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ABSTRACT 

Gra in  s i z e ,  heavy m i n e r a l ,  and o r g a n i c  c o n t e n t  a n a l y s e s  of  4 3  

mar ine  and 9  i n t e r t i d a l  and f l u v i a l  samples  p l u s  d a t a  from 28 marine  

samples  from a  p r e v i o u s  s t u d y  by S a y l e s  (1965) form t h e  d a t a  i n t e r p r e t a t e d  

i n  t h i s  r e p o r t  f o r  t h e  a r e a  landward o f  90 m e t e r s  d e p t h  (50 fathoms) 

from P i l l a r  P o i n t  t o  Pigeon P o i n t ,  C a l i f o r n i a ,  between t h e  Golden Gate 

and Monterey Bay. 

T h i s  s t u d y  i n d i c a t e s :  

( 1 ) '  The g r a i n  s i z e  o f  t h e  sediment  d e c r e a s e  o f f  s h o r e  e x c e p t  f o r  a  

nose  o f  c o a r s e r  sediment  from -36 t o  -50 mete r s  e x t e n d i n g  from 

t h e  n o r t h  t o  t h e  l a t i t u d e  o f  Half Moon Bay. 

(2) The heavy minera logy i s  dominated by hornblende w i t h  v a r y i n g  

amounts of a u g i t e  and h y p e r s t h e n e .  F r a n c i s c i a n  m i n e r a l s  a r e  

found o n l y  i n  t r a c e  amounts. 

(3) Three major  s o u r c e  a r e a s  f o r  t h e  s u r f a c e  sediment  a r e  a p p a r e n t  

(a) a  g r e a t  v a l l e y- S i e r r a n  s o u r c e  r e l a t e d  t o  t h e  sed iments  o f  

t h e  p r e s e n t  San F r a n c i s c o  o f f s h o r e  b a r ;  (b) a  l o c a l  s o u r c e  r e l a t e d  

t o  t h e  d r a i n a g e  b a s i n s  now emptying d i r e c t l y  i n t o  t h e  a r e a  o f f  

s h o r e ;  (c)  a q u a r t z  d i o r i t e  s o u r c e  presumably montara t o  t h e  n o r t h .  

(4) The major  d i s t r i b u t i o n  p a t t e r n  o f  t h e  sediment  may b e  e x p l a i n e d  

(A) from -90 t o  -20 m e t e r s  by t h e  s u p e r i m p o s i t i o n  o f  l o c a l  s t r e a m  

d r a i n a g e  on t h e  s h e l f  on r e l i c t  sediment  from t h e  n o r t h  d u r i n g  

lower  s t a n d s  of s e a  l e v e l  w i t h  l i m i t e d  reworking and mixing o f  

sed iments  a t  p r o v i n c e  b o u n d a r i e s  d u r i n g  t h e  l a s t  r a p i d  r i s e  o f  

s e a  l e v e l ;  and from -20 m e t e r  t o  p r e s e n t  s e a  l e v e l  by p a r t i a l  

homogenation o f  l o c a l  sediment  d u r i n g  a  slow rise i n  sea l e v e l .  



INTRODUCTION 

The f o l l o w i n g  work i s  p a r t  o f  a  c o n t i n u i n g  s t u d y  o f  t h e  s e d i m e n t s  

and s e d i m e n t a r y  p r o c e s s e s  o f  t h e  C o n t i n e n t a l  S h e l f  o f  C e n t r a l  C a l i f o r n i a  

done  i n  c o o p e r a t i o n  between t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  Berke ley  

and t h e  C o a s t a l  E n g i n e e r i n g  Resea rch  C e n t e r ,  U.S. Army Corps  of  

E n g i n e e r s .  Sediment  a n a l y s e s  w e r e  done  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  

B e r k e l e y ,  u t i l i z i n g  t h e  f a c i l i t i e s  o f  t h e  Department o f  C i v i l  Engineer-  

i n g ,  H y d r a u l i c  E n g i n e e r i n g  L a b o r a t o r y  ; t h e  Department o f  Geology ; and t h e  

I n s t i t u t e  o f  Marine Resources .  

The r e s u l t s  o f  t h i s  p a r t  o f  t h e  s t u d y  i s  p r e s e n t e d  i n  t h r e e  

s e p a r a t e  r e p o r t s .  

P a r t  A .  I n t r o d u c t i o n  and G r a i n  S i z e  A n a l y s i s  (Yancey and o t h e r s ,  

1970 ,  HEL Repor t  2-26) 

P a r t  B. M i n e r a l o g i c a l  Data  (Lee and o t h e r s ,  He1 Repor t  2-130) 

P a r t  C. I n t e r p r e t a t i o n  and Summary o f  R e s u l t s  ( t h i s  volume).  

Repor t s  A and B - raw d a t a  is  p r e s e n t e d  w i t h  l i t t l e  o r  no  i n t e r p r e t a t i o n .  

I n  p a r t  C  we p r e s e n t  o u r  i n t e r p r e t a t i o n s  o f  t h e  d a t a  p l u s  background 

i n f o r m a t i o n  and t h e  p r e v i o u s  work done i n  t h e  a r e a .  

The o f f s h o r e  s a m p l i n g  ( F i g .  1 )  was done  2 9  t o  30 J u l y  1968 on 

t h e  R,'V San Miche le  by P. Wi lde ,  R. C a r t e r ,  T. Yancey, E .  S i l v a ,  and 

C.  I s s e l h a r d t .  The on s h o r e  s a m p l i n g  o f  b e a c h e s  and s t r e a m s  was done 

i n  A p r i l  1970 by J. Lee and T. Yancey. The samples  a r e  on f i l e  i n  

t h e  sed imen t  c o l l e c t i o n  a t  t h e  Richmond F i e l d  S t a t i o n  of t h e  U n i v e r s i t y  

o f  C a l i f o r n i a .  

The ma jo r  g o a l s  of  t h i s  s t u d y  a r e :  (1) c h a r a c t e r i z a t i o n  of  t h e  

s e d i m e n t s ,  (2) i d e n t i f i c a t i o n  o f  t h e  s e d i m e n t a r y  env i ronment s  and (3) 

d e t e r m i n a t i o n  of t h e  sed imen t  t r a n s p o r t  r eg imes .  



TABLE 1 (continued) 

TABLE lc 

ANNUAL PRECIPITATION FOR TOWNS 

IN AREA IN INCHES 

HALF 
MOON SAN 

BEN LOMAND D%VENPOBT BAY GRFGORIO 

From G e o l .  Survey Water Supply Paper 1735 



TABLE 1 ( c o n t i n u e d )  

TABLE Id  'WIND 

ANNUAL I?ERCENTAGE FREQUENCY O F  

WIND BY SPEED GROUPS AND MEAN 

SPEED I N  MILES PER HOUR 

MEAN SPEED = 10.6 MILES PER HOUR 

(CLIMATIC ATLAS O F  U.S  . , 1968, p. 76) 

SAN SPEED 
FRANCISCO 7% 

TABLE le  

MONTHLY FASTEST WIND ALYD D IREXTION 

AT SAN FRANCISCO I N  MILES PER HOUR 

0-3 

16 

SPEED 

DIRECTION 

4-7 

21  

(CLIMATIC ATLAS O F  U . S . ,  1968, p. 74 
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SEA SURFACE TEMPE RATUMS 

COASTAL WATERS O F F  CENTRAL CALIFORNIA 

I N OFAHRENHEIT 1965 

* WITH RESPECT TO O F F  SHORF: WATERS 

W = WARMER WATER ON SHORE 

C = COLDER WATER ON SHORE 

S = SAME TEMPERATURE 
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shows t h e  h i g h e s t  v e l o c i t y  winds a r e  no t  n e c e s s a r i l y  nor thwes t  b u t  i n  

g e n e r a l  a r e  blowing o f f  t h e  P a c i f i c  Ocean. 

OCEANIC : 

The P a c i f i c  Ocean o f f  t h e  Coast  o f  C e n t r a l  C a l i f o r n i a  h a s  two 

b a s i c  oceanograph ic  seasons  c h a r a c t e r i z e d  by t h e  d i r e c t i o n  o f  t h e  

major  o f f- s h o r e  c u r r e n t s  (1) d u r i n g  t h e  m e t e r o l o g i c a l  d ry  season 

(May-October) when t h e  s o u t h e a s t e r l y  f l o w i n g  C a l i f o r n i a  c u r r e n t  i s  

t h e  p r e v a i l i n g  near- shore  c u r r e n t ,  and (2) d u r i n g  t h e  r a i n y  season 

(November-April) when t h e  n o r t h w e s t e r l y  f l o w i n g  Davidson Cur ren t  may 

flow between t h e  c o a s t  and t h e  now of f- shore  C a l i f o r n i a  C u r r e n t .  The 

d r y  season  may be s e p a r a t e d  f u r t h e r  i n t o  two subseasons  (a) t h e  Fog 

Season o f  l a t e  s p r i n g  and summer when upwel l ing  o f  c o l d- n u t r i e n t  r i c h  

w a t e r  o c c u r s  a long  t h e  c o a s t  and (b) t h e  Oceanic Season o f  l a t e  summer 

and f a l l  when no upwel l ing  o c c u r s .  A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  

oceanograph ic  c l i m a t e  i s  found i n  N o r r i s  and Kersnar  (1971, V . I . ,  

p .  21-24) and i n  t h e  v a r i o u s  r e p o r t s  o f  t h e  C a l i f o r n i a  Co- operatine 

Oceanic F i s h e r i e s  I n v e s t i g a t i o n s  (CALCOFI). F i g u r e s  2 shows t h e  

t y p i c a l  g e o s t r o p h i c  c u r r e n t s  f o r  t h e  two major  seasons .  

P h y s i c a l  P r o p e r t i e s  o f  C o a s t a l  Waters:  

Synopt ic  s t u d i e s  o f  t e m p e r a t u r e  and s a l i n i t y  p l u s  o t h e r  chemical  

p r o p e r t i e s  have been done i n  connec t ion  w i t h  s t u d i e s  o f  t h e  C a l i f o r n i a  

c u r r e n t  by CALCOFI. Summary d a t a  a r e  p r e s e n t e d  i n  F i g s .  3 and 4 ,  which 

show t h e  w a t e r  t empera tu re  i s  c o l d  r e f l e c t i n g  t h e  h i g h  l a t i t u d e  s o u r c e  

o f  t h e  C a l i f o r n i a  C u r r e n t  and t h e  s a l i n i t y  i s  somewhat l e s s  than t h e  

P a c i f i c  Ocean average  o f  35% (S w r d r u p  and o t h e r s ,  1942,  p. 1 2 3 )  

s u g g e s t i n g  (1) d i l u t i o n  by c o a s t a l  s t r e a m s  and r i v e r s  o f  t h e  P a c i f i c  

Northwest and from San F r a n c i s c o  Bay and (2) low evaporation with respect  



Fig. 2 

(From W y l i e  (1966 p, 5,141 
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t o  p r e c i p i t a t i o n  o v e r  t h e  ocean .  The phenomenon o f  u p w e l l i n g  where  t h e  

c o a s t a l  w a t e r s  a r e  c o l d e r  than  t h e  o f f - s h o r e  w a t e r s  i s  d e p i c t e d  i n  t h e  

d a t a  o f  T a b l e  2 .  Only i n  J a n u a r y  i s  t h e  n e a r  s h o r e  w a t e r s  o f f  C e n t r a l  

C a l i f o r n i a  a c t u a l l y  warmer t h a n  t h e  o f f s h o r e  w a t e r s .  

Labyak (1969) h a s  r e p o r t e d  on t h e  w a t e r  c l e a r i t y  p r o p e r t i e s  i n  

t h e  r e g i o n  from San F r a n c i s c o  t o  Monterey Bay b a s e d  on one  c r u i s e  i n  

May. I n  g e n e r a l  f o r  t h i s  a r e a  t h e  t r a n s m i t t a n c e  of l i g h t  i s  an in-  

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

c o n t e n t  o f  t h e  water p r o d u c e s  p l a n k t o n  blooms which i n  t h e  ex t r eme  

c a s e  p roduce  murky r e d t i d e s .  Nor th  o f  P i l l a r  P o i n t  t h e  i n f l u e n c e  

o f  t h e  t i d e s  o f  San F r a n c i s c o  Bay i s  shown (Fig .  5) i n  t h e  c r e s c e n t  

p a t c h  o f  h i g h  p a r t i c l e  c o u n t  w a t e r  s i m i l a r  t o  t h o s e  obse rved  by N o r r i s  

and K e r s n a r  (1972) c a u s e d  by s e v e r e n c e  o f  t h e  t u r b i d  o u t g o i n g  w a t e r  

from San F r a n c i s c o  by incoming f l o o d- t i d e  ocean  w a t e r  moving i n  a l o n g  

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

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

T i d e s  : 

T i d e s  i n  t h e  a r e a  a r e  mixed s e m i d i u r n a l  w i t h  a  v a r i a b l e  h igh- h igh ,  

low- high,  h igh- low,  and low-low t i d e  o v e r  a  s i d e r a l  day  a s  d e p i c t e d  

f o r  San F r a n c i s c o  (F ig .  6 ) .  Off s h o r e  beyond t h e  i n f l u e n c e  of  San 

F r a n c i s c o  Bay t h e  t i d a l  r a n g e  i s  s m a l l e r  t h a n  f o r  t h e  bay w i t h  a  mean 

t i d e  of  3.0 f e e t  a t  Hal f  Moon Bay and 2 . 7  f e e t  a t  Ano Nuevo I s l a n d .  

T i d a l  c u r r e n t s ,  a l t h o u g h  s t r o n g  i n  San F r a n c i s c o  Bay (F ig .  7) a r e  t o o  

weak .and  v a r i a b l e  t o  be  p r e d i c t e d  i n  t h e  a r e a  o f  i n t e r e s t .  

P e l a g i c  t i d e s  have  been measured a t  t h e  bo t tom s t a t i o n  OBS 3 

160 k i l o m e t e r s  w e s t  o f  p o i n t  Arena (Nowroozl, 1972) a t  a  d e p t h  o f  

3903 m e t e r s .  F i g u r e  8 shows c o - t i d a l  c h a r t s  f o r  t h e  M ( P r i n c i p a l  2  
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Fig.  6 

DAY 10 11  12 13 14 15 16 17 18 19 20 

F t .  

Lunar d a t a :  A - moon in  apogee a- l a s t  quarter  
E - moon on equator 
Q - new moon 

Ano Nuevo Island-------------------- 37 06 22 20 -1 28 -1 10 -0.6 -0.1 3.5 5.2 2.7 
Princeton, Halfmoon Bay------------- 37 30 122 29 -1 10 -0 56 -0.2 0.0 3.8 5.5 3.0 I P I I I I I I I  
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F i g .  8 
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From Nowroozi (1 972, p . 442) 



Lunar  S e m i d i u r n a l )  c o n s t i t u e n t  o f  t h e  t i d e  from v a r i o u s  s o u r c e s .  

Observed  v a l u e s  o f  M a t  San F r a n c i s c o  a r e  a m p l i t u d e "  5 4 . 7 c m  and 
2 

Greenwich Epoch:  226,5O (Munk and o t h e r s ,  1971)  which  a g r e e s  w i t h  t h e  

OBS 3 D a t a ) .  

I n  any  c a s e  t i d a l  a c t i o n  i n  t h e  a r e a  most  l i k e l y  h a s  l i t t l e  e f f e c t  

on s e d i m e n t  t r a n s p o r t .  

CURRENTS 

1 )  OPEN OCEAN CURRENTS 

The m a j o r  o f f s h o r e  c u r r e n t  o f f  t h e  C e n t r a l  C a l i f o r n i a  Coas t  i s  t h e  

s o u t h e a s t e r l y  f l o w i n g  C a l i f o r n i a  C u r r e n t  which  i s  a  g e o s  t r o p h i c  c u r r e n t  

c o m p r i z i n g  t h e  e a s t e r n  r e t u r n  g y r e  o f  t h e  m a j o r  c l o c k w i s e  c i r c u l a t i o n  

p a t t e r n  o f  t h e  Nor th  P a c i f i c  (Reid and o t h e r s ,  1 9 5 8 ) .  The c u r r e n t  i s  

formed by b l o c k a g e  by A s i a  o f  wes tward  s u r f a c e  f l o w  a l o n g  t h e  e q u a t o r  

caused  by t h e  t r a d e  w inds .  The c u r r e n t  i s  most  i n t e n s e  on  t h e  w e s t e r n  

s i d e  o f  t h e  P a c i f i c  where  i t  i s  c a l l e d  t h e  J a p a n e s e  o r  K u r o s h i o  C u r r e n t  

wh ich  i s  t h e  P a c i f i c  a n a l o g  o f  t h e  Gul f  s t r e a m .  The c u r r e n t  i s  d e f l e c -  

t e d  t o  t h e  r i g h t  by t h e  e a r t h ' s  r o t a t i o n  f l o w i n g  n o r t h  e a s t ,  e a s t ,  and 

e v e n t u a l l y  s o u t h  e a s t  o f f  t h e  Nor th  Amer ican  c o a s t  a s  t h e  much d i m i n i s h e d  

C a l i f o r n i a  c u r r e n t .  

D u r i n g  t h e  w i n t e r  months  a  n o r t h w e s t e r l y  f l o w i n g  c u r r e n t  c a l l e d  

t h e  Davidson  C u r r e n t  i n t e r p o s e s  i t s e l f  between t h e  c o a s t  and t h e  C a l i f o r -  

n i a  C u r r e n t .  The Davidson  C u r r e n t  i s  a p p a r e n t l y  o n l y  a  s u r f a c e  c u r r e n t  

f l o w i n g  o v e r  t h e  C a l i f o r n i a  C u r r e n t  and i s  ephe rma l  i n  d u r a t i o n .  I n  

g e n e r a l  t h e  Davidson  C u r r e n t  f l o w s  d u r i n g  p e r i o d s  o f  maximum run- of  f  

and e r o s i o n  s o  i s  a  m a j o r  t r a n s p o r t i n g  a g e n t  f o r  suspended  s e d i m e n t  



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

t h e  C a l i f o r n i a  C o a s t  a r e  shown i n  F i g .  9 .  

2 )  LONGSHORF: CURRENTS 

I n  t h i s  r e g i o n  ( F i g .  1 0 )  t h e  p r e v a i l i n g  wave d i r e c t i o n  i s  w e s t  

n o r t h w e s t  governed  by t h e  p r e v a i l i n g  wind d i r e c t i o n ;  t h u s  t h e  dominant  . 

l o n g s h o r e  c u r r e n t  d i r e c t i o n  i s  s o u t h e a s t  o r  s o u t h  beyond t h e  t i d a l  

i n f l u e n c e  o f  San F r a n c i s c o  Bay o r  S o u t h  o f  P o i n t  Mon ta ra .  The i n f l u e n c e  

o f  t h e  submerged reel: p r o j e c t i n g  s o u t h  e a s t w a r d  from P i l l a r  P o i n t  and 

Hal f  Moon Bay i s  min ima l  w i t h  r e s p e c t  t o  l o n g s h o r e  c u r r e n t s  a s  no  sand  

s p i t  h a s  b u i l t  n o r t h w e s t w a r d  f rom t h e  o p p o s i t e  s h o r e  a s  would b e  t h e  

c a s e  i f  t h e w e s t  n o r t h  w e s t  waves  w e r e  d i f f r a c t e d  a round  t h e  r e e f  

o p e r a t i n g  a  no r thward  d r i f t .  Such d i f f r a c t i o n  a l t h o u g h  added by  t i d a l  

c u r r e n t s  was d e m o n s t r a t e d  i n  B o l i n a s  Bay w i t h  r e s p e c t  t o  Sea  D r i f t  S p i t  

(Wilde and o t h e r s ,  1 9 6 9 ) .  

C  . PHYSIOGRAPHY AND DRAINAGE 

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

o f  i n t e r e s t  i s  shown i n  F i g .  11. A l l  o f  t h e  s t r e a m s  shown h e r e  h a v e  

s e v e r e l y  r educed  f l o w  i n  t h e  summer months  c o n s e q u e n t l y  t h e i r  n o r t h s  

a r e  b a r r e d  by l o n g s h o r e  d r i f t ,  t h u s  o n l y  d u r i n g  t h e  w i n t e r  r a i n y  s e a s o n  

d o  t h e  s t r e a m s  c a r r y  s e d i m e n t  d i r e c t l y  i n t o  t h e  P a c i f i c .  The two 

l a r g e s t  s t r e a m s  P e s c a d e r o  Creek  ( F i g .  1 2 ) ,  w i t h  a  d r a i n a g e  a r e a  o f  60 

s q u a r e  miles and San  G r e g o r i o  C r e e k ,  w i t h  a  d r a i n a g e  a r e a  o f  50 

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

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

The a r e a  i s  bounded on t h e  e a s t  by t h e  n o r t h w e s t  t r e n d i n g  c r e s t  

o f  t h e  S a n t a  Cruz  Moun ta ins  wh ich  fo rms  t h e  m a j o r  e a s t - w e s t  d r a i n a g e  
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d i v i d e .  The r i d g e  l i n e  j u s t  e a s t  o f  Half Moon Bay i s  c a l l e d  t h e  C a h i l  

Ridge which becomes t h e  C a s t l e  Rock Ridge t o  t h e  s o u t h .  The C a h i l  

Ridge h a s  an e l e v a t i o n  of  2000 t o  2500 f e e t  whereas  t h e  C a s t l e  Rock 

Ridge r i s e s  t o  2500 t o  3000 f e e t .  The topography o f ' t h e  S a n t a  Cruz 

Mountains g e n e r a l l y  s l o p e s  westward from t h e  r i d g e  l i n e  towards  t h e  

P a c i f i c  Ocean and t e r m i n a t e s  a s  a. 150 f o o t  s e a  c l i f f .  T h i s  s l o p e  i s  

d i s s e c t e d  by t h e  s t r e a m s  i n  t h e  a r e a  w i t h  t h e  major  s t r e a m  v a l l e y s ,  

t r e n d i n g  g e n e r a l l y  p e r p e n d i c u l a r  t o  t h e  r i d g e l i n e .  However a  secondary  

r i d g e  c a l l e d  t h e  Butano Ridge t r e n d i n g  e a s t- w e s t  p roduces  more w e s t e r l y  

~ f l o w i n g  s t r e a m s  from San Gregor io  Creek s o u t h  t o  Pigeon P o i n t .  Marine 

t e r r a c e s  o c c u r  p r i n c i p a l l y  i n  t h e  n o r t h e r n  p a r t  o f  t h e  a r e a  from Half 

Moon Bay s o u t h  t o  T u n i t a s  Creek ,  where t h e  t e r r a c e  s l o p e s  from about  an 

i e l e v a t i o n  o f  150 f e e t  t o  merge w i t h  t h e  beach.  The w i d e s t  p a r t  o f  t h i s  

I t e r r a c e  about  1 . 5  m i l e s  i s  a t  t h e  s i t e  o f  t h e  town o f  Half  Moon Bay. 

S l o p i n g  t e r r a c e  d e p o s i t s  a r e  found a l s o  from t h e  mouth o f  Pescadero  Creek 

s o u t h  t o  Bolsa  and Pigeon P o i n t  b u t  a r e  no t  a s  wide a s  t h e  t e r r a c e s  

a t  Half  Moon Bay. Bold headlands b o u n d t h e  l a n d  a r e a  on t h e  n o r t h  a s  

P i l l a r  P o i n t  and on t h e  s o u t h  a s  Bolsa  and Pigeon P o i n t  t h e  w e s t e r n  

boundary i s  t h e  P a c i f i c  Ocean. According t o  t h e  Coast  P i l o t  (1968, 147)  

t h e  view o f  t h e  c o a s t  l i n e  from t h e  ocean is a s  f o l l o w s  " ~ r o m  Pigeon 

P o i n t  f o r  4 m i l e s  t o  Pescadero  P o i n t  t h e  c o a s t  i s  n e a r l y  s t r a i g h t  and 

i s  composed of  r e d d i s h  c l i f f s  w i t h  numerous o u t l y i n g  sunken and v i s i b l e  

rocks . .  . .From Pescadero Creek,  1.5 m i l e s  nor thward of P e s c a d e r o  P o i n t ,  

t h e  c o a s t  f o r  8  m i l e s  nor thward becomes more broken and rugged w i t h  

ye l low o r  w h i t e  v e r t i c a l  c l i f f s . . .  . . t h e  c o a s t  i s  broken by s e v e r a l  s m a l l  

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



low f l a t  t a b l e  land extends northward t o  P i l l a r  Poin t  an'd then bends 

11 
s ha rp ly  westward t o  P i l l a r  Po in t ,  forming Half Moon Bay. because of 

t h e  rugged n a t u r e  of  t h e  c o a s t  t h e  only p ro t ec t ed  anchorage i s  a t  Half 

Moon Bay where a  breakwater has  been added, t o  p r o t e c t  from south  

and southwest swe l l .  

The gene ra l  geomorphology of  t h e  Cen t r a l  Coast Ranges i s  d i scussed  

i n  Branner and o t h e r s  (1909),  W i l l i s  (1925), and T a l i a f e r r o  (1943). 

D . BATHYMET RY 

A s  shown i n  Fig.  1, t h e  ocean bottom i n  t h i s  a r e a ,  f o r  dep ths  

s h o a l e r  than 30 fathoms has  contours  approximately p a r a l l e l  t o  t h e  

shore  wi th  a  s lope  of about 45 f ee t /mi l e .  North of  37O 201N both t h e  

40 and 50 fathom contour  a r e  o f f s e t  t o  t h e  west and t h e  bottom s lope  

dec reases  t o  12 f ee t /mi l e .  North of t h e  a r ea  of i n t e r e s t  t h e  s h e l f  

widens t o  a  maximum i n  t h e  Gulf of t h e  Fa ra l l ones  and near  shore t h e  

bottom i s  r e f l e c t e d  a s  t h e  t i d a l  sediment ba r  of San Francisco Bay. 

South of t h e  a r e a  t h e  s h e l f  narrows and has  a  uniform bottom s lope  of 

about 45 f ee t /mi l e .  The s h e l f  ha s  a  gene ra l l y  smooth bottom however 

rocky r e e f s  a r e  repor ted  on t h e  U.S.C.8zG.S. c h a r t  a long t h e  40 fathom 

contour  and sou theas t  of P i l l a r  Point  which forms a  nav iga t iona l  hazard 

t o  t h e  en t r ance  t o  Half Moon Bay. 

No submarine canyon i n c i s e  t h e  s h e l f  he re  which would a c t  a s  

sediment t r a p s .  Canyons do e x i s t  n o r t h  of t h e  a r e a  j u s t  west of t h e  

Fara l lon  I s l a n d s  and south of t h e  a r e a  southwest of Poin t  Ano Nuevo. 

Also t h e r e  a r e  no apparent  submerged s t ream channels  i n  t h e  a r e a .  

E. PREVIOUS WORK 

Th i s  r e p o r t  and i t s  d a t a  p recu r so r s  (Lee and o t h e r s ,  1971, 



Yancey and o t h e r s ,  1970) i s  t h e  f i r s t  d e t a i l e d  s t u d y  o f  t h e  o f f s h o r e  

sed imen t  on t h e  C o n t i n e n t a l  S h e l f  i n  t h i s  a r e a ;  a l t h o u g h  a  p r e l i m i n a r y  

r e p o r t  (Yancey and Lee ,  1972)  on t h e  s e d i m e n t a r y  provenance  o f  t h e  

C e n t r a l  C a l i f o r n i a  S h e l f  u s i n g  t h i s  d a t a  h a s  a p p e a r e d ,  and s a y l e s  (1965) 

r e p o r t e d  on some samples  i n  t h e  n o r t h  o f  t h i s  a r e a .  Hut ton  (1959) d i d  

t h e  d e f i n i t i v e  work on t h e  mine ra logy  o f  beach s a n d s  o f  t h e  e n t i r e  a r e a  

from Half  Moon Bay t o  Monterey.  However, h i s  d a t a  a r e  g i v e n  i n  t h e  

l o g r i t h m i c  f o r m a t  o f  Evans and o t h e r s  (1933) which  a r e  n o t  c o n v e r t e d  

r e a d i l y  back t o  f r e q u e n c y  p e r c e n t  used h e r e .  

The p i o n e e r i n g  b a t h y m e t r i c  c h a r t s  o f  Shepard  and Emery (1939) 

fo rms  t h e  b a s i s  o f  b a t h y m e t r i c  s t u d i e s  i n  t h e  a r e a .  Some r e f i n e m e n t s  

have  been made t o  t h e  ba thymet ry  o f  t h e  C o n t i n e n t a l  S l o p e  o u t s i d e  t h e  

a r e a  o f  i n t e r e s t  by Uchupi  and Emery (1963).  One subbot tom p r o f i l e  

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

and Shumway (1959) o f f  P igeon  P o i n t .  However Cur ray  (1965,  1966)  

h a s  made s e v e r a l  improved a c o u s t i c  subbo t tom p r o f i l e s  on t h e  C e n t r a l  

C a l i f o r n i a  S h e l f  u n f o r t u n a t e l y  n o t  i n  t h i s  a r e a  b u t  j u s t  n o r t h  and s o u t h .  

F i g u r e  1 3  shows t h e  sub- bottom r e c o r d  a t  t h e  l a t i t u d e  o f  San F r a n c i s c o .  

The s u b a r e a 1  geo logy  h a s  been s t u d i e d  (1) i n  f o l i o  r e p o r t s  by 

B r a n n e r  and o t h e r s  (1909) and Lawson (1914) ;  (2) i n  r e g i o n a l  p a p e r s  on 

t h e  Coast  Ranges by T a l i a f e r r o  (19431,  Cummings and o t h e r s  (1962) ; and 

(3) i n  numerous S t a n f o r d  and U n i v e r s i t y  o f  C a l i f o r n i a ,  Berke ley  t h e s e s ,  

m a i n l y  q u a d r a n g l e  r e p o r t s ,  f o r  example by Darrow (1951)) E s s e r  (1958) 

Mack (1959) , T o u r i n g  (1959) , S p o t t s  (1958) , and C l a u s s e n  (1960) . 
S p e c i f i c  t o p i c s  o f  i n t e r e s t  have  been r e p o r t e d  such  a s  (1) g r a n i t i c  

r o c k s  by Leo (1967) and Compton (1966) ; (2) S t r a t i g r a p h y  by H a l l  and 

o t h e r s  (1959) : Upper C r e t a c e o u s  , M a l l o r y  (1959) : Lower T e r t i a r y  ; 



Figure 4. Line drawing of acoustic reflection record along line D of figure . l ,  posing between Farallon Islands on shelf edge. Upper section 
has vertical exaggeration 10:l; lower section is natural scale. Note locations of granitic rack (Cretaceous quartz diorite), sediment fill underlying 
continental shelf, sediment fil l a t  base of slope underlying continental rise, and contorted nature of sedimentary rock (at least in  part Miocene) 0v.p 

lying ond slumping down on granitic rock on the slope. 

From Curray (1966, p .  340) 



Fig. 14 

' GENERALIZED GEOLOGIC MAP 
H A L F  MOON B A Y  TO P IGEON P O I N T  

lodaptrd  .#ram C.W. Jennlngm a n d  4. L Burn*??, IVBI ,  ond L.E. B r o b b , I 9 7 0 )  



Babb (1964) : San Lorenzo ,  K l e i n p e l l  (1938) : Miocene,  B r a m l e t t e  (1946) : 

Monterey , and C l a r k  (1968) : Mio- Pl iocene  Boundary;  and (3) Marine  

T e r r a c e s  by B r a d l e y  (1956,  1 9 5 7 ,  1 9 6 5 ) .  The a r e a  i s  cove red  by t h e  

San F r a n c i s c o  s h e e t  o f  t h e  C a l i f o r n i a  S t a t e  G e o l o g i c  Map ( Jenn ings  and 

B u r l e i g h ,  1961) . 
O t h e r  r e p o r t s  o f  i n t e r e s t  i n  t h e  r e g i o n  i n c l u d e  t h e  C a l i f o r n i a  

Depar tment  o f  F i s h  and Game's O f f s h o r e  s u r v e y  o f  B e n t h i c  Fauna on t h e  

C e n t r a l  C a l i f o r n i a  S h e l f  (Odemar and o t h e r s ,  1968)  and K a i s e r  E n g i n e e r s  

(1969) p l a n  f o r  r e g i o n a l  t r e a t m e n t  and d i s p o s a l  of w a s t e s  o f  t h e  Bay 

A r e a ,  which  i n c l u d e s  some o c e a n o g r a p h i c  s t u d i e s .  

F. GEOLOGY 

The geo logy  0-f t h e  d r a i n a g e  b a s i n s  a d j a c e n t  t o  t h e  o f f - s h o r e  

a r e a s  o f  i n t e r e s t  l i e s  i n  t h e  S a l i n i a n  B lock  (Reed, 1933)  wh ich  i s  a  

g e o l o g i c  ~ r o v i n c e u n d e r l a i n  by Mesozoic  q u a r t z  d i o r i t i c  i n t r u s i v e s  

bounded on  t h e  e a s t  by t h e  San Andreas  F a u l t  Zone. The q u a r t z  d i o r i t i c  

basement c r o p s  o u t  i n  Montana Mountain a t  t h e  n o r t h e r n  edge  o f  t h e  a r e a  

and i n  t h e  Ben Lomond Moun ta ins  j u s t  t o  t h e  s o u t h  o f  t h e  a r e a .  F i g u r e  

1 4  g i v e s  a  g e n e r a l i z e d  g e o l o g i c  map o f  t h e  a r e a .  A s  t h e  g e o l o g i c  map 

shows t h e  p redomina te  s u r f a c e  r o c k s  a r e  T e r t i a r y  s e d i m e n t s  and v o l c a n i c s  

w i t h  s m a l l e r  a r e a l  amounts  o f  (1) Q u a t e r n a r y  and l a t e  T e r t i a r y  f i l l  and 

t e r r a c e  d e p o s i t s  c o n f i n e d  m a i n l y  a l o n g  t h e  c o a s t  and (2) Upper C r e t a c e o u s  

m a r i n e  s e d i m e n t s  found i n  a  l i n e a r  band be tween P e s c a d e r o  P o i n t  and 

Ano Nuevo a t  t h e  s o u t h .  T a b l e  3 g i v e s  t h e  s t r a t i g r a p h i c  sequence  f rom 

t h e  s t a t e  g e o l o g i c  map (San F r a n c i s c o  S h e e t )  f o r  t h i s  r e g i o n  and F i g .  

1 5  shows a  c o l u m l a r  s e c t i o n  f o r  t h e  n o r t h e r n  S a n t a  Cruz  Mounta ins .  

The l i n e a t i o n  o f  b o t h  t h e  g e o l o g i c  s t r u c t u r e  and t h e  topography  

I 



TABLE 3 

SYMBOL 

Qa 1 

AGE FORMATI ON NAME ROCK TYPES 

Q u a t e r n a r y  Al luvium - 
Quate rna ry  S t r eam T e r r a c e  - 

Quate rna ry  

Middle and 
Lower P l i o c e n e  

Miocene 

Middle Miocene 

COLMA 

PURI S IMA 

Marine T e r r a c e  - Sand and c l a y  

Cong lomera t e s ,  s a n d s t o n e s ,  s h a l e s  

B a s a l t  Flows,  B r e c c i a s ,  p i l l o w  l a v a s ;  some t u f f s  

I n t r u s i v e  Diabase  and b a s a l t  s i l l s  

Middle Miocene Monterey Marine s h a l e s  and s i l t s t o n e s  

Lower Miocene Vaqueros  Mar ine  s a n d s t o n e s  and s i l t s t o n e s  

Ol igocene  San  Lorenzo 

Eocene Butano 

Marine s h a l e s  and mudstones  

Marine s a n d s t o n e s  and s h a l e  

Upper C r e t a c e o u s  Pigeon P o i n t  Mar ine  s a n d s t o n e s ,  s i l t s t o n e s ,  c o n g l o m e r a t e s  

C r e t a c e o u s  Montana 
Ben Lomond 

Q u a r t z  D i o r i t e  and 
G r a n o d i o r i t e  

From J e n n i n g s  and B u r n e t t  (1961) 



Fig. 15 
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Tahana Member 
V o l c a n l c  s a n d s t o n e ,  m u d s t o n a .  
d i a t o m i t a ,  t u l t .  M a r i n e ;  
p r o b a b l y  l l t t ~ r a l  - 

Unnamed ( 0 - 5 , 0 0 0  ) 
S l l i c e o u s  m u d s t o n e .  t h l n - b a d d a d .  
S a n d s t o n e  a t  b a s e  = S a n t a  
M a r g a r  l t a ( ? ) .  
M a r i n a :  t r a n s g r a s s l v a  

0 - n t a r a y  F o r m a t  i o n  ( 4 0 0 ' - 1  ,500 ' )  
I I I D ~ O U S  s h a l e ,  p o r c e ~ ~ a n l t e .  

z h a r t .  M a r l n e  

M l n d a g o  F o r m a t  I o n  (2 ,0001 . -4 .0001  ) 
B a s a l t ,  p l l l o w  l a v a ,  b r e c c l a .  
l l t h i c  t u l l .  s a n d s t o n e .  m u d s t o n r ,  
a t c .  C h i e f l y  m a r i n a ;  b a t h y a l  t o  
I l t t o r a l  

S a n d s t  one ( 0 - 2 . 4 0 0 1  ) 
s a n d s t o n a ,  l o c a l l y  m a a r l v a .  
b a t h y a l  a n d  n e r l t i c  i n  p a r t  

n z o  F o r m a t  I o n  ( 1 . 3 0 0 1 ~ . ~ . 7 0 0 1 )  
a  a n d  s h a  l a .  

b a t h y l l  t o  l l t t o r a l  

s i  i l s  ( l o 1 - B O O 1 )  

- 
U 
0 

B u t a n o  S e n d e t o n a  ( 9 . 0 0 0 l f )  

w 
A r k o s  l c  s a n d s t  on,#, i n c  l u d  l n g  
t u r b i d  I t s .  w 1 t h  muds1 ona i n ta rbeds . .  
M a r i n a :  b a t h y a l  t o  n e r l t i c  

d l o r l t  
o r p h l c  

r o f  r r a ? l t l c -  
c o m p l e x  

' o o t r  c h l r f l y  f r o r  Cummlngs a n d  o t h r r a .  1 9 8 2  

From Page (1966, p .  264) 



i s  o r i e n t e d  n o r t h w e s t - s o u t h e a s t  p a r a l l e l  o r  sub  p a r a l l e l  t o  t h e  San 

Andreas  F a u l t  a s  shown by t h e  t r a c e  o f  t h e  P i l a r c i t o s ,  La Honda, and 

San G r e g o r i o  F a u l t s .  N o r t h e a s t  o f  t h e  San  G r e g o r i c  F a u l t  t h e  t e r t i a r y  

r o c k s  a r e  f o l d e d  r e s p e c t i v e l y  s o u t h w e s t  t o  n o r t h e a s t  i n t o  (1) a  na r row 

a n t i c l i n e  s e e n  a s  t h e  Butano R idge ;  (2) a  b r o a d  r e l a t i v e l y  s h a l l o w  

d i p p i n g  s y n c l i n e ;  and (3) a  na r row a n t i c l i n e  and s y n c l i n e  thrown 

a g a i n s t  t h e  San  Andreas  F a u l t  Zone ( F i g .  1 6 )  . Each o f  t h e s e  t h r e e  

u n i t s  i s  s e p a r a t e d  by s t i p p l y  d i p p i n g  t h r u s t  f a u l t s .  

Sou thwes t  o f  t h e  San G r e g o r i o  F a u l t  t h e  o l d e s t  r o c k s  exposed  a r e  

t h e  h i g h l y  f o l d e d  and f a u l t e d  u p p e r  C r e t  a t e o u s  (Campanian- Maest r ich t  i a n )  

m a r i n e  r o c k s  o f  t h e  P igeon  P o i n t  f o r m a t i o n .  These  r o c k s  a r e  o v e r l a i n  

by l a t e  T e r t i a r y  m a r i n e  s e d i m e n t s  ( H a l l  and o t h e r s ,  1959) s o  t h a t  t h e  

rest o f  t h e  o l d e r  t e r t i a r y  s e c t i o n  i s  m i s s i n g  on t h i s  s i d e  o f  t h e  f a u l t .  

The n o r t h w e s t  s t r u c t u r a l  t r e n d  a p p a r e n t l y  c o n t i n u e s  o f f s h o r e  where  

t h e  edge  of  t h e  C o n t i n e n t a l  S h e l f  i s  p a r t  o f  a  n o r t h w e s t  t r e n d i n g  

basement r i d g e  ( C u r r a y ,  1965 ,  1966)  and t h e  s h e l f  i s  by a  b road  

s y n c l i n e  a t  d e p t h  o v e r l a i n  by f l a t  l y i n g  s e d i m e n t s  ( F i g .  13 . The 

basement  r i d g e  c r o p s  o u t  a s  q u a r t z  d i o r i t i c  r o c k s  of  t h e  F a r a l l o n  

I s l a n d s  j u s t  t o  t h e  n o r t h  o f  t h e  a r e a .  A s  t h e  po ta s s ium- argon  a g e s  o f  

t h e  r o c k s  from t h e  F a r a l l o n s  (89 .5  M.Y.) and f rom Montara Mountain 

(91.6 M.Y.) a r e  e s s e n t i a l l y  t h e  same,  i t  s e e m s '  r e a s o n a b l e  t o  assume t h e y  

form a  common emplacement .  The a g e  r e l a t i o n s h i p ,  however ,  between t h e  

s y n c l i n a l  s e d i m e n t s  and t h e  r i d g e  a r e  n o t  c l e a r  f rom t h e  a c o u s t i c  pro-  

f i l e s ;  a l t h o u g h  Cur ray  (1966) b e l i e v e s  t h e  s h e l f  s e d i m e n t s  t o  be younge r  

t h a n  t h e  C r e t a c e o u s  basement  r i d g e  o r  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  

T e r t i a r y  s e c t i o n  n o r t h  e a s t  o f  t h e  San G r e g o r i o  F a u l t .  Ches terman (1952) 

r e p o r t e d  Miocene r o c k s  d r e d g e d  f rom t h e  C o n t i n e n t a l  S l o p e  seaward  o f  
\ 



i s  o r i e n t e d  n o r t h w e s t - s o u t h e a s t  p a r a l l e l  o r  sub  p a r a l l e l  t o  t h e  San 

Andreas  F a u l t  a s  shown by t h e  t r a c e  o f  t h e  P i l a r c i t o s ,  La Honda, and 

San G r e g o r i o  F a u l t s .  N o r t h e a s t  o f  t h e  San  G r e g o r i c  F a u l t  t h e  t e r t i a r y  

r o c k s  a r e  f o l d e d  r e s p e c t i v e l y  s o u t h w e s t  t o  n o r t h e a s t  i n t o  (1) a  na r row 

a n t i c l i n e  s e e n  a s  t h e  Butano R idge ;  (2) a  b r o a d  r e l a t i v e l y  s h a l l o w  

d i p p i n g  s y n c l i n e ;  and (3) a  na r row a n t i c l i n e  and s y n c l i n e  thrown 

a g a i n s t  t h e  San  Andreas  F a u l t  Zone ( F i g .  1 6 )  . Each o f  t h e s e  t h r e e  

u n i t s  i s  s e p a r a t e d  by s t i p p l y  d i p p i n g  t h r u s t  f a u l t s .  

Sou thwes t  o f  t h e  San G r e g o r i o  F a u l t  t h e  o l d e s t  r o c k s  exposed  a r e  

t h e  h i g h l y  f o l d e d  and f a u l t e d  u p p e r  C r e t  a t e o u s  (Campanian- Maest r ich t  i a n )  

m a r i n e  r o c k s  o f  t h e  P igeon  P o i n t  f o r m a t i o n .  These  r o c k s  a r e  o v e r l a i n  

by l a t e  T e r t i a r y  m a r i n e  s e d i m e n t s  ( H a l l  and o t h e r s ,  1959) s o  t h a t  t h e  

rest o f  t h e  o l d e r  t e r t i a r y  s e c t i o n  i s  m i s s i n g  on t h i s  s i d e  o f  t h e  f a u l t .  

The n o r t h w e s t  s t r u c t u r a l  t r e n d  a p p a r e n t l y  c o n t i n u e s  o f f s h o r e  where  

t h e  edge  of  t h e  C o n t i n e n t a l  S h e l f  i s  p a r t  o f  a  n o r t h w e s t  t r e n d i n g  

basement r i d g e  ( C u r r a y ,  1965 ,  1966)  and t h e  s h e l f  i s  by a  b road  

s y n c l i n e  a t  d e p t h  o v e r l a i n  by f l a t  l y i n g  s e d i m e n t s  ( F i g .  13 . The 

basement  r i d g e  c r o p s  o u t  a s  q u a r t z  d i o r i t i c  r o c k s  of  t h e  F a r a l l o n  

I s l a n d s  j u s t  t o  t h e  n o r t h  o f  t h e  a r e a .  A s  t h e  po ta s s ium- argon  a g e s  o f  

t h e  r o c k s  from t h e  F a r a l l o n s  (89 .5  M.Y.) and f rom Montara Mountain 

(91.6 M.Y.) a r e  e s s e n t i a l l y  t h e  same,  i t  s e e m s '  r e a s o n a b l e  t o  assume t h e y  

form a  common emplacement .  The a g e  r e l a t i o n s h i p ,  however ,  between t h e  

s y n c l i n a l  s e d i m e n t s  and t h e  r i d g e  a r e  n o t  c l e a r  f rom t h e  a c o u s t i c  pro-  

f i l e s ;  a l t h o u g h  Cur ray  (1966) b e l i e v e s  t h e  s h e l f  s e d i m e n t s  t o  be younge r  

t h a n  t h e  C r e t a c e o u s  basement  r i d g e  o r  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  

T e r t i a r y  s e c t i o n  n o r t h  e a s t  o f  t h e  San G r e g o r i o  F a u l t .  Ches terman (1952) 

r e p o r t e d  Miocene r o c k s  d r e d g e d  f rom t h e  C o n t i n e n t a l  S l o p e  seaward  o f  
\ 



i s  o r i e n t e d  n o r t h w e s t - s o u t h e a s t  p a r a l l e l  o r  sub  p a r a l l e l  t o  t h e  San 

Andreas  F a u l t  a s  shown by t h e  t r a c e  o f  t h e  P i l a r c i t o s ,  La Honda, and 

San G r e g o r i o  F a u l t s .  N o r t h e a s t  o f  t h e  San  G r e g o r i c  F a u l t  t h e  t e r t i a r y  

r o c k s  a r e  f o l d e d  r e s p e c t i v e l y  s o u t h w e s t  t o  n o r t h e a s t  i n t o  (1) a  na r row 

a n t i c l i n e  s e e n  a s  t h e  Butano R idge ;  (2) a  b r o a d  r e l a t i v e l y  s h a l l o w  

d i p p i n g  s y n c l i n e ;  and (3) a  na r row a n t i c l i n e  and s y n c l i n e  thrown 

a g a i n s t  t h e  San  Andreas  F a u l t  Zone ( F i g .  1 6 )  . Each o f  t h e s e  t h r e e  

u n i t s  i s  s e p a r a t e d  by s t i p p l y  d i p p i n g  t h r u s t  f a u l t s .  

Sou thwes t  o f  t h e  San G r e g o r i o  F a u l t  t h e  o l d e s t  r o c k s  exposed  a r e  

t h e  h i g h l y  f o l d e d  and f a u l t e d  u p p e r  C r e t  a t e o u s  (Campanian- Maest r ich t  i a n )  

m a r i n e  r o c k s  o f  t h e  P igeon  P o i n t  f o r m a t i o n .  These  r o c k s  a r e  o v e r l a i n  

by l a t e  T e r t i a r y  m a r i n e  s e d i m e n t s  ( H a l l  and o t h e r s ,  1959) s o  t h a t  t h e  

rest o f  t h e  o l d e r  t e r t i a r y  s e c t i o n  i s  m i s s i n g  on t h i s  s i d e  o f  t h e  f a u l t .  

The n o r t h w e s t  s t r u c t u r a l  t r e n d  a p p a r e n t l y  c o n t i n u e s  o f f s h o r e  where  

t h e  edge  of  t h e  C o n t i n e n t a l  S h e l f  i s  p a r t  o f  a  n o r t h w e s t  t r e n d i n g  

basement r i d g e  ( C u r r a y ,  1965 ,  1966)  and t h e  s h e l f  i s  by a  b road  

s y n c l i n e  a t  d e p t h  o v e r l a i n  by f l a t  l y i n g  s e d i m e n t s  ( F i g .  13 . The 

basement  r i d g e  c r o p s  o u t  a s  q u a r t z  d i o r i t i c  r o c k s  of  t h e  F a r a l l o n  

I s l a n d s  j u s t  t o  t h e  n o r t h  o f  t h e  a r e a .  A s  t h e  po ta s s ium- argon  a g e s  o f  

t h e  r o c k s  from t h e  F a r a l l o n s  (89 .5  M.Y.) and f rom Montara Mountain 

(91.6 M.Y.) a r e  e s s e n t i a l l y  t h e  same,  i t  s e e m s '  r e a s o n a b l e  t o  assume t h e y  

form a  common emplacement .  The a g e  r e l a t i o n s h i p ,  however ,  between t h e  

s y n c l i n a l  s e d i m e n t s  and t h e  r i d g e  a r e  n o t  c l e a r  f rom t h e  a c o u s t i c  pro-  

f i l e s ;  a l t h o u g h  Cur ray  (1966) b e l i e v e s  t h e  s h e l f  s e d i m e n t s  t o  be younge r  

t h a n  t h e  C r e t a c e o u s  basement  r i d g e  o r  a p p r o x i m a t e l y  e q u i v a l e n t  t o  t h e  

T e r t i a r y  s e c t i o n  n o r t h  e a s t  o f  t h e  San G r e g o r i o  F a u l t .  Ches terman (1952) 

r e p o r t e d  Miocene r o c k s  d r e d g e d  f rom t h e  C o n t i n e n t a l  S l o p e  seaward  o f  
\ 
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From Page (1966, p .  265)  



t h e  r i d g e  and Mio-Pliocene r o c k s  dredged t o  t h e  n o r t h  n e a r  C o r d e l l  

Bank, which s u g g e s t  some o u t c r o p p i n g s  o f  t h e  mid t o  l a t e  T e r t i a r y  

s e c t i o n  on t h e  s h e l f  and s l o p e .  The f l a t - l y i n g  sed iments  above t h e  

a n g u l a r  unconformity  c u t  a c r o s s  t h e  s y n c l i n a l  sed iments  p o s s i b l y  a r e  

.Wlocene transgressional-regressional d e p o s i t s  r e l a t e d  t o  r i s i n g  and 

l o w e r i n g s  o f  s e a l e v e l  a c r o s s  t h e  s h e l f  d u r i n g  t h e  P l e i s t o c e n e  (see 

F l i n t ,  1 9 7 1  ) .  



111. SEDIMENTARY DATA 

A .  G R A I N  SIZE PROPERTIES 

The s t a t i s t i c a l  pa ramete rs :  median g r a i n  s i z e ,  s o r t i n g  c o e f f i c i e n t ,  

skewness,  and k u r t o s i s  a r e  d e r i v e d  from d a t a  p r e s e n t e d  i n  Yancey and 

o t h e r s  (1970) ,  and S a y l e s  (1965) and a r e  given i n  F i g s .  1 7 ,  1 8 ,  1 9  and 

2 0 .  

The median g r a i n  s i z e  o f  t h e  o f f s h o r e  sediment t o  about  t h e  30 

pathom c o n t o u r  i s  u n i f o r m i l y  about  .125 t o  .150 mm r e d u c i n g  t o  .1 t o  

.05  mm d e e p e r  than  30 fathoms. There  a r e  o c c a s s i o n a l  samples  w i t h  c o a r s e r  

median g r a i n  s i z e s  b u t  t h e y  d o  n o t  form any d i s c e r n i b l e  p a t t e r n .  I n s i d e  

Half  Moon Bay t h e  g r a i n  s i z e  o f  t h e  sediment i s  v a r i a b l e  and g e n e r a l l y  

c o a r s e r  t h a n  f o r  sed iments  on t h e  open c o n t i n e n t a l  s h e l f .  Although 

t h e  sediment show t h e  expected g r a d i e n t  t o  f i n e r  g r a i n  s i z e  w i t h  d e p t h ,  

t h i s  t r e n d  i s  n o t  pronounced. Another  t r e n d ,  a l s o  s u b t l e ,  i s  t h e  

tendancy f o r  t h e  g r a i n  s i z e  t o  d e c r e a s e  a l o n g  any c o n t o u r  t o  t h e  s o u t h .  

S a y l e s  (1965) noted a  band o f  c o a r s e  sed iments  a t  d e p t h s  o f  15 t o  

20 fathoms o f f  P i l l a r  P o i n t . b o u n d e d .  b o t h  s h a l l o w e r  and d e e p e r  by 

f i n e r  g ra ined  sed iments .  Also  c o a r s e  sed iments  a r e  found on and n e a r  

t h e  rocky r e e f  e x t e n d i n g  a c r o s s  Half Moon Bay from P i l l a r  P o i n t .  

The sed iments  g e n e r a l l y  a r e  w e l l  s o r t e d  w i t h  a  Trask  s o r t i n g  coef -  

f i c i e n t  v a l u e  about  1 . 2 .  However, two t y p e s  of p o o r e r  s o r t e d  sed iments  

o c c u r s  be ing  c h i e f l y  s t r o n g l y  bi-model (1) m i x t u r e s  of c o a r s e  sand 

and g r a v e l  w i t h  f i n d  sand f o r  samples 2116, 2122, 2125, 2126, 2127, 2135, 

and 2141 o r  (2) m i x t u r e s  of f i n e  sand and s i l t  f o r  samples  2102, 2116, 

and 2143. For such samples  t h e  primary mode is u s u a l l y  i n  t h e  0.125 t o  

0.177mm f r a c t i o n  i n  both  t h e  w e l l  and p o o r e r  s o r t e d  samples  w i t h  a  
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Fig ,  19 

K U R T O S I S  



Fig.  20 

SKEWNESS 



secondary  mode e i t h e r  c o a r s e r  f o r  t y p e  ( 1 )  o r  f i n e r  f o r  t y p e  (2 )  

s u g g e s t i n g  a  composi te  s o u r c e  f o r  t h e  p o o r e r  s o r t e d  sample added t o  

t h e  b a s i c  mode of  0.125 t o  0.177mm. 

The skewness v a l u e s  of around 1 . 0  i n d i c a t e  i n  g e n e r a l  t h e  well 

s o r t e d  samples  a l s o  show a  symmetr ical  d i s t r i b u t i o n .  The p o o r e r  

s o r t e d  samples  w i t h  v a l u e s  g r e a t e r  t h a n  1 . 0  a r e  skewed towards  t h e  . 

c o a r s e r  sizes as shown by v a l u e s  of 2 .51,  2 .90,  2 .26,  f o r  samples 2126, 

2127, and 2122 and l e s s  t h a n  1.0 f o r  t h o s e  skewed towards  t h e  f i n e r  

s i z e s  a s  0 .50 f o r  sample 2102. 

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

we s h a l l  r e p o r t  only  t h e  average  v a l u e  of about  .20. 

B. MINERALOGY. 

P o i n t  c o u n t s  of t h e  heavy minera l  f r a c t i o n  ( d e n s i t y  g r e a t e r  

t h a n  2 .8)  o f  t h e  sed iments  have been r e p o r t e d  i n  S a y l e s  (1965) and i n  

P a r t  B  ( ~ e e  and O t h e r s ,  1971) of t h i s  s t u d y .  A bulk s l i d e  of t h e  heavy 

m i n e r a l  c o n t e n t  of t h e  0.61 t o  0.246mm s i z e  f r a c t i o n  was used f o r  t h e  

1400 s e r i e s  samples and t h e  0 .61 t o  0.351mm s ize  f r a c t i o n  f o r  t h e  2100 

s e r i e s  samples. F igure  2 1  shows t h e  weight  p e r c e n t  of t h e  s i z e  f r a c t i o n  

r e p r e s e n t e d  by t h e  s l i d e  w i t h  r e s p e c t  t o  t h e  t o t a l  s i z e  d i s t r i b u t i o n  which 

i n d i c a t e s  t h e  bu lk  of t h e  d i s t r i b u t i o n  is covered i n  t h e  s l i d e .  The 

weight  p e r c e n t  heavy m i n e r a l s  w i t h  r e s p e c t  t o  t h e  s i z e  f r a c t i o n  r e p r e-  

s e n t e d  by t h e  s l i d e  shows a  wide range  from less t h a n  1% t o  a lmost  

20% ( ~ i g .  2 2 ) .  The heavy minera l  f r a c t i o n  c o n s i s t s  of (A) t r a n s p a r e n t  

g r a i n s ,  (B) opaques,  c h i e f l y  o r e  m i n e r a l s ,  and (C) composi te  g r a i n s  

( r o c k  f ragments )  and unknowns. These d a t a  a r e  r e p o r t e d  as f requency 

p e r c e n t  by p o i n t  count  ( s e e  P a r t  B, Lee and O t h e r s ,  1971 f o r  d e t a i l e d  
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Fig .  24 



d i s c u s s i o n  of p r o c e d u r e )  i n  Fig .  23 f o r  t r a n s p a r e n t  g r a i n s  and F i g .  24 

f o r  opaque g r a i n s .  The opaque g r a i n s  c o n s i s t s  of m e t a l l i c  g r a i n s  such 

as m a g n e t i t e  and p y r i t e  which have a  h i g h e r  d e n s i t y  t h a n  e i t h e r  t h e  

t r a n s p a r e n t  g r a i n s  o r  composi te  g r a i n s .  Accord ing ly  t h e r e  is a  c o r r e -  

l a t  i o n  (compare F igs .  24 and 22) between h i g h  opaque m i n e r a l  c o n t e n t  

and h i g h  we igh t  p e r c e n t  heavy m i n e r a l .  For example,  sample  2110 h a s  

a r e l a t i v e l y  h igh  we igh t  p e r c e n t  heavy m i n e r a l  of 10.91 of which 

36.75% by coun t  is opaque m i n e r a l s .  I n  g e n e r a l ,  v a l u e s  of  t r a n s -  

p a r e n t  g r a i n  c o n t e n t  of around 75% y i e l d  heavy m i n e r a l  we igh t  p e r c e n t a g e s  

of from 1 t o  5 p e r c e n t .  

C. MINERALOGICAL PROVINCES 

1 )  MINERAL PERCENTAGE DISTRIBUTION 

Frequency p e r c e n t  v a l u e s  w i t h  r e s p e c t  t o  t o t a l  t r a n s p a r e n t  

g r a i n s  of  t h e  more u s e f u l  heavy m i n e r a l s :  hornb lende ,  hypens thene ,  

a u g i t e ,  F r a n c i s c a n  m i n e r a l s  (Lawsonite p l u s  j a d e i t e )  a r e  p l o t t e d  

r e s p e c t i v e l y  i n  f i g u r e s  25 ,  26 ,  2 7 ,  and 28. 

 he assemblage is c h a r a c t e r i z e d  by a  h i g h  g r e e n  hornb lende  w i t h  

secondary amounts of a u g i t e  and h y p e r s t h e n e  w i t h  o c c a s i o n a l  c o u n t s  of 

F r a n c i s c a n  m i n e r a l s .  The d i s t r i b u t i o n  of  hornb lende  (Fig .  25)shows 

h igh  v a l u e s  a l o n g  t h e  c o a s t  d e c r e a s i n g  seaward w i t h  tongues  of h i g h  

v a l u e s  e x t e n d i n g  seaward west  of t h e  p r e s e n t  .mouths of  P i c a r c  i t o s  , 

Pompano, and P e s c a d e r o  Creeks .  The d e c r e a s e  of v a l u e s  seaward 

i n d i c a t e s  t h e  b a s i c  s o u r c e  of t h e  hornb lende  is t h e  l a n d .  Augi te  

( ~ i g .  27) h a s  a low d i s t r i b u t i o n  i n s i d e  H a l f - ~ o o n  Bay w i t h  a  r eason-  

a b l e  uniform p e r c e n t a g e  (10-20) o f f s h o r e .  However, t he  d i s t r i b u t i o n  
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Such p r o v i n c e s  may be given t ime  s t r a t i g r a p h i c  s i g n i f i c a n c e  i f  

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

Holocene and P l e i s t o c e n e  f l u c t u a t i o n s  of s e a  l e v e l .  Mdlliman and 

Emery (1968) have documented t h e  f o l l o w i n g  chronology of most r e c e n t  

s e a  l e v e l  changes  based on world-wide d a t a :  

TABLE 6  

A .  L a s t  P r e v i o u s  h i g h  s t a n d  o f  s e a  l e v e l  30,000 t o  35,000 y e a r s  ago.  

B. Slow r e c e s s i o n  t o  -40 m e t e r s  from 30,000 t o  21,000 y e a r s  ago. 

C .  Rapid r e c e s s i o n  t o  -130 m e t e r s  from 21,000 t o  16,000 y e a r s  ago. 

D.  Rapid rise t o  -10 m e t e r s  from 16,000 t o  5 ,000 y e a r s  ago. 

E .  Slow r i s e  w i t h  p l u c u a t i o n s  t o  p r e s e n t  l e v e l  and t ime .  

Thus d u r i n g  t h e  lowes t  s t a n d  o f  s e a  l e v e l  t h e  a r e a  covered i n  t h i s  

s u r v e y  was exposed t o  t h e  atmosphere and s t r e a m  d r a i n a g e  was developed 

on t h e  t h e n  d r y  s h e l f .  With r i s i n g  s e a  l e v e l  c o i n c i d i n g  w i t h  t h e  

m e l t i n g  o f  t h e  c o n t i n e n t a l  i c e  s h e e t s ,  t h e  s u b a r e a 1  d r a i n a g e  a r e a  would 

be reduced.  I f  s e a  l e v e l  r o s e  s l o w l y ,  t h e  s h e l f  d e p o s i t s  would be 

reworked e x t e n s i v e l y  by t h e  advancing s u r f  zone and w i t h  s i g n i f i c a n t  

l o n g s h o r e  d r i f t  sugges ted  by t h e  f l a t  s h e l f ,  t h e  remain ing  d e p o s i t s  

would be r e l a t i v e l y  homogeneous. I f  t h e  r i s e  i n  s e a  l e v e l  was r a p i d ,  

t h e  e a r l i e r ,  low s tand  s t r e a m  d r a i n a g e  p a t t e r n s  a s  r e f l e c t e d  i n  t h e i r  

sed iments  would be  p r e s e r v e d .  I n t e r m e d i a t e  r a t e s  o f  s e a  l e v e l  r i s e  

would produce a spect rum from complete  homogenation through a smearing 

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

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

l e v e l  would produce l i n e a r  b e l t s  p a r a l l e l  t o  t h e  t h e n  c o a s t  l i n e  o f  



r e c o g n i z a b l e  beach d e p o s i t s  a g a i n  o f  r e l a t i v e l y  homogeneous minera logy 

produced by l o n g  s h o r e  d r i f t .  

The i n t e r p r e t a t i o n  shown i n  F ig .  37 s u g g e s t  t h a t  t h e  r i s e  i n  

s e a  l e v e l  from -90 m e t e r s  (50 fa thoms)  t o  -20 m e t e r s  (10 fathoms) 

was r a p i d  p r e s e r v i n g  t h e  e x t e n s i o n s  on t h e  s h e l f  o f  e x i s t i n g  s t r e a m s .  

Landward of  -20 m e t e r s  (10 fathoms) t h e  s u r f a c e  d e p o s i t s  a r e  more 

homogeneous s u g g e s t i n g  a  s l o w e r  r i s e  i n  s e a  l e v e l  o r  a c t i v e  reworking 

o f  d e p o s i t s  t o  t h a t  d e p t h  under  p r e s e n t  s u r f  c o n d i t i o n s .  T h i s  i n t e r -  

p r e t a t i o n  a g r e e s  w i t h  t h e  chronology of  Mill iman and Emery (1968) f o r  

e u s t a t i c  changes  o f  s e a  l e v e l  and f u r t h e r  s u g g e s t  t h a t  t h i s  p a r t  o f  

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

s i g n i f i c a n t  v e r t i c a l  movements d u r i n g  t h e  p a s t  35,000 y e a r s .  

DEPOSITIONAL HISTORY 

Based on t h e  i n t e r p r e t a t i o n s  g iven  i n  Fig .  37, t h e  sequence 

o f  s e d i m e n t a t i o n  on t h e  C o n t i n e n t a l  S h e l f  i n  t h i s  a r e a  i s  a s  f o l l o w s .  

PRE WISCONSIN: The o l d e s t  o r  background sediment i s  t h e  o f f s h o r e  zone 

shown a s  l o b e s  and t r u n c a t e d  l o b e s  c o n t a i n i n g  moderate  amounts o f  

hornblende w i t h  h i g h  hypers thene .  T h i s  m a t e r i a l  h a s  m i n e r a l o g i c a l  

a f f i n i t i e s  w i t h  t h e  sed iments  on t h e  San F r a n c i s c o  o f f s h o r e  b a r  which 

because  of t h e  h igh,  sediment  load  from t h e  San Joachin- Sacramento 

d r a i n a g e  may b e  t h e  p r i n c i p a l  s o u r c e  of  sediment on t h e  C e n t r a l  

C a l i f o r n i a  C o n t i n e n t a l  S h e l f .  The b a r  m a t e r i a l  i s  moved southward 

due  t o  l o n g s h o r e  d r i f t  ( see  F i g .  10)  . from t h e  P l e i s t o c e n e  e x t e n s i o n s  

of t h e  San Joachin-Sacramento River  i n t o  t h i s  a r e a .  The b a r  d e p o s i t s  



a r e  r e l a t i v e l y  homogeneous and do no t  show obv ious  d r a i n a g e  p a t t e r n s  

which s u g g e s t  t h e y  have been e x t e n s i v e l y  reworked. The l o b a t e  s u r f a c e  

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

e x t e n d i n g  o u t  from l o c a l  s t r e a m s .  A s  t h e  s o u r c e  of  t h e  b a r  sed iments  

i s  t h e  e x t e n s i v e  d r a i n a g e  o f  t h e  Grea t  Va l l ey  and t h e  S i e r r a s ,  which 

h a s  remained unchanged f o r  a t  l e a s t  one  m i l l i o n  y e a r s ,  t h e  c h a r a c t e r -  

i s t i c s  o f  t h e  b a r  sed iments  i s  t i m e  t r a n s g r e s s i v e .  For example,  

sed iments  p r e s e n t l y  b e i n g  d e p o s i t e d  on t h e  San F r a n c i s c o  Bar a r e  

m i n e r a l o g i c a l l y  s i m i l a r  b u t  younger t h a n  t h e  r e l i c t  ba r- type  sed iments  

found on t h e  s h e l f  seaward o f  Half  Moon Bay. In  o t h e r  words ,  s imple  

minera logy canno t  be used t o  d a t e  t h e  s h e l f  sed iments .  

ILLINOIS IAN?? 

WISCONSIN GLACIAL STAGE STREAM SEDIIvENTS 

The l i n e a r  b ranch ing  p a t t e r n s  shown i n  t h e  d i s t r i b u t i o n  of  t h e s e  

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

be t r a c e d  shoreward t o  t h e  p r e s e n t  mouths of  P i l a r c i t o s ,  P u r i s i m a ,  

T u n i t a s ,  San Gregor io ,  and Pescadero  Creeks .  T h e i r  minera logy is  

c h a r a c t e r i z e d  by h i g h  p e r c e n t a g e  o f  t r a n s p a r e n t  g r a i n s  (Fig.  23), 

h i g h  hornb lende  (Fig .  25)  presumably coming from t h e  S a l i n i a n  G r a n i t i c  

P rov ince  on s h o r e ,  r e d u c t i o n  i n  h y p e r s t h e n e  (Fig .  26) caused by 

d i l u t i o n  w i t h  n e a r e r  s h o r e  m a t e r i a l ,  and reasonab ly  h i g h  a u g i t e  (Fig.  

27) coming c h e i f l y  from s t r e a m s  s o u t h  o f  T u n i t a s  Creek.  The s h e l f  

e x t e n s i o n s  o f  P i l a r c i t o s ,  P u r i s i m a ,  and T u n i t a s  Creeks  merge on t h e  s h e l f  

a t  -36 meters (-20 fa thoms)  and e v e n t u a l l y  j o i n  t h e  e x t e n s i o n  o f  San 

Gregor io  Creek a t  -72 m e t e r s  (-40 fa thoms) .  The g l a c i a l  Pescadero  

Creek a p p e a r s  t o  have flowed seaward w i t h o u t  any t r i b u t a r i e s  i n  t h i s  



a r e a .  

WISCONSIN TO HOLOCENE DEPOSITS 

These d e p o s i t s  a r e  found a s  a  (1) n e a r  s h o r e  band o f  sediment  charac-  

t e r i z e d  by h i g h  hornb lende  and low h y p e r s t h e n e  s u g g e s t i n g  l o c a l  S a l i n i a n  

s o u r c e s  and .(2) a  zone of  h igh  hornb lende  and moderate  h y p e r s t h e n e  

c o n s i s t i n g  of  a  reworked m i x t u r e  of  San F r a n c i s c o  Bar m a t e r i a l  w i t h  

sed iments  from t h e  Montara Quar tz  D i o r i t e .  The S a l i n i a n  tongues  o f  

sediment  a s s o c i a t e d  w i t h  t h e  s h e l f  s t r e a m s  may be  r e g r e s s i v e  d e p o s i t s  

l a i d  down by b r a i d i n g  s t r e a m s  d u r i n g  a  r a p i d  lower ing  of  s e a  l e v e l  

(Table  6 ) which would i n c r e a s e  t h e  s t r e a m  g r a d i e n t  and o v e r a l l  e r o s i o n  

b u t  would f a v o r  r a p i d  d e p o s i t i o n  on t h e  r e l a t i v e l y  f l a t  s h e l f .  The 

e x t e n t  o f  t h e s e  d e p o s i t s  seaward of  t h e  p r e s e n t  -20 mete r  l i n e  (-10 

fa thoms)  may d e l i n e a t e  t h e  f l o o d  p l a i n  of  t h e  s h e l f  s t r e a m s  whereas  

t h e  b ranch ing  p a t t e r n  may show t h e  l a s t  p o s i t i o n  o f  t h e  s t r e a m  d r a i n a g e  

b e f o r e  t h e  r i s e  i n  s e a  l e v e l .  The c h i e f  d i f f e r e n c e  b e i n g  t h e  sed iments  

a l o n g  t h e  most r e c e n t  c h a n n e l s  have h i g h e r  u n d i l u t e d  hornb lende  b e i n g  

l e s s  reworked. The b e l t  of  t h e s e  sed iments  landward o f  t h e  -20 mete r  

l i n e  i s  r e l a t e d  t o  t h e  slow r i s e  t o  p r e s e n t  s e a  l e v e l  b e i n g  r e l a t i v e l y  

homogeneous and i n  band p a r a l l e l  t o  t h e  c o a s t .  A s  w i t h  t h e  b a r  d e p o s i t s  

such  d e p o s i t s  may be t ime  t r a n s g r e s s i v e  because  t h e  s o u r c e  a r e a s  a r e  

p r o v i d i n g  m a t e r i a l  th roughout  t h e  f l u c u a t i o n s  o f  s e a  l e v e l .  

HOLOCENE DEPOSITS - The s o u t h e a s t  t r e n d i n g  r e e f  of  Half Moon Bay 

e s s e n t i a l l y  t r a p s  local m a t e r i a l  with high  hornb lende  c o n t e n t  (Montara 

Q u a r t z  D i o r i t e )  and p r e c l u d e s  much mixing o r  reworking and incorpora-  

t i o n  w i t h  o t h e r  nea r- shore  sed iments .  



APPENDIX I 

ORGANIC CONTENT OF MARINE SEDIMENTS 

FROM HALF MOON BAY 

TIM THEISS 

INTRODUCTION 

A s t u d y  o f  mar ine  sed iments  sampled o f f  t h e  Northern  C a l i f o r n i a  

c o a s t  from Monterey Bay t o  n o r t h  o f  P o i n t  Reyes i s  c u r r e n t l y  b e i n g  

under taken by Wilde and a s s o c i a t e s .  Gra in  s i z e  d i s t r i b u t i o n ,  c a r b o n a t e  

c o n t e n t ,  and o t h e r  p a r a m e t e r s  a r e  b e i n g  i n v e s t i g a t e d .  T h i s  a u t h o r  

examined t h e  o r g a n i c  c o n t e n t  of  t h i r t y  samples (Fig .  38 ) t aken  n e a r  

Half Moon Bay by Wilde and a s s o c i a t e s .  The d e p t h  o f  w a t e r  a t  t h e  sample 

p o i n t s  v a r i e d  from 5 t o  40 fa thoms ,  and t h e  o r g a n i c  c o n t e n t s  o b t a i n e d  

ranged from z e r o  t o  about 1 p e r  c e n t .  

EXPERIMENTAL PROCEDURE 

Organic  c o n t e n t  was determined by t h e  chromic a c i d  r e d u c t i o n  method 

developed by ~ c h o l l e n b e r g e r  (1945). T h i s  method is d e s c r i b e d  i n  

T h e i s s  (1969). The samples were hea ted  i n  chromic a c i d  t o  1 7 5 O ~ .  The 

amount.of d ichromate  reduced by t h e  o x i d i z e d  o r g a n i c s  was determined by 

t i t r a t i n g  w i t h  .2N f e r r o u s  ammonium s u l p h a t e  s o l u t i o n .  C h l o r i d e s ,  

which i n t e r f e r e  w i t h  t h e  t i t r a t i o n ,  were removed by washing and f i l t e r i n g  

t h e  samples .  

M o d i f i c a t i o n s  o f  ~ c h o l l e n b e r ~ e r ' s  method were i n c o r p o r a t e d  by t h e  

a u t h o r .  I n s t e a d  of add ing  a  d r y  we igh t  of  potass ium d ichromate  t o  each 

t e s t ,  5  ml of .1334 M K Cr  0 s o l u t i o n  were added. The amount o f  
2 2 7  



Fig .  38 



c o n c e n t r a t e d  s u l f ' u r i c  a c i d  added was t h e n  i n c r e a s e d  from 10 m l  t o  about  

12 m l  because  t h e  a d d i t i o n  o f  t h e  d ichromate  s o l u t i o n  caused t h e  sample 

c o n t e n t s  t o  b o i l  b e f o r e  r e a c h i n g  t h e  r e q u i r e d  1 7 5 ' ~ .  I t  shou ld  be 

noted t h a t  d u r i n g  t h e  t i t r a t i o n ,  t h e  b l u e  c o l o r  d i d  n o t  appear  u n t i l  

t h e  t i t r a t i o n  was n e a r  t h e  e n d p o i n t .  The c o l o r  change from b l u e  t o  

g reen  was slow b u t  ve ry  d i s t i n c t .  The method proved t o  be  f a s t  and 

e f f i c i e n t .  

RESULTS 

The e x p e r i m e n t a l  d a t a  a r e  l i s t e d  i n  Tab le  17.  D i f f e r e n t  

w e i g h t s  o f  samples  were used e a r l y  i n  t h e  exper iment  i n  an a t t e m p t  t o  

i n c r e a s e  t h e  amount o f  o x i d a t i o n ,  b u t  an i n c r e a s e  d i d  n o t  o c c u r .  Most 

of  t h e  samples  weighed .500 gm. 

The r e s u l t s  showed v e r y  low o r g a n i c  c o n t e n t s ;  o n l y  one sample 

con ta ined  more t h a n  1%. These v a l u e s  appear  t o  be t o o  low i n  view o f  

t h e  f a c t  t h a t  Wilde and a s s o c i a t e s  n o t i c e d  a pungent odor  o f  t h e  s e d i-  

ments when t h e y  were g a t h e r e d .  A f t e r  g a t h e r i n g ,  t h e  samples were  s t o r e d  

i n  p l a s t i c  bags  i n s i d e  o f  ca rdboard  c o n t a i n e r s  which were s e m i- a i r t i g h t .  

Consequent ly ,  some o f  t h e  samples  d r i e d  o u t  i n  t h e  upper  p o r t i o n s .  I t  

i s  ve ry  l i k e l y  t h a t  much o x i d a t i o n  o f  t h e  o r g a n i c  c o n t e n t  t o o k  p l a c e  

when t h e  samples  were  s t o r e d .  The a u t h o r  was given a  s m a l l  p o r t i o n  o f  

t h e  c o l l e c t e d  sediment  samples ,  and i t  i s  n o t  known i f  (though i t  can 

be assumed t h a t )  t h e  a u t h o r ' s  p o r t i o n s  were  t aken  from t h e  t o p s  o f  t h e  

samples  where t h e  s e v e r e  o x i d a t i o n  took  p l a c e .  In  s p i t e  o f  t h e  f a c t  

t h a t  t h e  v a l u e s  seem t o  be t o o  low, t h e  r e s u l t s  c a n  be u t i l i z e d  t o  

demons t ra te  r e l a t i o n s h i p s  between t h e  sample p o i n t s .  If a l l  t h e  samples 

were exposed t o  t h e  same d e g r e e  of o x i d a t i o n  p o t e n t i a l ,  t hen  t h e  



TABLE 7 
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r e l a t i v e  p o s i t i o n  o f  t h e  samples  i n  t e r m s  of o r g a n i c  c o n t e n t  s h o u l d  n o t  

change  a p p r e c i a b l y .  I f  t h i s  a s sumpt ion  i s  n o t  v a l i d ,  t h e n  t h e  r e s u l t s  

a r e  m e a n i n g l e s s ,  and t h e  e x p e r i m e n t  i s  i n v a l i d .  

The r e s u l t s  a r e  a l s o  p l o t t e d  on a  map of  t h e  a r e a  (F ig .  381 ,  and 

i s o p l e t h s  of  o r g a n i c  c o n t e n t  a r e  s k e t c h e d  i n .  Excep t  f o r  two i s o l a t e d  

p o i n t s ,  t h e  r e s u l t s  a p p e a r  t o  be  q u i t e  c o n s i s t e n t .  The o r g a n i c  c o n t e n t s  

i n c r e a s e  w i t h  t h e  d i s t a n c e  f rom s h o r e  (and w i t h  d e p t h  a l o n g  any i n d i v i -  

d u a l  t r a c k ) .  T h i s  r e s u l t  h a s  been  o b s e r v e d  by o t h e r  i n v e s t i g a t o r s  

( R e v e l l e  and  S h e p a r d ,  1939)  who n o t e d  t h a t  t h e  o r g a n i c  c o n t e n t  maximum 

o c c u r s  a t  an  i n t e r m e d i a t e  d i s t a n c e  o f f s h o r e .  U n f o r t u n a t e l y ,  t h e  s e d i -  

ment s ample  p o i n t s  d o  n o t  e x t e n d  f a r  enough o f f s h o r e  t o  e n a b l e  a  d e t e r -  

m i n a t i o n  o f  t h e  o r g a n i c  c o n t e n t  maximums i n  t h i s  s t u d y .  Near  s h o r e  t h e  

t u r b u l e n c e  c a u s e d  by wave a c t i o n  h o l d s  t h e  o r g a n i c s  i n  s u s p e n s i o n .  

F a r t h e r  o f f s h o r e ,  b e c a u s e  o f  less t u r b u l e n c e ,  more o r g a n i c s  a r e  

d e p o s i t e d .  A p o i n t  i s  r e a c h e d ,  however,  when t h e  o x i d a t i o n  r a t e  of t h e  

o r g a n i c s  e x c e e d s  t h e  r a t e  of d e p o s i t i o n ,  and t h e  o r g a n i c  c o n t e n t  i s  

e x p e c t e d  t o  d e c r e a s e .  

The i s o p l e t h s  t e n d  t o  f o l l o w  t h e  c o n t o u r  l i n e s  i n  t h e  lower  h a l f  

o f  t h e  a r e a  s t u d i e d  b u t  t e n d  t o  head i n  a  more e a s t - w e s t  d i r e c t i o n  

r e l a t i v e  t o  t h e  c o n t o u r  l i n e s  i n  t h e  u p p e r  h a l f .  The m a j o r  s o u r c e  o f  

s e d i m e n t s  f o r  t h i s  area i s  t h e  Golden G a t e ,  and the  s e d i m e n t s ,  e s p e c i a l l y  

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

w h i l e  t h e  c u r r e n t s  move them sou thward .  A s  t h e  d i s t a n c e  from t h e  Golden 

Ga te  i n c r e a s e s ,  t h e  t u r b u l e n c e  d i e s  down, and more and more o r g a n i c  

m a t e r i a l  is d e p o s i t e d ,  r e s u l t i n g  i n  l a r g e r  c o n t e n t s  a l o n g  the same 

c o n t o u r  l i n e  a s  o n e  p r o g r e s s e s  sou thward .  F u r t h e r  d e t e r m i n a t i o n s  o f  



o r g a n i c  c o n t e n t s  'and e x t e n s i o n s  o f  t h e  i s o p l e t h s  a r e  n e c e s s a r y  t o  

f u r t h e r  s u b s t a n t i a t e  t h i s  r e s u l t .  

The two p o i n t s  which do n o t  f o l l o w  t h e  g e n e r a l  p a t t e r n s  may be  

t h e  r e s u l t  o f  f a u l t y  e x p e r i m e n t a l  t e c h n i q u e  o r  may b e  i s o l a t e d  

p o c k e t s  o f  h i g h e r  o r g a n i c  c o n t e n t .  I t  is  a l s o  p o s s i b l e  t h a t  t h e s e  

samples were n o t  o x i d i z e d  a s  much a s  o t h e r  samples  when i n  s t o r a g e .  

The f a c t  t h a t  t h e  o r g a n i c  c o n t e n t s  a r e  s o  low means t h a t  s m a l l  

d i f f e r e n c e s  i n  c o n t e n t  a r e  b e i n g  c o n s i d e r e d .  The accuracy  o f  t h e  

e x p e r i m e n t a l  t e c h n i q u e  h a s  been e s t i m a t e d  a t  a s  h i g h  a s  10% which i s  

much l a r g e r  t h a n  t h e  c o n t e n t s  de te rmined .  Thus,  pe rhaps  one s i g n i -  

f i c a n t  f i g u r e  i s  a l l  t h a t  i s  w a r r a n t e d .  

CONCLUS IONS 

The u s e  of S c h o l l e n b e r g e r ' s  method f o r  t h e  d e t e r m i n a t i o n  o f  

o r g a n i c s  is  compl ica ted  by t h e  p r e s e n c e  o f  c h l o r i d e s ,  and because  o f  

t h e  d i f f i c u l t y  i n  removing them w i t h o u t  removing w a t e r  s o l u b l e  and 

v e r y  f i n e  o r g a n i c  m a t e r i a l ,  t h i s  method may n o t  be  p r a c t i c a l  f o r  

mar ine  s t u d y .  However, i f  t h e  p r o p e r  f i l t e r s  a r e  a v a i l a b l e ,  a s  

d e s c r i b e d  i n  S c h o l l e n b e r g e r  (1945),  t h e n  t h e  method i s  j u s t i f i a b l e  

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

mar ine  sed iment s t u d y .  

The r e s u l t s ,  a l though  t h e y  i n d i c a t e  s m a l l  c o n t e n t s ,  a r e  con- 

s i s t e n t  and j u s t i f i a b l e  by t h e  oceanograph ic  c o n d i t i o n s  o f  t h e  a r e a .  

F u r t h e r  i n v e s t i g a t i o n s  of t h e  a r e a  would be r e q u i r e d  i n  o r d e r  t o  

f u l l y  s u b s t a n t i a t e  t h e  r e s u l t s .  

F u r t h e r  s t u d i e d  must e v a l u a t e  t h e  o r g a n i c  c o n t e n t  a s  soon 

a f t e r  sampl ing a s  p o s s i b l e  i n  o r d e r  t o  avo id  t h e  e x t e n s i v e  o x i d a t i o n ;  



F i g .  28 



p a t t e r n  is d e n d r i d i c  i n  t h e  c e n t r a l  p a r t  of  t h e  a r e a  s u g g e s t i n g  t h e  

r e l i c t  P l e i s t o c e n e  o r  l o w e r  s e a  l e v e l  t r a c e  o f  t h e  combined P i l a r c i t o s -  

T u n i t a s  Creek  d r a i n a g e .  On t h e  beach  t h e  p e r c e n t a g e  o f  a u g i t e  is 

g r e a t e r  t o  t h e  s o u t h  of  T u n i t a s  Creek  ( a p p r o x i m a t e l y  t h e  seaward  

t r a c e  of  t h e  San G r e g o r i o  f a u l t )  t h a n  t o  t h e  n o r t h .  T h i s  s u b s t i t u t e s  

H u t t o n  (1959) e a r l y  work. However t h i s  change  is n o t  r e f l e c t e d  i n  t h e  

o f f s h o r e  s e d i m e n t s  n o r t h  of  P idgeon  P o i n t .  Hyper s thene  v a l u e s  are 

low i n s i d e  Hal f  Moon Bay, i n  t h e  c o a s t a l  beaches  n o r t h  o f  T u n i t a s  

Creek ,  and i n  a  t o n g u e  e x t e n d i n g  seaward  i n  t h e  c e n t r a l  p a r t  of  t h e  

a r e a .  High v a l u e s  are found o f f s h o r e  and t o  t h e  s o u t h .  

A t o n g u e  o f  h i g h h y p e r s t h e n e  c o n t e n t  e x t e n d s  i n t o  t h e  a r e a  from 

t h e  n o r t h w e s t .  The a v e r a g e  o f f s h o r e  v a l u e s  are h i g h e r  t h a n  t h e  n e a r -  

s h o r e  and  on s h o r e  v a l u e s  of  h y p e r s t h e n e ,  t h u s  t h e  c h i e f  s o u r c e  of  

t h e  h y p e r s t h e n e  is o f f- s h o r e .  The t o t a l  F r a n c i s c a n  m i n e r a l  c o n t e n t  

(F ig .  28) is v e r y  low,  n e v e r  g r e a t e r  t h a n  4 p e r c e n t  of  t h e  t r a n s p a r e n t  

g r a i n s .  The beach and s t r e a m  and n e a r  s h o r e  material have  e s s e n t i a l l y  

no F r a n c i s c a n  m i n e r a l s  whereas  t h e  o f f - s h o r e  m a t e r i a l  h a s  a  t r a c e  

s u g g e s t i n g  t h e  F r a n c i s c a n  m a t e r i a l  is n o t  d e r i v e d  from t h e  p r e s e n t  

d r a i n a g e  b a s i n s  emptying  i n t o  t h e  a r e a  which  h a s  no F r a n c i s c a n  r o c k s  

exposed .  

G e n e r i c  End Members F i g u r e  2 9  shows a p l o t  o f  t h e  mine ra logy  o f  t h e  

s e d i m e n t s  u s i n g  t h r e e  g e n e r i c  end members (1) h o r n b l e n d e  ( g r a n i t i c ) ;  

(2 )  h y p e r s t h e n e  ( v o l c a n i c ) ;  and ( 3 )  l a w s o n i t e  p l u s  j a d e i t e  p l u s  

g l aucophane  (Franciscan- metamorphic  ( s e e  d i s c u s s i o n  i n  Wi lde  and 

o t h e r s ,  1 9 6 9 ,  p ,  48)); A u g i t e  w a s  n o t  i n c l u d e d  a s  it c o u l d  come 

f rom e i t h e r  v o l c a n i c  ( ~ u t t o n ,  1959)  o r  g r a n i t i c  rocks .  



LAWSONITE + 
JADE ITE + 

GLAUCOPHANE ' 

(METAMORPHIC 

GREEN HORNBLENDE 
(GRANITIC) 

TRIANGLE DIAGRAM. 
HORNBLENDE + HYPERSTENE + JADElTE -t 
GLAUCOPHANE + LAWSONITE = I00 % 

HYPERSTHENE 
( VOLCANIC) 



The samples show a  g r ada t i on  between a very h igh  g r a n i t i c  component 

and a  moderate t o  low vo l can i c  sou rce .  The d a t a  has  t h r e e  d i s t i n c t  

c l u s t e r s  of p o i n t s .  (1) A h igh  g r a n i t i c  component f o r  Half Moon Bay 

and n o r t h e r n  shal low w a t e r  samples such a s  2131, 2132, and 2133, 

(2) g r ada t i on  between h igh  g r a n i t i c  t o  moderate vo l can i c  which 

i nc ludes  most of t h e  samples ,  and (3) moderate t o  h igh  vo l can i c  

con t en t  shown by o f f  sho re  samples 2136, 2138, 2143, i n  t h e  nor th-  

wes t  c o r n e r  o f  t h e  a r e a .  Complete minera log ic  composi t ions  o f  

examples of t h e s e  t h r e e  c l u s t e r s  a r e  found i n  F igs .  30,  31,  32. 



SAMPLE 2132 
Fig. 30 

Depth 9.1 meters 5.0 fathoms 

Size Fraction (SF) -124 - .I75 mm 

Graph X = Total % of Each Mineral 

Total % of Transparent Grains 
Wt. X of SF/Total Sample 72.00 

54 
Wt. % of HM/SF 7-15 

Total Grains Counted 131 

% Transparent Grains 76.34 

% Opaques 5.34 

% Composite Gr. and Unknowns 18.32 

Mineral No. Grains Counted Mineral Na Grains Counted 

Carbonate 1 Hematite 6 , 

Pumpellyite 1 Magnetite 1 

Composites - Alterites 22 

Analyst J. Lee 



F i g .  31 
SAMPLE 2137 

Location 37O24.6' 122'32.4' 

Depth 54 .9  meters 30.0  fathoms 

Size Fraction (SF) . 0 6 i  - .351 mm 

Graph X = Total % of Each Mineral 

Total % of Transparent Grains 
W t .  X of S F / ~ o t a l  Sample 91-01 

4 .06  
55 

W t .  % of HM/SF 

Total Grains Counted 164 

% Transparent Grains 60.90 

% Opaques 1 .77  

X Composite Gr. and Unknowns 21 .4  

C U a aala Q) a a' o a u u u u  w a -a 
c) C rl r l - d O  rl d d 
&I $4 u u m a  a al 
d m  o m s l s l  rl rl 
N a rl a o a  P P 

c~ - t g w  h e 
c 4 0 0 
rl 
.A " 

$4 
C3 

Other Transparent Minerals 

Mineral No. Grains Counted 

P i c o t i t e  1 

Al lan i t e  1  

Composites - A l t e r i t e s  31 

Unknowns 4 

Other Opaque Minerals 

Mineral N a  Grains Counted 

Magnetite 2 2 

Hematite 5 

Leucoxene . 1  

Analyst J. Lee 



SAMPLE 2138 Fig. 32 

Location 37'23.5' 122'34.7' 

Depth 60.4 meters 33 fathoms. 

Size Fraction (SF) -061 - .351 mm 

Graph X = Total X of Each Mineral 

Total % of Transparent Grains 
W t .  X of SFITotal Sample 88.43 

56 
wt. % of HM/SF 11.04 

Total Grains Counted 158 

% Transparent Grains 64.0 

% Opaque8 15.8 

X Composite Gr. and Unknowns 20.2 

al a l a l a l  
U  U U U  
d d d 0  
u urn* 
0 a-rlrl 

a o a  a 4 g N W  

e d 
rl 
d 
V 

Other Transparent Minerals 

a al a a a l a l  
C U U U E : U  
a r l r l r l a l r l  

m M 5 74 
U 3 5  a m 0 3 < g . ;  N .  

C E w  
P3 

other Opaque Minerals 

Mineral No. Grains Counted Mineral No Grains Counted 

Picot  i t e  1 Magnetite 24 

Lawsonite 1 Leucoxene 1 

Com~os i t e s  - A l t e r i t e s  31 

Unknowns 1‘ 

Pum~ellvite 1 

Analyst J. Lee 



I V . PROVENANCE 

The p o t e n t i a l  s o u r c e s  of sand- s ize  sediment now on t h e  C o n t i n e n t a l  

S h e l f  c h a r a c t e r i z e d  by t h e  minera log ic  s t u d i e s  of  t h i s  r e p o r t  a r e :  

(1) S u b a e r i a l  s t r eam d r a i n a g e  a r e a s  w i t h  unique l i t h o l o g i e s  such a s :  

(a) North of  P i l l a r  P o i n t  - G r a n i t i c  t e r r a i n  

(b) Half Moon Bay t o  t h e  San Gregor io  F a u l t  - G r a n i t i c  and 

T e r t i a r y  sedimentary  t e r r a i n  i n c l u d i n g  P i l a r c i t o s ,  

Purs ima,  and T u n i t a s  Creeks.  

( c )  San Gregor io  F a u l t  t o  Pigeon P o i n t  - T e r t i a r y  sedimentary  

and v o l c a n i c  t e r r a i n  drawed by San Gregor io ,  Pomponio, 

and Pescadero Creek,  p l u s  Cretaceous  marine  sed iments  

drawed by Butano Creek a  t r i b u t a r y  t o  Pescadero Creek 

a t  i t s  mouth. 

(2) C l i f f  e r o s i o n  of P l e i s t o c e n e  and T e r t i a r y  sed iments  i n  t h e  

n o r t h  and middle and Cretaceous  marine sediments  i n  t h e  s o u t h .  

(3) Recent longshore  d r i f t  c h i e f l y  from a r e a s  t o  t h e  n o r t h .  

(4) R e l i c t  longshore  d r i f t  aga in  c h i e f l y  from t h e  n o r t h .  

(5) In p l a c e  r e l i c t  sed iments  d e p o s i t e d  s u b a e r i a l l y  by wind and 

s t r e a m s  on t h e  s h e l f  d u r i n g  lower  s t a n d s  of  s e a  l e v e l .  

(6) T r a n s g r e s s i v e  r e l i c t  sed iments  produced by reworking o f  

o f f s h o r e  sed iments  i n  t h e  s u r f  zone and t r a n s p o r t e d  

p r o g r e s s i v e l y  shoreward w i t h  r i s i n g  s e a  l e v e l .  

(7) Submerged o u t c r o p s  eroded by submarine e r o s i o n .  

(8) Recent s h e l f  sediments  reworked and t r a n s p o r t e d  by c o n t o u r  

c u r r e n t s .  

A q u a n t i t a t i v e  assignment of a c t u a l  volumes t o  each  o f  t h e  above 



SEDIMENTARY PROVINCES 

S a y l e s  (1965) u s i n g  samples from t h e  near- shore  around Half 

Moon Bay and n o r t h  de sc r i bed  s e v e r a l  heavy minera l  p rov ince s ,  dep i c t ed  

i n  Fig .  3 3 ,  based on a  vector-mixing concep t .  Say l e s  picked s e v e r a l  

samples and used t h e i r  m ine ra log i ca l  composit ion a s  end members o r  

v e c t o r s  and then  compared t h e  r e s t  of t h e  samples t o  each v e c t o r ,  

The mean va lue s  and s t anda rd  d e v i a t i o n  of  t h e  samples of S a y l e s f  

p rov inces  shown i n  Table  4 .  A summary of  S a y l e s '  f i n d i n g s  i n d i c a t e  

t h r e e  b a s i c  zones:  (A) Off- shore zone of hornblende-augi te-  

a c t i n o l i t e- h y p e r t h e n e  which is  t h e  predominate a r e a l  p rov ince  (Sayles  

p rov ince  (1)) and (B) a high  hornblende prov ince  i n s i d e  Half Moon Bay 

and between P o i n t  Montana and P i l l a r  Po in t  (Sayles  Province 3 and 2 

r e s p e c t i v e l y )  and (C) a hornblende- hypers thene- augi te  zone i n  t h e  nor th-  

west a long  t h e  c o a s t  (Sayles  Province (4) ) .  

Moore (1965) working i n  t h e  a r e a  j u s t  w e s t  of t h e  Golden Gate i n  

t h e  Gulf of F a r a l l o n s  and n o r t h  of t h e  r eg ion  s t u d i e d  by Say l e s  (1965) 

descr ibed  f i v e  minera log ic  p rov inces  (Fig.  34) two of which con t i nue  

i n t o  t h e  a r e a  o f  t h i s  r e p o r t .  Moore r epo r t ed  an o f f s h o r e  zone (Moore's 

Province VI) wi th  Franc i scan  a f f i n i t i e s  and an i n sho re  zone ( ~ o o r e ' s  

Province IV) r e l a t e d  t o  t h e  San Franc i sco  o f f s h o r e  b a r  w i th  a  d i s t i n c t i v e  

hypers thene  c o n t e n t .  A r e g i o n a l  i n t e r p r e t a t i o n  n o r t h  o f  t h e  a r e a  of 

i n t e r e s t  i s  shown i n  Fig .  35 w i t h  t h e  p rov ince s  d iv ided  on va r i ous  

minera log ic  r a t i o s .  



Fig* 33 

HEAVY MINERAL I . -  
, PROVINCES 

. Province I , , ' -  

. m[I ~ r o v ~ n c e  2.  . . 1 .  

brA Province 3 

.hTy Province 4 

, ." Scale 
k 4.0 Miles 

J 

p. : .  . 



MEAN AND STANDARD DEVIATION OF MINERAL C O N T U T  
OF THE PROVINCES AND MIXING ZONES 
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Fig. 34 
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Fig. 35 
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RELATION OF SEDIMENTS IN 
THE AREA OF STUDY TO 
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AREAS 

SAYLES& -----= -- - - --- 
---- ---- 

From Moore (1965) 



Fig. 36 

F r o m  Yancey and Lee (1972) 



The s h e l f  so'uth of  Pigeon P o i n t  is  t h e  s u b j e c t  of  s t u d y  by t h i s  

group (see  Lee 'and o t h e r s ,  1970) and a  r e p o r t  s i m i l a r  t o  t h i s  one w i l l  

be i s s u e d  e v e n t u a l l y .  However a t  t h i s  t ime  no zona l  i n t e r p r e t a t i o n s  

have been made. 

Yancey and Lee (1972) (Fig .  36) i n  a  more r e g i o n a l  s t u d y  o f  t h e  

heavy m i n e r a l  p r o v i n c e s  i d e n t i f y  ( I)  s a y l e s t  hornblende-augi te-  

hypers thene  zone a s  t h e  mix ture  of  S ie r ran- Grea t  Val ley- Franciscan 

sed iments  coming o u t  t h e  Golden Gate and d e p o s i t e d  on t h e  San F r a n c i s c o  

o f f - s h o r e  b a r  and (11) S a y l e s  hornblende zone a s  a  hornblende- sphene 

p r o v i n c e .  They a l s o  r e p o r t  a  c o a s t a l  a u g i t e  r i c h  zone e x t e n d i n g  

s o u t h  from T u n i t a s  Creek. 

From o u r  d a t a  we recognize  f i v e  p r o v i n c e s  ( see  a l s o  Fig .  37) 

TABLE 5 

LOCAL SEDIMENTARY PROVINCES 

1. A n e a r  s h o r e  zone i n  Half Moon Bay o f  h igh  hornblende c o n t e n t  

= S a y l e s  Prov ince  3 .  

2.  An o f f s h o r e  zone of a  mix ture  of h igh  t o  moderate amounts of 

horneblende-augite-hypersthene and w i t h  t r a c e s  o f  Franc i scan  

m a t e r i a l  = S a y l e s  Prov ince  1 = Moore's P rov ince  V I .  

3 .  High hypers thene  , ' o f f s h o r e  = ~ o o r e ' s  Province I V ?  

4 .  Tongues of  m a t e r i a l  e x t e n d i n g  from s t ream mouths c o n s i s t i n g  o f  

( a )  h i g h e r  horneblende and a u g i t e ,  and (b) lower  hypers thene  t h a n  

number 3 .  

5. A near s h o r e .  zone t r end ing  o f f s h o r e  near p rov ince  number 4 and 

r e l a t e d  t o  i t  w i t h  somewhat l e s s  horneblende,  
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a n o t h e r  p o s s i b l e  a l t e r n a t i v e  would be  t o  s t o r e  t h e  sample i n  a  

r e f r i g e r a t o r  t o  r e t a r d  t h e  o x i d a t i o n .  Comparison o f  t h e  r e s u l t s  o f  

t h e  o r g a n i c  c o n t e n t  s t u d y  w i t h  o t h e r  p a r a m e t e r s ,  such a s  t h e  g r a i n  

s i z e  d i s t r i b u t i o n ,  might r e v e a l  r e l a t i o n s h i p s  between t h e  v a r i a b l e s .  

Trask  (Sverdrup,  e t  a l ,  1942) , i n  t h e  Sou thern  C a l i f o r n i a  a r e a  

r e s u l t e d  i n  an i n c r e a s e d  c o r r e l a t i o n  between o r g a n i c  c o n t e n t  and 

median g r a i n  s i z e ,  and s i m i l a r  r e l a t i o n s h i p s  might be demons t ra ted  

th rough  f u r t h e r  compar isons .  

The o r g a n i c  c o n t e n t  of  sed iments  can be  a  good i n d i c a t o r  o f  

oceanograph ic  c o n d i t i o n s  when used w i t h  s t u d i e s  o f  o t h e r  p a r a m e t e r s .  

Cont inued s t u d i e s  of  t h i s  t y p e  may be h e l p f u l  i n  f u r t h e r i n g  t h e  

knowledge of t h e  ocean environment .  
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