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ABSTRACT 

An 80-mile r e a c h o f the c e n t r a l C a l i f o r n i a c o a s t , extend­

i n g from the mouth o f the R u s s i a n R i v e r i n the n o r t h t o H a l f Moon 

Bay i n the south, was s t u d i e d f o r the c h a r a c t e r i s t i c s of sediment 

movement i n the nea r s h o r e zone. From the r e s u l t s o f a l a r g e 

number of heach and o f f s h o r e sediment samples and other informa­

t i o n , s e v e r a l t e c h n i q u e s were u t i l i z e d i n a p p r a i s i n g the n a t u r e 

of sediment movement along the r e a c h o f the c o a s t l i n e under 

study. These t e c h n i q u e s i n c l u d e d : ( a ) the p h y s i c a l n a t u r e o f 

the c o a s t l i n e from a c o n s i d e r a t i o n o f the p r e v a i l i n g wave energy, 

(b) t h e d i s t r i b u t i o n of l i g h t and heavy m i n e r a l s and t h e i r s o u r c e s , 

( c ) t he use of c e r t a i n n a t u r a l l y r a d i o a c t i v e m i n e r a l s and t h e i r 

use a s a t r a c e r , and (d) the sedimentation e x p e r i e n c e a t har b o r s 

where both n a t u r a l and s t a b i l i z e d e n t r a n c e s e x i s t . 

INTRODUCTION 

Along any r e a c h of c o a s t l i n e where n a v i g a t i o n works and 

oth e r c o a s t a l s t r u c t u r e s e x i s t or a r e contemplated, p a t t e r n s o f 

net o r long-term l i t t o r a l and o f f s h o r e sand movement a r e v i t a l 

I n f o r m a t i o n f o r the proper e n g i n e e r i n g d e s i g n and maintenance o f 

such improvements. A r e a c h of c o a s t l i n e c o n t a i n i n g numerous 

n a v i g a t i o n works, or where new works might be c o n s t r u c t e d i n the 

f u t u r e , i s t h a t which extends from the mouth of the R u s s i a n R i v e r 

to H a l f Moon Bay ( F i g . l ) . I n t h i s r e a c h e x i s t i n g harbors a r e now 

l o c a t e d a t Bodega and H a l f Moon Bays, maintenance dredging i s 

n e c e s s a r y i n the main s h i p channel a c r o s s the San F r a n c i s c o B ar, 

and new works c o n c e i v a b l y c o u l d be c o n s t r u c t e d a t Tomales Bay, 

Drakes E s t e r o , and B o l i n a s Lagoon. Over the p a s t few y e a r s ntimer-

ous s t u d i e s on t h i s 8o-mile r e a c h of c o a s t l i n e have been made 

by the U n i v e r s i t y o f C a l i f o r n i a on v a r i o u s a s p e c t s of ne a r s h o r e 

sediment movement. A b r i e f summary of t h e s e v a r i o u s s t u d i e s 

along w i t h an i n t e r p r e t a t i o n as to the g e n e r a l n a t u r e of near-

shore sediment movement i n the a r e a i s p r e s e n t e d . B a s i c a l l y t h e 

i n f o r m a t i o n c o n s i s t s o f a g e o l o g i c a l summary (12)*, d a t a on beach 

p r o f i l e s a t v a r i o u s l o c a t i o n s and times (20-23, i n c l u s i v e ) , 

sand t r a n s p o r t by wind (9, 27), t r a c i n g l i t t o r a l movement by 

n a t u r a l l y r a d i o a c t i v e m i n e r a l s (10, 15), and the a n a l y s e s of 

heavy m i n e r a l s o f beach and bottom samples (5, 13, l 8 ) . 

*See R e f e r e n c e s 
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GEOLOGICAL CONSIDERATIONS 

The P a c i f i c Coast of the U n i t e d S t a t e s has heen s u b j e c t 

t o both u p l i f t and d e p r e s s i o n over g e o l o g i c a l time (k). The 

p r e s e n t - d a y p h y s i c a l c h a r a c t e r i s t i c s of the r e a c h of s h o r e l i n e 

between the R u s s i a n R i v e r and H a l f Moon Bay ( F i g . l ) c o n s i s t s 

of s e v e r a l prominent headlands, e x t e n s i v e s t r e t c h e s of sandy 

beaches, and many m i l e s of i n t e r m i t t e n t l y rocky and beached 

shore ( 5 , 12). Only t h e R u s s i a n R i v e r and the d i s c h a r g e through 

t h e Golden Gate a r e s i g n i f i c a n t as s u p p l i e s of stream-borne 

sediments to the c o a s t . The most prominent headlands a r e Bodega 

Head, P o i n t Reyes, Duxbury P o i n t , Pedro P o i n t , and P i l l a r P o i n t . 

Some of t h e s e a r e composed of a g r a n i t i c d i o r i t e which has con­

s i d e r a b l e s i g n i f i c a n c e i n the d i s c u s s i o n below w i t h r e s p e c t t o 

heavy m i n e r a l a n a l y s e s . 

E v i d e n c e e x i s t s t o i n d i c a t e t h a t v a r i o u s stands of s e a 

l e v e l e x i s t e d i n the p a s t along t h i s r e a c h of c o a s t l i n e . P e r ­

haps the l o w e s t s t a n d was a pronounced l o w e r i n g of r e l a t i v e 

se a l e v e l (on the o r d e r of 200 f t . ) which probably was r e l a t e d 

t o t h e l a s t l a r g e g l a c i a l l o w e r i n g of s e a l e v e l (12). Such a 

l o w e r i n g of r e l a t i v e s e a l e v e l c o u l d have r e s u l t e d i n the moving 

of the l i t t o r a l zone out away from the o b s t r u c t i n g i n f l u e n c e o f 

the p r e s e n t - d a y headlands and i n t o a zone t h a t might have b e e n 

conducive t o l a r g e - s c a l e downcoast t r a n s f e r of sediment. The 

low s t a n d of s e a l e v e l and renewed stream a c t i v i t y p robably 

accounts f o r the deep rock t r e n c h e s i n the R u s s i a n R i v e r c h a n n e l 

and i n the Golden Gate. 

F o l l o w i n g t h i s p e r i o d of a low stand, a r i s e i n r e l a t i v e 

s e a l e v e l took p l a c e and brought s e a l e v e l t o i t s p r e s e n t s t a n d . 

T h i s r i s e i n s e a l e v e l s i m u l t a n e o u s l y d e c r e a s e d the amount o f s a n d 

c o n t r i b u t e d by c e r t a i n formations (the F r a n c i s c a n ) by l i m i t i n g 

stream e r o s i o n , i n c r e a s i n g the a d d i t i o n of d i o r i t i c m a t e r i a l , 

and by extending c l i f f e r o s i o n . I n a r e a s which a r e backed b y 

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

p e r i o d appajrently has not been g r e a t because the s e a has not a d ­

vanced v e r y f a r beyond the zone p r e v i o u s l y eroded d u r i n g e a r l y 

p e r i o d s . 

The p r e s e n t c o n f i g u r a t i o n of the s h o r e l i n e i s t y p i c a l o f 

c o n d i t i o n s observed throughout the world where wave energy p r e ­

dominates from one g e n e r a l d i r e c t i o n — i n t h i s c a s e from a n o r t h ­

w e s t e r l y d i r e c t i o n . Thus, from an I d e a l i z e d s t a n d p o i n t the s t i o r e -

l i n e planform of the v a r i o u s embayments shown i n F i g u r e 1 c a n 

be r e p r e s e n t e d as shown i n F i g u r e 2. Over g e o l o g i c a l time t t i e 

waves r e f r a c t i n g around the r e s i s t a n t headlands have s c o u r e d 

away the l e s s r e s i s t a n t or e r o d i b l e m a t e r i a l i n the l e e of t h e 

headlands. As l o n g a s the wave f r o n t s break a t an angle t o t i i e 

s hore, a l i t t o r a l c u r r e n t w i l l occur. E r o s i o n of the s h o r e l i n e 

w i l l c ontinue u n t i l the planform of the s h o r e l i n e i s so s h a p e d 

t h a t l i t t l e or no l i t t o r a l c u r r e n t w i l l e x i s t ; c o nsequently, t.tie 

s h o r e l i n e w i l l be i n a r e l a t i v e l y s t a b l e c o n d i t i o n . During s t o r m s 

when waves may a r r i v e from o t h e r than the predominant d i r e c t i o n . 



Figure 1. Vicimty map - central C a l i f o r n i a coast 
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Figure 2. Idealized configuration of hooked bays 
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a l i t t o r a l c u r r e n t w i l l e x i s t and l i t t o r a l t r a n s p o r t w i l l t a k e p l a c e 

f o r the d u r a t i o n of the storm. Although the r e a c h of s h o r e l i n e 

between the R u s s i a n R i v e r and H a l f Moon Bay appears t o be i n 

s t a b l e e q u i l i b r i u m w i t h r e s p e c t to wave a c t i o n w i t h v e r y l i t t l e 

n e t l i t t o r a l t r a n s p o r t , other evidence a s d i s c u s s e d below i s 

n e c e s s a r y t o c o n f i r m such a c o n c l u s i o n . 

WAVE CLIMATE 

S i n c e wave energy i s the p r i n c i p a l f a c t o r i n moving near-

shore sediments, a knowledge of the predominant wave d i r e c t i o n i s 

the most r e l i a b l e method of e s t a b l i s h i n g the p r e v a i l i n g d i r e c t i o n 

of l i t t o r a l d r i f t . Whether or not an a p p r e c i a b l e l i t t o r a l d r i f t 

w i l l o ccur depends, of c o u r s e , on the a v a i l a b l e supply of 

sediment (8). That i s , l i t t l e or no l i t t o r a l d r i f t a l o n g a c o a s t 

w i l l occur i f no a p p r e c i a b l e supply of sand o c c u r s t o t h e c o a s t 

even though wave energy i s a v a i l a b l e t o t r a n s p o r t m a t e r i a l . 

A t y p i c a l example of the p r e s e n t a t i o n of the wave c l i m a t e 

a t a g i v e n l o c a l i t y i s shown i n F i g u r e 3- These d a t a on the f r e ­

quency of o c c u r r e n c e of waves of v a r i o u s h e i g h t s from v a r i o u s 

d i r e c t i o n s were assembled a s "wave r o s e s " f o r both s e a and swel]. (1'+). 
These d a t a a r e f o r a deep-water s t a t i o n o f f s h o r e of San F r a n c i s c o , 

C a l i f o r n i a ( s e e F i g u r e 1 f o r l o c a t i o n ) which was one of seven 

s t a t i o n s along the 1000 mile C a l i f o r n i a c o a s t l i n e f o r which such 

i n f o r m a t i o n was compiled by the h i n d c a s t procedure. I n a d d i t i o n 

to t h e summary of p r e v a i l i n g wave c o n d i t i o n s a s I l l u s t r a t e d i n 

F i g u r e 3, data were a l s o compiled f o r t h r e e n o r t h e r n C a l i f o r n i a 

s t a t i o n s on wave s t a t i s t i c s f o r the ten most s e v e r e storms t h a t 

o c c u r r e d d u r i n g a s e l e c t e d t e n - y e a r p e r i o d (l5)- These l a t t e r d a t a 

a r e u s e f u l f o r a r r i v i n g a t an e s t i m a t e of the maximum wave c o n d i t i o n 

f o r t h e s t r u c t u r a l d e s i g n of c o a s t a l works. 

I t i s e v i d e n t from an examination o f F i g u r e 3 t h a t the p r e ­

dominant wave d i r e c t i o n i s from a n o r t h w e s t e r l y d i r e c t i o n ; conse­

q u e n t l y , f o r the r e a c h of C a l i f o r n i a c o a s t shown i n F i g u r e 1 a 

g e n e r a l d r i f t o f sediment i n a s o u t h e r l y d i r e c t i o n i s to be e x p e c t e d . 

I n a f o l l o w i n g s e c t i o n on the r a t e of l i t t o r a l d r i f t i t w i l l be seen 

t h a t the annual r a t e of d r i f t along t h i s s e c t i o n of the c o a s t i s 

r e l a t i v e l y s m a l l - - p r i m a r i l y because of an a p p a r e n t l y r e l a t i v e l y 

s m a l l supply of sand to the c o a s t . 

CHARACTERISTICS OF BEACH AND NEARSHORE SEDIMENTS 

To p r o v i d e f u r t h e r i n f o r m a t i o n on l i t t o r a l p r o c e s s e s , s e v e r a l 

hundred samples from the beach and o f f s h o r e zones were c o l l e c t e d 

(5, 13, l8) and then a n a l y z e d p e t r o g r a p h i c a l l y f o r heavy m i n e r a l con­

t e n t and m e c h a n i c a l l y f o r g r a i n s i z e d i s t r i b u t i o n . A b r i e f summary 

of t h e g e n e r a l r e s u l t s of the v a r i o u s a s p e c t s of t h e s e a n a l y s e s i s 

a s f o l l o w s . 



Figure 3. Sea and swell roses for a station off the C a l i f o r n i a coast at 37.6" N, 123.5" W (see Ref. 14) 
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( a ) M echanical composition of beach sand. A comparison of the median 

di a m e t e r s of a s e r i e s of samples ta k e n i n a c o n s i s t e n t manner along a 

c o a s t f r e q u e n t l y shows p r o g r e s s i v e v a r i a t i o n s . A d e c r e a s e i n the 

g r a i n s i z e w i t h d i s t a n c e from the source g e n e r a l l y i s i n t e r p r e t e d as 

a l s o b e i n g the p r e v a i l i n g d i r e c t i o n of d r i f t . Such a procedure r e q u i r e s 

c a r e f u l sampling and c a u t i o n i n drawing c o n c l u s i o n s i n order not t o 

confuse v a r i a t i o n s i n g r a i n s i z e which r e s u l t from r e f r a c t i o n e f f e c t s 

w i t h those due t o t r a n s p o r t along the c o a s t . F o r example, f o r Drakes 

Bay, C a l i f o r n i a , F i g u r e 4b shows the v a r i a t i o n o f mean g r a i n s i z e a t 

the m i d - t i d e l e v e l a l o n g the s h o r e l i n e of the bay ( F i g u r e ka). The 

observed d e c r e a s e i n g r a i n s i z e w i t h d i s t a n c e westward a l o n g the beach 

from the e n t r a n c e o f Drakes E s t e r o i s a r e s u l t of wave exposure due to 

r e f r a c t i o n of t h e p r e v a i l i n g northwest s w e l l i n t o the bay and not a 

d e c r e a s e i n g r a i n s i z e from a source l o c a t e d to the e a s t and south. 

P r e v a i l i n g wave c o n d i t i o n s ( F i g u r e 3) and a c o n s i d e r a t i o n of the o r i e n ­

t a t i o n of Drakes Bay (which i s t y p i c a l hooked bay a s d i s c u s s e d above) 

d e f i n i t e l y i n d i c a t e s a tendency of a s o u t h e r l y l i t t o r a l d r i f t . Whether 

or not t h i s d r i f t i s a p p r e c i a b l e i s d i s c u s s e d e l s e w h e r e . 

(b) Heavy m i n e r a l s t u d i e s . From the p e t r o g r a p h i c a n a l y s e s of the v a r i o u s 

n e a r s h o r e sediments p e t r o l o g i c p r o v i n c e s were o u t l i n e d . These p r o v i n c e s 

were d i s t i n g u i s h e d on the b a s i s of g r o s s d i f f e r e n c e s i n the heavy 

m i n e r a l c o m p o s i t i o n of the sands o c c u r r i n g along the c o a s t . The con­

s t i t u e n t m i n e r a l s g e n e r a l l y f a l l i n t o t h r e e main c a t e g o r i e s : ( l ) t h e 

" d i o r i t i c " m i n e r a l s which a r e d e r i v e d from the d i o r i t e b o d i e s a t Bodega 

Head, Tomales P o i n t , P o i n t Reyes, Montara P o i n t , and Pedro P o i n t 

( F i g u r e 1), (2) the s o - c a l l e d " n o n - d i o r i t i c " m i n e r a l s which a r e d e r i v e d 

p r i n c i p a l l y from the F r a n c i s c a n or s o u r c e s r e l a t e d to the F r a n c i s c a n , 

and ( 3 ) o t h e r m i n e r a l s which a r e c o n s i d e r e d a s e s s e n t i a l l y non-diag­

n o s t i c (the a s s o c i a t i o n of high c o n c e n t r a t i o n s of carbonate and h i g h 

p e r c e n t a g e s of z i r c o n r e l a t i v e t o the o t h e r F r a n c i s c a n - d e r i v e d m i n e r a l s ) . 

An example of the d i s t r i b u t i o n of m i n e r a l s i s shown i n F i g u r e 5 

where the r a t i o s D/N ( p e r c e n t of d i o r i t i c m i n e r a l s t o p e r c e n t of non-

d i o r i t i c m i n e r a l s ) a r e i n d i c a t e d f o r the v a r i o u s p r o v i n c e s . The high 

v a l u e s of t h e s e r a t i o s i n c l o s e p r o x i m i t y t o each headland composed 

of d i o r i t i c m a t e r i a l s i n d i c a t e d v e r y l i t t l e t r a n s p o r t of m i n e r a l s away 

from t h e i r s o u r c e . The d i s t r i b u t i o n of m i n e r a l s along the e n t i r e c o a s t 

under d i s c u s s i o n i s shown i n F i g u r e 6 but w i t h a s l i g h t l y d i f f e r e n t 

method of r e p r e s e n t a t i o n being used to summarize the d a t a from the 

v a r i o u s i n v e s t i g a t o r s (5, 13, l 8 ) . 

There a r e s e v e r a l p o s s i b l e e x p l a n a t i o n s a s t o why t h e s e v a r i o u s 

d i s t i n c t m i n e r a l o g i e assemblages come to occur i n t h e i r p r e s e n t l o c a ­

t i o n s and from where they were d e r i v e d (12). One e x p l a n a t i o n assumes 

t h a t sand c o n t i n u a l l y moves downcoast from the mouth of the R u s s i a n 

R i v e r ( t h e o n l y stream of consequence) ( F i g u r e l ) . I f such i s t h e 

c a s e , zones of d i s c r e t e m i n e r a l o g i e assemblages c o u l d p e r s i s t o n l y i f 

the s u p p l y of sand from each succeeding main downcoast s o u r c e o f l o c a l 

sands (sands b e a r i n g a d i s t i n c t i v e l o c a l m i n e r a l o g i e c o m p o s i t i o n ) 

a r e s u f f i c i e n t l y l a r g e so as t o cause ( a ) ' f l o o d i n g out' and masking 

of m i n e r a l assemblage c a r r i e d along by the sands moving i n from a d j a ­

c e n t a r e a s u p c o a s t or (b) mixing and d i l u t i n g of the incoming sands 

s u f f i c i e n t l y t o produce a new assemblage of m i n e r a l s which would be 

c h a r a c t e r i s t i c o f n e i t h e r t h e incoming sands nor the l o c a l s o u r c e of 

sediment. 
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Figure 4. Distribution of sand size and thorium concentration 
along Dralies Bay shoreline 



F i g u r e 5. Heavy mineral distribution in the Tomales 
Point - Dralces Bay area (see Befs. 5 and 12) 
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A second e x p l a n a t i o n i s t h a t the m i n e r a l o g i e p r o v i n c e s e x i s t 

because t h e r e i s l i t t l e or no downcoast t r a n s p o r t of sand a t the 

p r e s e n t from the R u s s i a n R i v e r or other s o u r c e s . The p r o v i n c e s 

would t h e r e f o r e merely r e f l e c t the f a c t t h a t , f o r the sands i n 

eaeh p r o v i n c e , t h e r e would be e s s e n t i a l l y only one source -- l o c a l 

d e t r i t u s s u p p l i e d from streams and c l i f f e r o s i o n . 

A t h i r d e x p l a n a t i o n i s t h a t c e r t a i n of the p r o v i n c e s r e f l e c t 

t r a n s p o r t and d e p o s i t i o n which took p l a c e b e f o r e t h e p r e s e n t c y c l e 

of e r o s i o n and s e d i m e n t a t i o n w h i l e other p r o v i n c e s r e f l e c t t h e 

e f f e c t s of r e c e n t l o c a l d e p o s i t i o n . Such an e x p l a n a t i o n would 

imply t h a t i n c e r t a i n a r e a s l i t t l e o r no sand i s coming from e i t h e r 

p r e s e n t - d a y l o c a l s o u r c e s or downcoast t r a n s p o r t , or a t l e a s t the 

supply of seind from e i t h e r of t h e s e p r e s e n t s o u r c e s i s not s u f f i ­

c i e n t l y l a r g e t o cause the e f f e c t i v e masking or d i l u t i n g of the o l d e r 

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

R e g a r d l e s s of which of the t h r e e e x p l a n a t i o n s most c l o s e l y 

r e p r e s e n t s t r u e c o n d i t i o n s , each one i n v o l v e s p r o c e s s e s which 

e f f e c t i v e l y e l i m i n a t e the p o s s i b i l i t y of continuous movement of 

l a r g e amounts of sand along t h i s p a r t of the c o a s t , p a r t i c u l a r l y 

the movement of sand d e r i v e d from a s i n g l e primary source s u c h a s 

the R u s s i a n R i v e r . I n g e n e r a l , t h e r e f o r e , i t appears from t h e heavy 

m i n e r a l s t u d i e s t h a t the l i t t o r a l t r a n s p o r t of sediment a l o n g t h e 

r e a c h of c o a s t l i n e under c o n s i d e r a t i o n i s only of l o c a l importance. 

A l s o , the s a n d - s i z e d sediments i n more than 90 t o 120 f t . of water 

tend t o l a c k p h y s i c a l c o n n e c t i o n t o raineralogically s i m i l a r sediments 

on the modern c o a s t , and t h e r e f o r e must be products of an e a r l i e r 

p e r i o d of s e d i m e n t a t i o n . Of a d d i t i o n a l i n t e r e s t i s t h a t t h e San 

F r a n c i s c o Bar has e s s e n t i a l l y the same mineralogy as the sand 

ch a n n e l i n the Bay west of Carquinez S t r a i t s and must be d e r i v e d 

from t h i s c h a n n e l . 

( c ) T r a c e r s . The movement of nearshore m a t e r i a l s o f t e n can be 

t r a c e d by means of e i t h e r n a t u r a l or a r t i f i c i a l "tagging" of the 

sands. The use of n a t u r a l t r a c e r s can be used to advantage o n l y on 

a c o a s t l i n e where c e r t a i n d i s t i n c t i v e m i n e r a l s a r e f e d i n t o the 

l i t t o r a l zone a t c e r t a i n d i s c r e t e l o c a l i t i e s . For example, a l o n g 

the c e n t r a l C a l i f o r n i a c o a s t v a r i o u s headlands composed of g r a n i t e 

d i o r i t e s l o w l y f e e d c e r t a i n n a t u r a l l y r a d i o a c t i v e m i n e r a l s i n t o 

the n e a r s h o r e a r e a as a r e s u l t of wave e r o s i o n ( l O ) . Sampling of 

t h e s e n e a r s h o r e m a t e r i a l s , heavy m i n e r a l s e p a r a t i o n , and a n a l y s i s 

i n a gamma-ray spectrometer ( l O , 19) p r o v i d e s i n f o r m a t i o n on the 

v a r i a t i o n i n c o n c e n t r a t i o n of the r a d i o a c t i v e m i n e r a l s w i t h d i s t a n c e 

from the source and, consequently, the p r e v a i l i n g d i r e c t i o n of d r i f t . 

F o r example, i n F i g u r e k the c o n c e n t r a t i o n of thorium a t v a r i o u s 

l o c a t i o n s along the s h o r e l i n e of Drakes Bay i s shown. I t i s e v i d e n t 

from an examination of t h i s p l o t t h a t a source of n a t u r a l l y r a d i o a c t i v e 

m a t e r i a l a p p a r e n t l y o c c i i r s a t P o i n t Reyes. Over g e o l o g i c t ime such 

m i n e r a l s have s l o w l y been moved e a s t and southward along the shore­

l i n e of Drakes Bay, thus i n d i c a t i n g a slow but p r e v a i l i n g s o u t h e r l y 

d r i f t . 
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Hornblende/Hypersthene less than 3 

Hornblende/Hypersthene = 3 to 5 

Hornblende/Auqite greater than 4 

Hornblende/Augite = 2 to 4 

Hornblende/Franciscan less than I 

|̂ ^̂ ^̂ '̂̂ ''̂ ' Hornblende/Franciscan = I to 2 

i-̂ N̂ ^̂ :;;̂  Hornblende/Franciscan = 2 to 4 

'//^ % Carbonote greater than 15 

O 

Son 

Francisco 

6 Miles Fbint S o n Pedro 

xNHL^i M i r a m o n t e s 

Figure 6. Offshore Distribution of surface sediments from the R u s s i a n R i v e r to 
Miraniontes Point, California 



Figure 7. A e r i a l view looking southeast at Bodega Bay (Salmon Creek Beach in the foreground; Tomales 
Bay, Tomales Point and Point Reyes in the background) 
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As t o a r t i f i c i a l t r a c e r s , c o n s i d e r a b l e r e s e a r c h over the p a s t 

few y e a r s has been devoted to tagging sediment by r a d i o a c t i v e and 

c o l o r p r o c e s s e s . Such methods have been used f o r m a t e r i a l s i n both 

the sand and the c l a y s i z e s (6). A d i s c u s s i o n o f t h e p r o c e d u r e s 

used i n the numerous p a r t i n v e s t i g a t i o n s i s beyond the scope of 

t h i s paper, and the r e a d e r i s r e f e r r e d t o r e c e n t a r t i c l e s i n v a r i o u s 

t e c h n i c a l j o u r n a l s f o r an a p p r a i s a l of t h e p r e s e n t s t a t e of the a r t 

{5, fc>, 7, 17). I t i s of importance to note t h a t f o r the c o r r e c t 

e s t a b l i s h m e n t of the p r e v a i l i n g d i r e c t i o n of d r i f t t h e use of a r t i ­

f i c i a l t r a c e r s r e q u i r e s f r e q u e n t i n t r o d u c t i o n , sampling, and a n a l y s i s 

of the tagged sediments throughout the y e a r . Needless t o say, such 

i n v e s t i g a t i o n s a r e e x p e n s i v e , may i n v o l v e a h e a l t h hazard, and may 

be i n c o n c l u s i v e . I f other procedures f o r e s t a b l i s h i n g d i r e c t i o n of 

d r i f t can be u t i l i z e d a t a l l , they probably would i n most i n s t a n c e s 

be more p r e f e r a b l e than t h e use of a r t i f i c i a l t r a c e r s . 

SEDIMENTATION AND NAVIGATION WORKS 

As i l l u s t r a t e d by F i g u r e 2 hooked-bays a r e t y p i c a l f e a t u r e s 

of a c o a s t l i n e s u b j e c t e d to waves frora a predominant d i r e c t i o n . 

Such a f e a t u r e i s a d e f i n i t e i n d i c a t o r of the p r e v a i l i n g d i r e c t i o n 

of l i t t o r a l d r i f t but g i v e s no i n f o r m a t i o n on the r a t e of d r i f t . 

As d i s c u s s e d above, a hooked-bay has a c o n f i g u r a t i o n i n d i c a t i n g a 

tendency toward e q u i l i b r i u m i n which l i t t l e o r no l i t t o r a l d r i f t 

o c c u r s . Whether or not complete e q u i l i b r i u m has been e s t a b l i s h e d , 

however, i s o f t e n d i f f i c u l t t o determine. 

The hooked-bays i n the r e a c h of c o a s t l i n e under s t u d y a r e 

Bodega Bay, Drakes Bay, B o l i n a s Bay, and the H a l f Moon Bay ( F i g u r e l ) . 

Drawings of t h e s e foui" bays a r e shown i n F i g u r e s 8 t o 11, i n c l u s i v e . 

The f i r s t t h r e e of t h e s e bays a r e connected to a lagoon b e h i n d the 

b a r r i e r ueach by a t i d a l e n t r a n c e . The p r i n c i p a l f e a t u r e s o f each 

bay a r e d i s c u s s e d b r i e f l y a s f o l l o w s . 

Bodega Bay. T h i s hooked-bay has been formed by e r o s i o n due t o wave 

a c t i o n on the r e l a t i v e l y s o f t m a t e r i a l i n the l e e ol' the more r e s i s t ­

a n t d i o r i t i c m a t e r i a l which forms Bodega Head. North of Bodega Head 

the slow southward l i t t o r a l d r i f t has accumulated to form Salmon Creek 

Beach ( F i g u r e 7). T h i s beach i s an e q u i l i b r i u m s h o r e l i n e which i s 

conducive to the formation of sand dunes (2?); t h a t i s , the b a s i c 

c o n d i t i o n s f o r the e x i s t e n c e of a dune a r e a a r c ; ( a ) a supply of 

l i t t o r a l d r i f t , (b) a s h o r e l i n e o r i e n t a t i o n a p p r oximately p a r a l l e l 

to the c r e s t s of the p r e v a i l i n g wave c o n d i t i o n , thus c r e a t i n g a I'avor-

a b l e c o n d i t i o n f o r a low l i t t o r a l d r i f t , and c onsequently a l o c a t i o n 

f o r sediment accumulation, and ( e ) low topography back from the beach 

where p r e v a i l i n g northwest winds can e a s i l y move the sand i n l a n d from 

the a r e a of accumulation. T h i s dune a r e a behind Salmon Creek Beach 

i s c l e a r l y e v i d e n t i n F i g u r e 7* C a l c u l a t i o n s show the annual l o s s of 

sand from Salmon Creek Beach to be approximately 11,000 cu. y d s . per 

y e a r (9). Much of t h i s m a t e r i a l appears to be blown i n t o l!odcf;a Harbor. 

The o r i g i n a l t i d a l e n t r a n c e to the lagoon waü l o c a t e d as shown i n 

F i g u r e 8. T h i s e n t r a n c e i s a t t l i e extreme western end ol' the Doran 

Beach s a n d s p i t i n the iiimediate l e e of Bodega Head where r e f r a c t i o n 

e f f e c t s g i v e wave h e i g h t s which can be expected to be l e s s than any 

other l o c a t i o n along the s h o r e l i n e of Bodega Bay ( 2 ) . The e n t r a n c e was 
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s t a b i l i z e d by J e t t i e s i n 1943 ( F i g u r e 8). E x p e r i e n c e has shown t h a t 

no maintenance dredging due to l i t t o r a l d r i f t has been n e c e s s a r y ^ 

s i n c e c o n s t r u c t i o n of the J e t t i e s . Apparently, t h e r e f o r e , most o l 

t h e l i t t o r a l d r i f t to the n o r t h of Bodega Head comes to r e s t a* Salmon 

Creek Beach and i s blown i n l a n d to form sand dunes. T h i s confi™'' 

th e heavy-mineral a n a l y s i s d i s c u s s e d above which i n d i c a t e s t h a t v e r y 

l i t t l e sand movement a p p a r e n t l y i s o c c u r r i n g i n the n e a r s h o r e zone 

i n the l o c a l i t y o f Bodega Head. 

Drakes Bay. Except f o r b e i n g much l a r g e r i n s i z e . Drakes Bay 

s i m i l a r to Bodega Bay and v i c i n i t y ; t h a t i s , t h e r e a r e sand dunes to 

the northward of the P o i n t Reyes d i o r i t i c headland, a hook-b»/ "P*̂ "̂  

t o the south w i t h a lagoon (Drakes E s t e r o ) connected to the b a y by a 

t i d a l e n t r a n c e . As i n Bodega Bay the t i d a l e n t r a n c e to the l a B " " " ^ 

tends t o be l o c a t e d a t the most w e s t e r l y p a r t of the lagoon where 

r e f r a c t i o n e f f e c t s cause h e i g h t s of the p r e v a i l i n g waves t o h e l e s s 

t h a n a t any o t h e r p o i n t along Limantour S p i t . High ground inmiediate y 

west of the e n t r a n c e of Drakes E s t e r o ( F i g u r e 9) p r e v e n t s t h e ^'^^^ 

from b e i n g moved c l o s e r t o P o i n t Reyes where, due to r e f r a c t i o n , e 

wave h e i g h t s a r e a p p r e c i a b l y lower than elsewhere along t h e s p i ^ ' 

A c t u a l l y , over the l a s t 100 y e a r s the entrance to the l a g o o n has s h i l t e 

p o s i t i o n s a t random over a d i s t a n c e of almost a m i l e . The l o c a t i o n a 

any one time appears t o be somewhat due to chance, i n which t h e heavy 

wave a c t i o n e x i s t i n g d u r i n g storms from the south, accompani^'i •̂̂  

extreme hi g h t i d e s , may b r e e c h Limantour S p i t a t a low p o i n t - Such 

a b r e e c h then may be e n l a r g e d by t i d a l c u r r e n t s d u r i n g subseqii*^'^* 

t i d a l c y c l e s , and the o l d entrance c l o s e d by wave a c t i o n . T t i ^ e n t r a n c e 

may remain i n such a p o s i t i o n f o r y e a r s b e f o r e a c o m b i n a t i o n °i hig h 

waves, t i d a l c u r r e n t s and h i g h t i d e s cause the e n t r a n c e to e i * ' ^ ' ^ ^ 

s l o w l y migrate or suddenly s h i f t to an e n t i r e l y new p o s i t i o n -

No i n f o r m a t i o n i s a v a i l a b l e on sand movement a t t h e e n t r a n c e 

of Drakes E s t e r o . L i t t l e movement would be expected from th.® h i g h l y 

r e f r a c t e d waves from the northwest, but i n storms which g e n e l " ^ ^ ^ 

waves from a s o u t h e r l y d i r e c t i o n some s h o r t - t e r m northward g t i o n g s h o r e 

movement o f sand might be expected f o r the d u r a t i o n of the s t o ^ " ^ * 

S e a s o n a l p r o f i l e changes have been observed (20, 23). The t i e ^ - v y 

m i n e r a l a n a l y s e s of C h e r r y (5) i n Drakes Bay i n d i c a t e t h a t l i t t l e or 

no sand i s moving around P o i n t Reyes i n t o Drakes Bay. I n o-fct^^-"^ words, 

the sand beaches along the shore o f Drakes Bay appear t o be s t a b l e 

e q u i l i b r i u m and o n l y e x p e r i e n c e movement of minor i m p o r t a n c e d u r i n g 

s h o r t p e r i o d s when s o u t h e r l y storms e x i s t . 

B o l i n a s Bay. T h i s bay i s s i m i l a r i n s i z e to Bodega Bay. A ILagoon 

e x i s t s b e h i n d a sand s p i t and connects w i t h the bay through n a t u r a l 

t i d a l i n l e t ( F i g u r e 10). The headland behind which the bay ^-S 

formed i s n o n - d i o r i t i c (being a hard s h a l e r e e f on edge). T o r i e n t ­

a t i o n of the u p c o a s t s h o r e l i n e of high s h a l e c l i f f s i s not c o n d u c i v e 

t o t h e f o r m a t i o n of sand dunes i n t h i s l o c a l i t y (27). As ir»- Drakes 

and Bodefia Bays the l o c a t i o n of the entrance i s f o r c e d a s ta-^ westwar 

a s high ground p e r m i t s . P r e v i o u s s t u d i e s have shown t h a t t t 3 - * ^ a r e a 

of i n l e t t o Bodega lagoon i s a f u n c t i o n of the t i d a l volume '^^ ^̂ '̂  

lagoon (l6). No s t a b i l i z a t i o n of the e n t r a n c e has been atter^"^'^'^'^' 

however, s u c h work has been proposed on s e v e r a l o c c a s i o n s . 

on the c h a r a c t e r of l i t t o r a l sand movement a r e a v a i l a b l e f o i ~ t h i s a r e a 



Figure 8. Entrance to Bodega Harbor showing natural and j e t t i e d conditions 
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( e x c e p t f o r s e a s o n a l changes {21, 23)), hut the heavy m i n e r a l s t u d i e s 

of Moore (13) i n d i c a t e t h a t v e r y l i t t l e n e arshore sand t r a n s p o r t 

appears t o occ u r i n t h i s a r e a ; however, a s i n the c a s e o f Drakes Bay 

( F i g u r e k) the thorium d i s t r i b u t i o n a long t h e s n o r e l i n e o f B o l i n a s 

Bay as shown i n F i g u r e 10 i n d i c a t e s a p r e v a i l i n g d r i f t southward. 

H a l f Moon Bay. T h i s bay i s s i m i l a r t o the o t h e r hooked-bays along 

the c o a s t except t h a t the back beach geology i s such t h a t no lagoon 

or sand dune system e x i s t s . The p h y s i c a l f e a t u r e s of the s h o r e l i n e 

of t h i s bay i n i t s n a t u r a l s t a t e a r e w e l l documented i n s t u d i e s by 

Krumbein ( l l ) and Bascom ( l ) . These s t u d i e s demonstrated t h e now 

ac c e p t e d concept o f v a r i a t i o n of beach s l o p e s and g r a i n s i z e w i t h 

wave exposure. I n 1959-60 the breakwater system i n d i c a t e d i n F i g u r e 

11 was oonstructed. S i n c e completion o f the b r e a l w a t e r , some u n d e s i r ­

a b l e wave a c t i o n d u r i n g s o u t h e r l y storms has been e x p e r i e n c e d a t the 

boat f a c i l i t i e s d i r e c t l y opposite the opening i n the breakwater. 

A model study o f t h i s harbor was made i n I965 (26) which showed t h a t 

an e x t e n s i o n o f the west breakwater would be n e c e s s a r y to c o r r e c t 

the wave a c t i o n problem (See F i g u r e 11 f o r recommended e x t e n s i o n ) . 

During and f o l l o w i n g c o n s t r u c t i o n of t h e e a s t breakwater some s e d i ­

mentation problems o c c u r r e d a t the r o o t o f t h e breakwater due to the 

a l t e r a t i o n o f the l o c a l wave p a t t e r n by r e f r a c t i o n and d i f f r a c t i o n 

e f f e c t s . No sed i m e n t a t i o n problems, however, have o c c u r r e d a l o n g 

the west breakwater or a t the e x i s t i n g harbor e n t r a n c e i n t h e y e a r s 

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

d r i f t i n t h i s v i c i n i t y i s n o n - e x i s t e n t or extremely s m a l l . T h i s 

appears to be confirmed by the s m a l l v a r i a t i o n of thorium c o n c e n t r a ­

t i o n along the s h o r e l i n e o f Half Moon Bay a s shown i n F i g u r e 11. 

San F r a n c i s c o B a r . A predominant f e a t u r e of the hydrography o f f 

the Golden Gate i s t he l a r g e c r e s c e n t - s h a p e d b a r shown i n F i g u r e 12. 

The p o s i t i o n o f the Bar appears to be i n approximate e q u i l i b r i u m 

as a r e s u l t of the p r e v a i l i n g wave a c t i o n which tends to move 

sediment eastward toward the Golden Gate and the t i d a l c u r r e n t s 

which occur d u r i n g ebb flows from San F r a n c i s c o Bay and t e n d t o move 

sediment westward. A c t u a l l y the p o s i t i o n of the B a r f l u c t u a t e s as 

i n d i c a t e d by the h o r i z o n t a l movement of the B a r from I855 t o 1956 
( F i g u r e 12) measured by changes i n the c e n t r o i d s of s e c t i o n s u s i n g 

the -60 MLLW a s the base l e v e l {2k). Three n a v i g a t i o n c h a n n e l s 

c r o s s the Bar, b ut on l y the east-west main s h i p channel r e q u i r e s 

maintenance dredging to i n s u r e a s u f f i c i e n t depth (50 f t . ) f o r l a r g e 

s h i p s . F o l l o w i n g i s a summary of the annual amounts of m a t e r i a l 

dredged from t h i s c hannel i n the l a s t 10 y e a r s (25). 

Year Cubic Yards Year Cubic Y a r d s 

1955 
1956 
1957 
1958 
1959 

1,429,500 

3,840,000 

309,000 
595,000 
626,000 

i960 
1961 
1962 
1963 
1964 

763,000 
875,000 

1,145,000 
842,000 
581,000 
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Figure 11. Geographical features of Half Moon Bay with t ï " ^ 

concentrations shown along the shoreline 

o r i u m 



556 C O A S T A L E N G I N E E R I N G 



S E D I M E N T M O V E M E N T 557 

Tiie above i ' l g u r e s a r c nol, u e c e u s a r i l y a t r u e i n d i c a t i o n 
01' t h e s h o a l i n g o f the Bar c l i a n n e l . Because oJ' w e a t l i c r c o n d i t i o n s 
and t h e l i i u i t e d a v a i l a b i l i t y o l ' a dredge each y e a r , t l i e Bar c h a n n e l 
i s n o t a l w a y L i d r e d g e d t o p r o j e c t d i m e n s i o n s . I n a d d i t i o n , p r i o r t o 
1959 o n l y 1,000 l e e t o f t h e a u t h o r i z e d 2 ,000 f t . w i d t h c h a n n e l was 
n i a i n b a i a e a t o t h e 50 f t . w i d t h . I n I959 t h e c h a n n e l was deepened 
t o 'jO f e e t f o r t h e e n t i r e 2 ,000 I t . w i d t h - li e n c c , the r e l a t i v e l y 
h i g h amount dr e d g e d t h a t y e a r as i n d i c a t e d i n the above t a b l e . 

I n v i e w o f t h e f a c t t l i a t t l i e r e i s no maj o r soui-ce u f 
i i i a t e i ' l a l s o f t h e sand s i z e s b e i n g f e d i n t o t h e l i t t o r a l zone i n 
the R u s s i a n R i v e r - H u l f Moon Bay r e a c h and t h a t t h e v a r i o u s a n a l y s e s 
o f s e d i m e n t c h a r a c t e r i s t i c s i n d i c a t e a r e l a t i v e l y s m a l l r a t e o f 
l i t t o i - a l d r i f t , i t t h e r e f o r e a ppears t h a t t h e m a t e r i a l v d i i c h s h o a l s 
t h e m a i n s h i p c h a n n e l i s d e r i v e d f r o m t h e m a t e r i a l c o m p r i s i n g t h e 
Bar i t s e l f as a r e s u l t o f l o c a l c u r r e n t s and wave a c t i o n . 

COWCLUSIONS 

Fo r t h e r e a c n o f s h o i ' e l i n e u n d e r s t u d y a c o n s i d e r a t i o n o f 
(a ) t h e d i s t r i b u t i o n o f b o t h heavy a n d l i g h t m i n e r a l s i n t h e n e a r -
s h o r e zone, ( b ) t h e p o s s i b l e s o u r c e s o f sediment c o n t r i b u t i o n , ( c ) 
t h e p l a n f o r m o l ' Mie c o a s t l i n e , and ( d ) t h e h i s t o r y o f s e d i m e n t a t i o n 
a t h a r b o r e n t r a n c e s a l l . i n d i c a t e t h a t t h e t r a n s p o r t o f n e a r s h o r e 
s e d i m e n t s i s r e l a t i v e l y s m a l l . 
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