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Shore  Normal D i s t r i b u t i o n  o f  Heavy Mine ra l s  

on  Ocean Beaches: S o u t h e a s t  A t l a n t i c  Coas t  

PART I :  INTRODUCTION 

Purpose and Scope 

1.  T h i s  s t u d y  i n v e s t i g a t e s  t h e  c r o s s - s h o r e  v a r i a t i o n s  i n  heavy m i n e r a l  

d i s t r i b u t i o n  on s u b a e r i a l  ocean beaches .  I t  is based  on a n a l y s i s  o f  sets  o f  

beach  t r a n s e c t  s amples  from s i t e s  between K i t t y  Hawk, North C a r o l i n a ,  and Palm 

Beach,  F l o r i d a  ( F i g u r e  1 ) .  I n fo rma t ion  on heavy m i n e r a l  v a r i a t i o n s  was 

d e r i v e d  from compar ison  o f  samples  c o l l e c t e d  a l o n g  t h e  beach  p r o f i l e s .  

2. Heavy m i n e r a l  a n a l y s e s  have  been used  w i t h  v a r y i n g  d e g r e e s  o f  s u c c e s s  

by Corps  o f  E n g i n e e r s  and o t h e r  a g e n c i e s  t o  i d e n t i f y  t h e  s o u r c e s  and  t r a n s p o r t  

p a t h s  o f  c o a s t a l  s e d i m e n t s  ( s e e ,  f o r  example,  McMasters, 1954). I n  c o a s t a l  

p l a i n  r e g i o n s ,  s u c h  a s  t h a t  c o n s i d e r e d  h e r e ,  t h e  c o n s t i t u e n t s  o f  t h e  heavy 

m i n e r a l  s u i t e - - t h a t  is the  mine ra l  s p e c i e s  p r e s e n t - - g e n e r a l l y  show l i t t l e  

v a r i a t i o n  o v e r  l o n g  r e a c h e s  o f  c o a s t ,  b u t  t h e  r e l a t i v e  abundance o f  a g i v e n  

s p e c i e s  may show wide v a r i a t i o n .  While t h e s e  f r equency  d i f f e r e n c e s  may be 

s o u r c e  r e l a t e d ,  t h e  e f f e c t s  o f  s e l e c t i v e  s o r t i n g  d u r i n g  e r o s i o n ,  t r a n s p o r -  

t a t i o n  and d e p o s i t i o n  can  c r e a t e  l a r g e  v a r i a t i o n s  i n  t h e  f r equency  o f  a g i v e n  

s p e c i e s  o v e r  s h o r t  d i s t a n c e s .  T h i s  d i f f i c u l t y  i n t r o d u c e s  a l a r g e  d e g r e e  o f  

u n c e r t a i n t y  i n  i n t e r p r e t a t i o n  o f  heavy mine ra l  d i s t r i b u t i o n  d a t a .  

3. The g e n e r a l  o b j e c t i v e  o f  t h i s  s t u d y  is t o  i n v e s t i g a t e  t h e  e x i s t e n c e  

and magni tude  o f  s h o r e - p e r p e n d i c u l a r  v a r i a t i o n s  i n  heavy m i n e r a l  d i s t r i b u t i o n  

and d e t e r m i n e  whether  o r  n o t  t h e y  are s y s t e m a t i c .  Three  a s p e c t s  o f  t h e  

s u b j e c t  have  been c o n s i d e r e d .  These are: 

a .  Heavy m i n e r a l  abundance,  i .e .  t h e  t o t a l  amount o f  heavy - 
m i n e r a l s  o f  a l l  t y p e s  p r e s e n t .  

b .  V a r i a t i o n s  i n  f r equency  o f  s p e c i f i c  m i n e r a l  t y p e s  w i t h  - 
l o c a t i o n  a l o n g  a c r o s s - s h o r e  p r o f i l e .  

c .  R e l a t i o n s h i p ,  i f  any ,  between t h e  abundance o f  heavy m i n e r a l s  - 
and f r equency  o f  s p e c i f i c  m i n e r a l  t y p e s .  



Figure 1 .  Location of samples 



Knowledge o f  t h e s e  f a c t o r s  may l e a d  t o  more e f f e c t i v e  sampling s t r a t e g i e s  and  

improve i n t e r p r e t a t i o n  o f  heavy m i n e r a l  d a t a .  I n  a d d i t i o n ,  t h e  d a t a  i n c l u d e d  

h e r e  p r o v i d e  a measure o f  t h e  e x t e n t  t o  which heavy m i n e r a l  d i s t r i b u t i o n s  c a n  

be m o d i f i e d  by s e l e c t i v e  s o r t i n g  p r o c e s s e s .  

P r e v i o u s  S t u d i e s  

4 .  A number o f  r e g i o n a l  s c a l e  s t u d i e s  conce rn ing  heavy m i n e r a l s  i n  

beach  s e d i m e n t s  o f  t h e  a r e a  cons ide red  h e r e  have  been p u b l i s h e d  (Mar tens  1928,  

1935; Miller 1945;  N e i h e i s e l  1962, 1965; Guy 1964; G i l e s  and P i l k e y  1965;  

S w i f t ,  D i l l  and McHone 1971; F l o r e s  and S h i d e l e r  1982). These s t u d i e s  are 

p r i m a r i l y  concerned  wi th  l a t e r a l  v a r i a t i o n s  i n  heavy m i n e r a l  d i s t r i b u t i o n s  

a l o n g  a c o a s t a l  r e a c h .  Some c o n t a i n  compar isons  of  beach ,  dune and o f f s h o r e  

samples  from s p e c i f i c  l o c a l e s .  F l o r e s  and S h i d e l e r  (1982)  compared f o r e s h o r e  

and mid-backshore  samples  o f  s p e c i f i c  l o c a l e s .  Martens (1935)  and N e i h e i s e l  

(1962)  d i s c u s s  compar isons  o f  heavy m i n e r a l  c o n c e n t r a t i o n s  and non-enr iched  

samples  from t h e  same s i t e .  

F i e l d  Sampl ing  

5. Samples f o r  t h i s  s t u d y  were o b t a i n e d  d u r i n g  a number o f  f i e l d  s i t e  

c o l l e c t i o n s  a l o n g  t h e  s o u t h e a s t  A t l a n t i c  c o a s t  between 1980 and 1986. These  

samples  were t a k e n  a t  s p e c i f i e d  p o i n t s ,  r e f e r r e d  t o  as s t a t i o n s ,  a l o n g  s h o r e  

normal t r a n s e c t s  a t  102 l o c a t i o n s ,  r e f e r r e d  t o  as  s i tes ,  a l o n g  t h e  c o a s t  

( F i g u r e  1 ) .  I n i t i a l l y  sediment  samples  were t a k e n  from t h e  f o r e s h o r e  swash 

zone and mid-backshose area a t  e a c h  s i t e .  As f i e l d  and l a b o r a t o r y  work 

p r o g r e s s e d ,  it became a p p a r e n t  t h a t  more samples  were needed t o  c h a r a c t e r i z e  

t h e  heavy m i n e r a l  d i s t r i b u t i o n  a l o n g  e a c h  t r a n s e c t .  E v e n t u a l l y  t h e  sampl ing  

s t a t i o n s  were  i n c r e a s e d  t o  as many a s  s i x  p e r  t r a n s e c t  s i t e .  These  b a s i c  

s t a t i o n s  are i l l u s t r a t e d  i n  F i g u r e  2 and d e s c r i b e d  below. 

a .  Heavy Minera l  Concen t r a t e  (HMC). C o n s i s t s  o f  s e d i m e n t s  on t h e  - 
beach t h a t  are c l e a r l y  d i s t i n g u i s h e d  by a b l a c k  o r  r e d d i s h  
c o l o r  due  t o  t h e  p re sence  o f  abundant  heavy m i n e r a l s .  May 
o c c u r  on any p a r t  o f  t h e  beach b u t  u s u a l l y  found on t h e  
backshore .  





h .  Dune Base.  Located j u s t  seaward o f  t h e  f r o n t a l  dune  o r ,  i n  - 
absence  o f  a  dune ,  t h e  s e a w a l l ,  c l i f f ,  o r  v e g e t a t i o n  margin  
marking t h e  i n l a n d  bo rde r  o f  t h e  beach. s amples  were o b t a i n e d  
from a 30 cm deep h o l e  t o  l e s s e n  o r  e l i m i n a t e  a e o l i a n  e f f e c t s .  

c .  Mid-Berm. Taken from t h e  backshore  zone  midway between t h e  - 
dune base  and berm c r u s t .  

d .  Berm C r e s t .  Located  a t  t h e  p o i n t  o f  i n f l e c t i o n  between t h e  - 
norma l ly  f l a t  berm and t h e  s t e e p e r  f o r e s h o r e  s l o p e .  Where no 
berm was e v i d e n t ,  sample  was o b t a i n e d  a t  t h e  approx ima te  h i g h  
wa te r  l i n e  which is o f t e n  marked by a l i n e  o f  d e b r i s .  

e .  Upper Swash. A t  t h e  l i m i t  o f  wave uprush  a s  i t  e x i s t e d  a t  t h e  - 
time samples  were t a k e n .  I f  beach was v i s i t e d  a t  time o f  h i g h  
t i d e ,  sample  was t a k e n  from a mid swash p o s i t i o n .  

f .  m. A t  t h e  l i m i t  o f  wave backrush  which is u s u a l l y  marked by - 
a small d e c l a v i t y  i n  t h e  p r o f i l e .  T h i s  f e a t u r e ,  known as t h e  
s t e p ,  may n o t  be a lways  e v i d e n t .  

6 .  Large d i f f e r e n c e s  i n  heavy m i n e r a l  d i s t r i b u t i o n  o c c u r  mos t ly  

between s t a t i o n s  on t h e  backshore  p a r t  o f  t h e  beach and t h o s e  on t h e  

f o r e s h o r e ;  t h e r e f o r e ,  i t  w i l l  be c o n v e n i e n t  a t  t i m e s  t o  r e f e r  t o  them as a 

g roup .  S t a t i o n s  ( o r  s amples )  from t h e  backshore  w i l l  be r e f e r r e d  t o  

c o l l e c t i v e l y  as backshore  s t a t i o n s  o r  samples .  T h i s  d e s i g n a t i o n  i n c l u d e s  t h e  

dune b a s e  mid-berm, berm c r e s t ,  a n d ,  because  i t  is n e a r l y  a lways  on t h e  

b a c k s h o r e ,  heavy mine ra l  c o n c e n t r a t e .  The upper swash and s t e p  s t a t i o n s  ( o r  

s a m p l e s )  w i l l  be r e f e r r e d  c o l l e c t i v e l y  t o  as t h e  f o r e s h o r e  s t a t i o n s  o r  

s a m p l e s .  

7.  Heavy m i n e r a l  c o n c e n t r a t e  samples  were t aken  from any area o f  t h e  

s i t e  t h a t  showed a b l a c k  o r  r e d d i s h  d i s c o l o r a t i o n  due t o  t h e  p r e s e n c e  o f  

s u b s t a n t i a l  amounts o f  heavy m i n e r a l  g r a i n s .  T h i s  d i s c o l o r a t i o n  r anged  from a 

o v e r a l l  b l a c k  o r  r e d d i s h  b l a c k  c o l o r  t o  t h e  "sal t  and pepper" a s p e c t  o f  lesser 

b u t  s t i l l  a p p a r e n t  heavy mine ra l  en r i chmen t .  The a c t u a l  we igh t  p e r c e n t  o f  

heavy m i n e r a l s  i n  t h e s e  samples  v a r i e s  widely .  

8. Many s i t e s  sampled i n  t h e  e a r l y  p a r t  o f  t h e  s t u d y  were l a t e r  

resampled  s o  t h a t  a s u f f i c i e n t  number from e a c h  s i t e  were c o l l e c t e d  t o  p r o v i d e  

a r e a s o n a b l e  e s t i m a t e  o f  t h e  b a s i c  r e l a t i o n s h i p s  between t r a n s e c t  s t a t i o n s .  

In  a l l ,  401 samples ,  p r o v i d i n g  from f o u r  t o  s i x  samples  p e r  s i t e ,  were 

c o l l e c t e d  and a n a l y z e d .  



Labora to ry  P rocedure  

9. Samples  used f o r  t h i s  s t u d y  were wet s i e v e d  i n  a 0.063 mtn s i e v e  t o  

remove f i n e s  and heavy m i n e r a l s  t h a t  were s e p a r a t e d  from t h e  l i g h t  f r a c t i o n  i n  

bromoform ( s p  g r  2 . 8 5 ) .  The 0.125-0.250 m g r a i n  s i z e  f r a c t i o n  was used  

e x c l u s i v e l y  f o r  t h e  s t u d y .  This s ize f r a c t i o n  was recommended by Carve r  

(1971)  as  t h e  b e s t  compromise among t h e  many d i f f e r e n t  s i z e  f r a c t i o n s  u t i l i z e d  

by p r e v i o u s  worke r s .  

10. Examinat ion  and enumera t ion  o f  heavy m i n e r a l  s p e c i e s  were made w i t h  

bo th  p e t r o g r a p h i c  and b i n o c u l a r  microscopes .  I d e n t i f i c a t i o n  was f a c i l i t a t e d  

by t h e  f a c t  t h a t  t h e  heavy m i n e r a l s  i n  beaches  f o r  most of t h e  s t u d y  area were 

t h e  s u b j e c t  of p r e v i o u s  i n v e s t i g a t i o n s  as l i s t e d  under  "P rev ious  S tud ie s ' '  

s e c t i o n  of t h i s  r e p o r t ) .  Only n i n e  m i n e r a l  s p e c i e s  occu r red  w i t h  any 

r e g u l a r i t y  i n  t h e  s t u d y  area. These m i n e r a l s  i nc luded  z i r c o n ,  r u t i l e ,  g a r n e t ,  

s t a u r o l i t e ,  k y a n i t e ,  e p i d o t e ,  s i l l i m a n i t e ,  amphibole  ( l a r g e l y  g r e e n  

h o r n b l e n d e )  and t o u r m a l i n e .  Of t h e s e ,  z i r c o n ,  s i l l i m a n i t e ,  and k y a n i t e  

o c c u r r e d  i n  t o o  small q u a n t i t i e s  f o r  compara t ive  a n a l y s i s  and were n o t  

i n c l u d e d  i n  t h e  s t u d y .  



PART 11:  HEAVY MINERAL ABUNDANCE AND DISTRIBUTION 

Heavy Minera l  Abundance 

1 1 .  The abundance  o f  heavy m i n e r a l s  a t  t h e  v a r i o u s  s ampl ing  s t a t i o n s  

a l o n g  a shore-normal  beach t r a n s e c t s  v a r y  c o n s i d e r a b l y  between sampl ing  si tes 

and between i n d i v i d u a l  sample  s t a t i o n s  from a g i v e n  s i t e .  D e s p i t e  t h e s e  v a r -  

i a t i o n s  some d i s t i n c t  t r e n d s  a r e  a p p a r e n t .  

12. Data c o n c e r n i n g  t h e  heavy m i n e r a l  abundance  a r e  shown i n  T a b l e  1 

and  t h e  same d a t a  is d e p i c t e d  g r a p h i c a l l y  i n  F i g u r e  3. T a b l e  1 lists t h e  p e r -  

c e n t a g e  o f  t o t a l  s amples  from e v e r y  t r a n s e c t  s ampl ing  s t a t i o n  c a t e g o r i z e d  by a 

w e i g h t  p e r c e n t a g e  o f  heavy m i n e r a l s  f a l l i n g  i n t o  t h e  f o l l o w i n g  g roups :  0-1, 

1-3, 3-5 ,  5-7,  7-9, and g r e a t e r  t h a n  9 p e r c e n t .  Because o f  t h e  g r e a t  

v a r i a t i o n  i n  heavy m i n e r a l  c o n t e n t  between samples  a t  any g i v e n  s i t e ,  a v e r a g e  

v a l u e s  a r e  c o n s i d e r e d  l e s s  meaningfu l  t han  t h e  i n c r e m e n t a l  d i v i s i o n s  u sed  i n  

t h e  t a b l e .  

T a b l e  1 

Weight P e r c e n t a g e  o f  Heavy M i n e r a l s  i n  Samples 

from Each T r a n s e c t  Sampling S t a t i o n  

S t a t  i o n  Weight P e r c e n t  

Heavy Conc. 
Dune Base 
Mid-Berm 
Berm C r e s t  
Upper Swash 
S t e p  

Heavy Conc. 
Dune Base 
Mid-Berm 
Berm Crest 
Upper Swash 
S t e p  

Cumulat ive P e r c e n t  G r e a t e r  
1 3 5 7 9 - 

98.4 95.3 76.5 65.6 

P e r c e n t a g e  i n c r e m e n t s  





13. An impor t an t  a s p e c t  o f  t h e  d a t a  i n  T a b l e  1 is t h e  c o n t r a s t  between 

( a )  t h e  heavy c o n c e n t r a t e s ,  ( b )  o t h e r  samples  from t h e  backshore  a r e a  o f  t h e  

beach  ( i . e .  dune b a s e ,  mid-berm, berm c r e s t ) ,  and ( c )  samples  from t h e  f o r e -  

s h o r e  zone  ( i . e .  upper swash,  s t e p ) .  The heavy c o n c e n t r a t e s  c o n t a i n  much 

l a r g e r  q u a n t i t i e s  o f  heavy m i n e r a l s  t han  any o f  t h e  o t h e r  sample s t a t i o n s .  

For example ove r  70 p e r c e n t  o f  t h e  heavy c o n c e n t r a t e  samples  c o n t a i n  more t h a n  

7 p e r c e n t  heavy m i n e r a l s  w h i l e  o n l y  16.5 p e r c e n t  o r  l e s s  o f  t h e  backshore  

samples  and  none o f  t h e  f o r e s h o r e  samples  c o n t a i n  as much. 

14.  I n  g e n e r a l  t h e  weight  p e r c e n t  o f  heavy m i n e r a l s  is h i g h e s t  n e a r  t h e  

c o a s t l i n e  and d e c r e a s e s  i n  a seaward d i r e c t i o n .  T h i s  is c o n s i s t e n t  w i t h  

Rasmussens '  (1941)  o b s e r v a t i o n s  o f  a beach on Lake Michigan.  The d e c r e a s e  is 

n o t  g r a d u a l ;  however, most o f  it o c c u r s  between t h e  berm c r e s t  and upper  swash 

s t a t i o n s  which l i e  n e a r e s t  t o  t h e  backshore - fo re shore  boundary. 

Minera l  S p e c i e s  D i s t r i b u t i o n  

15. O f  t h e  n i n e  non-opaque heavy m i n e r a l  s p e c i e s  o c c u r r i n g  w i t h  some 

r e g u l a r i t y  i n  t h e  s t u d y  a r e a ,  s i x  are p r e s e n t  i n  a s u f f i c i e n t  number o f  

s amples  and i n  s u f f i c i e n t  q u a n t i t y  t o  pe rmi t  r e a s o n a b l y  r e l i a b l e  a n a l y s i s  o f  

any  s y s t e m a t i c  d i f f e r e n c e s  i n  r e l a t i v e  abundance between t h e  sample  

s t a t i o n s .  These  m i n e r a l s  a r e  r u t i l e ,  g a r n e t ,  s t a u r o l i t e ,  e p i d o t e ,  amphibole  

and t o u r m a l i n e .  Comparison o f  d a t a  f o r  t h e s e  m i n e r a l  s p e c i e s  shows t h a t  

s i g n i f i c a n t  d i f f e r e n c e s  between sampl ing  s t a t i o n s  do o c c u r  and t h a t  t hey  t e n d  

t o  p e r s i s t  from s i t e  t o  s i t e .  

16. S i m i l a r l y ,  w i th  t h e  d i f f e r e n c e s  i n  heavy m i n e r a l  abundance p r e v i o u s l y  

d e s c r i b e d ,  t h e  f r equency  d i f f e r e n c e s  of  heavy m i n e r a l  s p e c i e s  between sampl ing  

s t a t i o n s  is u s u a l l y  l a r g e s t  when t h e  backshore  s t a t i o n s  ( i . e .  dune b a s e ,  mid- 

berm, berm c r e s t ,  and heavy c o n c e n t r a t e )  a r e  compared t o  f o r e s h o r e  s t a t i o n s  

( i . e .  s t e p  and upper  swash ) .  This is shown i n  T a b l e  2 which compares t h e  

o v e r a l l  a v e r a g e  f requency v a l u e s  o f  a l l  f o r e s h o r e  s t a t i o n s  t o  t h e  o v e r a l l  

a v e r a g e  v a l u e  o f  a l l  backshore  s t a t i o n s .  S m a l l e r  d i f f e r e n c e s  o c c u r  i n  

compar i sons  between backshore  s t a t i o n s  o r  between t h e  two f o r e s h o r e  s t a t i o n s .  



Tab le  2 

O v e r a l l  Average Frequency o f  Heavy Minera l  S p e c i e s  

a t  A l l  Fo re shore  and Backshore S t a t i o n s  

S p e c i e s  Fo reshore  Backshore R a t i o  

r u t i l e  3 .9  8.6 2 . 2  

g a r n e t  6 .1  

s t a u r o l i t e  16 .8  

e p i d o t e  26 .6  

amphibole  3 0 . 3  

t o u r m a l i n e  13.7 92,7 1.9 

17. F i g u r e s  4 t h rough  8 i l l u s t r a t e  t h e  d i s t r i b u t i o n  p a t t e r n  i n  more 

d e t a i l  by a comparison o f  t h e  p e r c e n t  f requency o f  a g i v e n  m i n e r a l  s p e c i e s  i n  

t h e  uppe r  swash sample ,  which is r e p r e s e n t a t i v e  o f  t h e  f o r e s h o r e  zone ,  and its 

f requency  i n  e a c h  o f  t h e  f o u r  backshore  samples  from t h e  same t r a n s e c t .  The 

d i f f e r e n c e s  a r e  e x p r e s s e d  i n  te rms o f  o r d e r s  o f  magni tude  ( r a t i o )  which were 

d e r i v e d  by d i v i d i n g  t h e  l a r g e r  v a l u e  o f  t h e  p a i r  be ing  compared by t h e  smaller 

v a l u e .  Thus ,  f o r  example,  a g a r n e t  f r equency  o f  4.0 p e r c e n t  i n  t h e  up rush  

sample  and 12.0 p e r c e n t  i n  t h e  c o a s t l i n e  sample o f  t h e  same t r a n s e c t  would 

make t h e  g a r n e t  c o n t e n t  o f  t h e  c o a s t l i n e  sample l a r g e r  by 3.0 o r d e r s  o f  

magn i tude  than  t h e  g a r n e t  c o n t e n t  o f  t h e  up rush  sample .  

18. The h i s t o g r a m s  o f  F i g u r e s  4-8 show t h e  p e r c e n t a g e  o f  s i t e s  where t h e  

f r e q u e n c y  d i f f e r e n c e  between s p e c i f i e d  s t a t i o n s  on t h e  same t r a n s e c t  were 4-2, 

2-3, 3-4 ,  4-5, o r  g r e a t e r  t han  5 o r d e r s  o f  magni tude .  Data p l o t t e d  above  t h e  

m i d l i n e  p e r t a i n s  t o  s i t e s  where t h e  f requency i n  t h e  up rush  sample is less 

t h a n  t h a t  o f  t h e  compared sample and d a t a  p l o t t e d  below t h e  m i d l i n e  r e p r e s e n t s  

t h e  r e v e r s e  c o n d i t i o n s .  T h i s  p rocedure  is judged t o  p r o v i d e  a more mean ingfu l  

v a l u e  f o r  t h e  comparison t h a n  a s imple  a r i t h m e t i c  d i f f e r e n c e  f o r  t h e  f o l l o w i n g  

r e a s o n .  The re  are l a r g e  and p e r s i s t e n t  d i f f e r e n c e s  i n  %he abundance o f  heavy 

m i n e r a l  s p e c i e s  between d i f f e r e n t  p a r t s  o f  t h e  s t u d y  a r e a .  T h i s  is a p p a r e n t l y  



RUTILE GARNET STAUROLKE EPlDOTE AMPHIBOLE TOURMALINE 

Figure 4. Percentage of samples i n  which the  r a t i o  between the  
frequency of speci f ied  minerals i n  the  upper swash and heavy 
concentrate samples from the  same t ransec t  i s  within designated 

increment values 



EPDDOf E AMPHIBOLE TOURMALlRlE 

Figure 5. Percentage of samples i n  which t h e  r a t i o  
between t h e  frequency of  spec i f i ed  minerals  i n  t h e  
upper swash and dune base samples from t h e  same t ran-  

s e c t  a r e  within designated increment values 



GARNET EPDOTE AMPHBOFE TOURMAUNE 

Figure 6.  Percentage of samples i n  which the  r a t i o  
between the  frequency of specified minerals i n  the  
upper swash and mid-berm samples from the  same t ran-  

s ec t  i s  within designated increment values 



Figure 7. Percentage of samples i n  which the r a t i o  
between t he  frequency of specif ied minerals i n  the  
upper swash and berm c re s t  samples from the  same trm- 

sec t  i s  within designated increment values 



RUT ILE GARNET STAUROLilE EPlDOTE AMPHIBOLE TBURMALlNE 

Figure 8. Percentage of samples i n  which the  r a t i o  
between the  frequency of specif ied minerals i n  the  
upper swash and s tep  samples from the  same t ransect  

i s  within designated increment values 



due  i n  many i n s t a n c e s  t o  changes  i n  t h e  a v a i l a b i l i t y  o f  m i n e r a l  s p e c i e s  from 

p l a c e  t o  p l a c e .  S i n c e  t h e  maximum p o s s i b l e  a r i t h m e t i c  d i f f e r e n c e  between 

m i n e r a l  f r e q u e n c i e s  o f  a g i v e n  p a i r  is l i m i t e d  by t h e  a b s o l u t e  abundance  o f  

t h e  s p e c i e s  conce rned ,  t h e  p o t e n t i a l  d i f f e r e n c e s  are h i g h e r  f o r  s a m p l e s  from 

a r e a s  where t h e  m i n e r a l  is r e l a t i v e l y  more abundant .  For example g a r n e t  i n  

t h e  Georg ia  and Sou th  C a r o l i n a  beaches  r a r e l y  exceeds  10 p e r c e n t  and  is 

u s u a l l y  less t h a n  5 p e r c e n t ,  w h i l e  n o r t h  o f  Cape Lookout ,  abundance v a l u e s  o f  

40 p e r c e n t  o r  more are common and a r i t h m e t i c  d i f f e r e n c e s  v a l u e s  20-40 

p e r c e n t a g e  p o i n t s  o f t e n  o c c u r .  Because o f  t h e  low abundance o f  g a r n e t  i n  

G e o r g i a  and Sou th  C a r o l i n a  beaches ,  t h e  maximum p o t e n t i a l  d i f f e r e n c e  is much 

lower  t h a n  a l o n g  t h e  beaches  n o r t h  o f  Cape Lookout. Because o f  t h i s  f a c t o r  

o r d e r  o f  magnitude d i f f e r e n c e s  are used t o  p rov ide  a measure o f  p r o p o r t i o n a l  

d i f f e r e n c e  t h a t  is n o t  d i r e c t l y  i n f l u e n c e d  by t h e  a b s o l u t e  abundance o f  any 

m i n e r a l  s p e c i e s .  

19. Examination o f  t h e  h i s t o g r a m s  show d e f i n i t e ,  b u t  n o t  i n v a r i a b l e ,  

t r e n d s  i n  t h e  c r o s s - s h o r e  d i s t r i b u t i o n  o f  m i n e r a l  s p e c i e s .  The t h r e e  m i n e r a l  

s p e c i e s  having  t h e  h i g h e s t  a v e r a g e  s p e c i f i c  g r a v i t y ,  r u t i l e  ( s p  g r  4 . 2 ) ,  

g a r n e t  ( s p  g r  3.9) and s t a u r o l i t e  ( s p  g r  3 .7 )  are i n  most cases much more 

numerous i n  backshore  samples  t h a n  i n  upper  swash samples .  The r e v e r s e  is 

t r u e  oP  amphibole ( s p  g r  3 . 2 )  which is much more abundant  i n  uppe r  swash 

samples .  Both e p i d o t e  ( s p  g r  3.4) and t o u r n a l i n e  ( s p  g r  3 . 1 )  have  a more 

b a l a n c e d  d i s t r i b u t i o n  w i t h  e p i d o t e  somewhat more abundant  i n  t h e  backshore  

s a m p l e s  and t o u r m a l i n e  somewhat more abundant  i n  t h e  upper  swash s a m p l e s .  

20. An i n d i c a t i o n  o f  t h e  magni tude  o f  d i f f e r e n c e s  i n  m i n e r a l  abundance  i n  

g i v e n  i n  Tab le  3 .  T h i s  t a b l e  shows t h e  o r d e r  o f  magnitude d i f f e r e n c e s  between 

t h e  combined a v e r a g e  abundance s f  t h e  backshore  s t a t i o n s  i n  e a c h  t r a n s e c t  as 

compared t o  t h e  co r re spond ing  upper  swash s t a t i o n s .  The p e r c e n t a g e  f i g u r e s  

shown a r e  a v e r a g e s  s f  t h e  combined heavy c o n c e n t r a t e ,  dune b a s e ,  mid-berm and 

berm crest  sample  v a l u e s  f o r  e a c h  t r a n s e c t  compared t o  t h e  c o r r e s p o n d i n g  uppe r  

swash sample .  Un l ike  t h e  h i s t o g r a m s ,  t h e  t a b l e  does  n o t  i n c l u d e  d i s t i n c t i o n  

between c a s e s  w h e r e , t h e  uprush  v a l u e s  a r e  h i g h e r  o r  lower  t h a n  t h e  compared 

v a l u e  b u t  r e c o r d s  a l l  d i f f e r e n c e s  e q u a l l y .  



Tab le  3 

P e r c e n t a g e  o f  S i t e s  Where t h e  D i f f e r e n c e  Between Mine ra l  

Frequency i n  t h e  Upper Swash S t a t i o n  and Average 

Frequency f o r  Backshore S t a t i o n s  F a l l s  

With in  S p e c i f i e d  Values  

Pe rcen tage  o f  S i t e s  

Mine ra l  S p e c i e s  

r u t i l e  

g a r n e t  

s t a u r o l i  t e  

e p i d o t e  

amph ibo le  

t o u r m a l i  ne 

* o r d e r  o f  magni tude  d i f f e r e n c e  

21 .  Tab le  3 a l s o  shows t h a t  t h e  g r e a t e s t  d i f f e r e n c e s  a r e  r e c o r d e d  f o r  

r u t i l e  and  amphibole  and t h e  least  d i f f e r e n c e  by e p i d o t e .  For example,  r u t i l e  

and  amph ibo le  have r a t i o s  o f  5 o r  more i n  o v e r  30 p e r c e n t  o f  t h e  samples  w h i l e  

t h e  c o r r e s p o n d i n g  v a l u e  f o r  e p i d o t e  is o n l y  3 .8  p e r c e n t .  Values  f o r  g a r n e t ,  

s t a u r o l i t e ,  and tou rma l ine  are i n t e r m e d i a t e .  Garne t  h a s  t h e  h i g h e r  o f  t h e s e  

i n t e r m e d i a t e  v a l u e s  wh i l e  s t a u r o l i t e  and t o u r m a l i n e  have v a l u e s  t h a t  are v e r y  

similar and r e l a t i v e l y  low. 

R e l a t i o n s h i p  o f  Minera l  Frequency and Heavy Minera l  Abundance 

22. I n  s i m i l a r  heavy m i n e r a l  i n v e s t i g a t i o n s  w i t h i n  t h e  p r e s e n t  s t u d y  

a r e a ,  Mar tens  (1935)  and N e i h e i s e l  (1962)  no ted  a r e l a t i o n s h i p  between t h e  

c o n c e n t r a t i o n  o f  heavy m i n e r a l s  and t h e  abundance of c e r t a i n  heavy m i n e r a l  

s p e c i e s .  They found t h a t ,  i n  g e n e r a l ,  m i n e r a l s  w i t h  t h e  h i g h e r  s p e c i f i c  

g r a v i t i e s  w i t h i n  t h e  mine ra l  s u i t e  tended t o  b e  more abundant  i n  s amples  

hav ing  a r e l a t i v e l y  h igh  heavy mine ra l  c o n c e n t r a t i o n .  Conver se ly  m i n e r a l s  o f  

c o m p a r a t i v e l y  low s p e c i f i c  g r a v i t y  were most abundant  i n  s amples  w i t h  low 

c o n c e n t r a t i o n s  o f  heavy m i n e r a l s ,  



23.  A similar r e l a t i o n s h i p  is a l s o  e v i d e n t  i n  s amples  c o l l e c t e d  f o r  t h i s  

s t u d y .  For  example,  Tab le  1 shows t h a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  heavy 

m i n e r a l s  o c c u r  i n  t h e  heavy m i n e r a l  c o n c e n t r a t e  and backshore  samples  and  com- 

p a r a t i v e l y  low c o n c e n t r a t i o n s  p r e v a i l  on t h e  f o r e s h o r e .  F i g u r e s  4 t h rough  8 

show t h a t  among t h e  common m i n e r a l s  of t h e  s t u d y  area t h o s e  w i t h  t h e  h i g h e s t  

s p e c i f i c  g r a v i t y ,  e s p e c i a l l y  r u t i l e  and g a r n e t ,  are much more abundant  i n  t h e  

heavy m i n e r a l  c o n c e n t r a t e  and backshore  samples  than  i n  f o r e s h o r e  samples .  In  

c o n t r a s t ,  amphiboles  which have  a r e l a t i v e l y  low s p e c i f i c  g r a v i t y  and 

f l a t t e n e d  s h a p e  making them more s e n s i t i v e  t o  e r o s i o n  and t r a n s p o r t a t i o n  are 

c o n c e n t r a t e d  l a r g e l y  i n  f o r e s h o r e  d e p o s i t s .  



PART 111: DISCUSSION 

Heavy Minera l  Abundance 

24.  Areal d i f f e r e n c e  i n  heavy mine ra l  abundance on beaches  have been 

n o t e d  by s e v e r a l  i n v e s t i g a t o r s  ( s e e  f o r  example Mar tens  1928, 1935; Rao, 1957;  

McCauley, 1960; N e i h e i s e l  1962, 1965; S t a p o r ,  1973; and Woolsey, Henry,  and 

Hunt,  1975) .  In  most c a s e s  t h e i r  o b s e r v a t i o n s  were concerned  w i t h  t h e  

o c c u r r e n c e  o f  heavy m i n e r a l  c o n c e n t r a t e s  on beaches  r a t h e r  t h a n  o v e r a l l  

d i s t r i b u t i o n  o f  heavy m i n e r a l  abundance. The heavy m i n e r a l  c o n c e n t r a t e s  which 

t h e y  d e s c r i b e  a r e  marked by a b l a c k  o r  r e d d i s h  d i s c o l o r a t i o n  o f  t h e  sed imen t  

due  t o  its c o n t e n t  o f  b l a c k  m i n e r a l s  such  a s  i l m e n i t e  and m a g n e t i t e  o r  r e d d i s h  

g a r n e t s .  In most c a s e s  t h e s e  d e p o s i t s  were on t h e  backshore  p a r t  o f  t h e  

beach ,  e s p e c i a l l y  n e a r  t h e  dune b a s e .  Most i n v e s t i g a t o r s  have concluded t h a t  

t h e i r  f o r m a t i o n  i n  a s s o c i a t e d  w i t h  s to rm c o n d i t i o n s  and wind d e f l a t i o n  o f  

l i g h t e r  m i n e r a l s .  

25. During f i e l d  sampl ing  o f  beaches f o r  t h i s  s t u d y ,  heavy m i n e r a l  

c o n c e n t r a t e s  were f r e q u e n t l y  encoun te red .  These d e p o s i t s  ranged from l a y e r s  

s e v e r a l  c e n t i m e t e r s  t h i c k  t o  t h i n  laminea  and s u r f i c i a l  c r u s t s .  The heavy 

m i n e r a l  abundance o f  t h e s e  c o n c e n t r a t e s  v a r i e d ,  up t o  75 p e r c e n t  abundance .  

26.  The areal d i s t r i b u t i o n  o f  heavy m i n e r a l  abundance i n  normal beach  

sand  was s t u d i e d  by Rasmussen (1941) on a Lake Michigan beach.  Rasmussen 

conc luded  t h a t  t h e r e  was a s y s t e m a t i c  d e c r e a s e  i n  t h e  abundance o f  heavy 

m i n e r a l s  i n  a lakeward d i r e c t i o n .  Samples c o l l e c t e d  f o r  t h e  p r e s e n t  s t u d y  

a l s o  i n d i c a t e  a d e c r e a s e  i n  heavy m i n e r a l  abundance i n  a seaward d i r e c t i o n .  

The d e c r e a s e  d o e s  n o t  o c c u r  a t  a c o n s t a n t  rate b u t  changes  r a t h e r  a b r u p t l y  

n e a r  t h e  berm c r e s t .  

27.  The p r o c e s s  o f  heavy m i n e r a l  enr ichment  o f  beach  d e p o s i t s  is l a r g e l y  

r e l a t e d  t o  t h e  up rush  and backrush  f low c r e a t e d  by incoming b r e a k e r s .  Dur ing  

t h e  up rush  phase  water f l o w s  up  t h e  f o r e s h o r e  s l o p e  under  t h e  impetus  o f  t h e  

b r e a k i n g  waves. A t  t h e  l i m i t  o f  up rush  t h e  v e l o c i t y  d e c r e a s e s  t o  z e r o  and is 

fo l lowed  by t h e  r e t u r n  f low under  t h e  impetus o f  g r a v i t y .  P a r t i c l e s  o f  

d i f f e r e n t  s i z e ,  s h a p e ,  and d e n s i t y  are t r a n s p o r t e d  by t h e  up rush  and d e p o s i t e d  



d u r i n g  t h e  s h o r t  time t h e  v e l o c i t y  o f  t h e  swash is n e a r  z e r o  a t  f low 

r e v e r s a l .  The backrush  may then  p r e f e r e n t i a l l y  e n t r a i n  some o f  t h e  l a r g e r  and  

less d e n s e  p a r t i c l e s  and r e t u r n  them down t h e  f o r e s h o r e  s l o p e .  T h i s  p r o c e s s  

o f  t r a n s p o r t  and winnowing can  r e s u l t  i n  en r i chmen t  of t h e  up rush  d e p o s i t s  i n  

t h e  d e n s e r  m i n e r a l  s p e c i e s .  

28. During  f a i r  weather  p e r i o d s  t h e  p r o c e s s  o f  enr ichment  a p p e a r s  t o  be 

much l e s s  e f f e c t i v e  than  d u r i n g  s t o r m s .  T h i s  is because  f a i r  wea the r ,  rela- 

t i v e l y  low ene rgy  uprush/backrush  p r o c e s s e s ,  t e n d  t o  p r e f e r e n t i a l l y  e n t r a i n  

and t r a n s p o r t  l i g h t e r  m i n e r a l s  and t o  d i s t r i b u t e  them more e q u a l l y  t h r o u g h o u t  

t h e  swash zone ( F i g u r e  9 ) .  During s t o r m s  a much l a r g e r  p r o p o r t i o n  o f  t h e  

d e n s e r  m i n e r a l s  are c a r r i e d  t o  t h e  beach by t h e  uprush  and subsequen t  

winnowing of t h e  l i g h t e r  m i n e r a l s  d u r i n g  t h e  back rush  l e a d s  t o  en r i chmen t  o f  

heavy m i n e r a l s  i n  t h e  upper  swash zone.  The d i f f e r e n c e s  i n  t h e  heavy m i n e r a l  

c o n t e n t  and t h e  f r equency  o f  t h e  d e n s e r  m i n e r a l s  between backshore  and 

f o r e s h o r e  d e p o s i t s  can be  a t t r i b u t e d  t o  t h e  fact  t h a t  f o r e s h o r e  d e p o s i t s  are 

t h e  r e s u l t  o f  fa i r  weather  p r o c e s s e s  w h i l e  backshore  d e p o s i t s  are r e l a t e d  t o  

s to rm c o n d i t i o n s  when h i g h e r  water l e v e l s  and e r o s i o n  o f  t h e  f o r e s h o r e  l e a v e  

t h e  backshore  area a c c e s s i b l e  t o  wave and c u r r e n t  a c t i o n .  

29. I t  a l s o  seems l i k e l y  t h a t  heavy m i n e r a l  en r i chmen t  by wind d e p l e t i o n  

o f  t h e  l i g h t e r  m i n e r a l s  is a much more impor t an t  p r o c e s s  on t h e  no rma l ly  d r y  

backshore  than  on  t h e  u s u a l l y  damp f o r e s h o r e  sand .  Many o f  t h e  t h i n  heavy 

mineral c ru s t s  t h a t  occur on the  backshore may be t he  r e su l t  o f - t h i s  process. 

Heavy Mineral Dis t r ibut ion 

30. The non-uniform d is t r ibu t ion  of heavy mineral species in the  beach 

deposits  of t h e  study area  appear t o  be r e l a t ed  t o  differences in those 

charac te r i s t i cs  of the  individual  mineral species  t ha t  influence t h e i r  

response t o  t he  processes of erosion, t ranspor t ,  and deposition. The main 

charac te r i s t i cs  appear t o  be spec i f ic  gravi ty ,  shape, and s ize .  These f ac to r s  

cause some minerals t o  be more susceptible than others t o  entrainment and 

transport  under a given s e t  of hydraulic conditions. A s  a consequence, 

se lec t ive  so r t i ng  of t he  individual pa r t i c l e s  takes place whenever sediment i s  

eroded and transported from one locale  t o  another. 



@ m o r e  dense 
ru t i le  ep idote  

ga rne t  amphibole  
staurol i te  tourmaline 

Figure 9. Sketch i l l u s t r a t i n g  the  processes of se lec t ive  
sor t ing  of minerals of d i f fe ren t  spec i f i c  gravi ty  i n  beach 
deposits:  ( a )  f a i r  weather conditions, l e s s  dense mineral 
species predominant, deposition only on foreshore; ( b )  storm 
conditions, uprush phase: denser minerals much more numerous, 
waves reach backshore zone; ( c )  storm conditions, backrush 
many of l e s s  dense minerals winnowed and carr ied back down 
the  beach leaving backshore deposits  enriched i n  denser 

heavy minerals 



31.  S t u d i e s  s u c h  as t h o s e  o f  Rubey (1933)  and R i t t e n h o u s e  (1943)  have  

shown t h a t  r e l a t i v e l y  small d i f f e r e n c e s  i n  s p e c i f i c  g r a v i t y  between two 

m i n e r a l s  o f  i d e n t i c a l  s i z e  and shape  c a n ,  d u r i n g  t h e  p r o c e s s  o f  e r o s i o n  and  

t r a n s p o r t a t i o n  g r e a t l y  a l ter  t h e i r  h y d r a u l i c  r e s p o n s e .  The s p e c i f i c  g r a v i t y  

r a n g e s  o f  heavy m i n e r a l s  c o n s i d e r e d  i n  t h i s  s t u d y  a r e  shown i n  F i g u r e  10.  The 

d a t a  p r e s e n t e d  h e r e  s t r o n g l y  s u g g e s t  t h a t  t h e  f r equency  d i s t r i b u t i o n  o f  

m i n e r a l s  s p e c i e s  a l o n g  t h e  beach t r a n s e c t s  is c o n s i d e r a b l y  i n f l u e n c e d  by 

d i f f e r e n c e  i n  t h e i r  s p e c i f i c  g r a v i t y .  Evidence  f o r  t h i s  is p r e s e n t e d  i n  

T a b l e s  4 and 5 .  

T a b l e  4 
P e r c e n t a g e  o f  Samples w i t h  S p e c i f i e d  M i n e r a l s  More 

Numerous i n  Backshore Samples than  i n  

Upper Swash Samples o f  Same T r a n s e c t  

Mine ra l  S p e c i e s  Av. Sp. Gr. Pe rcen tage  
r u t  i l e  4 .2  91.4 
g a r n e t  
s t a u r o l  i t e  
e p i d o t e  
amphi b o l e  
t ou rma l  i n e  

T a b l e  5 

Cumulat ive P e r c e n t a g e  o f  a l l  Backshore Samples w i t h  S p e c i f i e d  

Mine ra l  S p e c i e s  More Abundant t h a n  i n  t h e  Cor re spond ing  

Upper Swash Samples by F a c t o r s  o f  2 . 0 ,  3 .0 ,  4 .0 ,  and 5 . 0  

Mine ra l  S p e c i e s  Av. Sp. g r .  
r u t i l e  4.2 
g a r n e t  3 .9  
s t a u r o l i t e  3 .7  
e p i d o t e  3 . 4  
amphibole  3.2 
t o u r m a l i n e  3.1 

Cumulat ive P e r c e n t  Greater 
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Figure 1 0 .  Approximate s p e c i f i c  g r a v i t y  ranges f o r  
mineral species considered i n  t h i s  repor t  



32.  T a b l e  4 shows f o r  e a c h  m i n e r a l  s p e c i e s  t h e  p e r c e n t a g e  f r e q u e n c y  o f  

a l l  backshore  samples  ( i . e .  heavy c o n c e n t r a t e ,  dune  base ;  mid-berm and berm 

c r e s t )  t h a t  c o n t a i n  a  l a r g e r  amount of a s p e c i f i e d  m i n e r a l  t h a n  t h e  uppe r  

swash sample from t h e  same t r a n s e c t .  I f  s p e c i f i c  g r a v i t y  is a f a c t o r  t h i s  

s h o u l d  b e  m a n i f e s t e d  by co r re spondence  between t h e  f r equency  and t h e  s p e c i f i c  

g r a v i t y  o f  e a c h  m i n e r a l  s p e c i e s  such  t h a t  m i n e r a l s  o f  r e l a t i v e  h i g h  s p e c i f i c  

g r a v i t y  a r e  more dominant  i n  t h e  backshore  samples  t h a n  m i n e r a l s  o f  l ower  

s p e c i f i c  g r a v i t y .  Tab le  4 shows t h a t  t h i s  p a t t e r n  is e s s e n t i a l l y  f o l l o w e d .  

R u t i l e  which h a s  t h e  h i g h e s t  s p e c i f i c  g r a v i t y  h a s  t h e  h i g h e s t  f r e q u e n c y ;  9 1 . 4  

p e r c e n t  o f  a l l  backshore  samples  c o n t a i n  more r u t i l e  t h a n  is found i n  t h e  

up rush  sample  on t h e  same t r a n s e c t  and ,  w i th  t h e  e x c e p t i o n  of  amph ibo le ,  t h e r e  

is a p r o g r e s s i v e  d e c r e a s e  i n  f r equency  on t h e  backshore  w i t h  d e c r e a s i n g  

s p e c i f i c  g r a v i t y  . 
33. T a b l e  5 shows d a t a  on t h e  magnitude o f  d i f f e r e n c e s  i n  abundance  o f  

heavy m i n e r a l  s p e c i e s  between t h e  a v e r a g e  v a l u e  o f  t h e  f o u r  backshore  s a m p l e s  

and  t h e  uppe r  swash sample from t h e  same t r a n s e c t .  The d a t a  are i n  t h e  form 

o f  c u m u l a t i v e  p e r c e n t a g e s  o f  t h e  number of samples  i n  which t h e  abundance  o f  a 

heavy m i n e r a l  s p e c i e s  is g r e a t e r  i n  t h e  backshore  samples  t h a n  i n  t h e  uppe r  

swash sample  by a f a c t o r  o f  more t h a n  2 ,  3 ,  4 ,  o r  5. The d a t a  show t h a t  w i t h  

t h e  e x c e p t i o n  o f  amphibole  t h e r e  is a p r o g r e s s i v e  d e c r e a s e  i n  t h e  number o f  

s a m p l e s  w i t h  d i f f e r e n c e s  f a c t o r s  o f  2 o r  more w i t h  d e c r e a s i n g  s p e c i f i c  

g r a v i t y .  T a b l e s  4 and 5 s u g g e s t  t h a t  s p e c i f i c  g r a v i t y  is a n  i m p o r t a n t  f a c t o r  

i n  t h e  v a r i a t i o n s  t h a t  occu r  i n  m i n e r a l  s p e c i e s  d i s t r i b u t i o n  on beaches  o f  t h e  

s t u d y  a r e a .  

34 .  The anomalous v a l u e s  f o r  amphibole i n  T a b l e s  4 and 5 are a p p a r e n t l y  

caused  by some f a c t o r  o t h e r  t han  s p e c i f i c  g r a v i t y .  S i z e  d i f f e r e n c e s  d o  n o t  

seem t o  be r e s p o n s i b l e ;  a l l  t h e  heavy m i n e r a l s  examined were i n  t h e  0.125 - 
0 .250  mrn s i z e  r a n g e  and it d o e s  n o t  appea r  from o b s e r v a t i o n  under  a mic roscope  

t h a t  amph ibo le s  were r e s t r i c t e d  t o  one  p a r t  o f  t h e  r ange .  A more l i k e l y  

f a c t o r  is t h e  d i f f e r e n c e s  i n  shape  between t h e  amphibole g r a i n s  which t e n d  t o  

o c c u r  i n  f l a t t e n e d  t a b u l a r  o r  b laded  form and t h e  more-or - less  e q u i d i m e n s i o n a l  

s h a p e  o f  t h e  o t h e r  m i n e r a l s .  

35. Op in ions  i n  t h e  l i t e r a t u r e  on t h e  e f f e c t s  o f  shape  i n  t h e  e r o s i o n  and 

t r a n s p o r t a t i o n s  o f  heavy m i n e r a l s  va ry .  For example N e i h e i s e l  ( 1965) 

c o n s i d e r e d  t h e  s h a p e  of hornblende  p a r t i c l e s  c r e a t e d  a h y d r a u l i c  r e s p o n s e  

exceeded p robab ly  o n l y  by mica i n  s u s c e p t i b i l i t y  t o  e r o s i o n  and t r a n s p o r t .  



R i t t e n h o u s e  (1943)  su rmised  t h a t  t h e  f l a t n e s s  o f  mica and pe rhaps  b lue -g reen  

h o r n b l e n d e  were s u f f i c i e n t  t o  make t h e i r  s e t t l i n g  v e l o c i t i e s  less t h a n  

e x p e c t e d  by t h e i r  s p e c i f i c  g r a v i t i e s .  O the r  i n v e s t i g a t o r s  have  r eached  

d i f f e r e n t  c o n c l u s i o n s .  Hand (1967)  found t h a t  g a r n e t  and ho rnb lende  from N e w  

J e r s e y  s e t t l e d  w i t h  t h e  same v e l o c i t y  and concluded t h a t  shape  d i f f e r e n c e  were 

o f  l i t t l e  impor tance .  Rubey (1933)  b e l i e v e d  t h a t  e x c e p t  f o r  micaceous 

m i n e r a l s ,  t h e  e f f e c t s  o f  shape  were minor.  S t a p o r  (1973)  obse rved  t h a t  

s t a u r o l i t e  g r a i n s  and f l a t t e n e d  k y a n i t e  g r a i n s  from t h e  Gulf Coas t  were  i n  

s e t t l i n g  e q u i v a l e n c e  r e f l e c t i n g  a minimum e f f e c t  o f  shape .  O the r  s t u d i e s  s u c h  

as t h o s e  o f  Lowright  e t  a l .  (1972) and S l i n g e r l a n d  (1977)  have shown t h a t  

s e t t l i n g  e q u i v a l e n c e  between two m i n e r a l s  d o e s  n o t  n e c e s s a r i l y  mean t h a t  t h e y  

w i l l  r e spond  t o  s e l e c t i v e  s o r t i n g  p r o c e s s e s  i n  i d e n t i c a l  ways. D i f f e r e n t i a l  

e n t r a i n m e n t  and t r a n s p o r t  a l o n g  wi th  s i z e  a v a i l a b i l i t y  may have  a d e c i d e d  

e f f e c t .  

36. The magnitude of t h e  anomalous v a l u e s  f o r  amphibole as compared t o  

m i n e r a l s  o f  such  c l o s e l y  r e l a t e d  and b r a c k e t i n g  s p e c i f i c  g r a v i t i e s  as 

t o u r m a l i n e  and e p i d o t e  ( T a b l e s  4 and 5 )  is n o t  a d e q u a t e l y  e x p l a i n e d  by 

s p e c i f i c  g r a v i t y  a l o n e ,  I t  seems most l i k e l y ,  t h a t  d i f f e r e n t i a l  e n t r a i n m e n t  

and t r a n s p o r t  o f  amphiboles  due t o  t h e i r  un ique  shape  is a n  i m p o r t a n t  e l e m e n t  

i n  t h e i r  d i s t r i b u t i o n  r e l a t i v e  t o  o t h e r  heavy m i n e r a l  o f  similar s p e c i f i c  

g r a v i t y .  Amphibole g r a i n s  c l e a r l y  respond t o  h y d r a u l i c  p r o c e s s e s  a s  i f  t h e y  

had a s p e c i f i c  g r a v i t y  s u b s t a n t i a l l y  lower  t h a n  tou rma l ine  which h a s  t h e  

l o w e s t  a c t u a l  s p e c i f i c  g r a v i t y  o f  t h e  group c o n s i d e r e d  h e r e .  Presumably s u c h  

a t h e r  c h a r a c t e r i s t i c a l l y  f l a t t e n e d  m i n e r a l  s p e c i e s  i n  t h e  s t u d y  area s u c h  as 

s i l l i m a n i t e  and k y a n i t e ,  would be  a f f e c t e d  i n  l i k e  manner; however, none o f  

t h e s e  s p e c i e s  are p r e s e n t  i n  s u f f i c i e n t  q u a n t i t y  f o r  s t u d y .  

Sample C o l l e c t i o n  

37. The d a t a  p r e s e n t e d  h e r e  i n d i c a t e s  t h a t  i n  f i e l d  sampl ing  o f  beach  

s e d i m e n t s  a number o f  samples  c o l l e c t e d  a l o n g  a s h o s e  normal t r a n s e c t  a t  e a c h  

s i t e  y i e l d  c o n s i d e r a b l y  more in fo rma t ion  on heavy m i n e r a l  d i s t r i b u t i o n  t h a n  a 

s i n g l e  sample  c o l l e c t e d  from any g iven  p o i n t  a l o n g  t h e  p r o f i l e .  A t  a minimum, 

a sample  from one  s t a t i o n  on t h e  backshore  and one  on t h e  f o r e s h o r e ,  are 

needed t o  show t h e  approximate  r ange  o f  m i n e r a l  f r e q u e n c i e s  a t  a g i v e n  s i t e .  



38. Of t h e  backshore  s t a t i o n s  used  i n  t h i s  i n v e s t i g a t i o n  t h e  dune b a s e  

samples  are t h e  most  u s e f u l  because  they  u s u a l l y  p r o v i d e s  a  good c r o p  o f  heavy 

m i n e r a l s  and t h e  d i s t r i b u t i o n  is more c o n s i s t e n t ,  b a r r i n g  any s o u r c e  changes ,  

from s i t e  t o  s i t e .  The berm crest sample is l e a s t  c o n s i s t e n t ,  p robab ly  

because  o f  is m a r g i n a l  l o c a t i o n  between t h  backshore  and f o r e s h o r e  z o n e s .  The 

heavy m i n e r a l  c o n c e n t r a t e ,  though o f  v a l u e ,  is l i m i t e d  by t h e  fact  t h a t  

c o n c e n t r a t e d  heavy m i n e r a l  d e p o s i t s  are s p o r a d i c  i n  o c c u r r e n c e  and i t  is 

u s u a l l y  n o t  p o s s i b l e  t o  c o l l e c t  a s e t  cove r ing  a l l  s i tes  sampled.  

39. I n  t h e  f o r e s h o r e  zone t h e  upper swash and s t e p  samples  i n  most cases 

have a similar heavy m i n e r a l  d i s t r i b u t i o n .  N e i t h e r  s t a t i o n  p r o v i d e s  many 

heavy m i n e r a l s  compared t o  backshore  s t a t i o n s  b u t  t h e  up rush  sample  is l i k e l y  

t o  y i e l d  t h e  l a r g e r  amount. S i n c e  a t  h i g h  t i d e  t h e  up rush  and h i g h  wa te r  

s t a t i o n s  may be  more -o r - l e s s  c o i n c i d e n t ,  sample  c o l l e c t i o n  d u r i n g  h i g h  t i d e  

s t a g e s  s h o u l d  be avo ided  i f  p o s s i b l e .  

I n t e r p r e t a t i o n  o f  Data 

40. From t h e  d a t a  p r e s e n t e d  i n  t h i s  s t u d y ,  it is a p p a r e n t  t h a t  e p i d o t e  

and t o u r m a l i n e  are n o t  a f f e c t e d  as much by s e l e c t i v e  s o r t i n g  t h a n  t h e  o t h e r  

m i n e r a l s  o f  t h e  s u i t e .  The r eason  f o r  t h i s  is n o t  c l e a r  b u t  seems t o  be 

r e l a t e d  t o  t h e i r  low s p e c i f i c  g r a v i t y .  T h i s  is s u g g e s t e d  by t h e  d a t a  i n  

F i g u r e s  4-8 which i n d i c a t e  t h a t  d i f f e r e n c e s  i n  t h e  f r equency  o f  a g i v e n  

m i n e r a l  s p e c i e s  between t h e  v a r i o u s  backshore  samples  and t h e  c o r r e s p o n d i n g  

upper  swash sample  t e n d  t o  d e c r e a s e  p r o g r e s s i v e l y  w i t h  d e c r e a s i n g  s p e c i f i c  

g r a v i t y .  

41 .  The fact  t h a t  some m i n e r a l  s p e c i e s  are l i k e l y  t o  be more even ly  

d i s t r i b u t e d  between t r a n s e c t  sample s t a t i o n s  t h a n  o t h e r s  h a s  i m p l i c a t i o n s  f o r  

i n t e r p r e t a t i o n  o f  heavy m i n e r a l  d a t a .  I n  terms o f  t h e  m i n e r a l s  c o n s i d e r e d  i n  

t h i s  s t u d y ,  c o a s t w i s e  changes  i n  t h e  f requency o f  e p i d o t e  and t o u r m a l i n e  

between common s t a t i o n s  o f  a series o f  t r a n s e c t  s i t e s  a r e  more a p t  t o  be 

s o u r c e  r e l a t e d  t h a n , c h a t l g e s  o f  a similar magnitude i n  t h e  o t h e r  m i n e r a l  

s p e c i e s .  I t  is n o t  known i f  a similar r e l a t i o n s h i p  would be found i n  a 

d i f f e r e n c e  s u i t e  o f  heavy m i n e r a l s .  I f  such  a r e l a t i o n s h i p  e x i s t s  i t  c o u l d  be 

e s t a b l i s h e d  by compara t ive  a n a l y s e s  between t r a n s e c t  s t a t i o n s  i n  t h e  area o f  

s t u d y .  



42. Another f a c t o r  t h a t  may be o f  v a l u e  i n  e v a l u a t i n g  whether  o r  n o t  a 

lateral  change i n  heavy m i n e r a l  f requency d i s t r i b u t i o n  is s o u r c e  r e l a t e d  o r  

t h e  r e s u l t  o f  s e l e c t i v e  s o r t i n g  p r o c e s s e s  is t h e  c h a r a c t e r i s t i c  p a t t e r n  o f  

f r e q u e n c y  changes  t h a t  o c c u r  as a r e s u l t  of  t h e  s e l e c t i v e  s o r t i n g  p r o c e s s e s .  

T h i s  is i l l u s t r a t e d  by T a b l e  6 which compares t h e  upper  swash and c o r r e -  

spond ing  dune base  samples  from a s e r i e s  o f  s i t e s  on t h e  s o u t h  F l o r i d a  

A t l a n t i c  c o a s t .  I t  seems r e a s o n a b l e  t o  assume t h a t  d i f f e r e n c e s  shown i n  heavy 

m i n e r a l  f r equency  between t h e  two c l o s e l y  p o s i t i o n e d  t r a n s e c t  s t a t i o n s  a t  any 

g i v e n  s i t e  a r e  n o t  s o u r c e  r e l a t e d  b u t  must be  t h e  r e s u l t  o f  s e l e c t i v e  s o r t i n g  

p r o c e s s e s .  In  g e n e r a l  t h e  comparison i n d i c a t e s  t h a t  t h e  r e l a t i v e  changes  

between t h e  two s t a t i o n s  are c h a r a c t e r i z e d  by an  i n c r e a s e  o f  d e n s e r  heavy 

m i n e r a l s  accompanied by a d e c r e a s e  o f  less dense  m i n e r a l s  i n  t h e  dune  b a s e  

s a m p l e s  and t h e  r e v e r s e  o f  t h i s  i n  t h e  compara t ive ly  low e n e r g y  uppe r  swash 

samples .  Any d e p a r t u r e  from t h i s  g e n e r a l  p a t t e r n  would s u g g e s t  p o s s i b l e  

changes  i n  t h e  immediate s o u r c e  o f  t h e  beach sed imen t .  

43. Tab le  7 shows a l i k e l y  example o f  a s o u r c e  r e l a t e d  change i n  

d i s t r i b u t i o n  p a t t e r n  from a r e a c h  o f  s h o r e  on Onslow Bay, Nor th  C a r o l i n a .  I t  

c an  be  r e a d i l y  n o t e d  on T a b l e  7 t h a t  a s i g n i f i c a n t  change  i n  t h e  f r e q u e n c i e s  

o f  s t a u r o l i t e ,  e p i d o t e  and amphibole o c c u r  between s i tes  85-42 and 85-43. The 

i n c r e a s e  o f  amphiboles  and e p i d o t e  and d e c r e a s e  i n  s t a u r o l i t e  are c o n s i s t e n t  

w i t h  t h e  e f f e c t s  o f  s e l e c t i v e  s o r t i n g ;  however, g a r n e t  which is somewhat 

d e n s e r  t h a n  s t a u r o l i t e ,  would a l s o  be  expected  t o  d e c r e a s e  s i g n i f i c a n t l y ;  

however,  a c t u a l l y  shows a s l i g h t  i n c r e a s e  s u g g e s t i n g  a p o s s i b l e  i n c r e a s e  i n  

t h e  a v a i l a b i l i t y  o f  t h a t  m i n e r a l  i n  t h e  s o u r c e s  o f  s u p p l y .  In  t h i s  p a r t i c u l a r  

example o t h e r  n a t u r a l  t r a c e r s  i n c l u d i n g  o o l i t e s  and g l a u c o n i t e  f i l l e d  

f o r a m i n i f e r a  t e s t s  a l s o  s u g g e s t  t h e  i n t r o d u c t i o n  o f  new e l e m e n t s  i n  t h e  

s e d i m e n t  s u p p l y  a t  s i t e  85-43. 



Table 6 

Site 

Comparison of Percentage Frequency of Heavy Minerals 
in Dune Base and Upper Swash Samples of a Portion 

of the South Florida Atlantic Coast. 

Percent Frequency 

Station 

82-21 dune base 19.1 
upper swash 8.8 

82-23* dune base 
upper swash 

82-24 dune base 
upper swash 

82-26 dune base 
upper swash 

82-27 dune base 7.8 
upper swash 1 0.7 

++ Missing sites have too few heavy minerals in the uprush sample 
for analysis 



T a b l e  7 

P e r c e n t  Frequency o f  Heavy Minera l  S p e c i e s  
on a P o r t i o n  o f  t h e  North C a r o l i n a  C o a s t  

P e r c e n t  Frequency  

S i t e  S t a t i o n  

dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  
dune b a s e  



PART IV: SUMMARY AND CONCLUSIONS 

44. Heavy m i n e r a l  abundance and f requency d i s t r i b u t i o n  i n  s amples  

c o l l e c t e d  a l o n g  s h o r e  normal beach t r a n s e c t s  were s t u d i e d  t o  d e t e r m i n e  i f  

s y s t e m a t i c  d i f f e r e n c e s  i n  t h e s e  f a c t o r s  e x i s t e d  between s t a t i o n s  a l o n g  t h e  

p r o f i l e .  T r a n s e c t  sample sets from s i tes  a l o n g  t h e  A t l a n t i c  c o a s t  between 

Palm Beach,  F l o r i d a  and K i t t y  Hawk, North C a r o l i n a  were c o l l e c t e d  and t h e i r  

heavy m i n e r a l s  were ana lyzed  f o r  t h e  s t u d y .  Up t o  s i x  s a m p l e s ,  two from t h e  

f o r e s h o r e  zone and f o u r  from t h e  backshore  z o n e s ,  were o b t a i n e d  a t  e a c h  

t r a n s e c t  s i t e .  These  samples  were c o l l e c t e d  from common i d e n t i f i a b l e  p o i n t s  

a l o n g  t h e  p r o f i l e ,  

45. The we igh t  p e r c e n t  o f  heavy m i n e r a l s  i n  t h e  samples  was found %o be 

c o n s i s t e n t l y  h i g h e r  i n  s amples  from t h e  backshore  zone t h a n  i n  s amples  from 

t h e  f o r e s h o r e  zone .  These  d i f f e r e n c e s  are l a r g e  enough and s u f f i c i e n t l y  

c o n s i s t e n t  t o  r u l e  o u t  chance  v a r i a t i o n s  as a cause .  The p r o b a b l e  c a u s e  is 

judged t o  be a consequence o f  t h e  f a c t  t h a t  backshore  d e p o s i t s  a r e  r e l a t e d  t o  

t h e  more e n e r g e t i c  s t o r m  p r o c e s s e s  w h i l e  f o r e s h o r e  s u r f i c i a l  d e p o s i t s  are, a t  

most  times , g e n e r a t e d  by weaker fair  weather  p r o c e s s e s .  

46 .  A comparison o f  t h e  f r equency  o f  heavy m i n e r a l  s p e c i e s  between 

s t a t i o n s  on t h e  same t r a n s e c t  shows t h a t ,  i n  a l a r g e  m a j o r i t y  o f  c a s e s ,  

s p e c i e s  hav ing  t h e  h i g h e r  s p e c i f i c  g r a v i t i e s :  r u t i l e ,  g a r n e t ,  and s t a u r o l i t e ,  

are  s u b s t a n t i a l l y  more abundan t  i n  backshore  t h a n  i n  f o r e s h o r e  d e p o s i t s .  The 

r e v e r s e  is t r u e  o f  amphibole which o c c u r s  i n  much g r e a t e r  abundance on t h e  

f o r e s h o r e .  T h i s  a p p e a r s  t o  be due  t o  its shape  as w e l l  as lower  s p e c i f i c  

g r a v i t y .  E p i d o t e  and t o u r m a l i n e  a r e  more e q u a l l y  d i v i d e d  between backshore  

and f o r e s h o r e  d e p o s i t s  and  t h e i r  q u a n t i t a t i v e  d i f f e r e n c e s  between t h e s e  z o n e s  

is l e s s .  T h i s  s u g g e s t s  t h a t ,  o f  t h e  m i n e r a l  s u i t e  c o n s i d e r e d ,  e p i d o t e  and  

&ourma l ine  a r e  n o t  as s e n s i t i v e  t o  s e l e c t i v e  s o r t i n g  p r o c e s s e s  i n  t h e  beach  

env i ronmen t  as t h e  o t h e r  m i n e r a l s .  

47. Comparison was made between t h e  weight  p e r c e n t  heavy m i n e r a l  c o n t e n t  

o f  s a m p l e s  from t h e  s t u d y  area and t h e  f r equency  o f  heavy m i n e r a l  s p e c i e s  i n  

t h e s e  samples .  T h i s  compar ison  i n d i c a t e s  t h a t  t h e r e  is a tendency f o r  t h e  

d e n s e r  heavy m i n e r a l s  t o  b e  more numerous i n  t h o s e  samples  h a v i n g  t h e  l a r g e r  

heavy m i n e r a l  c o n t e n t .  



48. Compara t ive  a n a l y s i s  of t h e  heavy m i n e r a l  s p e c i e s  d i s t r i b u t i o n  a l o n g  

beach  t r a n s e c t s  i n d i c a t e  t h a t  a number o f  s amples  t a k e n  a l o n g  c r o s s - b e a c h  

t r a n s e c t s  a t  e a c h  sampl ing  s i t e  y i e l d  c o n s i d e r a b l y  more i n f o r m a t i o n  on heavy 

m i n e r a l  d i s t r i b u t i o n  t h a n  a s i n g l e  s ample .  A t  least  two samples ,  one  a t  a 

f o r e s h o r e  s t a t i o n  and one  a t  a  backshore  s t a t i o n ,  are needed t o  show t h e  r a n g e  

o f  f r e q u e n c y  v a l u e s  c h a r a c t e r i s t i c  o f  t h e  d i s t r i b u t i o n  a t  a g i v e n  s i t e .  

49.  Based on a l l  m i n e r a l  s u i t e s  c o n s i d e r e d  i n  t h i s  s t u d y ,  e p i d o t e  and  

t o u r m a l i n e  seem less a f f e c t e d  by s e l e c t i v e  s o r t i n g  which s u g g e s t s  t h a t  

s u b s t a n t i a l  c o a s t w i s e  v a r i a t i o n s  i n  t h e s e  m i n e r a l s  may be  i n d i c a t i v e  o f  s o u r c e  

c h a n g e s .  

50. Enr ichment  o f  t h e  d e n s e r  heavy m i n e r a l s  i n  backshore  as compared t o  

f o r e s h o r e  d e p o s i t s  a p p e a r s  t o  be r e l a t e d  t o  t h e  i n f l u e n c e  o f  a l t e r n a t i n g  s t o r m  

and f a i r  wea the r  p r o c e s s e s .  During f a i r  wea the r  c o n d i t i o n s ,  when o n l y  t h e  

f o r e s h o r e  zone is a f f e c t e d  by incoming waves, p r o p o r t i o n a l l y  fewer  o f  t h e  more 

d e n s e  heavy m i n e r a l s  a r e  t r a n s p o r t e d  t o  t h e  beach .  During s t o r m s  much g r e a t e r  

numbers o f  t h e  more d e n s e  heavy m i n e r a l s  are t r a n s p o r t e d  t o  t h e  beach  b e c a u s e  

o f  e l e v a t e d  water l e v e l s  and h i g h e r  wave runup ,  a r e  d e p o s i t e d  i n  t h e  b a c k s h o r e  

z o n e .  F u r t h e r  en r i chmen t  of t h e  more d e n s e  m i n e r a l s  can  be a t t r i b u t e d  t o  

winnowing o f  t h e  l e s s  dense  m i n e r a l s  d u r i n g  t h e  backrush  p h a s e .  

51. V a r i a t i o n s  i n  heavy m i n e r a l  d i s t r i b u t i o n  t h a t  r e s u l t  f rom s e l e c t i v e  

s o r t i n g  t e n d  t o  f o l l o w  a p a t t e r n  i n  which an  i n c r e a s e  i n  t h e  d e n s e r  heavy 

m i n e r a l s  is matched by a d e c r e a s e  i n  m i n e r a l s  o f  lesser d e n s i t y  when c h a n g e s  

are  d u e  t o  a n  i n c r e a s e  i n  p r o c e s s  ene rgy  and t h e  o p p o s i t e  e f f e c t  r e s u l t i n g  

f rom a d e c r e a s e  i n  p r o c e s s  ene rgy .  Coas twi se  v a r i a t i o n s  i n  t h i s  p a t t e r n  may 

a l s o  i n d i c a t e  s o u r c e  changes .  
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