t a b l e  f o r  
f u t u r e  f i l l  requirements ,  and subsequent ly t o  develop and r e f i n e  techniques 
f o r  t r a n s f e r r i n g  o f f sho re  sand t o  t h e  beach. The explora t ion  program is 
conducted through t h e  Corps of Engineerss  Coastal  Engineering Research 
Center.  Referred t o  a s  t he  Sand Inventory Rragram, it s t a r t e d  i n  1964 with 



t h e  purpose of  f ind ing  t h e  ex ten t  and c h a r a c t e r i s t i c s  of sand d e p o s i t s  
on the  nearshore Continental  She l f ,  i n  water depths of 15-100 f e e t .  An 
i n i t i a l  phase i n  developing techniques f o r  t r a n s f e r r i n g  o f f sho re  sand t o  
t he  beach i s  descr ibed by Mauriello (1967). 

The explora t ion  phase of t he  program uses seismic r e f l e c t i o n  p r o f i l -  
ing  supplemented by cores  of t h e  marine bottom. Addit ional  suppor t ing  
d a t a  f o r  t he  s t u d i e s  a r e  obtained from USCEGS hydrographic boat s h e e t s  
and publ ished s c i e n t i - f i c  l i t e r a t u r e .  

Survey t r a c k l i n e s  were l a i d  out by the  CERC Geology Branch s t a f f  
i n  e i t h e r  of two l i n e  p a t t e r n s :  g r i d  and reconnaissance l i n e s .  A g r i d  
p a t t e r n  ( l i n e  spacing a t  approximately one s t a t u t e  mile i n t e r v a l s )  was 
used t o  cover a r eas  where a  more d e t a i l e d  development of bottom and sub- 
bottom condi t ions  were des i r ed .  Reconnaissance l i n e s  a r e  one o r  s eve ra l  
continuous zigzag l i n e s  followed t o  explore a r eas  between g r i d s  and t o  
provide a  means of c o r r e l a t i n g  sonic  r e f l e c t i o n  horizons between g r i d s .  
Reconnaissance l i n e s  provide s u f f i c i e n t  information t o  r evea l  t h e  genera l  
morphologic and geologic  aspec t  of t he  a r e a  covered and t o  i d e n t i f y  t h e  
most promising p laces  f o r  a d d i t i o n a l  d a t a  c o l l e c t i o n .  

Core s i t e s  were s e l e c t e d  on t h e  b a s i s  of a  cont inuing review of t h e  
se i smic  p r o f i l e s  a s  they became a v a i l a b l e  throughout t he  course of survey 
ope ra t ions .  This procedure allowed s e l e c t i o n  on t h e  bes t  information 
a v a i l a b l e  while permi t t ing  the  con t r ac to r  t o  complete coring opera t ions  
i n  one a r e a  before  moving h i s  base t o  t he  next  a r e a .  Fundamentals of 
planning and f i e l d  techniques,  i . e . ,  son ic  p r o f i l i n g ,  cor ing ,  and pos i -  
t i on ing ,  u t i l i z e d  i n  the  conduct of CERC sand inventory programs a.re 
d e t a i l e d  i n  Appendix A.  

Sediment cores  taken during t h e  f i e l d  opera t ion  f o r  t he  F lo r ida  
Sand Inventory Program were examined megascopically aboard t h e  vesse l  
by the  c o n t r a c t o r ,  capped and shipped t o  CERC f o r  f u r t h e r  a n a l y s i s .  

Samples f o r  labora tory  processing were removed from the  co re s  by 
d r i l l i n g  through t h e  p l a s t i c  l i n e r  a t  s e l e c t e d  sampling i n t e r v a l s  and 
withdrawing a  60- t o  80-gram sample. A l l  cores  were sampled a t  t op  and 
bottom; a d d i t i o n a l  samples were withdrawn a t  o the r  i n t e r v a l s  a s  needed 
t o  r e f l e c t  v e r t i c a l  changes i n  g ra in  s i z e  and l i t ho logy  within t h e  co re .  

Samples were a i r -  o r  oven-dried, broken i n t o  component p a r t s  i f  
necessary ,  and s p l i t  t o  8- t o  10-gram p o r t i o n s .  The por t ion  s e l e c t e d  f o r  
s i z e  a n a l y s i s  was r in sed  i n  d i s t i l l e d  water u n t i l  a  s i l v e r  n i t r a t e  t e s t  
f o r  c62ride was negat ive .  S ize  ana lyses  of t h e  major i ty  of samples were 
conducted on a  Rapid Sediment Analyzer (RSA). The RSA a t  CERC, s i m i l a r  
t o  those  descr ibed  by Zeig ler  (1960) and Schlee (1966), i s  used t o  
determine t h e  g ra in  s i z e  d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  o f  sediment,  
e s p e c i a l l y  g ra ins  i n  t h e  s ize- range  from 62 t o  2,000 microns, a s  they  
s e t t l e  through a  1-meter column of water .  Coupled t o  a  d i g i t a l  vo l tmeter  
and a  card  punch, pressure  d a t a  from the  RSA is  recorded d i r e c t l y  on 
punched cards  and on a  s t r i p - c h a r t  (Figure 1 ) .  By means of a  computer 



Figure 1. Rapid Sediment Analyzer. S e t t l i n g  tube  and 
p re s su re  tube a r e  shown a t  l e f t  of  photo; connect ing 
tubes supply and d r a i n  water .  A t  r i g h t  i s  console  
housing d i g i t a l  vo l tmeter  with t iming and sampling 
c i r c u i t r y ;  a top  console  i s  analog s t r i p  cha r t  record  
f o r  v i s u a l  record ing  of pressure- t ime decay curve.  
In  cen te r  is  card punch f o r  d i r e c t  punching of 
d a t a  a s  sediment f a l l s  through metering column. 



program which r e l a t e s  a c t u a l  pressure  and time decay t o  equiva len t  f a l l  
diameter,  s t a t i s t i c a l  parameters d e s c r i p t i v e  of t he  sediment s i z e -  
d i s t r i b u t i o n .  curve a r e  ca l cu la t ed .  An analogous computer program f o r  
s i e v e  da t a  computes t he  same granulometr ic  parameters which a r e :  median 
and mean diameter  ( c e n t r a l  tendency); s tandard  dev ia t ion  (d i spe r s ion ) ;  
skewness (asymmetry); and k u r t o s i s  (peakedness).  These parameters a r e  
shown symbolical ly  below: 

MEAN STANDARD DEVIATION 

SKEWNESS KURTOSIS 

f i  = frequency by weight of g ra ins  p re sen t  i n  i n t e r v a l .  

n  = number of  sample c l a s s e s .  

Xi = diameter of midpoint of sample i n t e r v a l ,  i n  phi  u n i t s .  

- 
X+ = mean p a r t i c l e  diameter expressed i n  phi  u n i t s .  

o4 = standard dev ia t ion  expressed i n  phi  u n i t s .  

a 1  = skewness. 

a2  = k u r t o s i s .  

No allowance i s  ye t  made f o r  t he  e f f e c t  of  sample mass on t h e  f a l l  
diameter .  Median diameter i s  a l s o  computed. While it i s  recognized t h a t  
t h a t  measure of c e n t r a l  tendency i s  not  a s  s e n s i t i v e  a s  t he  mean, median 
is  used ex tens ive ly  i n  t h i s  paper t o  f a c i l i t a t e  comparison with e a r l i e r  
s tud ie s  and a v a i l a b l e  publ ished d a t a  where median i s  a l s o  c i t e d .  Never- 
t h e l e s s ,  a l l  samples analyzed by and f o r  CERC i n  t h i s  F lor ida  program 
and l i s t e d  i n  Appendix B show mean a s  wel l  a s  median va lues .  

Certain samples were a l s o  processed i n  t he  labora tory  f o r  determina- 
t i o n  of  t he  ac id - so lub le  con ten t .  Visual examination pf t he  samples shows 
t h a t  f o r  south F lor ida  s h e l f  sediments t h e  ac id - so lub le  content  i s  almost 
e n t i r e l y  calcium carbonate  s k e l e t a l  m a t e r i a l .  Weight percentage of ac id -  
so luble  c o n s t i t u e n t s  was determined by adding a  d i l u t e  so lu t ion  of hydro- 
c h l o r i c  a c i d  t o  a  c a r e f u l l y  d r i e d  and weighed sediment sample of  10 t o  20 
grams. Acid was added u n t i l  a l l  phys ica l  evidence of r e a c t i o n  had ceased.  
Acid was then decanted, t he  r e s idue  thoroughly washed i n  d i s t i l l e d  water ,  
d r i ed ,  and weighed. The so lub le  content  was c a l c u l a t e d  a s  t h e  pe rcen t ,  by 
weight,  o f  t he  t o t a l  sample l o s t  t o  a c i d  s o l u t i o n .  



Visual c l a s s i f i c a t i o n  of sediments i n  t he  labora tory  was based on 
examination of samples under a  b inocular  microscope and poin t  counts  of 
c o n s t i t u e n t  p a r t i c l e s  of r e p r e s e n t a t i v e  samples. Additional comments 
pe r t a in ing  t o  sediment desc r ip t ion  a r e  presented i n  Appendix C .  

Determination of sand volumes was made by planimeter ing a r e a s  of 
accumulation depic ted  on t h e  isopachous map (Figure 16 ) .  The d a t a  were 
consequently appl ied  t o  t h e  pr ismoidal  formula: 

V =(1/6)k (SO + 4S1 + S2) 
where ., 

V = Volume 

t I  = Height 

SO and S2 c ros s  s e c t i o n a l  a r e a s  of upper and lower bases ,  
r e s p e c t i v e l y .  

S1 = c ros s  s e c t i o n a l  a r e a  of t he  midsect ion.  

2 ,  Scope 

Fie ld  work of f  t h e  F lor ida  e a s t  coas t  from Fernandina Beach south 
t o  Miami was accomplished i n  1965 by Alpine Geophysical Assoc ia tes ,  Inc .  
of Norwood, New Je r sey ,  under c o n t r a c t  t o  t he  Jacksorlvi l le  D i s t r i c t ,  Corps 
of Engineers.  Funding and t echn ica l  superv is ion  of t h e  c o n t r a c t ,  inc lud-  
ing layout  of survey l i n e s  and s e l e c t i o n  of coring s i t e s  was provided by 
the  Coastal Engineering Research Center with admin i s t r a t i ve  support from 
the  Jacksonv i l l e  D i s t r i c t  o f f i c e .  

The a r e a  under s tudy  and r epor t ed  i n  t h i s  document l i e s  on t h a t  p a r t  
of t h e  A t l a n t i c  Continental  Shelf which borders  t he  southeas te rn  coas t  of 
F lor ida  between 25 "40' N (Miami) and 26'48 ' N (Palm Beach) (Figure 2 ) .  
Continuous seismic p r o f i l e s  and cores  were obtained over t h e  mul t ip l e  r e e f  
a r e a  i n  t he  south and through a  t r a n s i t i o n  zone t o  the  nor thern  l i m i t  of 
t he  s tudy a rea .  The s h e l f  reg ion  under s tudy ,  comprising 141 square mi les  
i n  a r e a ,  was covered by 176 s t a t u t e  mi les  of geophysical survey i n  water 
depths ranging from 15 f e e t  t o  350 f e e t .  The seismic p r o f i l e s  were supple- 
mented by 31 three- inch  I . D .  co re s  ranging i n  length from 1 , 5  t o  11 f e e t .  
Trackl ines  and core  loca t ions  a r e  shown on Figure 3 .  

Reports dea l ing  with o the r  s e c t i o n s  of the  F lor ida  e a s t  coas t  based 
upon the  1965 d a t a  c o l l e c t i o n  program w i l l  be published i n  due course .  



Figure  2 .  Char t  o f  t h e  n o r t h e r n  p a r t  o f  t h e  s t r a i t s  o f  F l o r i d a .  



Figure 3. P l o t  of survey t r a c k l i n e s  and core  bor ings .  Note change 
i n  ho r i zon ta l  s c a l e  which was enlarged t o  f a c i l i t a t e  d i sp l ay .  



Sect ion  11. HYDROGRAPHY AND GEOLOGY OF STUDY AREA 

1 .  Hydrography 

The nor thern  S t r a i t s  of F lo r ida  i s  a passage through which the  
Gulf Stream passes  northward i n t o  the  A t l a n t i c  Ocean. Flanking t h e  
S t r a i t s  t o  the  e a s t  i s  t he  Great Bahama Bank surmounted by t h e  cays and 
i s l ands  of t h e  Bahama Group; westward l i e s  t h e  mainland of Southeastern 
F lor ida  (Figure 2 ) .  

The thalweg of  t he  passage i s  broad and l i e s  i n  t h e  c e n t r a l  p a r t  of 
t he  nor thern  s t r a i t s .  The r i s e  of t h e  e a s t  s i d e  of t h e  "val ley" toward 
the  Bahama Banks i s  r e l a t i v e l y  s t e e p  with s lopes  averaging 9 pe rcen t ;  
o v e r a l l  t he  western s lope of  t he  F lo r ida  S t r a i t  i s  more g e n t l e  than the  
e a s t e r n  with s lopes  averaging 4 t o  8 pe rcen t .  In  t h e  a r e a  of s tudy t h e  
western s lope i s  i n t e r r u p t e d  by a brqad t e r r a c e  a t  depths from about 720 
t o  1,200 f e e t  (S iege l ,  1959; Elurley, 1962).  Shoreward of t h i s  t e r r a c e  
the  s lope  again s teepens  and r i s e s  t o  t he  s h e l f  which extends from 
approximately 70-foot depths t o  sho re .  The seaward edge of  t h i s  near -  
shore s h e l f  i s  marked by a drowned r e e f - l i k e  f e a t u r e  with an i r r e g u l a r  
c r e s t  which gene ra l ly  l i e s  a t  40- t o  55-foot depths .  

South of approximately 26"20' N t h e  su r f ace  of t h i s  s h e l f  r i s e s  
from the  outermost r e e f  t o  shore i n  a s e r i e s  of s t e p - l i k e  l i n e a r  f l a t s  
separa ted  by rocky i r r e g u l a r  s lopes  and r idges .  North of 26'20' N, t h e  
s t e p - l i k e  cha rac t e r  of t h e  topography g ives  way t o  a more o r  l e s s  con- 
s t a n t  sediment s lope  extending from shore t o  near  t he  ou te r  r e e f  l i n e  
(Figure 4) . 

Sediments on the  s h e l f  can be d iv ided  roughly i n t o  two d i s t i n c t  
types .  Southward of 26"20' N t h e  dominant sediments a r e  white  t o  gray 
ca lcareous  s k e l e t a l  sands and grave l  (Figure 5 ) .  The ac id-so luble  con- 
t e n t  of t h i s  sediment i s  gene ra l ly  over 80 pe rcen t .  North of 26'20' N t o  
t he  l i m i t s  of t h i s  s tudy a r e a  the  dominant sediment type i s  a homogeneous 
f i n e  t o  medium-grained gray sand composed of about 60 percent  c l e a r  sub- 
angular  and subrounded quar tz  g r a i n s  and 40 percent  brown, gray ,  o r  black 
calcareous s k e l e t a l  fragments (Figure 5 ) .  

Geologic S e t t i n g  

a .  S t r a t ig raphy  and Geologic His tory  

S t r a t a  cropping out  o r  present  i n  t he  shallow subsurface o f  
southeas te rn  F lor ida  a r e  summarized i n  t he  s t r a t i g r a p h i c  column of Table 
I .  Along most of  t he  e a s t  coas t  of F lo r ida ,  rocks of t h e  P le i s tocene  
Anastasia  Formation form t h e  main c o a s t a l  bedrock outcrop (Cooke, 1945).  
Local ly,  the  Anastasia  Formation is  exposed i n  low c u t s  and benches . 
along the  shore.  A submerged rocky platform bordering t h e  shore i n  
many p l aces  i s  probably formed on t h e  Anastasia  Formation. 





Figure 5 .  Average s i z e  d i s t r i b u t i o n  of s h e l f  sediments.  Note t h e  
d i f f e r ence  i n  g ra in  s i z e  and t h e  concomittant d i f f e r e n c e  
i n  carbonate ( s h e l l )  conten t .  



c, 

$ 
w 
P 
Q 

0 
m 
I 
0 
N 

a, 

$ 
U 
0 
c, 
w 

a i-i 
a, 
4 
a 



Although t h e  c l a s s i c  aspec t  of  t he  Anas tas ia  Formation i s  t h a t  of  a 
coquina, wel l s  pene t r a t ing  presumed Anastasia  s t r a t a  have encountered a 
complex s e r i e s  of  interbedded l imestones,  ca lcareous  sandstones,  qua r t z  
sands and s h e l l  beds. Schroeder ( e t  a l ,  1954) r e p o r t s  t h e  formation has 
a th ickness  of 230 f e e t  near  t h e  shore i n  Palm Beach County. To t h e  
south,  i n  Dade and Broward Counties,  s t r a t a  i d e n t i f i e d  a s  t h e  Anastasia  
Formation reach a th ickness  of 120 f e e t  under t h e  c o a s t a l  r i d g e .  

Overlying the  Anastasia  along the  coas t  a r e  quar tzose  sands of l a t e  
P le i s tocene  Pamlico age-and Holocene (modern) beach and dune sediments.  
Near t he  Palm Beach-Broward County l i n e  t h e  upper p a r t  of t h e  Anastasia  
Formation undergoes a f a c i e s  change and is recognized a s  t he  Miami O o l i t e  
which i s  t h e  dominant s t r a t i g r a p h i c  u n i t  cropping out  on t h e  sou theas t e rn  
t i p  of  F lo r ida .  In  th?s  same reg ion ,  Schroeder (et  a l ,  1958) noted sev-  
e r a l  wel l s  which ind ica t ed  t h a t  t h e  lower p a r t  of t h e  Anastasia  Formation 
merged i n t o  o r  contained presumed elements of  t h e  Key Largo Limestone, a 
P le i s tocene  r e e f  complex of cons iderable  prominence i n  t h e  nor thern  
F lor ida  Keys (Hoffmeister and Multer,  1968).  

Hoffmeister (e t  a l ,  1967) found t h e  Miami Oo l i t e  t o  be c l e a r l y  d i v i s -  
i b l e  i n t o  an upper o o l i t i c  f a c i e s  over ly ing  a lower f a c i e s  cha rac t e r i zed  
by ex tens ive  masses of c o l o n i a l  bryzoa. This bryzoan u n i t  averages about 
10 f e e t  t h i ck  i n  t he  c o a s t a l  a r e a  and conta ins  a l a r g e  number of bryzoan 
co lonies  up t o  1 f o o t  i n  diameter mixed with o o l i t e s ,  p e l l e t s  and s k e l e t a l  
sand. The upper o r  o o l i t i c  f a c i e s  reaches a th ickness  of approximately 
30 f e e t  under t he  c o a s t a l  r i d g e .  Hoffmeister  proposed a r e d e f i n i t i o n  
of t hese  u n i t s  a s  t h e  Miami Formation i n  r ecogn i t i on  of t h e  d i s t i n c t  
importance of  t h e  lower u n i t .  

Schroeder ( e t  a l ,  1954) determined a th ickness  of poss ib ly  100 f e e t  
of Caloosahatchee sediments l o c a l l y  under ly ing  t h e  Anastasia  i n  Palm Beach 
County. The Caloosahatchee is  mainly s h e l l y  sand,  sandy s h e l l  marl ,  with 
minor amounts of l imestone and sandstone.  

Underlying t h e  Caloosahatchee marl where present  (and elsewhere t h e  
Anastasia  Formation) along an uncomformable con tac t  i s  the  Tamiami Forma- 
t i o n  which was redef ined  by Parker  (1951) t o  inc lude  a l l  upper Miocene 
ma te r i a l  i n  southern F lo r ida .  The th ickness  of t h i s  formation ranges 
from about 70 t o  100 f e e t  i n  t h e  s tudy a r e a ,  and i s  composed of beds and 
lenses  of sandstone,  l imestone,  sand, and s i l t y  s h e l l  marls (Cooke, 1945; 
Schroeder,  e t  a l ,  1954; Schroeder,  e t  a l ,  1958). 

Where t h e s e  formations crop out  o r  become exposed a s  t h e  r e s u l t  of 
engineering works, they con t r ibu te  sediment t o  t he  Holocene dunes, beach 
and o f f sho re  zone. However, t h e  ex t en t  t o  which t h e s e  formations now 
con t r ibu te  sediment a s  a r e s u l t  of submarine outcrops is  not  definitely 
known. Local ly,  t h e  presence of s h e l l  m a t e r i a l  i n  t h e  l i t t o r a l  zone has 
been r e l a t e d  t o  nearby exposures of coquina along t h e  shore o r  nearshore  
bottom (Fineran,  1938) ; (Martens, 1931) . Rusnak ( e t  a l ,  1966) concluded 



t h a t  o ld  s h e l l  ma te r i a l  der ived  from coquina exposures may r ep resen t  
20 t o  60 percent  of t he  carbonate m a t e r i a l  i n  e a s t  F lor ida  beach sands.  
The remaining s h e l l  ma te r i a l  i s  der ived  from modern b i o t a  and was found 
t o  be h ighes t  near i n l e t s ,  where t h e  environment f avo r s  l a r g e  organic  
popula t ions .  

Using deepwater se i smic  p r o f i l e s  o f f  no r theas t e rn  F lo r ida ,  Emery 
and Zarudski (1967) made c o r r e l a t i o n s  of  onshore borings and we l l s  with 
of fshore  deep borings a t  t he  s e r i e s  l e v e l .  The deep borings were obta ined  
under the  J o i n t  Oceanographic I n s t i t u t i o n s  Deep Earth Sampling (JOIDES) 
program. However, a t  the  format iona l  l e v e l  l i t t l e  is  known concerning 
t h e  s t r a t i g r a p h y  of  t h e  Continental  Shelf  o f f  e i t h e r  n o r t h e a s t e r n  o r  
southeas te rn  F lor ida .  However, it is probable t h a t  beds of Anastasia  
age unde r l i e  t he  Holocene su r f ace  sediments on t h e  s h e l f  throughout much 
of t he  s tudy a r e a .  South of t h e  Palm Beach-Broward County l i n e  t h e  Miami 
Oo l i t e  may crop out  on t h e  bottom c l o s e  inshore .  Because of i t s  s l i g h t  
d i p  and because t h e  base l i 6 s  only about 20 f e e t  below sea  l e v e l  a t  t h e  
coas t ,  t h e  Miami Formation is  not l i k e l y  t o  ex,ist  i n  water depths g r e a t e r  
than 20 f e e t .  

The Key Largo Limestone and t h e  Miami Formation a r e  a sc r ibed  t o  t h e  
Sangamon i n t e r g l a c i a l .  Coral r e e f s  f l o u r i s h i n g  during Sangamon time 
c r e a t e d  a  s h e l t e r  behind which the  bryzoan f a c i e s  of  t h e  Miami Formation 
began t o  form. During the  l a t e r  s t a g e s  of t h i s  per iod  t h e  o o l i t i c  f a c i e s  
of  t he  Miami Formation developed a s  a  broad ba r  along the  present-day 
c o a s t a l  a r eas  (Hoffmeister,  e t  a l ,  1967) .  This depos i t i ona l  phase ended 
with t h e  r e l a t i v e  lowering of s ea  l e v e l  and the  consequent e ros ion  and 
p a r t i a l  indura t ion  of t h e  M i a m i  and Anastasia  Formations. The f i n a l  de- 
p o s i t i o n a l  event of t he  P le i s tocene  i n  southern F lor ida  occurred with t h e  
r i s e  of  t h e  Pamlico Sea which inundated the  c o a s t a l  a r e a  leaving  a  shee t  
of quar tzose  sand covering t h e  eroded su r f ace  of both Miami and Anastasia  
Formations. Subsequent t o  ffPamlico" time the  r e l a t i v e  s e a  l e v e l  has been 
near  o r  below i t s  present  s t and .  

Holocene depos i t s  along t h e  coas t  c o n s i s t  c h i e f l y  of l i t t o r a l  and 
dune sediments ,  lagoon f i l l  and s h e l f  f a c i e s  sands, much of which i s  
probably der ived  from eros ion  of P le i s tocene  depos i t s  and from modern 
organic  product ion.  

b .  Nearshore Shelf Mor~hology and Surface Sediment 

A genera l ized  plan of t h e  p r i n c i p a l  morphological elements 
on t h e  nearshore s h e l f  o f f  sou theas t e rn  F lor ida  is  shown i n  Figure 4 .  
This p lan  i s  based on USCEGS boat  shee t s  a t  1:20,000 s c a l e  and bathy- 
me t r i c  p r o f i l e s  obtained i n  t h e  course of t h e  F lo r ida  Sand Inventory 
Program. A schematic topographic p r o f i l e  across  t hese  morphologic e l e -  
ments i s  i l l u s t r a t e d  i n  Figure 6.  For t h e  purposes of t h i s  r e p o r t  t h e  
s tudy a r e a  has been subdivided i n t o  two s e c t i o n s  based on n a t u r a l  d i f f e r -  
ences; and r e f e r r e d  t o  a s  Sec t ion  A (25'49' N t o  26'20' N) and Sect ion B 
(26'20' N t o  26O48' N). 





Sect ion  A (Figure 7a) i s  cha rac t e r i zed  by a  s t e p - l i k e  bathymetr ic  
p r o f i l e  c o n s i s t i n g  of a  s e r i e s  of l i n e a r  p l a t eaus  ( f l a t s )  each lower than 
its immediate shoreward neighbor.  Separa t ing  t h e  f l a t s  a r e  i r r e g u l a r  
rocky r i d g e s  and s lopes .  In  Sect idn B (Figure 7b) t h e  s t e p - l i k e  c h a r a c t e r  
of the  p r o f i l e  i s  replaced by a  r e l a t i v e l y  t h i c k  mass of f i n e  gray  sand 
forming a  g e n t l e  seaward s lope  over t he  c e n t r a l  p a r t  of t h i s  po r t ion  of  
t h e  s h e l f  su r f ace .  

Immediately seaward of t he  low water l i n e  and te rmina t ing  a t  -10 t o  
-18 f e e t  MLW is t h e  shoreface  s lope  ev ident  i n  both Sect ion A and B .  This 
narrow zone seaward from t h e  low t i d e  sho re l ine  is  cont inuously inf luenced  
by the  e f f e c t s  of waves, c u r r e n t s ,  and l i t t o r a l  sediment supply. A t  t h e  
seaward boundary of the  shoreface s lope  t h e  p r o f i l e  f l a t t e n s  and g i v e s  way 
t o  what i s  here  r e f e r r e d  t o  a s  t he  inne r  f l a t ,  a  broad platform extending 
between depths of around -10 t o  -30 f e e t  MLW. The su r f ace  of t h i s  f l a t  i s  
cha rac t e r i zed  by l i n e a r  swales and r i d g e s  of low r e l i e f .  The inne r  f l a t  
i s  e s s e n t i a l l y  an exposed, p a r t i a l l y  l i t h i f i e d ,  depos i t  of a l g a l ~ p l a t e s ,  
mollusk fragments ,  fo ramin i f e r s ,  c o r a l s  and u n i d e n t i f i e d  ca lcareous  
m a t e r i a l .  A cons iderable  po r t ion  of t h e  u n i d e n t i f i e d  fragments may be 
deb r i s  from S a b e l l a r i i d  r e e f s  (K i r t l ey  and Tanner, 1968). South of Po r t  
Everglades (26'06' N) t h e  main p a r t  of t h e  i n n e r  f l a t  l i e s  a t  around -16 
t o  -25 f e e t  MLW with some depths t o  30 f e e t .  Northward, t h i s  f e a t u r e  
becomes narrower,  shoa le r  and l e s s  conspicuous. 

Succeeding t h e  inner  f l a t  i n  Sec t ion  A i s  a  second p l a t eau  a t  a  
c h a r a c t e r i s t i c  depth of  -35 t o  -45 f e e t  MLW. This p l a t eau  i s  s epa ra t ed  
from the  inne r  f l a t  by a  rocky, i r r e g u l a r  s lope  with 10 t o  15 f e e t  r e l i e f  
which i s  l o c a l l y  i n t e r r u p t e d  by a  l i n e a r  f l a t  a t  around -30 f e e t  MLW. 
The second p l a t eau  i s  l e v e l ,  and t h e  su r f ace  f o r  t h e  most p a r t  i s  un- 
consol ida ted  sediment.  I t s  width ranges from 250 t o  700 yards ,  b u t  it 
i s  gene ra l ly  of  t h e  order  of 350 yards and i s  terminated by a  rocky r e e f -  
l i k e  r i d g e  having i r r e g u l a r  c r e s t  e l e v a t i o n s  of about 40 f e e t .  South of 
2S048' N ,  t h i s  reef  l i n e  l i e s  a long t h e  o u t e r  edge' of t h e  shelf and i s  
succeeded by t h e  major s lope  leading  t o  t h e  M i a m i  Terrace.  

North of 25'48' N t h e  second r e e f  i s  f r o n t e d  by a  t h i r d  p l a t e a u  with 
depths of  -60 t o  -70 f e e t  MLW. Like t h e  second p l a t eau  t h i s  f e a t u r e  i s  a  
r e l a t i v e l y  l eve l  sediment-floored depression 250 t o  400 yards wide. The 
su r f ace  of t h i s  p l a t eau  hasapronounced landward d i p ,  p a r t i c u l a r l y  i n  t h e  
southern p a r t  o f  t he  reg ion .  Seaward of t h e  t h i r d  f l a t  i s  a  prominent 
r e e f - l i k e  r idge  with 10- t o  15-foot r e l i e f  which i s  p e r i o d i c a l l y  i n t e r -  
rupted by narrow passages and by very broad i n t e r r u p t i o n s  a t  around 26'00' 
N and j u s t  nor th  of  26'30' N .  The r e e f  c r e s t s  t y p i c a l l y  a t  approximately 
-50 f e e t  MLW, but  i s  q u i t e  i r r e g u l a r .  Throughout Sect ion A t h e  s h o r e l i n e  
i s  no t  q u i t e  p a r a l l e l  t o  t h e  r e e f ,  consequently t he  shore t r e n d s  progress-  
i v e l y  toward t h e  r e e f  from south t o  n o r t h ,  and t h e  r e e f  l i e s  3,500 yards  
seaward of  Miami Beach but only about 1,500 yards seaward of Boca Raton. 
North of Boca Raton (26'20' N) the  r e e f  p a r a l l e l s  the  sho re l ine  a t  a  
d i s t a n c e  of about 1,500 yards .  
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Figure  7. She l f  p r o f i l e s  o f f  s o u t h e a s t e r n  F l o r i d a  showing 
subbottom r e f l e c t o r s :  a )  S e c t i o n  A (25"40q t o  26'4.7' N) 
and b) S e c t i o n  B (26O20' t o  26O47' N). Upper p r o f i l e  
of (b) i s  l i n e  18; o t h e r  p r o f i l e s  a r e  composite of two 
o r  t h r e e  juxtaposed l i n e s .  



Both t h e  inne r  f l a t  and t h e  t h i r d  r e e f  l i n e  a r e  more o r  l e s s  cont in-  
uous throughout t h e  s tudy a r e a .  North of about 26O20' N, i . e . ,  Sec t ion  
B y  the  i n n e r  s lope ,  t h e  second p l a t eau ,  and t h e  second r e e f  (and a t  l e a s t  
p a r t  of t he  t h i r d  p l a t eau )  a r e  overr idden by a body of f i n e  quar tzose  
sand (Figure 7b).  Topographically t he  s h e l f  su r f ace  i n  Sect ion B between 
the  inne r  f l a t  and t h e  o u t e r  p a r t  of t h e  t h i r d  p l a t eau  e x h i b i t s  i n  p r o f i l e  
a long uniform sediment s lope  dipping cont inuously seaward (Figure 7b) .  
While t he  she l f  p r o f i l e  i n  Sect ion B e x h i b i t s  undula t ions ,  t h e  r e l i e f  i s  
not  g r e a t  and t h e  prominent s tepped p r o f i l e  c h a r a c t e r i s t i c s  of Sec t ion  A 
a r e  no longer ev ident .  

Information concerning the  c h a r a c t e r  o f  bottom su r face  sediments i n  
t h e  s tudy a r e a  i s  based upon ana lyses  of cores  supplemented by USCGGS 
boat s h e e t s  and o t h e r  sources .  Most of t h e  co re s  f o r  t h i s  s tudy were 
taken from a r a t h e r  narrow depth zone, -35 t o  -48 f e e t  MLW. Information 
obtained from t h e  boat s h e e t s  and t h e  o t h e r  sources i n d i c a t e s  s i m i l a r  
c h a r a c t e r i s t i c s  i n  t h e  su r f ace  sediments landward and seaward of  t h i s  
ex t ens ive ly  sampled zone. Sediment exposed on t h e  su r f ace  i n  Sec t ion  A 
is  white o r  gray,  medium t o  coarse  gra ined ,  carbonate  s k e l e t a l  sand with 
an average a c i d  s o l u b l e  content  of more than  80 percent  (Figures 8 and 9 ) .  
Sediment comprising the  marine bottom i n  Sec t ion  B is c h a r a c t e r i s t i c a l l y  
gray ,  f i n e ,  and wel l  s o r t e d  ca lcareous  quar tzose  sand (Figure 1 0 ) .  

S i ze  parameters and v i s u a l  d e s c r i p t i o n s  of su r f ace  samples, ob ta ined  
f o r  t h i s  r e p o r t ,  a r e  contained i n  Appendixes B and C.  

c .  Nearshore Subbottom Morphology and Sediment C h a r a c t e r i s t i c s  

(1) Character  of Seismic Ref l ec to r s .  Information concerning 
sediment t h i ckness  on t h e  southeas t  F lo r ida  s h e l f  was gathered from c h a r t  - 
n o t a t i o n s ,  core  samples and continuous se i smic  p r o f i l e s .  Cross-sec t iona l  
p r o f i l e s  along a l l  east-west  survey t r a c k l i n e s  shown i n  Figure 2 a r e  
contained i n  Appendix D .  These p r o f i l e s  a r e  l i n e  drawings showing t h e  
pos i t i on  and alignment of t h e  bottom-water i n t e r f a c e  and subbottom acous- 
t i c  i n t e r f a c e s  wi th in  sediment and rock masses. Figure 11, a photograph 
of t h e  dual  channel se i smic  r e f l e c t i o n  record  i s  t y p i c a l  of t h e  east-west 
p r o f i l e s  south of 20°20' N (Section A). 

, Seismic r e f l e c t i o n  techniques do no t  provide d i r e c t  evidence of t h e  
cha rac t e r  of  bottom and subbottom m a t e r i a l s .  Di rec t  evidence must normally 
be gathered by d r i l l i n g  o r  cor ing  i n t o  subbottom s t r a t a ,  o r  by t r a c i n g  a 
s t ra tum t o  an exposure which can be sampled more d i r e c t l y .  The c o r r e l a t i o n  
of sediment o r  rock c h a r a c t e r i s t i c s  between d a t a  p o i n t s  is  made e a s i e r  by 
seismic d a t a  s i n c e  i t  is poss ib l e  i n  some cases  t o  cont inuously de f ine  t h e  
s t r a t a  i d e n t i f i e d  i n  t h e  core.  Nevertheless ,  even where good a c o u s t i c  
d e f i n i t i o n  i s  a v a i l a b l e ,  cons iderable  e r r o r  i s  found where l a t e r a l  changes 
of sediment o r  rock c h a r a c t e r  occur wi th in  t h e  same bounding acousti 'c 
i n t e r f a c e s .  
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D e l i n e a t i o n  o f  a c o u s t i c  i n t e r f a c e s  by s e i s m i c  r e f l e c t i o n  p r o f i l i n g  
i s  a  reasonably  a c c u r a t e  and s t r a i g h t f o r w a r d  procedure  where t h e  r e -  
f l e c t i o n s  a r e  cont inuous  o r  a r e  i n t e r c o n n e c t e d  by means of t h e  survey 
t r a c k l i n e s .  I n t e r p o l a t i o n s  between survey l i n e s  o r  between gaps i n  a  
l i n e  must be based on an assumption o f  c o n t i n u i t y  o f  s l o p e  o r  e l e v a t i o n  
o r  on an assumed c o n f i g u r a t i o n  which i s  g e o l o g i c a l l y  r e a s o n a b l e .  Sub- 
bottom r e f l e c t i n g  h o r i z o n s  on t h e  s e i s m i c  r e c o r d s  o f  soutl l  F l o r i d a  a r e  
f r e q u e n t l y  i n t e r r u p t e d  by a b s o r p t i o n  o r  s c a t t e r i n g  o f  t h e  s i g n a l  n e a r  t h e  
bottom-water i n t e r f a c e  w i t h  consequent  p a r t i a l  o r  t o t a l  l o s s  o f  subbottom 
r e s o l u t i o n .  '111is sound a b s o r p t i o n  i s  e s p e c i a l l y  n o t i c e a b l e  i n  t h e  o l d  
r e e f s .  For t h e s e  reasons  it i s  d i f f i c u l t  t o  de te rmine  a  r e g i o n a l  r e f l e c -  
t o r  o r  t o  c o r r e l a t e  over  c o n s i d e r a b l e  d i s t a n c e s  w i t h  a s s u r a n c e  t h a t  t h e  
same hor izon  i s  b e i n g  used .  T h e r e f o r e ,  wholly r e l i a b l e  q u a l i t a t i v e  s e d i -  
ment d a t a  e x i s t s  o n l y  i n  t h e  c l o s e  v i c i n i t y  of c o r i n g  s i t e s  and o n l y  t o  
t h e  depth  o f  c o r e  p e n e t r a t i o n .  In  terms o f  a c o u s t i c  i n t e r f a c e s ,  t h e  bed- 
rock d e l i n e a t i o n  is  cons idered  t o  be r e l i a b l e  because  t h e  numerous expos- 
u r e s  p rov ide  a  l a r g e  number o f  d a t a  p o i n t s  and because  t h e  c h a r a c t e r i s t i c  
i r r e g u l a r  s u r f a c e  o f  bedrock p rov ides  a  means of i n d i r e c t  i d e n t i f i c a t i o n .  

(2) Bedrock Morphology. Extension of t h e  bedrock s u r f a c e  
between t r a c k l i n e s  was f a c i l i t a t e d  by USCEGS c h a r t  n o t a t i o n s ,  and bottom 
morphology where rock  i s  exposed on t h e  bottom. Extension o f  t h e  g r o s s  
o u t l i n e  and g e n e r a l  e l e v a t i o n s  o f  t h e  bedrock s u r f a c e  under  sediments  i n  
t h e  " f l a t s "  ( o r  p l a t e a u s )  i s  cons idered  r e l i a b l e .  Th i s  s u r f a c e ,  a l though  
n o t  con t inuous ly  definab1.e i s  a p p a r e n t l y  s t e p - l i k e  w i t h  p r i n c i p a l  l e v e l s  
a t  -15 t o  -25 f e e t  MLW; -50 t o  -60 f e e t  MLW; and -80 t o  -90 MLW. Reef- 
l i k e  f e a t u r e s  crop o u t  on t h e  seaward edges o f  t h e s e  s t e p s ,  and s p i l l  over  
on to  t h e  nex t  lower l e v e l .  Lesser  i r r e g u l a r i t i e s  on t h i s  s u r f a c e  a r e  o f  
l o c a l i z e d  and i n d e t e r m i n a t e  form and cannot  be extended i n  p l a n  a t  t h e  
e x i s t i n g  t r a c k l i n e  s p a c i n g .  Genera l i zed  bedrock topography i n  t h e  Miami 
g r i d  a r e a  i s  d e p i c t e d  i n  F igure  12.  The d e n s i t y  o f  subbottom p r o f i l e s  
e lsewhere  i n  t h e  s t u d y  a r e a  i s  n o t  adequate  f o r  purposes  o f  mapping t h e  
bedrock s u r f a c e .  

(3) Regional Subbottom Morphology. Because o f  sound ab- 
s o r p t i o n ,  s c a t t e r i n g ,  and t h e  r e l a t i v e l y  t h i n  veneer  o f  sediments  c o v e r i n g  
bedrock i n  t h e  Miami g r i d  a r e a  (and S e c t i o n  A i n  g e n e r a l )  t o  w a t e r  d e p t h s  
of approxiinately -70 f e e t  EILW, no r e g i o n a l  r e f l e c t o r  w i t h i n  t h e  sediment  
column would be d i s c e r n e d .  However, seaward o f  t h i s  dep th  ( t h e  seaward 
l i m i t  o f  t h e  t h i r d  p l a t e a u  on t h e  upper c o n t i n e n t a l  s l o p e  a  t h i c k  b l a n k e t  
of "modern" sediments  o v e r l i e s  a  r e g r e s s i v e  s e r i e s  o f  t e r r a c e s  ex tend ing  
t o  dep ths  of approximately  -300 f e e t  MLW (ble isburger ,  1968) .  Within t h i s  
sediment envelope a r e  numerous and prominent s o n i c  r e f l e c t o r s  some i n -  
c l i n e d  a t  a  s t e e p  a n g l e  seaward and resembling f o r e - s e t  beds (F igure  7 a ) .  
Whether they  a r e  indeed f o r e - s e t  beds r e p r e s e n t a t i v e  o f  a  r e l i c  s h o r e f a c e ,  
o r  a  f o r e - r e e f  t a l u s ,  i s  imposs ib le  t o  de te rmine ;  t h e y  n e v e r t h e l e s s  a r e  
i n t e r p r e t e d  a s  p r o g r a d a t i o n a l  marine f e a t u r e s .  The s t r a t i g r a p h i c a l l y  
h i g h e s t  of t h e s e  d e p o s i t s ,  ex tend ing  from approx imate ly  -140 t o  -220 f e e t  
MLW i s  t e r m i n a t e d  by a  prominent s o n i c  h o r i z o n  i n d i c a t i v e  of a  t e r r a c e  
between -220 and -250 f e e t  MLW. This  t e r r a c e  p o s s i b l y  r e l a t e s  t o  a  
f l u c t u a t i o n  o f  t h e  Holocene t r a n s g r e s s i o n  a t  approximately  11,000 y e a r s  
B.P. (Curray,  1965) .  A deeper  prominent r e f l e c t o r ,  d i p p i n g  s l i g h t l y  from 





-295 t o  -325 f e e t  MLW, may c o r r e l a t e  with a  Holocene s t i l l s t a n d  some 
15,000 years  B.P. This da t e  corresponds t o  t he  maximum reg res s ion  of 
Milliman and Emery (1968). 

North of 26'20' N (Sect ion B) t o  t he  l i m i t s  of t h e  s tudy  a r e a  
(26O38' N ) ,  a  b lanket  of sediment t h a t  almost e x h i b i t s  sonic- i so t ropism 
covers  a l l  but  t h e  outermost of t he  th ree  prominent "reef"  l i n e s  present  
f u r t h e r  south .  The o ld  r e e f  su r f ace  i s  l o c a l l y  a  prominent r e f l e c t o r ;  
t h e  bedrock s t r u c t u r e  c o n s i s t s  t y p i c a l l y  of a  s e r i e s  o f  s t e p - l i k e  t e r r a c e s  
with the  a c t u a l  topographic r e e f  f e a t u r e s  forming t h e  r i s e r  t o  each of 
t h e  next  lower s t e p s .  

(4)  Subbottom Sediment C h a r a c t e r i s t i c s  and D i s t r i b u t i o n .  
Information concerning t h e  c h a r a c t e r  of subbottom sediments i n  t h e  s tudy  
a r e a  i s  based upon ana lyses  of samples from 31 cores  obta ined  during thk 
f i e l d  phase of t h e  F lor ida  Sand Inventory Program. These 3-inch ( in s ide  
diameter)  cores  range from 1 .5  t o  11 f e e t  long. Twenty-seven were taken 
i n  water depths of -35 t o  -48 f e e t  MLW, t hus  a r e  s i g n i f i c a n t l y  r ep re sen t -  
a t i v e  of a  l imi t ed  s h e l f  zone. Unpublished Corps of Engineers s t u d i e s ,  
c h a r t  no ta t ions ,  and the  Broward County, F lo r ida ,  "Bathymetric and Sand 
Inventory Survey1' (Ocean Science Engineering, Inc . ,  1967) were used t o  
supplement and extend core  da t a .  Granulometric s t a t i s t i c s  a r e  contained 
i n  Appendix B; v i s u a l  d e s c r i p t i o n s  of core  samples a r e  contained i n  
Appendix C .  

The two d i s t i n c t  s h e l f  sediment f a c i e s ,  d i s t i ngu i shed  i n  t h e  su r f ace  
sediments i n  t he  s tudy a r e a ,  p e r s i s t  i n  general  aspects  i n  depth .  In  
Sec t ion  A, sediments a r e  more poor ly  s o r t e d  than i n  Sec t ion  B t o  t h e  
no r th  and a r e ,  on t h e  whole, f a r  l e s s  uniform i n  depth and i n  l a t e r a l  
e x t e n t .  There i s ,  moreover, a  g r e a t  d i s s i m i l a r i t y  i n  t h e  composition of 
t hese  sediments (compare Figures  8 and 10 ) .  The unconsol idated Holocene 
sediments i n  Sec t ion  A a r e  carbonate  s k e l e t a l  sands and g rave l s  composed 
l a r g e l y  of  t he  hard p a r t s  of t h e  b i o t a  l i v i n g  i n  t he  warm shallow waters  
covering the  s h e l f .  About one-thii-d of  t he  s k e l e t a l  fragments a r e  i n t a c t  
o r  s u f f i c i e n t l y  complete t o  be r e a d i l y  recognized.  The remaining two- 
t h i r d s  of t he  p a r t i c l e s  a r e  probably derived from t h e  same organisms 
c o n s t i t u t i n g  t h e  i d e n t i f i a b l e  f r a c t i o n .  Examples of t h e  more preva len t  
s k e l e t a l  c o n s t i t u e n t s  a r e  shown i n  Figure 9. In comparison t o  t h e  sands 
of  Sect ion B,  qua r t z  i s  r a r e  i n  Sect ion A sediments and gene ra l ly  repre-  
s e n t s  l e s s  than 10 percent  by weight of t he  t o t a l  sample. Although of 
l i t t l e  s i g n i f i c a n c e  i n  terms of volume, t h e  quar tz  p re sen t  i n  Sec t ion  A 
is  of i n t e r e s t  i n  t h a t  many of t h e  p a r t i c l e s  a r e  cons iderably  l a r g e r  and 
b e t t e r  rounded than those i n  t h e  nor thern  sec t ion ;  numerous p a r t i c l e s  
;are f r o s t e d .  

The l a r g e s t  con t r ibu to r s  t o  t he  s k e l e t a l  ma te r i a l  of Sec t ion  A s ed i -  
ments a r e  marine a lgae  with c h a r a c t e r i s t i c  l e a f - l i k e  o r  t r i f o r m  shapes 
(HaZimeda), and mollusks.  Foraminifers ,  e s p e c i a l l y  l a r g e  benthonic m i l i -  
o l i d s  such a s  PeneropZis and Archias, bryzoa, and c o r a l s  a r e  s i g n i f i c a n t  
con t r ibu to r s .  See Figure 9 a-e.  Frequent ly encountered i n  minor amounts 



a r e  echinoid sp ines ,  sponge s p i c u l e s ,  a lcyonar ian  s c l e r i t e s ,  worm tubes ,  
ostracod carapaces,  and many smal le r  fo ramin i f e r s .  Of t h e  nonskele ta l  
ma te r i a l  t h e  dominant c o n s t i t u e n t s  a r e  rod-shaped and e l l i p t i c a l  p e l l e t s  
(poss ib ly  f e c a l ) ,  semiconsol idated c a l c a r e n i t e ,  o o l i t e s  and a g l u t t e n a t e d  
worm tubes .  Locally such ma te r i a l s  a r e  volumetr ica l ly  important and t h e  
c a l c a r e n i t e s  a r e  e s p e c i a l l y  evident  i n  cores  from t h e  Miami g r i d  which 
have presumably pene t r a t ed  t o  bedrock. Cons t i tuents  of t h e  c a l c a r e n i t e  
fragments making up the  rock a t  t he  base of s e v e r a l  cores  a r e  s i m i l a r  t o  
the  f i n e r  carbonate  s k e l e t a l  sands occurr ing  i n  t he  superposed u n l i t h i f i e d  
s t r a t a .  In  gene ra l ,  t he se  fragments a r e  white o r  cream colored ,  many 
conta in ing  l a r g e ,  well-rounded qua r t z  g r a i n s ,  and fragments of mollusk 
s h e l l ,  f o ramin i f e r s ,  s p i c u l e s ,  and p e l l e t s .  , 

In most of t h e  Sec t ion  A sediments (Figure 1 3 ) ,  t h e  wide range of  
s i z e s ,  poor s o r t i n g ,  and t h e  cha rac t e r  and condi t ion  of t h e  c o n s t i t u e n t  
p a r t i c l e s  suggest t h a t  these, sediments were formed more o r  l e s s  i n  s i t u  
with r e l a t i v e l y  l i t t l e  t r a n s p o r t a t i o n  involved.  Indeed, numeraus se i smic  
p r o f i l e s  (Appendix A) show an asymmetrical accumulation of sediment f i l l i n g  
the  troughs shoreward of t he  second and t h i r d  r e e f s .  The su r f ace  s lope  of 
t h i s  accumulation i s  shoreward and is judged t o  be evidence suppor t ing  t h e  
idea  of l o c a l  source of sediment;  t he  l o c a l  source is  t h e  c r e s t  and seaward 
edge of t h e  r e e f :  d e b r i s  from t h e  r e e f  i s  c a r r i e d  over  t h e  r ee f  c r e s t  t o  
be deposi ted i n  t h e  shoreward t rough.  Much of t h e  qua r t z  present. i n  t h e  
samples might poss ib ly  be eroded from exposures of  q u a r t z i t i c  c a l c a r e n i t e  
(Anastasia Formation) c ropping .out  on t h e  nearshore bottom and e s p e c i a l l y  
i n  the  v i c i n i t y  of  t he  inne r  f l a t  where such rock appears i n  s eve ra l  co re s  
and where wave eros ion  would be most e f f e c t i v e .  The qua r t z  might a l s o  be 
windblown o r  r ep re sen t  m a t e r i a l  c a r r i e d  i n  t h e  l i t t o r a l  stream from t h e  
no r th ,  a l b e i t  markedly d i l u t e d  by the  add i t i on  of l a r g e  q u a n t i t i e s  of 
carbonate  i n  t he  southern  waters .  

In Sec t ion  B (nor th  of 26"20' N ) ,  most of  t h e  ma te r i a l  recovered i n  
cores  i s  a  c lean ,  homogeneous, f i n e  t o  medium-grained sand (Figure 14 ) .  
I t  i s  a  ca lcareous  qua r t z  sand (55 t o  65 percent  quar tz )  comprised of sub- 
angular  and subrounded c l e a r  qua r t z  g ra ins  mixed wi th  subrounded t o  rounded 
gray,  black and brown ca lcareous  p a r t i c l e s  (Figure 10) .  Minor amounts of 
presumably "fresh" s k e l e t a l  ma te r i a l  occur i n  most of t h e  co re s .  Chief ly  
these  c o n s i s t  of f r a g i l e  mollusk fragments and foramini fe ra1  t e s t s .  The 
quan t i t y  of such fragments i s  smal l ,  and t h e r e  is  l i t t l e  evidence t h a t  
such organisms p r e s e n t l y  con t r ibu te  s u b s t a n t i a l  amounts of sediment t o  t h e  
s h e l f  i n  Sec t ion  B .  Difference i n  sediments throughout Sect ion B i s  not  
l a rge ;  however, sediments of t he  southern  p a r t  of Sect ion B (cores  26, 24, 
23, and 22) a r e  gene ra l ly  somewhat coa r se r  and h igher  i n  carbonate content  
than the  sediments t o  t he  no r th  (cores  2 1 ,  20, 31, 30, 29 and 28).  In 
essence,  sediments of t he  southern h a l f  of Sec t ion  B seem t o  r ep re sen t  a  
t r a n s i t i o n  from the  extremes of  t he  sediment i n  Sec t ions  A and B.  In a l l  
Sect ion B co re s ,  sediment comprising t h e  su r f ace  (0-2 cm) sample i s  f i n e r  
than the  ma te r i a l  below; t h e  same is  not  t r u e  of Sect ion A sediments.  
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Figure 13. Cumulative curves, representative of offshore 
sediments in Section A. 



Figure 14. Cumulative curves, representative of offshore 
sediments in Section B. 



d .  Miami Grid Area 

Trackl ines  were surveyed on a  g r i d  p a t t e r n  i n  an approximate 
3- by 7-mile a r e a  encompassing the  s h e l f  and upper s lope  o f f  south Miami, 
Key Biscayne and Virg in ia  Key (Figure 3 ) .  A t o t a l  of 10 cores  were taken 
on the  s h e l f  po r t ion  of t he  g r i d  a r e a .  Analyses of t h e  co re s ,  geophysical 
p r o f i l e s ,  and USCGGS boat  shee t s  a r e  t he  bases  of Figures  1 2 ,  15, and 16 
which show the  bedrock s u r f a c e ,  bottom morphology, and sediment t h i ckness ,  
r e spec t ive ly ,  i n  t he  Miami g r i d  a r e a .  

The mult iple-s tepped bottom morphology descr ibed  previous ly  f o r  
Sect ion A is  t y p i c a l l y  developed i n  t h e  Miami g r i d  a r e a  and i s  depic ted  
i n  p r o f i l e  i n  Figures  7 and 11. Adjacent t o  t h e  shore i s  a  well-developed 
t e r r a c e  with the  su r f ace  a t  0  t o  -6 f e e t  MLW. The s lope  te rmina tes  on 
the inner  f l a t  a t  approximately -12  t o  -18 f e e t  MLW. 

Re l ie f  of t h e  inne r  f l a t  i s  low. A broad i r r e g u l a r  rocky r i d g e  ris- 
ing i n  p laces  t o  -15 f e e t  MLW rims the  o u t e r  p a r t  of t h e  p la teau  throughout 
most of the  g r i d  a r e a ,  becoming l e s s  d i s t i n c t  toward t h e  southern end of 
the  a r ea .  P a r a l l e l  t o  t he  shoreward edge of t h i s  r i d g e  a  broad shallow 
swale with c e n t r a l  depths of -28 t o  -30 f e e t  MLW extends through t h e  
northern ha l f  of t h e  g r i d  a r e a ,  

The seaward s lope  of the  r idge  marking t h e  o u t e r  edge of t h e  inne r  
f l a t  drops t o  a  l i n e a r  f l a t  a t  a  c h a r a c t e r i s t i c  depth of -35 t o  -40 f e e t  
MLW. This second f l a t ,  which i s  continuous with the  second f l a t  t o  t h e  
nor th ,  averages about 800 yards wide. Bordering the  f l a t  t o  seaward i n  
the  northern h a l f  o f  t he  g r i d  a r ea  a  r e e f - l i k e  rocky r i d g e  c r e s t i n g  a t  -30 
t o  -40 f e e t  MLW marks the  edge of t he  s h e l f .  In  t h e  south ,  t h i s  r e e f  i s  
discont inuous,  and where absen t ,  t he  s h e l f  break occurs  a t  around -45 f e e t  
MLW. From -45 f e e t  MLW t o  about -100 f e e t ,  t h e  upper p a r t  of t he  cont inen-  
t a l  s lope is  rocky o r  comprised of coarse r e e f  d e b r i s .  Below 100 f e e t ,  
geophysical p r o f i l e s  show a th i ck  sec t ion  of sediments with seaward dipping 
bedding planes t o  t he  maximum depth of survey which i s  about -350 f e e t  MLW. 
On the  b a s i s  of depth and the  conf igura t ion  of t h e  bedding, t hese  sediments 
a r e  presumed t o  be P le i s tocene  and Holocene shoreface depos i t s  ove r l a in  by 
a  t h i n  blanket  of more r ecen t  s lope sediments.  This assumption has not  
been confirmed. 

Over most of  t h e  inne r  f l a t  the  bedrock s u r f a c e  i s  e i t h e r  exposed o r  
c lose  t o  the  su r f ace ,  and sediments i n  t he  g r i d  a r e a  a r e  t h i n  and d i s -  
continuous. Linear t roughl ike  depressions i n  t h e  bedrock of t he  40-foot 
f l a t  conta in  a  5- t o  15-foot accumulation of sediment (Figure 16 ) .  Rock 
i s  e i t h e r  exposed o r  covered by a  t h i n  veneer along most of t he  remainder 
of t he  s h e l f  edge and upper s lope  t o  100-foot depths .  The only o t h e r  
extensive accumulation de l inea t ed  by t h i s  sand inventory program l i e s  i n  
the southernmost p a r t  of t he  inner  f l a t  zone where between 5 and 10 f e e t  
of sediment have accumulated. 
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Ridges a r e  gene ra l ly  bar ren  o r  conta in  only i s o l a t e d ,  t h i n  sedi-ment 
pa tches .  o the r  a r eas  of Figure 16 i n d i c a t i n g  sediment accumulation 
r ep re sen t  t he  p o s i t i o n  of swales on p l a t eaus  where sediment accumulation 
of 2 o r  3 f e e t  occurs .  Topographic highs which te rmina te  t he  p l a t eaus  
a r e  genera l ly  bar ren  of sediment,  o r  conta in  only t h i n  and a r e a l l y  small  
accumulations.  

A l a rge  volume of sediment apparent ly  does e x i s t  i n  t he  shoreface  
t e r r a c e  because some bor ings  have pene t r a t ed  sediment s ec t ions  15 t o  18 
f e e t  t h i c k .  Shallow waters and wave a c t i o n  precluded obta in ing  cores  o r  
se i smic  p r o f i l e s ;  consequently no d i r e c t  c o r r e l a t i o n s  of d a t a  from t h i s  
a r ea  can be made with d a t a  obtained i n  t h e  Miami g r i d .  

Coastal  Morphology a.nd Sediment C h a r a c t e r i s t i c s  

Between Government Cut a t  Miami and Lake Worth I n l e t  near  
Palm Beach the  southeas t  F lor ida  c o a s t l i n e  extends i n  an almost s t r a i g h t  
l i n e ,  bearing about 6"  e a s t  from a  north-south d i r e c t i o n .  I t  i s  a  
"barr i -er  coas t"  i n  t he  c o a s t a l  c l a s s i f i c a t i o n  of Shepard (1963). The 
immediate c o a s t a l  a r e a  l i e s  along sandy b a r r i e r  i s l a n d s  and s p i t s  backed 
by bays,  lagoons, marshes and improved s e c t i o n s  of the  I n t r a c o a s t a l  
Waterway. The h ighly  developed c o a s t a l  zone i s  broken by seven i n l e t s ,  
and p ro t ec t ed  by numerous gro ins  and almost 2 0  miles  (29 percent )  of 
seawalls  and bulkheads,  Most of t hese  s h o r e l i n e  improvements a r e  concen- 
t r a t e d  i n  t he  southern h a l f  of t h e  a r e a .  phys ica l  c h a r a c t e r i s t i c s  of t h e  
beach vary because it i s  in f luenced  and l o c a l i z e d  by the  numerous engi-  
neering s t r u c t u r e s  and i n l e t s .  Figure 17 i s  a  graphic  p l o t  of t h e  median 
diameter of beach samples compiled from var ious  sources .  The wide range 
of median s i z e  between r e l a t i v e l y  c l o s e l y  spaced s t a t i o n s  and t h e  lack of 
agreement between d a t a  from d i f f e r e n t  sources do not  favor  g e n e r a l i z a t i o n .  

The ac id-so luble  content  of beach samples from t h e  s tudy a r e a  ranges 
from 45 t o  85 pe rcen t .  Visual examination shows t h a t  t he  ac id - so lub le  
content  i s  almost e n t i r e l y  of b io log ic  o r i g i n  with mollusk fragments the 
most s i g n i f i c a n t  c o n s t i t u e n t .  These fragments a r e  gene ra l ly  t a b u l a r ,  
s tu rdy ,  and well  rounded; many have a  high p o l i s h .  

Occasional exposures of coquina rock appear along t h e  beach. Numerous 
borings and probings i n  the  waterways behind the  beach encountered rock 
i d e n t i f i e d  a s  l imestone o r  coquina a t  l e s s  than -15 f e e t  MLW; most prob- 
ably the  Anastasia  Formation o r  i t s  f a c i e s  equ iva l en t .  Offshore t h e  rocky 
su r f ace  of t h e  inne r  f l a t  gene ra l ly  commences a t  l e s s  than -15 f e e t  water 
depth suggest ing t h a t  t he  rock i s  continuous u n d e r ' t h e  beach zone. 





Sect ion  111. DISCUSSION 

Sediment D i s t r i b u t i o n  and Origin -- 

Dis t r ibu t ion  of unconsol idated sediment on the  s h e l f  i n  Sec t ion  
A i s  l a r g e l y  con t ro l l ed  by conf igura t ion  of t h e  bedrock s u r f a c e .  Depres- 
s ions  such a s  the l i -near  t roughs between r e e f  l i n e s ,  shallow swales and 
bowls on the  inner  f l a t ,  and a reas  i n  t h e  l e e  of topographic highs a r e  
favored s i t e s  of deposi. t ion. The e f f e c t  of waves and c u r r e n t s  on s h e l f  
sedimentat ion processes  i n  t h i s  a r e a  a r e  not  known i n  d e t a i l .  

Avai lable  d a t a  i n d i c a t e  t h e r e  i s  l i t t l e  i f  any sediment t r anspor t ed  
i n t o  the  s h e l f  a r ea  from the  no r th  (Sect ion B) where s h e l f  sediments a r e  
f i n e r  and much h igher  i n  qua r t z  than those of Sect ion A.  In t roduct ion  
of sediment from the  s lope  i s  a l s o  h ighly  u n l i k e l y  s i n c e  it would r e q u i r e  
migrat ion upslope and ac ros s  t h e  o u t e r  r e e f  l i n e .  

No s i g n i f i c a n t  q u a n t i t i e s  of the ma te r i a l  p re sen t ly  comprising t h e  
beach were found i n  t he  cores  obtained o f f sho re .  Fu r the r ,  t h e  genera l  
median sand s i z e  seaward from the  beach shows a  decrease t o  depths of 
-12 t o  -18 f e e t  MLW (U. S ,  Army Engineer D i s t r i - c t ,  J acksonv i l l e ,  1956, 
1960, 1961, 3.963, 1965).  Beyond t h i s  depth ,  t h e  inne r  f l a t  ( e s s e n t i a l l y  
rocky) s epa ra t e s  t he  nearshore zone from t h e  s h e l f  p rope r .  Thus, t h e r e  i s  
a  zone of r e l a t i v e l y  f i n e  sand and rock sepa ra t ing  two zones of coa r se r  and 
composi~t ional ly d i s s i m i l a r  ma te r i a l s  on t h e  beach and s h e l f .  S i g n i f i c a n t  
interchange of ma te r i a l  between t h e  beach zone and t h e  s h e l f  e i t h e r  i n  a  
landward or  seaward d i r e c t i o n  wi th in  the  s tudy a rea  i s  judged improbable. 

Shelf  sediments of  Sec t ion  A a r e  judged t o  be produced more o r  l e s s  
i n  situ from organisms p r e s e n t l y  comprising t h e  b i o t a  of  t h e  s h e l f  bottom, 
p a r t i c u l a r l y  t h a t  b i o t a  along t h e  r e e f  and s lope  l i n e s .  Sedimentary ma- 
t e r i a l  thus produced could subsequently be swept i n t o  t h e  adjacent troughs 
by wave o r  cu r r en t  a c t i o n .  Sediment produced under shallow water condi- 
t i o n s  ex t an t  during lower rela . t ive s t ands  of s ea  l e v e l  a s soc i a t ed  with 
l a t e  Wisconsin g l a c i a t i o n  may a c c o u n t f o r  some quan t i t y  of t he  trough 
sediments.  However, a s  no age da t ing  of t hese  sediments has ye t  been 
undertaken, i t  is not  poss ib l e  t o  determine r e l a t i v e  q u a n t i t i e s  of 
sediment cont r ibu ted  during Wisconsin o r  Holocene t ime,  

Sedimen- comprising the  beach and shoreface  zone i n  Sect ion A a r e  
be l ieved  t o  be a  combined product of l i t t o r a l  d r i f t  from the  no r th  and 
south ,  l o c a l  s h e l l  p roduct ion ,  shoreward t r a n s f e r  of ma te r i a l  eroded from 
the  inner  f l a t ,  and eros ion  of the  shore .  Impoundmentof sediment a t  i n l e t  
j e t t i e s  and o the r  c o a s t a l  engineering works i s  evidence of ne t  d r i f t  from 
t h e  no r th .  

Much sand has been l o s t  from the  l i t t o r a l  zone during recent  yea r s ;  a  
conserva t ive  es t imate  is  t h a t  a  n e t  l o s s  of 10 t o  15 mi l l i on  cirbic yards 
has occurred i n  the  p a s t  30 years  (Watts, 1962). This ma te r i a l  i s  probably 
t r anspor t ed  t o  the  deeper water of the  s h e l f  o r  s lope ,  Tf l i t t o r a l  s e d i -  
ment moving southward i s  l o s t  t o  t he  l i t t o r a l  stream t l a ro~~gh  movement irato 



deeper water of fshore ,  the  cha rac t e r  of t h e  sediment i n d i c a t e s  t h a t  o f f -  
shore movement does not  occur i n  Sec t ion  A .  Loss of beach ma te r i a l  i n  
t he  M i a m i  a r e a  c o u l d ~ t h e n  only be due t o  nearshore longshore movement, 
o r  s o l u t i o n  of s h e l l  m a t e r i a l .  Rusnak (1966) concluded t h a t  l o s s  by 
abras ion  i s  i n s i g n i f i c a n t .  Because of t h e  pH and composition of t he  
sea  water ,  l o s s  by s o l u t i o n  should be i n s i g n i f i c a n t  a l s o .  I t  i s  judged, 
t h e r e f o r e ,  t h a t  the  observed l o s s  of beach ma te r i a l  ( l e s s  t h a t  l o s t  t o  
i n l e t s )  i s  due t o  movement p a r a l l e l  t o  shore out  of t h e  a r e a ,  r a t h e r  
than movement d i r e c t l y  o f f sho re .  

The gray sand body covering most of t h e  s h e l f  i n  Sect ion B i s  prob- 
ab ly  d e t r i t a l  i n  o r i g i n ,  but t h e  source of t h i s  ma te r i a l  i s  not  c l e a r .  
The black or  dark gray co lo ra t ion  of most of t h e  s h e l l  mater ia l  i n  t h e  
sand provides the  sand with a  d i s t i n c t i v e  gray c o l o r .  Such co lo ra t ion  of 
the  s h e l l  ma te r i a l  has genera l ly  been taken t o  i n d i c a t e  previous b u r i a l  i n  
a  marsh o r  swamp environment; however, r ecen t  s t u d i e s  show t h a t  blackened 
s k e l e t a l  fragments may form i n  a  subbottom marine environment (Maiklem, 
1967). Thus, t he  present  c o l o r  does not n e c e s s a ~ i l y  i n d i c a t e  a  r e l i c t  
depos i t  o r  ma te r i a l  eroded from a lagoon bottom o r  back beach source .  
In f a c t ,  on the  Georgia nearshore Cont inenta l  S h e l f ,  recent  sediment i s  
colored gray and conta ins  25 percent  o r  l e s s  of carbonate  (Gorsl ine,  1963),  
Pi lkey and Frankenberg, 1964),  no t  t oo  un l ike  the  sediment i n  Sect ion B ,  

I t  i s  u n l i k e l y  t h e  gray sand comes from o f f sho re  f o r  reasons ex- 
p la ined  above, and a  source a r e a  i n  t h e  high carbonate  environment t o  t h e  
south i s  improbable i n  view of t he  high qua r t z  conten t  and the  shape and 
compositional d i f f e r ence  of much of t he  s k e l e t a l  ma te r i a l  he re .  Also, 
sediment northward i n  the Fort P ie rce  a r e a  is d i s s i m i l a r  t o  sediment i n  
Sect ion B ,  which would preclude a  northward source .  One o t h e r  d i f f i c u l t y  
with the  explanat ion f o r  a  nor thern  source i s  t h a t  wi th in  t h e  zone where 
cores  were taken t h e r e  i s  a  genera l  decrease i n  average g ra in  s i z e  nor th-  
ward; t he  t r e n d ,  t h e r e f o r e ,  would be con t r a ry  t o  t h e  premise of a  de- 
c rease  i n  g ra in  s i z e  downdrift  from a source .  A poss ib l e  explanat ion 
may be t h a t  t he  southward moving inshore  sediments a r e  washed seaward t o  
deeper water i n  Sect ion B and then d r i f t  back northward because of nor-  
t h e r l y  o f f sho re  c u r r e n t s .  Research p r e s e n t l y  underway by John Milliman 
(personal communication) i n d i c a t e s  a  narrow zone of  sediment with r e l a -  
t i v e l y  high quar tz  content  (25-50 percent )  extending o f f sho re  between For t  
P ie rce  and J u p i t e r  I n l e t  t o  approximately t h e  100-fathom l i n e  thence ex- 
tending no r th  f o r  150 miles  and south f o r  90 mi l e s .  Current measurements 
near  Miami show a northward d r i f t  over t h e  s h e l f  of about 0.5 f e e t  p e r  
second (House Document 169,  75th Congress, 1937).  General v e l o c i t y  of  
t h i s  d r i f t  i s  not competent t o  move p a r t i c l e s  g r e a t e r  than s i l t  s i z e  
(0.062 mm; 44) although pe r iod ic  h ighe r  v e l o c i t y  northward c u r r e n t s  
capable of moving mater ia l  i n  t h e  s i z e  ranges c h a r a c t e r i s t i c  of t h e  gray 
sands of Sect ion B might occur .  

2 .  Sand Requirements 

A t  t h e  d a t e  of wr i t i ng  of t h e  r e p o r t ,  Beach Erosion Control and 
Hurricane P ro tec t ion  S tudies  conducted by the  Corps on t h e  F lor ida  e a s t  



c o a s t ,  extending from Duval County a t  t h e  n o r t h  t o  Dade County a t  t h e  
s o u t h ,  were examined and proposed p r o j e c t  r equ i rements  summarized by 
Duane (1968) .  The p r o j e c t s  showed an  i n i t i a l  f i l l  r equ i rement  o f  some 
26 m i l l i o n  cub ic  ya rds  o f  m a t e r i a l  w i t h  annual  r ep len i shment  o f  s l i g h t l y  
l e s s  t h a n  2  m i l l i o n  cub ic  y a r d s .  Over a  SO-year maintenance p e r i o d ,  110 
m i l l i o n  c u b i c  yards  would be r e q u i r e d .  

Corps o f  Engineers  s t u d i e s  p r e p a r e d  f o r  s p e c i f i c  beach e r o s i o n  c o n t r o l  
p r o j e c t s  i n  Palm Beach, Broward, and Dade Count ies  e s t i m a t e  r e q u i r e m e n t s  
o f  n e a r l y  21.5 m i l l i o n  c u b i c  y a r d s  o f  sand f o r  i n i t i a l  f i l l  and maintenance 
requ i rements  o f  n e a r l y  900,000 c u b i c  y a r d s  a n n u a l l y .  Thus, f o r  a 5 0 - y e a r  
cconomlc l i f e ,  an a d d i t i o n a l  need o f  a p p r o x ~ m a t e l y  45 m i l l i o n  y a r d s  o f  
sand can be f o r e c a s t .  Requirements f o r  s p e c i f i c  c o a s t a l  s e c t i o n s  w i t h i n  
ehe limits of t h i s  s t u d y  a r e a  a r e  summarized i n  Table 11. 

1Jsing e r o s i o n  and s h o a l i n g  d a t a  from Beach Erosion Control  r e p o r t s ,  
Watts (1962) e s t i m a t e d  t h a t  an annual  n e t  o f  842,000 c u b i c  y a r d s  of s e d i -  
ment had eroded shoreward of -18 f e e t  MLW between Lake Worth I n l e t  and 
Government Cut (Miami) f o r  a t  l e a s t  30 y e a r s  p r i o r  t o  t h a t r e p o r t .  The 
annual  l o s s  i n t o  i n l e t s  d u r i n g  th i . s  p e r i o d  was e s t i m a t e d  a t  200,000 c u b i c  
y a r d s ,  leavi.ng a  n e t  r e s i d u a l  l o s s  t o  t h e  s h o r e  area.  o f  442,000 c u b i c  
y a r d s .  Impoundment and s h o a l i n g  d a t a  f o r  Lake Worth I n l e t  i . n d i c a t e s  . that  
around 230,000 cub ic  y a r d s  of ma- te r i a l  mo-ves s o u t h  a n n u a l l y  i n t o  t h e  i n l e t  
a r e a  (Wat ts ,  1962) -  Even i f  t h e  e n t i r e  amount l o s t  a t  Lake Worth I n l e t  
were bypassed and a l lowed t o  r e a c h  t h e  l i t t o r a l  zone t o  t h e  s o u t h ,  a  n e t  
annual  d e f i c i . t  of 412,000 c u b i c  y a r d s  o f  sand would occur  i n  t h e  l i - t t o r a l  
sand budget  s o u t h  t o  Government Cut .  These f i g u r e s  i n d i c a t e  t h a t  such 
remedial  mea.sures a s  g r o i n s  and i n l e t  bypass ing  would n o t e n t i r e l y  p reven t  
con t inued  e r o s i o n  o f  t h e  beaches o f  s o u t h e a s t  F l o r i d a  and t h a t  p e r i o d i c  
rep len i shment  o f  a t  l e a s t  some o f  t h e  l o s s  would appear  t o  be t h e  most 
e f f e c t i v e  measure o f  m a i n t a i n i n g  s u i t a b l e  beaches  i n  t h e  a r e a .  

3 .  Areas S u i t a b l e  f o r  Of fshore  Borrow .- 

The d e n s i t y  of d a t a  c o l l e c t e d  by CERC f o r  t h i s  s t u d y  i s  adequate  
f o r  sand volume c a l c u l a t i o n s  i n  t h e  Miami g r i d  a r e a  on ly .  A s t u d y  o f  
t h e  sand r e s o u r c e s  on t h e  s h e l f  off Broward County (25'58' N t o  26'20' N; 
F igure  18) was completed i n  1967 by Ocean Science and Engi-neering Company 
(OSE) f o r  t h e  Broward County Eros ion  Cont ro l  Committee who have made t h e  
r e s u l t s  sva i . l a 'b le  t o  t h e  Coastal. Eng ineer ing  Research C e n t e r ,  The Broward 
County Study is  based on marine s e i s m i c  r e f l e c t i o n  p r o f i l e s  r u n  from about  
100 yards  o f f s h o r e  t o  I n a u t i c a l  mi.1.e o f f s h o r e  a t  600-foot  i n t e r v a l s  a long 
t h e  e n t i r e  county f r o n t a g e ;  t h e s e  were supplemented by two long c r o s s  l i n e s  
p a r a l l e l  t o  s h o r e .  Sediment c h a r a c t e r i s t i c s  o f  t h e  bottom and t o  -12 f e e t  
below t h e  bottom were determined by u s e  of s e v e r a l  sampling t e c h n i q u e s :  
a  12- foo t  long a i r l i f t  sampling d e v i c e ,  a  w a t e r - j e t  p robe ,  and d i v e r  
inspec . t ion .  From t h e  two s o u r c e s  (CERC and OSE s t u d i e s ) ,  i t  i s  p o s s i b l e  
t o  make r e a s o n a b l y  r e l i a . b l e  sand volume e s t i m a t e s  f o r  most o f  t h e  r e g i o n  
s o u t h  o f  26"20' N ( S e c t i o n  A ) .  Only t e n t a t i v e  e s t i m a t e s  f o r  S e c t i o n  B can 
be made because  o f  t h e  r e c o n n a i s s a n c e  n a t u r e  o f  t h e  CERC Sand Inven tory  



TABLE 11  

F i l l  Requirements i n  t h e  Study Area 

I n i $ i a l  
Palm Beach County 

J u p i t e r  I n l e t  
t o  

Lake Worth I n l e t  

Lake Worth I n l e t  
t o  

Boca Raton I n l e t  

Boca Raton I n l e t  
t o  

Broward County Line 

Broward County 

Palm Beach County Line 
t o  

H i l l sbo ro  I n l e t  

H i l l sbo ro  I n l e t  
t o  

Por t  Everglades  

Dania 
t o  

Hollywood-Hallandale 

Dade County 

Broward County Line 
t o  

Haulover Beach 

Haulover Beach Park 

Bakers Haulover 
t o  

Government Cut 

Key Biscayne 
and 

V i r g i n i a  Key 

Annua 1 
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program t h e r e ,  and because of t h e  pauc i ty  of publ i shed  information con- 
cern ing  the  s h e l f  i n  t h a t  a r e a .  

Because of t h e  l i n e  spacing involved i n  t h e  CERC exp lo ra t ion  program 
a t  Miami, more c l o s e l y  spaced work might be requi red  t o  more p r e c i s e l y  
de f ine  the  most s u i t a b l e  bottow a r e a s  p r i o r  t o  e x p l o i t a t i o n .  Such a  
program would be analogous t o  "development d r i l l i n g "  i n  t h e  petroleum 
indus t ry ,  and t o  "blocking-out t h e  ore"  i n  t he  mining indus t ry ;  conse- 
quent ly ,  it i s  not  a  requirement unique t o  the  o f f sho re  Sand Inventory 
Program. Quant i t ies  of sand a v a i l a b l e  a r e  summarized i n  Table 111. 

SECTION A 

The OSE Broward County r e p o r t  e s t ima te s  a  t o t a l  sand volume of 66 
m i l l i o n  cubic yards wi th in  1 .2  miles  of fshore  of Broward County. Of t h i s  
m a t e r i a l ,  36 mi l l i on  cubic yards i s  concent ra ted  i n  t h e  60-foot p l a t eau ,  
wi th in  1 mile of t he  beach. The remaining 30 mi l l i on  cubic  yards l i e s  
s c a t t e r e d  i n  patches and t h i n  b lanket  depos i t s  i n  t h e  40-foot p l a t eau  and 
on t h e  inner  f l a t .  Over h a l f  of t h i s  ma te r i a l  i s  concent ra ted  i n  t h e  
nor thern  two- f i f t h s  of t he  segment where i s o l a t e d  sand pockets  wi th in  
the  40-foot p la teau  begin t o  coa lesce  i n t o  l a r g e r  bodies .  

From the  south Broward County l i n e  t o  the  Miami g r i d ,  a  t o t a l  of 66 
m i l l i o n  cubic yards of sand a r e  es t imated  t o  occur .  

In  the  CERC Miami g r i d  a r e a ,  14 s t a t u t e  miles  south of t h e  OSE Study, 
t h e r e  i s  a  sand volume of  69 m i l l i o n  cubic  yards exc lus ive  of t he  t h i n  
and discont inuous patches gene ra l ly  occurr ing  on t h e  inne r  f l a t .  Of t h i s  
amount, about 48 mi l l i on  yards a r e  contained wi th in  the  conf ines  of t h e  
40-foot f l a t  3 t o  4 miles  from the  beach (Figure 1 9 ) .  A smal le r  concen- 
t r a t i o n  of about 5 mi l l i on  cub ic  yards l i e s  on the  o f f sho re  p a r t  of t h e  
inne r  f l a t  (Figure 19 ) .  Because of t h e  na tu re  of known accumulations,  
s i m i l a r  bu t  smal le r  a r eas  of recoverable  sand can be f o r e c a s t  with reason-  
a b l e  assurance t o  occur elsewhere on the  f l a t ,  

Approximately 16 m i l l i o n  cubic yards of unconsol idated sediment occur 
i n  t h e  shoreface zone of Dade County. However, c a l c u l a t i o n  of sediment 
volumes i n  t he  shoreface i s  based on sparse  d a t a ;  no se i smic  l i n e s  were 
run i n  t h i s  a r e a  due t o  the  shallow water .  Borings by t h e  Corps of En- 
g ineers  ( Jacksonvi l le  D i s t r i c t ,  1961; 1968) i nd ica t ed  up t o  18 f e e t  of 
sediment i n  the  shoreface o f f  Key Biscayne and l e s s  than 5 f e e t  o f f  
V i rg in i a  Key. 

SECTION B 

On t h e  b a s i s  of t h e  l i m i t e d  d a t a  a v a i l a b l e ,  morphology of t h e  s h e l f  
and subbottom, and geology of t he  r eg ion ,  t h e  volume of ma te r i a l  a v a i l a b l e  
wi th in  the  s h e l f  a r e a  of Sec t ion  B (north of 26°20q N) i s  es t imated a t  
380 m i l l i o n  cubic yards .  The bulk of t he  sand i s  be l ieved  t o  have 
c h a r a c t e r i s t i c s  s i m i l a r  t o  t he  f i n e  gray  sand recovered i n  t h e  10 cores  



TABLE I11 

Estimated Sand Volumes Above t h e  Bedrock Surface 
( i n  cubic yards)  

Sect ion  

A 

Subsect ion  

Miami Grid 

Miami t o  
South Broward 
County Line 

Broward 
County 

(OSE Report 1965) 

Morpholo 

I 
Shoref ace F i r s t  F l a t  

5,000,000 
minimum 

No da ta  

about 1/3 may 
be a v a i l a b l e  

; i c  Unit  

Second F l a t  

48,000,000 

28,QOQ,000 

Third F l a t  

Not p re sen t  

P a l m  Beach 380,000,000 I n s u f f i c i e n t  
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Figure 19.  Areas most s u i t a b l e  f o r  sand borrow. 



c o l l e c t e d .  Near the  r e e f  l i n e s  and a t  depths not  reached by t h e  cores  
under the  gray sand b l anke t ,  t he  sand may be s i m i l a r  t o  t he  calcareous 
sand of Sect ion A.  

4 .  S u i t a b i l i t y  

Corps of Engineers s t u d i e s  f o r  Palm Beach, Broward, and Dade 
Counties i n d i c a t e  a  poss ib l e  requirement of some 6 mi l l i on  cubic  yards 
of sand over a  50-year per iod;  more than enough sand t o  meet t hese  needs 
e x i s t s  i n  the  s tudy a r e a .  Indeed, enough sand-s ize  ma te r i a l  e x i s t s  o f f -  
shore in  j u s t ' t h e  Miami g r i d  t o  meet i n i t i a l  requirements (21.5 mi l l i on )  
and some years  of annual nourishment.  

Sand comprising the  beaches of Dade and Broward Counties has a  high 
carbonate content ,  bu t  t he  a spec t  of the  carbonate f r a c t i o n  e x i s t i n g  
o f f sho re  i n  the M i a m i  g r i d  i s  d i f f e r e n t  (see Figures 20 and 21).  She l l  
d e b r i s  on the  beaches i s  somewhat l a r g e r  and much l e s s  d e l i c a t e  than the  
s h e l l  occurr ing i n  t he  p o t e n t i a l  o f f sho re  borrow zones. This i s  due t o  
t h e  d i f f e r ence  i n  t he  type of organism con t r ibu t ing  t o  the  s h e l l .  Off- 
shore the  s h e l l  deb r i s  i s  from a lgae  and fo ramin i f e r s  indigenous t o  t h e  
q u i e t e r  o f f sho re  zones, while onshore it comes from mollusks indigenous 
t o  the  high energy l i t t o r a l  zone (Figure 19 ) .  Although median diameters 
of beach and o f f sho re  sediment a r e  not  too  d i s s i m i l a r  (Figure 1 7 ) ,  t h e  
compositional d i f f e r ences  i n d i c a t e  t he re  i s  some ques t ion  i f  t h e  o f f sho re  
sand-size ma te r i a l  would maintain i t s  i n t e g r i t y  once placed on t h e  beach; 
t h a t  i s ,  it might d i s i n t e g r a t e  under su r f  a c t i o n .  Therefore,  while ample 
ma te r i a l  e x i s t s  of f  M i a m i ,  t h e  degree of i t s  s u i t a b i l i t y  can be determined 
only through f u r t h e r  s tudy .  

Sediment comprising t h e  shoreface t e r r a c e s  and the  bottom of fshore  
i n  Sect ion B a r e  composi t ional ly more s u i t a b l e  f o r  beach f i l l  bu t  the  
s i z e  c h a r a c t e r i s t i c s  (small  median diameter) make t h e  sediment not  wholly 
s a t i s f a c t o r y  f o r  long-term p r o j e c t s .  

Sec t ion  IV. SUMMARY AND CONCLUSIONS 

The southeas te rn  coas t  of F lor ida  between Cape F lo r ida  and Lake Park 
i s  bordered by a  narrow, shallow submarine s h e l f  which i s  cha rac t e r i zed  
by two d i s t i n c t  morphological and sedimentary a s p e c t s ,  one dominant i n  
the  no r th  and the  o t h e r  dominant i n  t he  south .  

As p a r t  of a  l a r g e r  s tudy ,  a  subbottom explora t ion  program covering 
t h i s  141 square mile  s h e l f  a r e a  was c a r r i e d  out by t h e  -U.  S .  Army Corps 
of Engineers i n  1965. In  t h i s  program 176 miles of continuous se i smic  
r e f l e c t i o n  p r o f i l e s  and 31 sediment cores  were c o l l e c t e d .  

The low coas t  bordering t h e  southeas te rn  F lor ida  s h e l f  i s  covered 
by r e l a t i v e l y  t h i n  sediment depos i t s  cons i s t i ng  of l a t e  P le i s tocene  sands 
and Holocene beach and dune sediments.  Underlying these  sediments a r e  
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elements of the  P le i s tocene  Miami and Anastasia  Formation; both h ighly  
calcareous and r i c h  i n  biogenous m a t e r i a l .  Bordering t h e  she l f  t o  seaward 
beyond the  s h e l f  break a t  around -70 f e e t  MLW i s  t he  western s lope  of t h e  
northern S t r a i t s  of F lor ida .  

South of Boca Raton (26"201 N) t he  s h e l f  i s  s t e p - l i k e  i n  p r o f i l e ,  
cons i s t i ng  of two or  t h ree  l i n e a r  f l a t s  separa ted  by low r e e f - l i k e  r i d g e s .  

The two ou te r  f l a t s  a r e  formed by the  underlying bedrock sur face  and the  
outer  r i dges  which c r e a t e  t rough- l ike  l i n e a r  depress ions  p a r t i a l l y  f i l l e d  
with sediment. The inner  f l a t  i s  predominantly rocky with t h i n  and d i s -  
continuous patches of sediment throughout.  C h a r a c t e r i s t i c a l l y ,  sediments 
comprising the  southern p a r t  of t h e  s h e l f  i n  t he  s tudy  a r e a  a r e  composed 
of fragments of the  b i o t a ,  poorly s o r t e d ,  and ranging i n  s i z e  from s i l t  t o  
very coarse sand. In t he  o u t e r  t rough- l ike  f l a t s  t h e r e  a r e  accumulations 
of about 5 t o  15 f e e t  of sediment. The depos i t s  on t h e  broad inne r  f l a t  
r a r e l y  exceed 5  f e e t  i n  th ickness  and a r e  gene ra l ly  much th inne r  than t h i s  

The t o t a l  volume of sediment i n  t he  two o u t e r  (second and t h i r d )  f l a t s  
i s  es t imated t o  be 160 mi l l i on  cubic yards .  About 100 mi l l i on  cubic yards 
is loca ted  i n  t h e  second f l a t  a t  around -35 t o  -50 f e e t  and i s  t h e r e f o r e  
more r e a d i l y  acces s ib l e  t o  e x i s t i n g  dredging equipment. Sand accumulation 
on the  inner  f l a t  may aggregate  approximately 20 m i l l i o n  cubic yards ,  bu t  
the  loca t ion  of most of t h i s  ma te r i a l  and t h e  na tu re  of t h e  depos i t  a r e  
not favorable  from t h e  s tandpoin t  of recovery.  South of Government Cut a t  
M i a m i ,  t he  shoreface  t e r r a c e  conta ins  an es t imated  16 mi l l i on  cubic yards 
of sediment but  the  removal of any s u b s t a n t i a l  amount of t h i s  ma te r i a l  
may have an unfavorable  e f f e c t  on t h e  s h o r e l i n e .  

In  terms of a c c e s s i b i l i t y  and l a t e r a l  c o n t i n u i t y  of t h e  d e p o s i t s ,  t h e  
most r e a d i l y  a v a i l a b l e  supply of sand l i e s  i n  t h e  l i n e a r  second f l a t  a t  
depth of -35 t o  -50 f e e t  MLW, and from 1 t o  3  miles  o f f sho re .  The s i z e  
c h a r a c t e r i s t i c s  of t he  ma te r i a l  when compared t o  e x i s t i n g  beach sediments 
on the  ad jacent  coas t  a r e  such t h a t  much of it would be usable  f o r  l o c a l  
beach r e s t o r a t i o n  and nourishment. There i s  a  d i f f e r e n c e ,  however, i n  t h e  
cha rac t e r  of t h e  c o n s t i t u e n t  p a r t i c l e s  i n  t h a t  t he  o f f sho re  ma te r i a l  con- 
t a i n s  a  s u b s t a n t i a l  amount of d e l i c a t e  ma te r i a l  which may become mechani- 
c a l l y  degraded i n  t he  tu rbu len t  l i t t o r a l  zone. Fur ther  s tudy and t e s t s  
of t he  ma te r i a l  a r e  t h e r e f o r e  needed t o  f u l l y  app ra i se  i t s  s u i t a b i l i t y .  

North of Boca Raton (26"20f N) t o  t he  nor thern  l i m i t  of the  s tudy 
a rea  the  s h e l f  topography and sediments change d rama t i ca l ly .  Most of 
t he  s h e l f  here  i s  covered by a  blanket  of homogenous " f i n e  t o  medium gray 
quartzose sand which produces a  gen t ly  dipping r e l a t i v e l y  smooth s h e l f  
sur face  topography. Near t he  shore t h i s  sand b lanket  may reach a  th ickness  
of around 40 f e e t ,  thence it t h i n s  p rog res s ive ly  seaward t o  a  f e a t h e r  edge 
i n  the  v i c i n i t y  of t h e  s h e l f  b reak ,  a  d i s t ance  of approximately 1,500 yards 
from shore .  The t o t a l  volume of sand a v a i l a b l e  i n  t h e  northern s h e l f  
segment is  es t imated  t o  be 380 mi l l i on  cubic  yards .  

In gene ra l ,  t h i s  sand i s  considerably f i n e r  than most sand p r e s e n t l y  
found on southeas te rn  F lor ida  beaches and, t h e r e f o r e ,  of doubtful  va lue  
f o r  l o c a l  beach nourishment p r o j e c t s .  
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Part I. SURVEY TECHNIQUES 

I. General 

The CERC Sand Inventory Program is based largely on field sur- 
veys using marine seismic reflection profiling techniques supplemented 
by spot coring of the bottom and shallow-subbottom sediments. Electronic 
survey instruments furnish continuous accurate position control for both 
operations. 

2. Seismic Profiling Techniaues 

The principles involved in seismic reflection profiling are de- 
tailed in several technical papers, such as Ewing, 1963; Miller, et al, 
1967; and Moore and Palmer, 1968. Marine seismic profiling systems use 
the physical properties of sound waves to reveal bottom and subbottom 
horizons in water-covered areas. The basic elements of the system consist 
of a high-energy, sound-generating source, a detection device to receive 
reflected sound energy, and a recorder capable of converting the incident 
and reflected sound pulses to a graphic travel-time plot. 

Parts of the sound energy generated near the water surface are 
reflected from the sediment-water interface. The remaining energy pene- 
trates the botvom where additional parts are reflected from subbottom 
acoustic interfaces. A hydrophone array towed behind the survey vessel 
is used to pick up both the incident pulse and reflections from the bo-ttom 
arid subbottom interfaces. These signals are transmittecl. to the survey 
vessel, amplified, and then fed to the recorder which graphi.ca.11~ plots 
the two-way travel time on electrosensitive strip chart paper. Assuming 
constant but different velocities for sound in water and shelf sediments, 
a vertical depth scale can be constructed showing the depth from the 
water surface to each reflective horizon. 

tant The strip recording chart is moved through the recorder at a conr.. 
predetermined speed governed by a highly accurate electromechanical system. 
The horizontal "map" scale of the trackline is found by frequent naviga- 
tional fixes which are keyed to the record by an event marker. Speed of 
the survey vessel i.s maintained as constant as sea conditions permit to 
facilitate interpolation of the distance between fixes. The resultant 
record is an a~oustic cross section of the ocean bottom and subbottom to 
the effective penetration deth of the sound generator used. Reflecting 
horiz,ons may o-r may not be directly related to lithol.ogica1. interfaces in 
the strict sense, because such formation factors as changes in grain shape 
and size, water content, temperature, salinity, and porosity can create 
acoustic contrast. The number and thickness of strata with one or more 
of these variables can also affect acoustic attenuation; therefore micro- 
stratigraphy is also a factor. 



Normally, i n  sand inventory survey work, two sound sources a r e  used 
with r e s u l t s  recorded s imultaneously by means of a  dual channel recorder .  
One source produces a  high r e s o l u t i o n  record  bu t  has l imi t ed  pene t r a t ion  
(normally l e s s  than 100 f e e t  below t h e  bottom). This u n i t  g e n e r a l l y  
c o n s i s t s  of a  50 t o  100 joule  sound source f i r i n g  a t  a  r a t e  of 4 t o  8 
pulses  per  second. The secona sound source has h igher  power (100 t o  200 
joules )  and pene t r a t e s  t he  subbottom l o c a l l y  t o  more than 400 f e e t .  The 
frequency of both systems i s  cont inuously v a r i a b l e  through a  range from 
20 14, t o  20 kt-I,. A s ec t ion  of a  dual  record  is  reproduced i n  Figure A - 1 .  
The upper record ,  produced by t h e  low-power source ,  shows f i n e r  d i scr imina-  
t i o n  but  l e s s  pene t r a t ion  than t h e  high-power source.  From t h e  s tandpoin t  
of dredging c a p a b i l i t i e s  t h e  h igh  r e s o l u t i o n  record  i s  t h e  most u s e f u l ;  
however, t h e  high-power record  i s  va luable  because i t  provides d a t a  on t h e  
deeper geologic  framework underlying t h e  s h e l f .  bforeover, i n  p l aces  where 
t h e  bottom m a t e r i a l s  a r e  r g s i s t a n t  t o  high r e s o l u t i o n  son ic  pene t r a t ion ,  
t h e  high-power record may provide t h e  only d a t a  on shallow subbottom 
s t r a t a .  

3 .  Coring 

Objec t ives  of t h e  cor ing  program r e q u i r e  t h a t  sediment be ob- 
t a i n e d  from below the  water-sediment i n t e r f a c e ;  t h a t  t h e  s t r a t i g r a p h i c  
sequence be undisturbed;  and t h a t  samples be r e tu rned  t o  t h e  su r f ace  with- 
out  l o s s  of f i n e  o r  coarse  fragments .  The cor ing  device used f o r  CERC 
sand inventory surveys i s  a  pneumatic v i b r a t i n g  co re r  designed t o  ob ta in  
long cores  (up t o  20 f e e t )  i n  Cont inenta l  Shelf  sediments.  The appara tus  
c o n s i s t s  of a  s tandard core  b a r r e l ,  l i n e r ,  shoe and core  ca t che r  with t h e  
pneumatic d r iv ing  element f a s t ened  t o  t h e  upper end of t h e  b a r r e l .  These 
u n i t s  a r e  enclosed i n  a  frame which serves  a s  a  v e r t i c a l  mount f o r  t h e  
coring assembly. In  opera t ion ,  t h e  assembly i s  lowered t o  t h e  sea  f l o o r ,  
and the  lowering l i n e  s lacked o f f .  Compressed a i r  from a deck-mounted 
compressor flows t o  t h e  -v ib ra to ry  mechanism through a  f l e x i b l e  hose t h a t  
permits  ves se l  movement i n  t h e  waves. Af te r  f u l l  pene t r a t ion  (o r  r e f u s a l ) ,  
t h e  assembly i s  l i f t e d  on board t h e  v e s s e l .  The l i n e r  conta in ing  t h e  
core  i s  removed, capped, marked, and s t o r e d .  

4 ,  Survey Control 

Navigation of t h e  marine se i smic  survey and cor ing  opera t ions  
i s  con t ro l l ed  by a p r e c i s i o n ,  e l ec t ron ic -pos i t i on ing  system us ing  onshore 
r e f l e c t o r s  o r  t r a n s m i t t e r s  placed a t  predetermined po in t s  l oca t ed  i n  r e f e r -  
ence t o  USGS, USCGGS and USA CofE survey monuments. Fixes a r e  normally 
taken a t  2-minute i n t e r v a l s  during survey opera t ion .  Each f i x  is keyed t o  
t he  geophysical record by an event marker. A naviga t ion  over lay  f o r  p a r t  
of t h e  F lo r ida  Sand Inventory i s  shown i n  Figure A-2. 





Figure  A - 2 .  Navigat ion c h a r t  w i t h  t r a c k l i n e  o v e r l a y s  

A- 5 



P a r t  11. CONDUCT OF SAND INVENTORY SURVEYS 

1. General 

Procedure f o r  t h e  conduct of sand inventory  p r o j e c t s  has r e -  
mained f a i r l y  c o n s i s t e n t  s i n c e  t h e i r  beginning. The few s i g n i f i c a n t  
changes which have been made r e s u l t e d  from experience gained i n  e a r l i e r  
surveys.  I n  genera l ,  t h e  conduct of a  p a r t i c u l a r  survey i s  divided i n t o  
t h r e e  phases; planning,  explora t ion ,  and d a t a  a n a l y s i s .  

Perhaps t h e  most e s s e n t i a l  aspec t  of planning a  r eg iona l  sub- 
bottom survey is  f l e x i b i l i t y .  Although i t  i s  a  p r a c t i c e  t o  ga the r  a v a i l -  
ab l e  background d a t a  about t h e  survey a rea  t o  a s s i s t  t h e  p lanner ,  d e t a i l e d  
information concerning t h e  con t inen ta l  margins i s  gene ra l ly  d e f i c i e n t .  
Once t h e  survey g e t s  underway, new d a t a  i s  generated and a  c l e a r e r  p i c t u r e  
of t he  a r e a  emerges. The new d a t a  o f t en  suggesE d e s i r a b l e  a l t e r a t i o n s  i n  
t he  b a s i c  p lan .  To prevent  excess ive  downtime i n  o f f sho re  surveying,  t h e  
plan should provide means f o r  r a p i d l y  making changes. 

Survey planning involves lay ing  out  t e n t a t i v e  survey t r a c k l i n e s ,  
determining t h e  t o t a l  survey mileage and t h e  number of cores  needed, and 
scheduling t h e  time needed t o  complete a l l  f i e l d  work. I t  i s  equa l ly  
important t o  schedule t h e  f i e l d  work a t  t h e  most favorable  season, s i n c e  
o f f sho re  opera t ions  a r e  e s p e c i a l l y  a f f e c t e d  by weather and sea  cond i t i ons .  
Exis t ing  dredge c a p a b i l i t i e s  and economic haul ing  d i s t ances  a r e  s i g n i f i c a n t  
f a c t o r s  i n  planning a  reasonable  o f f sho re  l i m i t  f o r  t h e  survey. P re sen t ly ,  
surveys a r e  terminated a t  e i t h e r  of 100-foot depths (MLW) o r  10 mi les  o f f -  
shore.  The inshore  te rmina t ion  depth i s  c o n t r o l l e d  by t h e  s a f e  opera t ing  
depth needed, gene ra l ly  about 15 f e e t .  These l i m i t i n g  condi t ions  a r e  
guides only, and a r e  o f t e n  exceeded where l o c a l  circumstances permit 
ex tens ion  of survey boundaries .  

In  lay ing  out  survey t r a c k l i n e s ,  t h e  p a t t e r n  and d e n s i t y  of l i n e s  a r e  
p a r t l y  based on t h e  need f o r  sand i n  t h e  a r e a .  If a  l a r g e  supply of sand 
f i l l  i s  needed and onshore sources a r e - l i m i t e d ,  a  d e t a i l e d  survey w i l l  be 
pro jec ted  f o r  t h e  a r e a  even i f  information i n d i c a t e s  only a  marginal prob- 
a b i l i t y  of f i nd ing  a  good o f f sho re  supply. In  lay ing  out  l i n e s  near  a r e a s  
where t h e  cu r r en t  need f o r  sand f i l l  i s  l i g h t ,  t h e  most d e t a i l e d  coverage 
is  given those  reg ions  where information i n d i c a t e s  a  promise of sand. 

Basic t r a c k l i n e  p a t t e r n s  used i n  t h e  sand inventory surveys a r e  
i l l u s t r a t e d  i n  Figure A-3. A naviga t ion  over lay  of a  completed survey 
is  shown i n  Figure A-2 .  

Grid p a t t e r n s  provide t h e  most d e t a i l e d  coverage of an a r e a  and g ive  
maximum d a t a  c o n t r o l .  Normal g r i d  spacing i s  1 s t a t u t e  mi le ,  however, 
h ighly  d e t a i l e d  se i smic  coverage of some sand depos i t s  r e q u i r e  much c l o s e r  
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spacing.  A l e s s  d e t a i l e d  t r ac l t l i ne  conf igura t ion  i s  t h e  "open r e c t a n g l e '  
p a t t e r n  shown on t h e  l e f t  s i d e  of Figure A-3. Spacing of p a r a l l e l  l i n e s  
may be a t  1, 2 ,  o r  3 miles .  E i t h e r  a  s i n g l e  p a t t e r n  i s  used o r  two 
p a t t e r n s  a r e  crossed t o  produce a  g r i d  a s  i l l u s t r a t e d .  Segments between 
g r i d s  o r  open r ec t ang le  surveys a r e  covered by "reconnaissancef '  l i n e s  
which a r e  u sua l ly  zigzag but  may be a l t e r e d  t o  conform t o  s h o r e l i n e  and 
inne r  s h e l f  conf igura t ion .  Reconnaissance l i n e s  a r e  adequate f o r  t r a c i n g  
r eg iona l  subbottom r e f l e c t i n g  horizons between g r i d s  and f o r  d e t e c t i n g  
any l a r g e  sediment accumulations c rossed .  

A few t e n t a t i v e  core  l oca t ions  may be s e l e c t e d  during t h e  planning 
s t age ,  bu t  most core s i t e s  a r e  picked a f t e r  t he  geophysical survey has 
been run and the  records examined. This allows f o r  a  b e t t e r  s e l e c t i o n  than 
than one based on the  gene ra l ly  meager information a v a i l a b l e  during t h e  
planning s t age .  

I f  f i e l d  survey work i s  t o  be l e t  on c o n t r a c t ,  f l e x i b i l i t y  i s  gained 
by s p l i t t i n g  t h e  work i n t o  a  minimum number of survey miles  and cores  and 
op t iona l  incremental work (Figure A-3). A t  t h e , d i s c r e t i o n  of t h e  Coastal  
Engineering Research Center,  t h e  whole o r  any p a r t  of t h e  op t iona l  work 
may be subsequent ly ordered depending on t h e  outcome of t he  minimum work. 
The va lue  of f l e x i b l e  planning was i l l u s t r a t e d  by a  r ecen t  Sand Inventory 
S.urvey in. Long Is land  Sound. One g r i d  a r ea ,  near  Bridgeport ,  Connect icut ,  
was s e l e c t e d  p r imar i ly  on t h e  b a s i s  of a  need f o r  sand i n  t h a t  p a r t i c u l a r  
p l ace .  Af t e r  f i r s t  survey r e s u l t s ,  it  was apparent t h a t  prospec ts  f o r  
s u i t a b l e  sand were not good i n  t h e  g r i d  a r e a .  I-Iowever, a  nearby recon- 
na issance  l i n e  ind ica t ed  cons iderable  sediment accumulation, and a  s i n g l e  
core on t h e  l i n e  revealed seve ra l  f e e t  of sand. Optional survey miles  and 
co res  were a v a i l a b l e ,  and a  small  g r i d  was cons t ruc ted  around t h e  spot  with 
favorable  i n d i c a t i o n s .  I t  was thus  poss ib l e  t o  d e l i n e a t e  a  sand depos i t  
t h a t  could provide the  ma te r i a l  needed i n  t h e  Bridgeport a r e a .  

3 .  Survey Operations 

Since most of t h e  sand inventory  work is  wi th in  10 miles  of t h e  
shore,  t h e  survey ves se l  need n o t b e  l a rge ,  and accu ra t e  continuous pos i -  
t i o n  con t ro l  poses no s p e c i a l  t echn ica l  problems, 

General p r a c t i c e  i n  sand inventory  surveys has been t o  run  t h e  
geophysical p r o f i l e s  f o r  a  l imi t ed  a r e a  and then t o  s tudy t h e  records  
before  s e l e c t i n g  core  l oca t ions  and p re sc r ib ing  op t iona l  work, Coring and 
a .ddi t iona l  ta:ack:l.ines of geophysica.l d a t a  can then be completed, and t h e  
v e s s e l  can go t o  work i n  t h e  next  a r e a .  This mode of opera t ion  permi ts  
the  con t r ac to r  t o  s h i f t  hi.s ba.se along t h e  coast l i -ne without being obl iged 
t o  r e t u r n  f o r  cleanup work. 

To i d e n t i f y  t he  uppermost s t r a t a  revea led  by sonic  p r o f i l e s ,  it i.s 
necessary t o  obta in  samples o f  t h e  m a t e r i a l ,  This i s  done by cor ing  
through the  overburden, o r  by su r f ace  sampling i f  t h e  subbottom r e f l e c t o r s  
can be t r aced  t o  an exposure. On t h e  average, i n  CERC surveys,  one core  



has been taken f o r  every 7 mi les  of geophysical survey.  The cores  a r e  3 
o r  4 inches i n  diameter ,  and a r e  taken with a  pneumatic vibrator-hammer 
d r iv ing  t h e  coring device.  Core length ranges from a  few inches t o  20 
f e e t  depending on the  na tu re  of t h e  ma te r i a l s  pene t r a t ed .  

The average core  length  of about 1 2  f e e t  i s  adequate f o r  most sand 
inventory purposes; however, f o r  foundat ion work and f o r  s c i e n t i f i c  pur-  
poses,  it i s  most d e s i r a b l e  t o  sample deeper r e f l e c t o r s .  A t  t imes deeper 
r e f l e c t o r s  can be sampled by rou t ing  t r a c k l i n e s  around a  s i t e  where deep 
borings have been made i n  t he  p a s t .  For example, during sand inventory 
surveys o f f  V i rg in i a  and New York, l i n e s  run t o  t h e  Chesapeake and Anbrose 
l i g h t  towers permit ted use  of d a t a  obtained i n  foundat ion s t u d i e s  made 
f o r  t he  cons t ruc t ion  of t hese  towers.  I t  i s  a l s o  f r equen t ly  poss ib l e  t o  
t r a c e  moderately deep r e f l e c t o r s  on the  geophysical p r o f i l e s  t o  p o i n t s  
where they crop out o r  come wifhin range of t h e  corer  a t  a  high poin t  on 
t h e  r e f l e c t o r  o r  a  low po in t  i n  t h e  bottom. 

4. Data Analysis 

A t  t he  conclusion of f i e l d  survey work a l l  d a t a  must be 
assembled f o r  process ing ,  analyzed,  and reduced t o  a  r e p o r t  d e t a i l i n g  
the  f ind ings .  The u l t ima te  aim of each r eg iona l  survey i s  t o  produce a  
r e p o r t ,  o r  s e r i e s  of r e p o r t s ,  dea l ing  with t h e  loca t ion  and na tu re  of 
sand depos i t s  wi th in  t h e  framework of a  genera l  expos i t ion  of p e r t i n e n t  
a spec t s  of t h e  r eg iona l  geography and geology, bottom morphology, s ed i -  
ment d i s t r i b u t i o n ,  a.nd subbottom s t r u c t u r e .  The more immediate t a s k ,  
however, i s  t o  provide Corps of Engineers D i s t r i c t  Of f i ce s  f o r  planning 
purposes b r i e f ,  informal r e p o r t s  concerning sand depos i t s  i n  a r eas  where 
Federal  Beach Erosion Control o r  Hurricane P r o t e c t i o n ' p r o j e c t s  a r e  pending 
o r  au thor ized .  

a .  Seismic Records 

One of t he  most d i f f i c u l t  problems a s soc i a t ed  with a n a l y s i s  
of a  l a r g e  quan t i t y  of se i smic  r e f l e c t i o n  p r o f i l e s  i s  t h e i r  p r i n t o u t  
s i z e .  A 9-inch wide record covering 10 mi les  of t r a c k l i n e  may be 25 t o  
30 f e e t  long. As many a s  40 such records may be produced i n  one g r i d  
a r e a .  

To l ay  out two o r  t h r e e  of t hese  records  s i d e  by s i d e  f o r  comparative 
a n a l y s i s  i s  not only cumbersome, bu t  r e q u i r e s  cons iderable  space.  There 
a r e  s eve ra l  o the r  d i f f i c u l t i e s  which a r i s e  when comparing t h e  raw reco rds .  
P a r a l l e l  records i n  a  g r i d  s e t  w i l l  have been run on opposing s h i p  head- 
ings ;  consequently the  va r ious  bottom and subbottom f e a t u r e s  f o r  ad jacent  
t r a c k s  a r e  mutually r eve r sed .  Fur ther ,  because of d i f f e r ences  i n  t h e  
v e s s e l  speed the  h o r i z o n t a l  s c a l e  i s  not  cons tan t  e i t h e r  along a  s i n g l e  
l i n e  o r  from l i n e  t o  l i n e .  An added problem a r i s e s  with records  run i n  
comparatively shallow water .  I f  t h e  water depth i s  l e s s  than t h e  e f f e c -  
t i v e  depth of subbottom pene t r a t ion  mul t ip l e  r e f l c c t i o l l s  of bottom and 
subbottom acous t i c  i n t e r f a c e s  w i l l  be superimposed on t h e  record and 
may p a r t i a l l y  mask subbottom d e t a i l .  Although the  t r u e  r e f l e c t o r s  can 



gene ra l ly  be so r t ed  out  a t  a  given po in t  of ambiguity,  t h i s  i n t e r f e r e n c e  
d e t e r i o r a t e s  t h e  con t inu i ty  of t he  o v e r a l l  view, and increases  t h e  d i f f i -  
c u l t y  of comparative work. 

The problems of space and opposed headings can be p a r t l y  reso lved  by 
photographica l ly  reproducing records  a t  a  smal le r  s c a l e .  A more compre- 
hensive method of achieving a  manageable format i s  t o  "reduce" t h e  records  
t o  l i n e  p r o f i l e s ,  such a s  shown i n  Figure A - 4 .  This process  c o n s i s t s  of 
d e l i n e a t i n g  t h e  acous t i c  i n t e r f a c e d  l i n e s  on t h e  record with pen, chalk 
o r  some o t h e r  marker and manually t r a n s f e r r i n g  these  l i n e s ,  po in t  by p o i n t ,  
t o  a  prepared graphic  p r o f i l e  p l o t  a t  reduced s c a l e .  In t h i s  process  t h e  
ho r i zon ta l  s c a l e  d i f f e r ences  a r e  reso lved ,  a l l  l i n e  d i r e c t i o n s  a r e  pu t  i n  
t h e  same sense ,  and the  problem of mu l t ip l e  r e f l e c t o r s  i s  e l imina ted .  As 
use fu l  a s  t h i s  manner of p re sen ta t ion  i s ,  it would not  do t o  r e l y  e n t i r e l y  
on t h e  l i n e  p r o f i l e s  s i n c e  they do not  show t h e  cha rac t e r  of t h e  s i g n a l  o r  
t h e  f i n e r  d e t a i l s  of l i n e  conf igura t ion .  I t  i s  necessary then t o  r e f e r  
p e r i o d i c a l l y  t o  t h e  o r i g i n a l  records ,  and f o r  t h i s  purpose photographic 
reproduct ions a r e  very u s e f u l .  

, b .  Cores 

Processing of sediment cores  a t  CERC c o n s i s t s  p r imar i ly  of 
v i s u a l  d e s c r i p t i o n  and granulometr ic  a n a l y s i s  of m a t e r i a l .  Representa t ive  
samples a r e  s e l e c t e d  along the  core  a t  p o i n t s  determined by v i s u a l  i n -  
spec t ion  through t h e  c l e a r  p l a s t i c  core  l i n e r .  A ho le  i s  d r i l l e d  i n  t h e  
l i n e r  a t  t h e s e  p o i n t s ,  and about 80 grams of ma te r i a l  a r e  removed a f t e r  
which t h e  core  is  r e sea l ed  by f i l l i n g  t h e  hole  with expanding foam p l a s t i c  
and wrapping with p l a s t i c  tape .  Each sample is  inspected under a  binoc- 
u l a r  microscope, and v i s u a l l y  c l a s s i f i e d  f o r  co lo r ,  t e x t u r e ,  and gross  
mineralogy. Granulometric ana lys i s  of a l l  sand-sized ma te r i a l  i s  made 
with a  modified Woods Hole-type r ap id  sediment ana lyzer  (Z ieg le r ,  e t  a l ,  
1960, and Schlee,  196 ) ,  an instrument which provides s i z e  d i s t r i b u t i o n  
d a t a  r e l a t e d  t o  hydraul ic  diameters  of equiva len t  spheres .  The s i z e  
a n a l y s i s  d a t a  is  produced on both an analog r eco rde r  and on punched ca rds .  

The ca rds  a r e  processed by computer f o r  p r i n t o u t  of granulometr ic  s t a t i s -  
t i c a l  measures such a s  mean diameter ,  median diameter ,  s tandard d e v i a t i o n ,  
skewness, and k u r t o s i s .  



Fort Lauderdale -Palm Beach Nor th  

Fort Lauderdale - Palm Beach South 

Figure A-4. Reduced seismic reflection profile data. 



A P P E N D I X  B 

CORE DATA AND SEDIMENT DESCRIPTION 

Appendix B conta ins  graphic  s i z e  d i s t r i b u t i o n  p l o t s  and v i s u a l  
d e s c r i p t i o n  of sediments contained i n  co re s  from t h e  s tudy a r e a .  

S i ze  d i s t r i b u t i o n  curves f o r  s e l e c t e d  samples a r e  i d e n t i f i e d  by 
no ta t ions  on each curve showing depth of sample below the  water- 
sediment i n t e r f a c e .  

Visual  d e s c r i p t i o n s  a r e  based on both megascopic and microscopic 
examination. The d e s c r i p t i v e  s tatement  gene ra l ly  conta ins  ( i n  order )  
t h e  fol lowing elements:  

1. Color d e s c r i p t o r  

2.  Color code per  Munsell S o i l  Color Charts (1954 ed.)* 

3 .  Dominant s i z e  o r  s i z e  range. 

4 .  Major compositional element or  elements with the  
dominant cons t i t uen t  l i s t e d  l a s t .  

5 .  A phrase i d e n t i f y i n g  r e a d i l y  recognized cons t i t uen t  elements 
with an est imated percentage occurrence i n  terms of t o t a l  
p a r t i c l e s .  

Described subdiv is ions  of t he  core  a r e  i nd ica t ed  by l i m i t i n g  l i n e s  
drawn ac ros s  t h e  graphic s c a l e  t o  t h e  l e f t  o f  t h e  d e s c r i p t i o n s .  The 
hachured l i n e  shows t h e  depth t o  t h e  bottom of t h e  hole .  

*Nunsell Color Company, Inc . ,  Munsell S o i l  Color Charts ,  1954 Edi t ion ,  
Baltimore, Maryland. 



S I Z E  ANALYSIS  

- CORE NO. 1 A  WATER DEPTH 30' - CERC I.D. FJO. - 712-2 



0 
DESCRIPTION S IZE ANALYSIS 

Millimeters 
4.0 3.50 3.00 2.50 2.00 1.50 1.00.90 .80 .70 60.55 .50.45 .40 .35 .30 .25 .20 . I5 .10.09 .08 .07 ,062 

1.0 

White (10 YR 8/2), medium to coarse 

2.0 
calcareous sand; 30% foraminifers 
mollusks, calcareous.algae. 

3.0 

Very pale brown (10 YR 7/31, 
medium calcareous sand; 2" dark 

4.0 gray limestone fragment. 

5.0 

6.0 
+ * 
0 
m 

7 g 7 . 0  
w 5 

m 
+. 

8.0 
LL 

9.0 

10.0 

11.0 

12.0 
-2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Phi Units $ 
13.0 I GRANULE 1 VERY COARSESAND 1 COARSE SAND I MEDIUM SAND / FINE SAND 1 VERY FINE S A N D ]  

WENTWORTH SCALE 

14.0 
PROJECT FLORIDA SAND INVENTORY CORE NO. WATER DEPTH 30 '  CERC 1.0. NO. 712-3 





SIZE ANALYSIS 
Millimeters 

14.0 I I 
PROJECT FLORIDA SAND INVENTORY . CORE NO. 4 WATER DEPTH 28'  712-5 CERC 1.D. NO. -- 





S I Z E  A N A L Y S I S  

14.0 I I 

PROJECT FLORIDA SAND INVENTORY 6 WATER D E P T H  46 '  
712-7  

CORE NQ.. CERC I.D. NO. - -. 



Light gray (10 YR 7/1) medium 
t o  coarse  ca lca reous  sand; 10% 
s h e l l  f ragments .  
Light g ray  (10 YR 7/1) medium 
t o  coarse  ca lca reous  sand; 25% 
s h e l l  f ragments ,  ca lca reous  
a l g a e ,  f o r a m i n i f e r s ,  p e l l e t s .  

S I Z E  A N A L Y S I S  
Miilimeters 

( G R A N U L E  I VERY C O A R S E S A N D  1 COARSE S A N D  I M E D I U M  S A N D  1 F I N E  S A N D  I V E R Y  F I N E S A N D ]  
W E N T W O R T H  SCALE 

t-7." 

PROJECT FLORIDA SAND INVENTORY CORE NO. 7 WATER DEPTH 40 '  CERC I.D. NO. 71'-8 



SIZE ANALYSIS  

Mil l imeters 

I GRANULE ] VERY C O A R S E S P N D  I COARSE SAND I lJEDlUM SAND ] F I N E  SAND 1 VERY FINE SAC] 
W E N T W O R T H  S C A L E  

14.0 I I 

PROJECT FLORIDA SAND INVENTORY CORE NO. WATER DEPTH 4 8 '  CE-RC I.D. NO. _212-9 



S I Z E  ANALYSIS  

- 1 GRANULE I VERY C O A R S E S A N D  I COARSE S A N D  I MEDIUM S A k D  I F I N E  SAND 1 V E R Y  i=SI?NDJ 
W E N T W O R T H  S C A L E  

9 7 1 2 - 1 0  
- CORE NO. WATER DEPTH 50 '  CERC I.D. NO. -- 



S I Z E  A N A L Y S I S  

Mil l imeters 

[ . GRANULE I VERY C O A R S E S A N D  I COARSE SAND I MEDIUM SAND I F INE  SAND 1 VERY FINE S A N D ]  

WENTWORTH SCALE 

14.0 0 
P R O J E C T ~ L ~ R ~ ~ ~ O R Y  C O R E  NO. lo WATER DEPTH 36 '  C E R C  I .D.   NO.^^^-^^ 





DESCRIPTION S IZE ANALYSIS 
Mil l imeters 

Same w/20% s h e l l  f ragments ,  
UaZimeda p l a t e s .  

Gray (10 YR 6/1) medium t o  
coarse  calcareous sand.  

Light gray (10 YR 7/11 medium 
t o  coarse  calcareous sand; 10% 
s h e l l  fragments . 

Gray (10 YR 7 / 2 ) ,  medium t; 
coarse  calcareous sand; 106 

' s h e l l  fragments, Hatimeda p l a t e s .  

14.0 I 1 712-13 
PROJECT FLORIDA SAND INVENTORY CORE NO. l2 WATER DEPTH "' CERC I.D. NO. --- 









14.0 I 

PROJECT FLORIDA SAND INVENTORY CORE NO. 16 WATER DEPTH 40' CERC I.D. NO. - 712-17 





DESCRIPTION 
0 Light .gray (10 YR 7/2) medium t o  coarse  

ca lca reous  sand; 10% 1/2" t o  1" c o r a l  
f ragments ,  10% p e l l e t o i d  and rod-shaped 

l.O-]particles, 15% mollusk s h e l l ,  HaZimeda 

and rod-shaped p a r t i c l e s ,  10% mollusk 
s h e l l s ,  HaZimeda p l a t e s *  
Light g ray  (10 YR 7/2) medium t o  c o a r s e  
ca lca reous  sand; 10% 1/2" encrus ted  
c o r a l  f ragments;  10% rods  and p e l l ~ . t s ,  
10% mollusk, HaZimeda p l a t e s .  

SIZE ANALYSIS 
Mil l imeters 

. . 

I G R A N U L E  j V E R Y  C O A R S E S A N D  1 COARSE S A N D  I M E D I U M  S A M D  I F I N E  sa- 
W E N T W O R T H  S C A L E  

14.0 I 
PROJECT FLORIDA SAND INVENTORY 18 WATER DEPTH 

36' 712-19 
CORE RO. CERC I.D. NO. ---- 





SIZE ANALYSIS 

1 1 ,  

1 VERY c o ~ ~ ~ ~  0 A D  I I A I MNE S A N D  / V E R Y  W E  

WENTWORTH S C A L E  

14.0 I I 
7 1 2 - 2 1  PRO J~~~ FLORIDA SAND INVENTORY CORE NO. 20 , WATER DEPTH 41'  CERC I.D. NO. 





* 

DESCRIPTION S IZE ANALYSIS 
0 Millimeters 

sand; 40% b lack ,  gray and white 
1.0- calcareous fragments; 10% 

fo ramin i fe rs ,  mollusks, 
hemispheric bryozoa. 

2.0 - 

3.0 - 

4.0 - 

5.0 - 

5 6.0 - 
+.. .b. 

0 

m m  
& 3 7.0 

- 

9.0 - 

10.0 - 
m 

11.0- 

CERC I.D. NO. 
712-24 . 



DESCRIPTION SIZE ANALYSIS 

GRANULE I VERY C O A R S E D A N D  ( COARSE SAND I MEDIUM SAND 1 FINE SAND 1 v E R ~  FINE SAND 1 
WENTWORTH SCALE 

14.0 1 
PROJECT FLORIDA SAND INVENTORY CORE NO. 23 WATER DEPTH 4 2 '  CERC I.D. NO. 712-25 









D E S C R I P T I O N  S I Z E  A N A L Y S I S  
I 

Light gray (N7) very fine to fine 
quartzose sand; 358 calcareous 
fragments. 

14.0 I I 
PROJECT FLORIDA SAND INVENTORY C O R E  NO. 27A W A T E R  D E P T H  45' C E R C  I.D. NO. 712-30 



I 
CEFiC 1.D. NO. 712-31 14.0 

F L O R I D A  SAND INVENTORY CORE NO. 28 WATER DEPTH 481  





DESCRIPTION 
0 ,  I 1 

S I Z E  A N A L Y S I S  

Millimeters 



DESCRIPTION S IZE ANALYSIS 

I GRANULE I VERY C O A R S E S A N D  I COARSE S A N D  I ?AEDIUM S A N D  I F I N E  SAND  VERY F I N E   SAND^ 
W E N T W O R T H  S C A L E  

14.0 ' I I 
PROJECT FLORIDA SAND INVENTORY CORE NO. 31 WATER DEPTH 37' CERC I.D. NO. 712-34 



A P P E N D I X  C 

GRANULOMETRIC ANALYSES 



SEDIMENT DESCRIPTION 

Core I n t e r v a l  Median Mean S tandard  
No. ( f e e t )  4 mm . $ mm. D e v i a t i o n  Skewness K u r t o s i s  



SEDIMENT DESCRIPTION 

Core 
No. 

I n t e r v a l  
( f e e t )  

Median 
b mm . 

Mean Standard 
Deviat ion Skewness Kurtosis  



SEDIMENT DESCRIPTION 

Core I n t e r v a l  
No. ( f e e t )  

17 . 6  

7  

Median 
dJ mm . 

Mean 
dJ mm . 

Standard  
D e v i a t i o n  
p- 

. 9 0  

.83  

.74  

. 8 3  

.91  

1 . 0 0  

. 6 9  

1 . 0 1  

' - 8 1  

.54  

.54  

. 5 8  

- 4 1  

- 4 5  

.67  

- 6 9  

.76  

.74  

.59  

. 5 2  

.49  

- 6 0  

- 8 1  

. 61. 

- 5 3  

- 5 3  

.65  

.53 

.72  

- 4 6  

Skewness 

- 3 6  

K u r t o s i s  

3 . 4 7  



SEDIMENT DESCRIPTION 

Core I n t e r v a l  
No. ( f ee t )  - -- 

Median Mean Standard 
4 mm . + rnm. Deviat ion Skewness - Kurtosis  



A P P E N D I X  D 

GEOPHYSICAL DATA 

Appendix con ta ins  c ros s - sec t ion  l i n e  p r o f i l e s  of t h e  
s tudy based on se i smic  r e f l e c t i o n  p r o f i l e s .  Hachured l i n e s  
r ep re sen t  t he  bedrock r e f l e c t i o n .  S o l i d  l i n e s  show t h e  bottom 
and s t rong  subbottom r e f l e c t o r s .  Dashed l i n e s  show weak 
r e f l e c t o r s .  Ambiguous o r  very  weak r e f l e c t i o n  su r f aces  a r e  
shown by a  dash-dot l i n e .  
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13. ABSTRACT 

The Cont inen ta l  S h e l f  border ing  s o u t h e a s t e r n  F l o r i d a  between Palm Beach and 
Miami was surveyed by CERC t o  l o c a t e  and e v a l u a t e  sand d e p o s i t s  p o t e n t i a l l y  u s e a b l e  
f o r  shore  p r o t e c t i o n  p r o j e c t s .  Survey d a t a  covered 141 square  m i l e s  of  t h a t  p a r t  
of t h e  Cont inen ta l  S h e l f  between 15- and 100-foot dep ths ,  and c o n s i s t e d  of se i smic  
r e f l e c t i o n  p r o f i l e s  and sediment c o r e s  from t h e  s e a  f l o o r .  

I South of  Boca Raton t o  Miami, much of  t h e  s h e l f  i s  rocky with  a  t h i n  sediment 
veneer .  R e l a t i v e l y  t h i c k  d e p o s i t s  of sediment have accumulated l o c a l l y  i n  t roughs  
formed between low r e e f - l i k e  r i d g e s  l y i n g  p a r a l l e l  t o  shore .  She l f  sediments sou th  
of Boca Raton c o n s i s t  almost e n t i r e l y  of sand-s ize  c a l c a r e o u s  s k e l e t a l  f ragments .  

North of  Boca Raton t o  Palm Beach, most of  t h e  s h e l f  i s  o v e r l a i n  by a  t h i c k  
b lanke t  d e p o s i t  of homogeneous fine-to-medium, g ray  sand .about h a l f  of  which 
c o n s i s t s  of q u a r t z  p a r t i c l e s  and t h e  remainder of c a l c a r e o u s  s k e l e t a l  f ragments .  
About 200 m i l l i o n  cub ic  yards  of sand-s ize  sediment occurs  on t h e  s h e l f  sou th  of  
Boca Raton. Although g e n e r a l l y  s u i t a b l e  f o r  beach f i l l  i n  terms of  s i z e ,  degrada t ion  
of s i z e  by a b r a s i o n  and f ragmenta t ion  of t h e  d e l i c a t e  p a r t i c l e s  may occur i n  t h e  
shore  environment.  

More than  380 m i l l i o n  cub ic  ya rds  of  sand-s ize  sediment l i e s  on t h e  s h e l f  n o r t h  
of Boca Raton. However, because of i t s  f i n e  s i z e ,  t h i s  sand i s  n o t  cons ide red  
i d e a l l y  s u i t e d  f o r  beach f i l l .  I n  terms of p o t e n t i a l  a s  beach sand, sand-s ize  
sediments f r o m , t h e  s h e l f  border ing  s o u t h e a s t e r n  F l o r i d a  i s  o f  marginal  q u a l i t y .  
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The C o n t i n e n t a l  S h e l f  o f f  SE F l o r i d a  between Palm Beach 
and Miami was surveyed by CERC t o  l o c a t e  and e v a l u a t e  sand 
d e p o s i t s  u s a b l e  f o r  a r t i f i c i a l  beach nourishment .  Survey 
d a t a  covered 141 s q u a r e  m i l e s  of  t h a t  p a r t  of  t h e  C o n t i n e n t a l  
S h e l f  between 15- and 100- foo t  d e p t h s ,  and c o n s i s t e d  of  s e i s m i c  
r e f l e c t i o n  p r o f i l e s  and sediment  c o r e s  from t h e  s e a  f l o o r .  
As beach nour i shment ,  sand-s ized  sed iments  from t h e  s h e l f  o f f  
SE F l o r i d a  a r e  o f  marg ina l  q u a l i t y .  
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