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FOREWORD 

The purpose o f t h i s f i e l d t r i p guidebook i s t o i n t r o d u c e t h e g e o l o g i s t 
t o t h e geology o f P o i n t Reyes P e n i n s u l a and i t s r e l a t i o n t o t h e r e s t 
o f C a l i f o r n i a . The o u t c r o p s v i s i b l e i n t h e P o i n t Reyes a r e a a r e 
s i g n i f i c a n t f o r t h e g e o l o g i c a l i n t e r p r e t a t i o n o f a c o n s i d e r a b l e p o r t i o n 
o f w e s t e r n C a l i f o r n i a . Some e x c e l l e n t e x p o s u r e s o f F r a n c i s c a n a r e 
e a s i l y a c c e s s i b l e and o u t c r o p s o f g r a n i t i c basement and o v e r l y i n g 
sediment a r e p a r t i c u l a r l y w e l l exposed. The t y p e s of r o c k s exposed on 
t h e P o i n t Reyes P e n i n s u l a dominate t h e o f f s h o r e b a s i n s between Cape 
Mendocino and San F r a n c i s c o . 

The guidebook i s w r i t t e n f o r g e o l o g i s t s but w i l l a l s o p r o v e i n t e r e s t i n g 
r e a d i n g f o r n o n - g e o l o g i s t s a s w e l l . Geology can g e t p r e t t y d r y a t 
t i m e s , e s p e c i a l l y when f a c e d w i t h an abundance of b e a u t i f u l s c e n e r y , 
so t h e r e a r e many r e f e r e n c e s t o h i s t o r i c a l , b i o l o g i c a l , and 
g e o g r a p h i c a l p o i n t s o f i n t e r e s t i n t h e r o a d l o g . T h e r e a r e many more 
p l a c e s o f i n t e r e s t t o v i s i t i n t h e P o i n t Reyes a r e a t h a n t h o s e 
d e s c r i b e d i n t h i s guidebook. Some o f t h e most i n t e r e s t i n g i n c l u d e t h e 
P o i n t Reyes l i g h t h o u s e , L i m a n t o u r Beach, Bodega Bay, and B o l i n a s . 

The t r i p i s meant t o l a s t one day, but w i t h some s i g h t s e e i n g o r i n -
depth g e o l o g i c s t u d y i t may be s t r e t c h e d out t o a 2-day t r i p . T h e r e 
i s no l a c k o f p l a c e s t o camp o r s t a y i n t h e P o i n t Reyes a r e a . Camping 
i s a v a i l a b l e a t P o i n t Reyes N a t i o n a l S e a s h o r e , i n 4 h i k e - i n camp­
grounds. Nearby c a r camping i s a v a i l a b l e a t Samuel T a y l o r S t a t e P a r k 
(60 s i t e s , 2 group s i t e s ) , Mt. T a m a l p a i s S t a t e P a r k (15 t e n t s i t e s ) , 
and Doran County P a r k i n Bodega Bay (128 t r a i l e r s i t e s , 9 t e n t s i t e s ) . 
O v e r n i g h t l o d g i n g , w h i c h can be f a i r l y q u a i n t , i s a v a i l a b l e a t 
I n v e r n e s s , P t . Reyes S t a t i o n , and Bodega Bay. 

One l a s t n o t e . The s t o p s v i s i t e d on t h i s t r i p a r e c l a s s i c l o c a l i t i e s 
and most o f them a r e i n a N a t i o n a l P a r k . Rock c o l l e c t i n g can o n l y be 
done w i t h a p e r m i t . P l e a s e r e f r a i n from s a m p l i n g any of t h e o u t c r o p s . 
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HOW TO USE THIS GUIDEBOOK 

Many o f t h e g e o l o g i c guidebooks t o t h e P o i n t Reyes p u b l i s h e d i n t h e 
r e c e n t p a s t have been more a c o l l e c t i o n o f p a p e r s t h a n t r u e guidebooks. 
I n t h e i n t e r e s t s o f p u b l i s h i n g a g u i d e w h i c h can be f o l l o w e d and 
e n j o y e d t h r o u g h o u t t h e l e n g t h o f a t r i p , w i t h o u t c o n t i n u a l thumbing 
back and f o r t h t o t h e r o a d l o g , I have combined much o f t h e t e x t and t h e 
r o a d l o g u s i n g t h e s t y l e o f t h e ESSSO guidebooks o f t h e E a r t h and Space 
S c i e n c e s Department a t UCLA. 

The r o a d l o g i s s e t o f f from t h e r e s t o f the t e x t by i n d e n t a t i o n and 
i m p o r t a n t d r i v i n g i n s t r u c t i o n s a r e u n d e r l i n e d . I n d i v i d u a l s t o p s and 
t h e i r e x p l a n a t o r y m a t e r i a l a r e imbedded i n t h e r o a d l o g a s a s o r t o f 
s c r i p t t o f o l l o w d u r i n g t h e f i e l d t r i p . M i l e a g e r e l a t i v e t o c e r t a i n 
c u l t u r a l f e a t u r e s i s us e d t o p o i n t out i t e m s o f i n t e r e s t . P l e a s e be 
s u r e t o note y o u r m i l e a g e a t t h e s e p o i n t s . A r o u t e map i s i n c l u d e d 
on page x x v i t o h e l p w i t h n a v i g a t i o n . 

S m a l l - s c a l e g e o l o g i c maps a r e i n c l u d e d on pages x i i and x v t o h e l p 
t h e r e a d e r u n d e r s t a n d t h e geology o f t h e P o i n t Reyes a r e a . L a r g e -
s c a l e maps o f t h e s t o p s a r e a l s o p r o v i d e d . Other p u b l i s h e d maps may 
be h e l p f u l . G e o l o g i c maps o f t h e 1:250,000 s c a l e S a n t a Rosa and San 
F r a n c i s c o S h e e t s by t h e C a l i f o r n i a D i v i s i o n o f Mines and Geology a r e 
u s e f u l t o i n s p e c t b e f o r e and d u r i n g t h e t r i p . L a r g e r s c a l e g e o l o g i c 
maps a r e a l s o a v a i l a b l e by B l a k e and o t h e r s ( 1 9 7 4 ) , G l u s k o t e r ( 1 9 6 9 ) , 
and G a l l o w a y (1977) . S t r i p maps o f t h e San Andreas F a u l t zone 
p u b l i s h e d by Brown and Wolfe (1972) a r e a v a l u a b l e g u i d e t o f a u l t 
f e a t u r e s i n Olema V a l l e y . 
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Magtnotism 

F i g u r e 1 . T e c t o n i c c r o s s - s e c t i o n o f w e s t e r n m a r g i n o f C a l i f o r n i a 
d u r i n g L a t e C r e t a c e o u s / E a r l y P aleogene (from D i c k i n s o n and o t h e r s , 
1982) . 

AMERICAN 

^ T R A N S V E R S E ANGELES 
. R A N G E S - . 

PACIFIC PLATE-'. -

PLATE G U L F OF 
^ ' ^ - 5 : ^ C ^ ^ G U f t Y M A S ^ * ' - l F 0 « N . A 

MAZATLAN 

0 M Y B P 
RIVERA PLATE 

AMERICAN PLATE___. SAN ANDREAS FAULT 
STRAIGHTENED 

•SAN GREGORIO 
HOSGRI TREND. 

T R A N S V E R S E 
RANGES 
UNBENT 

5 M Y B P PACIFIC : PLATE. 
, G U L F : O F A 
CALIFORNIA • 
• • C L O S E D 

AMERICAN 
PLATE TRENCH 

10 M Y B P 

AMERICAN PLATE 

2 0 M Y B P 
AMERICAN PLATE 

F i g u r e 2. S e q u e n t i a l Neogene e v o l u t i o n o f w e s t e r n m a r g i n o f C a l i f o r n i a 
( f r o m D i c k i n s o n , 1 9 8 1 ) . 
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A BRIEF TECTONIC HISTORY OF WESTERN CALIFORNIA 

The g e o l o g i c h i s t o r y o f t h e P o i n t Reyes a r e a s t a r t s i n t h e Mesozoic, 
about 150 m i l l i o n y e a r s ago i n t h e L a t e J u r a s s i c E r a . At t h a t t i m e 
t h e o c e a n i c c r u s t west of C a l i f o r n i a , t h e F a r a l l o n p l a t e , was b e i n g 
s u b d u c t e d b e n e a t h t h e o v e r r i d i n g N o r t h A m e r i c a n c o n t i n e n t i n a s e t t i n g 
s i m i l a r t o t h e west c o a s t o f South A m e r i c a to d a y ( s e e F i g u r e 1 ) . The 
G r e a t V a l l e y sequence, now o c c u p y i n g t h e Sacramento V a l l e y , was b e i n g 
d e p o s i t e d i n t h e s o - c a l l e d f o r e - a r c b a s i n between t h e c o n t i n e n t a l a r c 
v o l c a n i c s on t h e e a s t ( t h e S i e r r a Nevada) and t h e o f f s h o r e t r e n c h on 
t h e w e s t . At t h e same t i m e , t h e F r a n c i s c a n assemblage was d e v e l o p i n g 
i n t h e wedge zone between t h e downgoing o c e a n i c F a r a l l o n p l a t e and t h e 
f o r e - a r c b a s i n . 

With t i m e t h e c o n t i n e n t began t o o v e r t a k e t h e E a s t P a c i f i c R i s e , t h e 
s p r e a d i n g c e n t e r between t h e P a c i f i c and F a r a l l o n p l a t e s . A p p a r e n t l y , 
t h e t h i n o c e a n i c c r u s t i n t h e young F a r a l l o n p l a t e d i d not subduct as 
r e a d i l y as t h e c o o l e r , h e a v i e r , o l d e r c r u s t . The p l a t e ' s r e l a t i v e 
buoyancy c a u s e d i t t o subduct a t a much s h a l l o w e r a n g l e , r i d i n g j u s t 
b e n e a t h t h e c o n t i n e n t ( D i c k i n s o n , 1981) . The s h a l l o w s u b d u c t i o n may 
have s l o w e d m e l t i n g of t h e o c e a n i c p l a t e , c a u s i n g t h e c e s s a t i o n o f a r c 
v o l c a n i s m and p l u t o n i s m i n t h e S i e r r a Nevada. I n a d d i t i o n , t h e s h a l l o w 
s u b d u c t i o n seems t o have been r e s p o n s i b l e f o r t h e L a r a m i d e orogeny i n 
t h e Rocky Mountains d u r i n g t h e P a l e o g e n e . 

A t about 29 m i l l i o n y e a r s ago t h e c o n t i n e n t o v e r r o d e t h e E a s t P a c i f i c 
R i s e ( A t w a t e r , 1 9 7 0 ) . B e c a u s e t h e o c e a n i c p l a t e was no l o n g e r b e i n g 
subducted, a t r a n s f o r m f a u l t formed a t t h e j u n c t i o n between t h e P a c i f i c 
and N o r t h A m e r i c a n p l a t e s , l i n k i n g t h e r e m a i n i n g s u b d u c t i o n zones t o 
t h e n o r t h w e s t and s o u t h e a s t ( s e e F i g u r e 2 ) . T h i s t r a n s f o r m f a u l t , t h e 
a c t i v e p a r t now known a s t h e San A n d r e a s f a u l t , grew w i t h t i m e and 
a p p e a r s t o have s t e p p e d c o n t i n e n t - w a r d s i n c e i t s i n c e p t i o n . S i n c e t h e n 
t h e f a u l t has dominated t h e s t r u c t u r a l e v o l u t i o n of most of w e s t e r n 
C a l i f o r n i a . 

Well-documented d i s p l a c e m e n t on t h e San A n d r e a s f a u l t s y s t e m amounts 
t o 305 km i n n o r t h e r n C a l i f o r n i a s i n c e t h e E a r l y Miocene ( c a . 23 mybp, 
C l a r k and o t h e r s , 1984) and 330 km i n s o u t h e r n C a l i f o r n i a s i n c e t h e 
L a t e Miocene (8 mybp, C r o w e l l , 1981) . O t h e r f a u l t s w e s t o f t h e San 
A n d r e a s , such a s t h e San G r e g o r i o o r H o s g r i f a u l t s , have a l s o 
a p p a r e n t l y t a k e n up some s l i p between t h e p l a t e s d u r i n g t h e same t i m e 
p e r i o d . L i t t l e i s known about t h e s e o t h e r f a u l t s b e c a u s e most o f t h e i r 
l e n g t h s a r e l o c a t e d o f f s h o r e . C l a r k and o t h e r s (1984) documented about 
150 km o f s l i p on t h e San G r e g o r i o f a u l t j u s t s o u t h o f P o i n t Reyes 
( F i g u r e 3 ) , g i v i n g a t o t a l s l i p i n n o r t h e r n C a l i f o r n i a o f 455 km. 
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F i g u r e 3. R e g i o n a l g e o l o g i c map o f c o a s t a l and o f f s h o r e C a l i f o r n i a . 



GEOLOGY OF POINT REYES PENINSUIiA 

On a g e o l o g i c map o f n o r t h e r n C a l i f o r n i a , t h e P o i n t Reyes P e n i n s u l a 
s t i c k s out as something q u i t e d i f f e r e n t from t h e r e s t o f t h e nearby 
c o a s t a l r o c k s . The p r i m a r y r e a s o n f o r t h i s i s t h a t t h e p e n i n s u l a , 
s e p a r a t e d from t h e r e s t o f C a l i f o r n i a by t h e San Andreas f a u l t , i s 
u n d e r l a i n by g r a n i t i c c r u s t whereas t h e a r e a e a s t o f t h e f a u l t i s 
u n d e r l a i n by F r a n c i s c a n assemblage r o c k s d e r i v e d from o c e a n i c c r u s t . 
How P o i n t Reyes came t o be where i t i s t o d a y i s an i n t e r e s t i n g s t o r y 
and i s s t i l l b e i n g s t u d i e d . Many o f t h e i n t e r p r e t a t i o n s a r e 
c o n t r o v e r s i a l and p r o v i d e some o f t h e more f a s c i n a t i n g s t o r i e s i n t h e 
t e c t o n i c development o f C a l i f o r n i a . 

The f o l l o w i n g s e c t i o n i s a g e n e r a l d e s c r i p t i o n o f t h e r o c k s found a t 
P o i n t Reyes w h i c h can be r e f e r r e d t o w h i l e v i s i t i n g any p a r t of t h e 
p e n i n s u l a . R e f e r t o t h e g e o l o g i c map on F i g u r e 4 t o l o c a t e t h e 
o u t c r o p s . F o l l o w i n g t h e g e n e r a l d e s c r i p t i o n i s a s h o r t d i s c u s s i o n o f 
t h e o r i g i n o f P o i n t Reyes and t h e S a l i n i a n b l o c k . Much o f t h i s s e c t i o n 
was a b s t r a c t e d from C l a r k , e t a l . , 1984. 

G r a n i t i c Basement 

The P o i n t Reyes P e n i n s u l a i s u n d e r l a i n by C r e t a c e o u s g r a n i t i c basement 
s i m i l a r t o S i e r r a Nevada b a t h o l i t h i c r o c k s . The p e n i n s u l a i s 
c o n s i d e r e d t o be p a r t o f S a l i n i a , a s l i v e r o f c o n t i n e n t a l c r u s t 
s a n d w i c h e d between t h e San Andreas f a u l t on t h e e a s t and t h e S u r -
N a c i m i e n t o f a u l t on t h e w e s t . The g r a n i t e r a n g e s from p o r p h y r i t i c 
g r a n o d i o r i t e t o t o n a l i t e i n c o m p o s i t i o n and i s exposed on t h e n o r t h e r n 
p a r t o f I n v e r n e s s R idge and a t P o i n t R e y e s . The r o c k s have been 
r a d i o m e t r i c a l l y d a t e d and Ross (1978) c o n c l u d e d t h e y a r e a p p r o x i m a t e l y 
100 m.y. o l d . We w i l l have t h e o p p o r t u n i t y t o examine e x c e l l e n t 
e x p o s u r e s of t h e s e r o c k s a t Kehoe Beach. 

Metamorphosed s e d i m e n t a r y r o c k s o c c u r w i t h i n t h e g r a n i t e as r o o f 
p endants or s e p t a . These m i c a s c h i s t s , q u a r t z i t e s , and m a r b l e s 
r e p r e s e n t t h e o l d e s t r o c k s i n t h e P o i n t Reyes a r e a . C o r r e l a t e d by 
Weaver (1949) w i t h t h e S u r S e r i e s exposed i n S a n t a L u c i a Range n e a r 
B i g S u r , t h e y may be remnants o f t h e p l a t f o r m s e d i m e n t s w h i c h were 
d e p o s i t e d o f f t h e w e s t e r n c o a s t o f t h e c o n t i n e n t d u r i n g t h e P a l e o z o i c . 

T e i r t i a r y Sediments 

D e p o s i t e d on t o p o f t h e e r o d e d s u r f a c e o f t h e g r a n i t e basement i s up 
t o 4370 m e t e r s o f T e r t i a r y s e d i m e n t a r y r o c k s . The r o c k s appear t o be 
l i t t l e deformed, e x c e p t f o r c o n t o r t e d p o r t i o n s o f t h e Monterey 
F o r m a t i o n , and a r e f o l d e d i n t o a b r o a d s y n c l i n e ( s e e F i g u r e 5 ) . The 
r o c k s range i n age from Eocene t o P l i o c e n e and were d e p o s i t e d i n a 
m a r i n e e n v i r o n m e n t . 

P o i n t Reyes Conglomerate. The o l d e s t T e r t i a r y s e d i m e n t s exposed on 
t h e p e n i n s u l a a r e t h e c o n g l o m e r a t e s and s a n d s t o n e s o f t h e P o i n t Reyes 
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F i g u r e 4. G e o l o g i c map o f t h e P o i n t Reyes a r e a ( m o d i f i e d from C l a r k 
and o t h e r s , 1984; and B l a k e and o t h e r s , 1 9 7 4 ) . 
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Conglomerate ( G a l l o w a y , 1977) . D e p o s i t e d d i r e c t l y on t h e g r a n i t e , 
t h e c o n g l o m e r a t e i s o n l y exposed on P o i n t Reyes i t s e l f where i t i s 
about 210 m e t e r s t h i c k . C l a s t s i n t h e c o n g lomerate a r e m a i n l y w e l l 
rounded and a r e as l a r g e as 2 t o 3 m e t e r s . Most o f t h e c l a s t s a r e 
g r a n o d i o r i t e and p u r p l e and b l a c k p o r p h y r i t i c s i l i c e o u s v o l c a n i c s . 
A l s o p r e s e n t a r e q u a r t z i t e , r e d c h e r t , and b l a c k and g r e e n v o l c a n i c s . 
B ecause of t h e l a c k o f an e x p o s u r e o f t h e v o l c a n i c s nearby, one can 
o n l y s p e c u l a t e on t h e i r s o u r c e . The l i m i t e d e x p o s u r e o f t h e 
c o n g l o m e r a t e , n o r t h w e s t - d i r e c t e d p a l e o c u r r e n t i n d i c a t o r s , and b a t h y a l 
f a u n a i n s i l t s t o n e r i p - u p c l a s t s s u g g e s t t h a t t h e c o n g l o m e r a t e was 
d e p o s i t e d i n a m i d - c h a n n e l s e t t i n g i n a submarine f a n . U n f o r t u n a t e l y , 
b e c a u s e o f t h e c o n g l o m e r a t e ' s l i m i t e d e x p o s u r e we w i l l not have t h e 
t i m e t o examine i t on t h i s t r i p . 

L a i r d Sandstone. The L a i r d Sandstone i s a t r a n s g r e s s i v e sand d e p o s i t e d 
on t h e g r a n i t e a t most e x p o s u r e s on t h e p e n i n s u l a . Up t o about 60 
m e t e r s t h i c k , t h e sand p r o b a b l y was d e r i v e d m o s t l y from t h e u n d e r l y i n g 
g r a n i t e . I t has been d a t e d as L u i s i a n (Middle Miocene) from 
f o r a m i n i f e r s i n t h e base o f t h e o v e r l y i n g Monterey F o r m a t i o n . We w i l l 
see an e x c e l l e n t e x p o s u r e o f t h e L a i r d Sandstone a t our Kehoe Beach 
s t o p . 

Monterey F o r m a t i o n . About 1050 t o 1500 m e t e r s o f s i l i c e o u s mudstone, 
p o r c e l a n i t e , c h e r t , and s h a l e o f t h e Monterey F o r m a t i o n l i e c o n f o r m a b l y 
on t h e L a i r d . The Monterey has been d a t e d as L u i s i a n t o Mohnian (Mid 
t o L a t e Miocene) from b e n t h i c f o r a m s . The s e d i m e n t s c o m p r i s e some o f 
t h e more h i g h l y deformed r o c k s on t h e P o i n t Reyes P e n i n s u l a ; however, 
much of t h a t d e f o r m a t i o n may have o c c u r r e d s h o r t l y a f t e r d e p o s i t i o n and 
may not be t h e r e s u l t o f t e c t o n i c s t r e s s e s . The Monterey i s t h e 
s u b j e c t o f o i l company i n t e r e s t i n t h e o f f s h o r e b a s i n s both f o r a 
s o u r c e o f o i l as w e l l a s a r e s e r v o i r . I n f a c t , p e t r o l e u m can be found 
on f r a c t u r e s u r f a c e s i n e x p o s u r e s o f t h e Monterey s o u t h o f L i m a n t o u r 
Beach. We w i l l examine t h e Monterey a t Kehoe Beach. 

S a n t a M a r g a r i t a Sandstone. The t r a n s g r e s s i v e S a n t a M a r g a r i t a Sandstone 
u n c o n f o r m a b l y o v e r l i e s t h e Monterey. The g r e e n i s h l i t h i c a r k o s e i s 
g l a u c o n i t i c a t i t s base and g r a d e s upward i n t o t h e o v e r l y i n g S a n t a Cruz 
Mudstone. The s a n d s t o n e a v e r a g e s 5 t o 20 m e t e r s t h i c k . E x c e p t f o r 
o u t c r o p s exposed a l o n g t h e beach e a s t o f D r a k e s Bay, t h e s a n d s t o n e i s 
p o o r l y exposed. 

S a n t a Cruz Mudstone. The S a n t a Cruz Mudstone c o n s i s t s o f s i l i c e o u s 
mudstone and p o r c e l a n i t e . I t t h i n s r a p i d l y n o r t h w e s t w a r d from 1040 
m e t e r s n e a r B o l i n a s t o where i t p i n c h e s out n o r t h o f t h e e a s t end o f 
L i m a n t o u r S p i t . I t has been d a t e d as D e l m o n t i a n ( L a t e s t Miocene) from 
b e n t h i c f o r a m s . B e c a u s e i t p i n c h e s out b e f o r e t h e e x p o s u r e r e a c h e s t h e 
c l i f f s a t D r a k e s Beach, we w i l l not have t h e o p p o r t u n i t y t o examine i t . 

P u r i s i m a F o r m a t i o n . The P u r i s i m a F o r m a t i o n c o n f o r m a b l y o v e r l i e s t h e 
S a n t a Cruz Mudstone. About 490 m e t e r s t h i c k , i t i s b e s t exposed i n 
t h e c l i f f s a t D r a k e s Beach. The r o c k s a r e l o c a l l y d i a t o m a c e o u s , l i g h t 
o l i v e g r a y s i l t s t o n e w i t h c a r b o n a t e c o n c r e t i o n s and some s a n d s t o n e . 
The top has been removed by e r o s i o n so t h e P u r i s i m a r e p r e s e n t s t h e t o p 
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o f t h e s e d i m e n t a r y s e c t i o n a t P o i n t R e y e s . I t has been d a t e d a s m o s t l y 
L a t e Miocene and t h e topmost p o r t i o n i s c o n s i d e r e d P l i o c e n e . 

T e c t o n i c H i s t o r y of P o i n t Reyes 

A good d e s c r i p t i o n o f t h e t e c t o n i c h i s t o r y o f P o i n t Reyes can be found 
i n C l a r k and o t h e r s ( 1 9 8 4 ) , w h i c h has been i n c l u d e d i n t h e ap p e n d i x o f 
t h i s guidebook. A s h o r t d e s c r i p t i o n o f t h e o r i g i n o f P o i n t Reyes and 
t h e S a l i n i a n B l o c k , however, would be u s e f u l h e r e . 

The S a l i n i a n b l o c k , o f w h i c h P o i n t Reyes i s t h e n o r t h e r n p a r t , i s 
about 40 t o 70 km wide and more t h a n 500 km l o n g . The b l o c k i s 
sandwiched between two m a j o r s t r i k e - s l i p f a u l t s , t h e San Andreas and 
t h e S u r - N a c i m i e n t o f a u l t s . The b l o c k has moved n o r t h w e s t w a r d r e l a t i v e 
t o N o r t h A m e r i c a a l o n g t h e San Andreas f a u l t . The anomalous f e a t u r e 
about t h e b l o c k i s t h a t i t a p p e a r s t o be a p i e c e o f c o n t i n e n t a l 
p l u t o n i c a r c f l a n k e d on both s i d e s by F r a n c i s c a n - t y p e r o c k s . 

The San Andreas f a u l t , w h i c h bounds t h e b l o c k on t h e n o r t h e a s t , i s 
b e t t e r exposed t h a n t h e f a u l t s t h a t bound t h e s o u t h w e s t s i d e . S t u d i e s 
o f o f f s e t a l o n g t h e San Andreas can h e l p e x p l a i n t h e b l o c k ' s o r i g i n . 
The San Andreas t r a n s f o r m f a u l t s u p p o s e d l y was born when t h e c o n t i n e n t 
met t h e E a s t P a c i f i c r i s e s p r e a d i n g c e n t e r 29 mybp d u r i n g t h e 
O l i g o c e n e . D i s p l a c e m e n t s a l o n g t h e San Andreas a r e w e l l - d o c u mented f o r 
r o c k s d a t i n g a s f a r back a s t h e Eocene, showing 305 t o 330 km of o f f s e t 
s i n c e t h e E a r l y Miocene ( c a . 23 mybp, C l a r k and o t h e r s , 1 9 8 4 ) . When 
t h e p o s t Eocene o f f s e t i s r e s t o r e d , however, n e a r b y p re-Eocene basement 
r o c k s on e i t h e r s i d e o f t h e f a u l t do not match. One has t o add up t o 
a n o t h e r 230 km o f o f f s e t t o l i n e up t h e basement g r a n i t e s j u s t n o r t h 
o f P o i n t Reyes w i t h S i e r r a n g r a n i t e s and t h e s o u t h e r n C a l i f o r n i a 
b a t h o l i t h ( H i l l and D i b b l e e , 1 9 5 3 ) . 

Suppe (1970) s u g g e s t e d movement a l o n g a p r o t o - S a n Andreas t o e x p l a i n 
t h e m i s s i n g o f f s e t . A n o t h e r e x p l a n a t i o n was t o t a k e up t h e o f f s e t 
a l o n g f a u l t s w i t h i n t h e S a l i n i a n b l o c k (Johnson and Normark, 1974) . 
Work by C l a r k and o t h e r s (1984) may s u p p o r t t h e l a t t e r t h e o r y . They 
showed a t l e a s t 150 km o f f s e t on t h e San G r e g o r i o f a u l t o v e r t h e l a s t 
11 t o 12 m.y. ( s e e F i g u r e 8, i n C l a r k and o t h e r s , 1 9 8 4 ) . O f f s e t a l o n g 
t h e same f a u l t o c c u r r i n g b e f o r e 12 mybp c o u l d h e l p t o e x p l a i n t h e 
m i s s i n g 230 km. 

Some w o r k e r s have proposed t h a t t h e m i s s i n g o f f s e t may be even g r e a t e r . 
Ross (1978) f e l t t h a t t h e g r a n i t e s o f S a l i n i a were not s i m i l a r i n 
c h a r a c t e r t o t h e g r a n i t e s o f t h e S i e r r a Nevada o r t h e s o u t h e r n 
C a l i f o r n i a b a t h o l i t h . Page (1982) s u g g e s t e d t h a t t h e g r a n i t e s i n t h e 
S a l i n i a n b l o c k may have come from t h o u s a n d s o f k i l o m e t e r s t o t h e s o u t h 
b a s e d on an e x a m i n a t i o n o f Ros s ' d a t a , r e c e n t p a l e o m a g n e t i c d a t a (eg. 
Champion, Gromm6, and H o w e l l , 1980) and s t u d y i n g t h e f a u l t s t o t h e 
s o u t h e a s t o f S a l i n i a . O r i g i n a t i n g a t t h e l a t i t u d e o f C e n t r a l A m e r i c a 
or Mexico, t h e b l o c k may have been r a f t e d n o r t h w a r d on o c e a n i c c r u s t . 
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F i g u r e 6. G e n e r a l i z e d s t r a t i g r a p h i c column f o r t h e c o a s t a l l a n d and 
o f f s h o r e b a s i n s i n c e n t r a l and n o r t h e r n C a l i f o r n i a ( f r o m G r a i n and 
T h u r s t o n , 1984) . 



OFFSHORE GEOLOGY AND PETROLEUM ASSESSMENT 

by R u s t y G i l b e r t 

The Bodega B a s i n l i e s o f f s h o r e from P o i n t Reyes and e x t e n d s a s f a r 
n o r t h as t h e town o f G u a l a l a ( s e e F i g u r e 3 ) . The e a s t e r n m a r g i n o f 
t h e b a s i n i s d e f i n e d by t h e San Andreas F a u l t . The s o u t h w e s t e r n m a r g i n 
o f t h e b a s i n i s d e f i n e d by t h e F a r a l l o n R i d g e , an u p l i f t e d g r a n i t i c 
b l o c k e x t e n d i n g t h r o u g h t h e F a r a l l o n I s l a n d s and C o r d e l l Bank. Both 
d i o r i t e s and t o n a l i t e s have been sampled from t h e F a r a l l o n R idge 
(Chesterman, 1952; Hanna, 1952; R o s s , 1 9 8 4 ) . S c a t t e r e d o u t c r o p s on 
P o i n t Reyes P e n i n s u l a r e c o r d t h e o n l y p r e s e r v e d s t r a t i g r a p h y f o r t h e 
s o u t h e a s t e r n p o r t i o n o f t h e b a s i n . These o u t c r o p s i n c l u d e p o t e n t i a l 
o f f s h o r e r e s e r v o i r t a r g e t s s u c h a s s i l i c e o u s s h a l e s o f t h e Monterey 
F o r m a t i o n and pre-Monterey s a n d s t o n e s . 

The S a n t a Cruz B a s i n i s l o c a t e d s o u t h o f P o i n t Reyes and Bodega B a s i n 
( s e e F i g u r e 3 ) . T h i s b a s i n i s bounded on t h e e a s t by t h e San G r e g o r i o 
f a u l t . C o a s t a l o u t c r o p s o c c u r j u s t west o f t h e San G r e g o r i o f a u l t b u t 
w i l l not be v i s i t e d on t h i s f i e l d t r i p . The S a n t a Cruz B a s i n can be 
s u b d i v i d e d i n t o I n n e r ( n o r t h e a s t ) and Outer ( s o u t h w e s t ) b a s i n s by t h e 
F a r a l l o n R idge and P i g e o n P t . High a n t i c l i n o r i u m . 

P r e v i o u s O f f s h o r e E x p l o r a t i o n A c t i v i t y 

C a l i f o r n i a ' s f i r s t o f f s h o r e l e a s i n g i n f e d e r a l w a t e r s o c c u r r e d on 
May 14, 1963, when t h e P-1 L e a s e S a l e was h e l d f o r t h e c e n t r a l and 
n o r t h e r n C a l i f o r n i a b a s i n s i n c l u d i n g Bodega and S a n t a Cruz b a s i n s . 
F o l l o w i n g t h e l e a s e s a l e . S h e l l O i l d r i l l e d t e n e x p l o r a t o r y w e l l s i n 
Bodega b a s i n and two i n Outer S a n t a Cruz b a s i n . No o t h e r c o m p e t i t o r 
d r i l l i n g took p l a c e i n t h e s e b a s i n s . The r e s u l t s o f w e l l s d r i l l e d on 
P-1 l e a s e s were made p u b l i c on December 1, 1974 ( Z i e g l a r and C a s s e l l , 
1978) . 

Bodega b a s i n d r i l l i n g o c c u r r e d from December 1963 t o F e b r u a r y 1967. 
Water depths ranged from 200 f e e t ( 6 1 m) t o 440 f e e t (134 m). Normal 
mud w e i g h t s were u s e d and no s i g n i f i c a n t d r i l l i n g h a z a r d s were 
e n c o u n t e r e d ( Z i e g l a r and C a s s e l l , 1 9 7 8 ) . Many of t h e w e l l s t e s t e d 
m a j o r s t r u c t u r e s a c c o r d i n g t o H o s k i n s and G r i f f i t h s ( 1 9 7 1 ) . A 
s t r u c t u r a l t r e n d i n t e r p r e t a t i o n by M c C u l l o c h ( 1 9 8 7 ) , summarized i n 
F i g u r e 3, u s e s p r i m a r i l y h i g h r e s o l u t i o n and i n t e r m e d i a t e p e n e t r a t i o n 
s i n g l e - c h a n n e l s e i s m i c r e f l e c t i o n s u r v e y s . The map shows t h a t t h e 
m a j o r i t y o f t h e w e l l s were d r i l l e d a l o n g a n t i c l i n a l a x e s . 

C r e t a c e o u s g r a n i t i c basement i s p r e s e n t b e n e a t h Bodega B a s i n and 
a f f e c t s t h e s t r u c t u r a l s t y l e ( H o s k i n s and G r i f f i t h s , 1 9 7 1 ) . Both t h e 
P-039-1 and P-041-1 w e l l s p e n e t r a t e d g r a n i t i c r o c k a t T.D. ( Z i e g l a r and 
C a s s e l l , 1 9 7 8 ) . I n many o f t h e w e l l s , p o t e n t i a l r e s e r v o i r s a n d s t o n e s , 
o f t e n c o n t a i n i n g o i l shows, were e n c o u n t e r e d below t h e s i l i c e o u s 
Monterey s h a l e s . The o n l y d r i l l - s t e m t e s t c o n ducted i n Bodega b a s i n 
was a t t h e P-027-1 w e l l o v e r a s a n d s t o n e i n t e r v a l i n t h e l o w e r p a r t o f 
t h e Miocene ( M i n e r a l s Management S e r v i c e , 1 9 8 3 ) . Only d r i l l i n g mud and 
w a t e r were r e c o v e r e d . S i l i c e o u s and c h e r t y s h a l e s o f t h e Miocene 
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Monterey F o r m a t i o n a l s o o c c u r i n t h e b a s i n and a r e d e s c r i b e d as 
n a t u r a l l y f r a c t u r e d w i t h t a r r y o i l i n t h e f r a c t u r e s . Younger c l a y s t o n e 
and s h a l e o v e r l i e t h e Monterey F o r m a t i o n and may s e r v e as a h y d r o c a r b o n 
s e a l . 

Lease S a l e S t a t u s 

Over t h e l a s t t e n y e a r s s e v e r a l F e d e r a l OCS l e a s e s a l e s w h i c h i n c l u d e d 
Bodega and S a n t a Cruz b a s i n s were r e s c h e d u l e d o r c a n c e l l e d . OCS S a l e 
119, w h i c h i n c l u d e s t h e Bodega and S a n t a Cruz b a s i n s , i s c u r r e n t l y 
s c h e d u l e d f o r March 1991 . The A r e a o f C a l l f o r Nominations ( s e e 
F i g u r e 3) r e p r e s e n t s t h e l a r g e s t p o s s i b l e a r e a t h a t c o u l d be o f f e r e d 
f o r l e a s i n g . I t i n c l u d e s b l o c k s r a n g i n g from 3 t o 45 m i l e s o f f s h o r e 
from Sonoma, M a r i n , San F r a n c i s c o , San Mateo, S a n t a C r u z , and Monterey 
C o u n t i e s . The A r e a o f C a l l does not i n c l u d e s e n s i t i v e a r e a s n e a r P o i n t 
Reyes and t h e F a r a l l o n I s l a n d s o r o v e r C o r d e l l Bank. 

P r e s i d e n t Bush has a s s e m b l e d a s p e c i a l t a s k f o r c e t o a d v i s e him on 
energy and e n v i r o n m e n t a l needs p r i o r t o any f i n a l d e t e r m i n a t i o n on 
l e a s i n g i n n o r t h e r n and s o u t h e r n C a l i f o r n i a a f f e c t i n g OCS s a l e a r e a s 
91 and 95. The t a s k f o r c e i s e x p e c t e d t o g i v e t h e i r recommendation 
by J a n u a r y 1 , 1990, and t h e i r c o n c l u s i o n s w i l l u ndoubtedly a l s o a f f e c t 
t h e s t a t u s o f OCS S a l e 119 i n c e n t r a l C a l i f o r n i a . 
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HISTORY OF THE POINT REYES PENINSULA 

by A r t F u l l e r 

The c h i e f o f a C o a s t a l Miwok v i l l a g e s t o o d on t h e c l i f f n e a r l y 300 
f e e t above t h e s u r f l o o k i n g a t a l a r g e f l o a t i n g o b j e c t a p p r o a c h i n g 
t h e s h o r e . H i s p e o p l e had l i v e d i n t h i s a r e a f o r c e n t u r i e s f o l l o w i n g 
t h e i r m i g r a t i o n from t h e f a r n o r t h . He had n e v e r seen a s a i l i n g s h i p 
nor w h i t e f a c e s b e f o r e . They were t o change h i s l i f e and t h e makeup 
of t h e r e g i o n f o r e v e r . 

The y e a r was 1579 and t h e p l a c e would become known as t h e P o i n t Reyes 
P e n i n s u l a . The f i r s t E u ropeans v e n t u r e d t o t h e a r e a on a w e a t h e r 
b e a t e n s h i p known a s t h e Golden Hinde commanded by F r a n c i s D r a k e . 
A l t h o u g h t h e r e i s c o n t r o v e r s y a s t o whether Drake f i r s t l a n d e d a t 
D r a k e s Bay, h i s e x p e r i e n c e s d u r i n g h i s f i v e weeks i n t h e a r e a w h i c h he 
c a l l e d Nova A l b i o n a r e w e l l documented i n t h e l o g o f h i s c h a p l a i n , 
F r a n c i s F l e t c h e r . Drake c l a i m e d t h e " l a n d of f a i r e and goode baye" f o r 
h i s r u l e r . Queen E l i z a b e t h I , and was l a t e r k n i g h t e d f o r h i s e f f o r t . 

Many s h i p w r e c k s took p l a c e i n t h e v i c i n i t y o f P o i n t Reyes. One o f 
t h e f i r s t was S e b a s t i a n Cermeno's g a l l e o n San A g u s t i n w h i c h was 
d e s t r o y e d and s e v e r a l o f t h e crew drowned a t D r a k e s Bay i n 1595. 
I r o n i c a l l y t h e P o r t u g e s e c a p t a i n had been commissioned by t h e S p a n i s h 
Government i n Mexico t o s e a r c h f o r s a f e h a r b o r s . I n J a n u a r y 1603, one 
o f t h e s u r v i v o r s o f Cermeno's voyage, S e b a s t i a n V i z c a i n o , a r r i v e d o f f 
t h e p e n i n s u l a on T h r e e K i n g s Day and named i t L a P u n t a de l o s R e y e s , 
t h e P o i n t of t h e K i n g s . 

P o i n t Reyes was p a r t o f t h e S p a n i s h Colony, A l t a C a l i f o r n i a , but t h e 
S p a n i s h n e v e r s e t t l e d on t h e p e n i n s u l a . R u s s i a n o c c u p a t i o n o f n e a r b y 
Sonoma County began i n 1812. D u r i n g t h e i r s t a y R u s s i a n s t o n e masons 
b u i l t s e v e r a l l i m e k i l n s on t h e p e n i n s u l a . They u s e d t h e l i m e t o t a n 
h i d e s , m a n u f a c t u r e b r i c k and t i l e , and t o make w h i t e wash w h i c h t h e y 
a p p l i e d t o t h e i r w ind m i l l s , f a r m b u i l d i n g s , g r a n a r i e s , s t o r e h o u s e s and 
c a t t l e y a r d s . A f t e r Mexico g a i n e d i t s independence from S p a n i s h r u l e 
i n 1 821, l a n d g r a n t s were e s t a b l i s h e d i n C a l i f o r n i a . I n 1836, P o i n t 
Reyes was g r a n t e d t o James B e r r y and an I r i s h m a n , who had been a 
c o l o n e l i n t h e M e x i c a n army, and R a f a e l G a r c i a . B e r r y i l l e g a l l y s o l d 
p a r t of h i s l a n d and h i r e d G a r c i a as foreman o f h i s c a t t l e r a n c h w h i l e 
G a r c i a t u r n e d o v e r p a r t o f h i s s h a r e o f t h e g r a n t t o h i s b r o t h e r - i n -
l a w l e a v i n g t h e o w n e r s h i p i n a muddled s t a t e . 

F o l l o w i n g t h e A m e r i c a n conquest o f C a l i f o r n i a i n 1846, o w n e r s h i p o f 
t h e p e n i n s u l a was t a k e n o v e r by t h r e e l a w y e r s from Vermont; t h e S h a f t e r 
b r o t h e r s and C h a r l e s Howard. The S h a f t e r s began l e a s i n g t h e i r l a n d t o 
d a i r y f a r m e r s i n t h e 1850s and t h e a r e a became famous f o r i t s b u t t e r 
and hogs w h i c h were r e g u l a r l y s h i p p e d t o San F r a n c i s c o . The L i g h t e r 
Wharf b u i l t i n t h e e a r l y 1850s i n B o l i n a s s e r v e d a s a l o a d i n g p o r t f o r 
t i m b e r b e i n g moved t o deeper w a t e r f o r t r a n s f e r t o s h i p s t a k i n g i t t o 
San F r a n c i s c o . 

x x i 



I n 1865, a r o a d was completed from Olema t o San R a f a e l and l a t e r , i n 
1875, t h e N o r t h P a c i f i c C oast R a i l r o a d put i n a l i n e from S a u s a l i t o 
t h r o u g h P o i n t Reyes s t a t i o n t o Tomales. James S h a f t e r had i n v e s t e d 
and l o s t h e a v i l y i n t h e r a i l r o a d . To recoup some o f h i s l o s s e s and 
pay o f f h i s c r e d i t o r s . W e l l s F a r g o and L e l a n d S t a n f o r d , he c r e a t e d 
t h e town o f I n v e r n e s s i n 1889. F o l l o w i n g James' d e a t h h i s d a u g h t e r 
J u l i a s o l d 110 a c r e s o f B e a r V a l l e y t o t h e P a c i f i c Union C l u b i n 1895 
f o r $6,000. P a c i f i c Union c r e a t e d a c o u n t r y c l u b where San F r a n c i s c o ' s 
e l i t e and g u e s t s such a s Teddy R o o s e v e l t came t o hunt d e e r , b e a r and 
mountain l i o n w h i c h were p r o l i f i c on t h e p e n i n s u l a . 

As an a i d f o r n a v i g a t o r s , t h e P o i n t Reyes C o a s t Guard L i g h t h o u s e was 
opened i n 1870 on t h e c l i f f where t h e Miwok c h i e f had s t o o d n e a r l y 
300 y e a r s e a r l i e r . The p e n i n s u l a had become known a s t h e w i n d i e s t 
and f o g g i e s t p o i n t on t h e West C o a s t by t h e schooner c a p t a i n s who 
c a r r i e d t i m b e r , f i r e w o o d , p o u l t r y and eggs t o San F r a n c i s c o . 

The 1906 e a r t h q u a k e d e s t r o y e d many b u i l d i n g s on t h e p e n i n s u l a . 
Knowledge o f t h e d e s t r u c t i o n s p r e a d and p o t e n t i a l i n v e s t o r s changed 
t h e i r minds about d e v e l o p i n g P o i n t R e y e s . D u r i n g p r o h i b i t i o n , 
b o o t l e g g i n g o p e r a t i o n s f l o u r i s h e d on t h e p e n i n s u l a . L i q u o r was a l s o 
t r a n s f e r r e d from s h i p s from Canada t o t r u c k s w h i c h c a r r i e d t h e c a r g o 
t o m a r k e t s i n l a n d . 

I n 1935 t h e N a t i o n a l P a r k S e r v i c e s recommended p u r c h a s e o f 53,000 
a c r e s a t P o i n t Reyes f o r $2.4 m i l l i o n . S i n c e t h e c o u n t r y was 
r e c o v e r i n g from t h e d e p r e s s i o n , t h e p u r c h a s e was not made. A few 
c o u n t y p a r k s , however, were c r e a t e d a t D r a k e s Beach, M c C l u r e s Beach 
and Tomales Bay. These were e s t a b l i s h e d due t o s t r o n g c o n s e r v a t i o n i s t 
p r e s s u r e a f t e r a Los A n g e l e s d e v e l o p e r announced p l a n s t o s u b d i v i d e 
many a c r e s and c o n s t r u c t d e l u x e v i l l a s , g o l f c o u r s e and a p o l o f i e l d . 

D e s p i t e t h e f a c t t h a t l o g g e r s were s t r i p p i n g t h e P o i n t Reyes r i d g e s 
i t took u n t i l 1962 f o r c o n s e r v a t i o n i s t s and C a l i f o r n i a S e n a t o r C l a i r 
E n g l e and Congressman Clem M i l l e r t o c o n v i n c e P r e s i d e n t John Kennedy 
t o s i g n t h e P o i n t Reyes N a t i o n a l S e a s h o r e B i l l w h i c h a u t h o r i z e d 
e x p e n d i t u r e s of $13.2 m i l l i o n f o r t h e o r i g i n a l a c r e a g e recommended i n 
1935. F i n a l c o s t s o f t h e p a r k amounted t o $56 m i l l i o n w i t h 
a c q u i s i t i o n s b e i n g c o m p l e t e d i n 1970. A C i t i z e n ' s A d v i s o r y Commission 
was e s t a b l i s h e d i n 1972 t o o v e r s e e t h e development o f P o i n t R e y e s . 
T h i s group has been i n s t r u m e n t a l i n s e e i n g t o i t t h a t t h e a r e a i s l e f t 
unchanged and t h a t 32,000 a c r e s were d e s i g n a t e d as w i l d e r n e s s and 
18,000 a c r e s were zoned f o r l o n g - t e r m g r a z i n g . 

A l t h o u g h P o i n t Reyes i s s t i l l a b e a u t i f u l p l a c e , i t has changed 
c o n s i d e r a b l y t h r o u g h t h e y e a r s . The Miwoks o f D r a k e ' s e r a c e r t a i n l y 
would m i s s t h e h e a v i l y f o r e s t e d s l o p e s and abundant w i l d l i f e . 
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F i g u r e 7. 
w e s t . 

A e r i a l photograph o f Drakes E s t e r o and P o i n t Reyes l o o k i n g 



F i g u r e 8. Route map o f t h e P o i n t Reyes f i e l d t r i p . 
A m e r i c a n A u t o m o b i l e A s s o c i a t i o n o f C a l i f o r n i a . 

C o u r t e s y o f 
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INTRODUCTION 

The t r i p b e g i n s i n t h e F r a n c i s c a n assemblage i n n o r t h e r n M a r i n County. 
The F r a n c i s c a n dominates t h e geology o f c o a s t a l n o r t h e r n C a l i f o r n i a 
e a s t o f P o i n t Reyes and documents a v e r y i m p o r t a n t e p i s o d e i n t h e 
g e o l o g i c h i s t o r y o f C a l i f o r n i a , one o f Mesozoic and E a r l y T e r t i a r y 
s u b d u c t i o n . We w i l l examine t h e F r a n c i s c a n i n two s t o p s , t h e f i r s t an 
e x a m i n a t i o n o f graywacke and melange, and t h e second a t a b e a u t i f u l 
e x p o s u r e o f p i l l o w b a s a l t s . 

The F r a n c i s c a n i s s e p a r a t e d from P o i n t Reyes P e n i n s u l a by t h e 
San Andreas f a u l t . The San Andreas marks t h e t e c t o n i c boundary between 
two l a r g e t e c t o n i c p l a t e s , t h e N o r t h American c o n t i n e n t a l p l a t e and t h e 
P a c i f i c o c e a n i c p l a t e . The f a u l t has had a major e f f e c t on t h e geology 
i n C a l i f o r n i a and r e p r e s e n t s one o f t h e most i n t e r e s t i n g g e o l o g i c a l 
f e a t u r e s of t h e P o i n t Reyes a r e a . W e ' l l examine t h e f a u l t i n two 
s t o p s , t h e second a i d e d by t h e N a t i o n a l P a r k S e r v i c e ' s d i s p l a y s a t t h e 
B e a r V a l l e y V i s i t o r C e n t e r where we p l a n t o e a t l u n c h . 

A f t e r l u n c h we head f o r t h e beach t o examine t h e geology o f P o i n t 
Reyes P e n i n s u l a i n two s t o p s . At b o t h s t o p s t h e r o c k s a r e exposed i n 
se a c l i f f s , o f f e r i n g a s p e c t a c u l a r c r o s s - s e c t i o n o f a l m o s t t h e e n t i r e 
s t r a t i g r a p h i c s e c t i o n p r e s e n t a t P o i n t R eyes. 

BEGIN ROAD LOG 

L e a v e from t h e Chevron USA Concord o f f i c e , 2001 Diamond 
B l v d , Concord a t 8:00 AM. 

Head n o r t h on 1-680, e x i t i n g a t t h e j u n c t i o n w i t h C a l i f o r n i a 
Route 4 West t o w a r d M a r t i n e z . At t h e i n t e r s e c t i o n w i t h 
1-80, head s o u t h t o w a r d Oakland. E x i t 1-80 a t C u t t i n g B l v d 
i n Richmond and d r i v e west t o w a r d t h e San R a f a e l B r i d g e . 

The r e a d o u t s v i s i b l e t o t h e l e f t and r i g h t on t h e approach 
t o t h e San R a f a e l B r i d g e expose s a n d s t o n e s and g r a y w a c k e s 
of t h e F r a n c i s c a n complex. B l a k e and o t h e r s (1984) i n c l u d e 
t h e s e u n i t s i n t h e i r "Novato Q u a r r y t e r r a n e , " w h i c h e x t e n d s 
n o r t h w e s t from t h e Richmond a r e a t o Bodega Bay. These r o c k s 
a r e c o n s i d e r e d t o be L a t e C r e t a c e o u s (Campanian) i n age 
( B a i l e y and o t h e r s , 1 9 6 4 ) , and a r e i n f e r r e d t o have been 
d e p o s i t e d a t t h e f r i n g e o f a submarine s u p r a f a n . The Novato 
Q u a r r y t e r r a n e o f B l a k e and o t h e r s r e p r e s e n t s one o f t h e 
most c o h e r e n t masses i n t h e F r a n c i s c a n Complex, and a l s o one 
of t h e y o u n g e s t . 

The r e d i s l a n d v i s i b l e on t h e l e f t c l o s e t o t h e b r i d g e j u s t 
p a s t t h e t o l l p l a z a i s Red Rock, w h i c h was f o r s a l e a number 
of y e a r s ago. I t i s composed o f F r a n c i s c a n c h e r t . The t i n y 
i s l a n d was once known as Golden Rock b e c a u s e p i r a t e s were 
supposed t o have b u r i e d t r e a s u r e t h e r e . 
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The prominent peak ahead a t about 11:30 o ' c l o c k i s Mount 
T a m a l p a i s . I t i s u n d e r l a i n by an e r o s i o n r e s i s t a n t , h y d r o -
t h e r m a l l y a l t e r e d s a n d s t o n e i n t h e F r a n c i s c a n melange. 
Mount T a m a l p a i s was once known as T a b l e Mountain, c o i n e d by 
Beechey i n 1826, because i t has a f l a t t o p when v i e w e d from 
t h e ocean o f f P o i n t R e y e s . The o r i g i n o f t h e name T a m a l p a i s 
i s u n c e r t a i n but p r o b a b l y came from t h e l o c a l I n d i a n s . 

D r i v i n g a c r o s s t h e b r i d g e i s a g r e a t t i m e t o examine t h e 
bay and p i c t u r e when s e a l e v e l was 100 f e e t l o w e r t h a n 
t o d a y . T r y t o imagine t h e g r e a t P l e i s t o c e n e Sacramento 
R i v e r f l o w i n g i n a deep canyon p a s t A n g e l I s l a n d and out 
t h e Golden Gate. 

PLEISTOCENE HISTORY OF SAN FRANCISCO BAY 

by Norma B i g g a r 

The San R a f a e l B r i d g e i s a good p l a c e t o l o o k s o u t h w a r d t o w a r d t h e 
Raccoon S t r a i t s between A n g e l I s l a n d and T i b u r o n and t h e Golden Gate. 
You a r e l o o k i n g a l o n g t h e fo r m e r d r a i n a g e c h a n n e l s o f t h e Sacramento 
R i v e r d u r i n g t h e P l e i s t o c e n e , when s e a l e v e l was about 300 f e e t l o w e r 
t h a n i t i s tod a y . Subbottom p r o f i l i n g o f t h e bedrock s u r f a c e b e n e a t h 
t h e bay ( C a r l s o n and M c C u l l u c h , 1970; C a r l s o n and o t h e r s , 1970) has 
r e v e a l e d a bedrock gorge up t o 200 f e e t deep below p r e s e n t s e a l e v e l 
u n d e r n e a t h Raccoon S t r a i t . Up t o 150 f e e t o f sediment has a c c u m u l a t e d 
i n t h i s c h a n n e l , w h i c h s t i l l s e r v e s a s one o f t h e p r i m a r y p a t h s o f 
w a t e r movement between t h e ocean and t h e Sacramento R i v e r . The 
c h a n n e l t h r o u g h Raccoon S t r a i t i s l i n k e d w i t h t h e 350 f o o t deep t r o u g h 
b e n e a t h t h e Golden Gate and i s t h e b e s t d e v e l o p e d o f t h e bedrock 
c h a n n e l s . Other c h a n n e l s were c u t between A n g e l and A l c a t r a z I s l a n d s , 
between A l c a t r a z I s l a n d and San F r a n c i s c o , and on t h e e a s t s i d e o f 
Ang e l I s l a n d , where a c h a n n e l i s o r i e n t e d n o r t h - s o u t h . The bedrock 
s u r f a c e a t t h e mouth o f R i c h a r d s o n Bay, w h i c h s e p a r a t e s t h e M a r i n and 
T i b u r o n p e n i n s u l a s , a p p e a r s t o be about 150 f e e t below p r e s e n t s e a 
l e v e l . 

The San F r a n c i s c o Bay and t h e c h a n n e l t h r o u g h t h e Golden Gate a r e 
g e o l o g i c a l l y young f e a t u r e s . As r e c e n t l y a s 1 m i l l i o n y e a r s ago an 
e s t u a r y c o n n e c t e d s o u t h e r n San F r a n c i s c o Bay w i t h t h e P a c i f i c Ocean 
v i a a s h a l l o w m a r i n e embayment i n w h i c h s e d i m e n t s o f t h e Merced 
F o r m a t i o n were d e p o s i t e d s o u t h o f San F r a n c i s c o . F r e s h w a t e r d r a i n e d 
t o t h i s e s t u a r y from t h e C e n t r a l V a l l e y , a s e v i d e n c e d by t h e p r e s e n c e 
o f G r e a t V a l l e y d e t r i t u s i n p a r t o f t h e Merced F o r m a t i o n ( H a l l , 1966, 
i n A t w a t e r and o t h e r s , 1977) . These s e d i m e n t s were l a t e r deformed and 
u p l i f t e d . T e c t o n i c s u b s i d e n c e i n t h e a r e a o v e r t h e l a s t 1.5 m.y. has 
amounted t o a t l e a s t 100 m e t e r s i n p l a c e s . Some Holocene s a l t marsh 
d e p o s i t s have s u b s i d e d about 5 m e t e r s i n t h e l a s t 6,000 y e a r s ( A t w a t e r 
and o t h e r s , 1 9 7 7 ) . 
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Sediments s t u d i e d i n t h e s o u t h e r n Bay by A t w a t e r and o t h e r s (1977) 
r e c o r d e s t u a r i e s t h a t formed d u r i n g h i g h s t a n d s o f s e a l e v e l i n 
Sangamon and p o s t - W i s c o n s i n t i m e (100,000 and 10,000 y e a r s ago, 
r e s p e c t i v e l y ) . They found t h a t t h e l a s t m a j o r s e a l e v e l r i s e began 
10,000 t o 11,000 y e a r s ago and c o n t i n u e d u n t i l 8000 y e a r s ago. The 
ocean e n t e r e d t h e Golden Gate and t h e s e a s p r e a d a c r o s s l a n d a r e a s a s 
r a p i d l y as 30 m e t e r s / y e a r . S i n c e t h a t t i m e , s h o r e l i n e and s e a l e v e l 
changes have been much more g r a d u a l . 

A f t e r c r o s s i n g t h e b r i d g e , e x i t t h e f r e e w a y a t t h e US 101 
s o u t h o f f r a m p , and s t a y on S i r F r a n c i s Drake B l v d . 

A f t e r e x i t i n g t h e f r e e w a y , t h e r o a d c l i m b s a h i l l j u s t n o r t h 
o f San Q u e n t i n P r i s o n formed o f F r a n c i s c a n melange. The 
h i l l s t o t h e r i g h t a r e d o t t e d w i t h q u a r r i e s , some o f w h i c h 
have been c o n v e r t e d i n t o s h o o t i n g r a n g e s . The r o a d descends 
down t o L a r k s p u r L a n d i n g . 

A p p r o a c h i n g L a r k s p u r L a n d i n g you p a s s a l a r g e b r i c k 
smokestack w h i c h i s s u r r o u n d e d by a new o f f i c e complex. 
The s t a c k i s o v e r t h e o l d b r i c k k i l n o f t h e R e m i l l a r d B r i c k 
Company. The p l a n t was b u i l t i n 1891, and once had t h e 
c a p a c i t y o f 12 m i l l i o n b r i c k s p e r y e a r (Bowen, 1951) . 
"Weathered c l a y s h a l e " ( l i k e l y melange m a t e r i a l ) o f t h e 
F r a n c i s c a n was .the p r i m a r y raw m a t e r i a l used. Melange 
m a t e r i a l q u a r r i e d nearby was a l s o h a u l e d t o t h e Sacramento 
R i v e r d e l t a t o b u i l d d i k e s . 

The L a r k s p u r L a n d i n g shopping and condominium complex j u s t 
beyond t h e s t a c k was b u i l t on t h e s i t e o f t h e f o r m e r 
q u a r r i e s o f t h e H u t c h i n s o n Company. Gr e e n - g r a y , h a r d 
( j a d e t i z e d ? ) F r a n c i s c a n s a n d s t o n e s u p p o r t s t h e n e a r v e r t i c a l 
c l i f f f a c e s of t h e q u a r r y , whereas melange u n d e r l i e s t h e 
r u b b l y , s l i d e - p r o n e s l o p e s . The t a n condos c l o s e s t t o t h e 
c l i f f a r e p r o t e c t e d from r o c k f a l l s and s l i d e s by a moat 
about 8 f e e t deep. 

The L a r k s p u r F e r r y t e r m i n a l i s on y o u r l e f t w h i l e d r i v i n g 
t h r o u g h L a r k s p u r . The h i g h - s p e e d f e r r i e s were t o p r o v i d e 
an a l t e r n a t e commute r o u t e f o r M a r i n County r e s i d e n t s , but 
t h e l a r g e wakes c r e a t e d by t h e b o a t s c a u s e d e x c e s s i v e 
e r o s i o n o f t h e bay s h o r e s . The b o a t s now t r a v e l a t 
c o n s i d e r a b l y l e s s speed t h a n t h e y a r e c a p a b l e . 

The f e r r y t e r m i n a l i s a t t h e mouth o f C o r t e Madera C r e e k , 
and S i r F r a n c i s Drake B l v d . f o l l o w s t h e c o u r s e o f t h e c r e e k 
a s f a r as San Anselmo. The c r e e k ' s banks have been 
e x t e n s i v e l y d e v e l o p e d and t h e c r e e k i s now r e s t r a i n e d t o a 
narrow c h a n n e l . C o n s e q u e n t l y , whenever a b i g P a c i f i c s t o r m 
dumps s e v e r a l i n c h e s o f r a i n i n a s h o r t t i m e . S i r F r a n c i s 
Drake B l v d . f l o o d s . 
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A f t e r p a s s i n g under U.S. 101, you s h o u l d n o t i c e a h i l l 
b e h i n d t h e Bon A i r shopping c e n t e r on t h e l e f t . I t i s a 
l a r g e b l o c k o f g r e e n s t o n e i n t h e F r a n c i s c a n melange. 

C o n t i n u e d r i v i n g t h r o u g h t h e M a r i n County s e t t l e m e n t s o f 
K e n t f i e l d , R o ss, San Anselmo, and F a i r f a x on S i r F r a n c i s 
Drake B l v d . I n c i d e n t l y , t h e town o f Ross c o n t a i n s some of 
th e most e x p e n s i v e r e a l e s t a t e i n t h e c o u n t r y . I t was named 
f o r James Ross, who a c q u i r e d Rancho P u n t a de Q u i n t i n i n 
1859. T h i s d r i v e t a k e s you t h r o u g h a p a r t i c u l a r l y w e l l 
b r o k e n up p a r t o f F r a n c i s c a n melange. 

At t h e e n t r a n c e t o F a i r f a x ' s c i t y l i m i t s , n ote m i l e a g e . 

J u s t 3.0 m i l e s p a s t t h e F a i r f a x c i t y l i m i t s , p u l l o f f t h e 
r o a d on t h e wide s h o u l d e r n e a r t h e t o p o f t h e h i l l f o r 
Stop 1. 
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STOP 1 

FRANCISCAN ASSEMBLAGE AND LANDSLIDE 

No f i e l d t r i p t o an a r e a i n n o r t h e r n C a l i f o r n i a i s complete w i t h o u t 
a v i s i t t o t h e F r a n c i s c a n assemblage. Almost a l l o f M a r i n County i s 
composed o f F r a n c i s c a n melange, a m i x t u r e o f mudstone, graywacke, 
g r e e n s t o n e , and o t h e r v a r i o u s r o c k t y p e s . Our f i r s t s t o p p r o v i d e s us 
w i t h a good e x p o s u r e o f C e n t r a l Melange B e l t graywacke, F r a n c i s c a n 
melange, and t h e e v e r - p r e s e n t l a n d f o r m w h i c h d e v e l o p s on o u t c r o p s o f 
melange, a l a n d s l i d e o r e a r t h f l o w . 

W a l k i n g u p h i l l from t h e p a r k i n g a r e a , you s h o u l d n o t i c e some l a r g e 
b o u l d e r s on t h e s i d e o f t h e r o a d w h i c h were removed from t h e e a r t h 
f l o w o f melange. These b o u l d e r s a r e made o f r e p r e s e n t a t i v e r o c k t y p e s 
o f t h e F r a n c i s c a n : g r aywacke, s e r p e n t i n i t e , and p e r v a s i v e l y s h e a r e d 
mudstone. F a r t h e r up t h e r o a d , t h e mud o o z i n g down onto t h e pavement 
i s formed m a i n l y i n t h e melange mudstone m a t r i x w i t h some more 
c o h e r e n t b l o c k s o f s a n d s t o n e and o t h e r l i t h o l o g i e s mixed i n . The r o a d 
c u t f a r t h e r up t h e h i l l i s c u t t h r o u g h a l a r g e o u t c r o p o f bedded 
t u r b i d i t e s a n d s t o n e s w h i c h e x h i b i t g r aded bedding. I f you were t o 
f o l l o w t h e bedding however, you would f i n d t h a t t h i s o u t c r o p i s 
c o m p l e t e l y s u r r o u n d e d by mudstone (s e e F i g u r e 9 ) . The o u t c r o p i s j u s t 
an even l a r g e r c o h e r e n t b l o c k o r " k n o c k e r " i n t h e F r a n c i s c a n melange. 
Read t h e s e c t i o n s below on t h e F r a n c i s c a n and t h e l a n d s l i d e f o r a 
b e t t e r u n d e r s t a n d i n g o f t h i s e x p o s u r e . 

FRANCISCAN ASSEMBLAGE 

The F r a n c i s c a n assemblage has been an o b j e c t o f i n t e n s e s t u d y s i n c e 
i t was f i r s t d e s c r i b e d by B l a k e ( 1 8 5 8 ) . Commonly c a l l e d t h e 
F r a n c i s c a n Complex, i t s s t r u c t u r e and s t r a t i g r a p h i c r e l a t i o n s h i p s a r e 
most e n i g m a t i c and not a t a l l l i k e most mappable u n i t s . Today, most 
p e o p l e a g r e e t h a t t h e F r a n c i s c a n o r i g i n a t e d i n a wedge zone formed 
above a s u b d u c t i n g o c e a n i c p l a t e ( s e e F i g u r e 1 ) . The o r i g i n o f t h e 
r o c k s w i t h i n t h e F r a n c i s c a n , however, i s s t i l l a s u b j e c t o f 
c o n t r o v e r s y . 

D e s c r i p t i v e Geology 

The F r a n c i s c a n assemblage i s a b e l t o f h i g h l y deformed and v a r i a b l y 
metamorphosed graywacke, mudstone, v o l c a n i c s , and c h e r t o c c u p y i n g t h e 
c o a s t o f C a l i f o r n i a from S a n t a C a t a l i n a I s l a n d t o Oregon. Dated a s 
c o e v a l w i t h t h e G r e a t V a l l e y Sequence j u s t t o t h e e a s t , t h e F r a n c i s c a n 
d i f f e r s from t h e G r e a t V a l l e y i n l i t h o l o g y , s t r u c t u r e , and p o s s i b l y 
p r o v e n a n c e . 
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F i g u r e 9. G e o l o g i c map o f Stop 1 . Map symbols: K J f s - F r a n c i s c a n 
melange, K J f s s - F r a n c i s c a n s a n d s t o n e , K J f g - F r a n c i s c a n g r e e n s t o n e , KJ fm-
F r a n c i s c a n h i g h - g r a d e metamorphics, s p - s e r p e n t i n i t e , c h - c h e r t , g s -
g r e e n s t o n e , m-metamorphic r o c k , mch-metachert (from B l a k e and o t h e r s , 
1974) . 
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The F r a n c i s c a n has been d i v i d e d i n t o t h r e e m a jor u n i t s w h i c h t r e n d 
r o u g h l y p a r a l l e l w i t h t h e c o a s t ( s e e F i g u r e 1 0 ) . From west t o e a s t 
t h e y a r e t h e C o a s t a l B e l t , t h e C e n t r a l Melange B e l t , and t h e 
Metamorphic or Y o l l a B o l l y B e l t ( B l a k e and J o n e s , 1981) . 

C o a s t a l B e l t . The C o a s t a l B e l t i s t h e westernmost o f t h e t h r e e u n i t s 
i n t h e F r a n c i s c a n . Dated as L a t e C r e t a c e o u s t o Miocene, t h e C o a s t a l 
B e l t i s a l s o t h e youngest and l e a s t metamorphosed. The u n i t c o n s i s t s 
m a i n l y o f bedded graywacke and mudstone w h i c h i s h i g h l y f a u l t e d , a 
s t r u c t u r e known as a b r o k e n f o r m a t i o n . The s a n d s t o n e s t e n d t o be more 
a r k o s i c w i t h l e s s v o l c a n i c and c h e r t l i t h i c c l a s t s t h a n t h e o t h e r 
b e l t s . The C o a s t a l B e l t a p p e a r s t o have been t h r u s t under t h e C e n t r a l 
B e l t a l o n g a m a j o r s h e a r zone. 

C e n t r a l B e l t . The C e n t r a l B e l t i s p r i m a r i l y melange, w i t h l a r g e b l o c k s 
of graywacke and metagraywacke, s m a l l e r b l o c k s of g r e e n s t o n e , c h e r t , 
and s e r p e n t i n e , w i t h l e s s e r l i m e s t o n e , a m p h i b o l i t e , b l u e s c h i s t , and 
e c l o g i t e k n o c k e r s i n a s h e a r e d mudstone m a t r i x . B l a k e and o t h e r s 
(1984) have d i v i d e d t h e C e n t r a l B e l t i n t o 9 d i f f e r e n t t e c t o n o s t r a t i ­
g r a p h i c t e r r a n e s . F o s s i l s r e c o v e r e d from t h e m a t r i x have shown t h i s 
zone t o be L a t e J u r a s s i c t o E a r l y C r e t a c e o u s i n age, but t h e b l o c k s 
range as young as L a t e C r e t a c e o u s . The a v e r a g e metamorphism of t h e 
m a t r i x i s s l i g h t l y h i g h e r - g r a d e t h a n t h e C o a s t a l B e l t , but h i g h - g r a d e 
b l u e s c h i s t b l o c k s a r e common a l o n g t h e c o n t a c t w i t h t h e C o a s t a l B e l t . 
One of t h e p u z z l e s o f t h e F r a n c i s c a n i s how h i g h - g r a d e metamorphic 
b l o c k s can be immersed i n a m a t r i x o f r e l a t i v e l y low-grade mudstone 
m a t r i x . I n t e r e s t i n g l y , one o f t h e l i m e s t o n e b l o c k s found i n t h i s u n i t 
was d e t e r m i n e d t o have been d e p o s i t e d a t a l a t i t u d e 17° s o u t h o f t h e 
e q u a t o r ( A l v a r e z and o t h e r s , 1980) . I t i s b e l i e v e d t o have been 
d e p o s i t e d o r i g i n a l l y on t o p o f a seamount w h i c h was s c r a p e d o f f i n t h e 
s u b d u c t i o n zone. We w i l l examine a p i l l o w b a s a l t i n t h e C e n t r a l B e l t 
a t our second s t o p w h i c h a l s o has a p p a r e n t l y t r a v e l l e d a l o n g way, i n 
f a c t , 2000 km a c c o r d i n g t o Page (1982) . 

Metamorphic B e l t . The Metamorphic or Y o l l a B o l l y B e l t c r o p s out 
d i s c o n t i n u o u s l y t o t h e e a s t o f t h e C e n t r a l B e l t . The u n i t i s t h e most 
metamorphosed o f t h e t h r e e b e l t s , a l t h o u g h h i g h e r - g r a d e e c l o g i t e 
k n o c k e r s o c c u r i n t h e C e n t r a l B e l t . The Y o l l a B o l l y B e l t c o n t a i n s 
metagraywacke, q u a r t z o f e l d s p a t h i c s c h i s t , m e t a c h e r t , m e t a g r e e n s t o n e , 
mudstone, and b a s a l t i c t u f f . The r o c k s have been d a t e d w i t h f o s s i l s 
a s E a r l y C r e t a c e o u s . The metamorphism has been d a t e d r a d i o m e t r i c a l l y 
a s 115-120 m.y. o r E a r l y C r e t a c e o u s ( B l a k e and J o n e s , 1 9 8 1 ) . The u n i t 
i s bounded on t h e e a s t by t h e s o - c a l l e d C o a s t Range t h r u s t , a s h a r p , 
o f t e n s h e a r e d c o n t a c t w i t h t h e unmetamorphosed G r e a t V a l l e y Sequence 
w h i c h a p p e a r s t o s t r u c t u r a l l y o v e r l i e t h e F r a n c i s c a n . 

G r e a t V a l l e y Sequence. The G r e a t V a l l e y Sequence l i e s j u s t t o t h e 
e a s t o f t h e F r a n c i s c a n but i s r e l a t i v e l y undeformed and unmeta-
morphosed. Dated a s L a t e J u r a s s i c t o L a t e s t C r e t a c e o u s , t h e s e d i m e n t s 
a p p a r e n t l y formed a t t h e same t i m e as t h e F r a n c i s c a n , h a v i n g been 
d e p o s i t e d on a p i e c e o f o c e a n i c c r u s t known a s t h e C o a s t Range 
o p h i o l i t e . The G r e a t V a l l e y Sequence c o n s i s t s o f w e l l - b e d d e d mudstone. 
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F i g u r e 10. L i t h o t e c t o n i c b e l t s o f t h e F r a n c i s c a n assemblage, n o r t h e r n 
C a l i f o r n i a C o a s t Ranges (fro m B l a k e and J o n e s , 1981) . 

s i l t s t o n e , s a n d s t o n e , and c o n g l o m e r a t e was d e p o s i t e d by t u r b i d i t y 
c u r r e n t s i n a f o r e - a r c b a s i n s e t t i n g w e st o f t h e N o r t h A m e r i c a n 
c o n t i n e n t . The s t r a t i g r a p h i c sequence r e c o r d s t h e s t r i p p i n g o f f o f 
t h e v o l c a n i c c o v e r o f t h e S i e r r a Nevada and K l a m a t h g r a n i t e b a t h o l i t h s 
( D i c k i n s o n , 1982) . 
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I n t e r p r e t i v e Geology 

The F r a n c i s c a n i s b e l i e v e d t o have formed w i t h i n an a c c r e t i o n a r y wedge 
above t h e down-going p l a t e i n a s u b d u c t i o n zone. How t h e melange 
formed and where t h e F r a n c i s c a n r o c k s o r i g i n a t e d i s s t i l l 
c o n t r o v e r s i a l . Some w o r k e r s b e l i e v e t h a t t h e melange formed m a i n l y 
by o l i s t o s t r o m e s o r g i a n t submarine slumps w h i l e o t h e r s propose t h a t 
i t i s m o s t l y by t e c t o n i c m i x i n g . Some b e l i e v e t h a t t h e b l o c k s w i t h i n 
t h e melange were s o u r c e d from t h e same a r e a s a s t h e G r e a t V a l l e y 
Sequence, and o t h e r s t h i n k t h e y o r i g i n a t e d t h o u s a n d s o f k i l o m e t e r s t o 
t h e s o u t h . 

Melange F o r m a t i o n . F r a n c i s c a n melange i s b e l i e v e d t o form above t h e 
s u b d u c t i n g o c e a n i c p l a t e . Much o f t h e m a r i n e sediment and o t h e r 
m a t e r i a l r i d i n g on t h e o c e a n i c p l a t e i s s c r a p e d o f f by t h e c o n t i n e n t 
i n t h e s u b d u c t i o n zone ( s e e F i g u r e 11) . I n a c o n t i n u a l p r o c e s s o f 
t e c t o n i c m i x i n g , t h e m a t e r i a l i s e v e n t u a l l y u n d e r r i d d e n by more 
m a t e r i a l and a wedge i s e v e n t u a l l y formed (Page, 1981) . As more 
m a t e r i a l i s wedged u n d e r n e a t h t h e submarine f a c e o f t h e wedge 
o v e r s t e e p e n s and l a r g e slumps or o l i s t o s t r o m e s o c c u r , t r a n s p o r t i n g 
m a t e r i a l back i n t o t h e t r e n c h t o be su b d u c t e d a g a i n . T h i s model can 
e x p l a i n t h e a p p a r e n t j u x t a p o s i t i o n o f r o c k s o f r a t h e r d i f f e r e n t 
metamorphic h i s t o r i e s . 

F i g u r e 1 1 . Diagram o f p o s s i b l e mode o f o r i g i n o f F r a n c i s c a n melanges, 
showing p o s t u l a t e d i n t e r p l a y between s u b d u c t i o n and o l i s t r o m e f l o w s . 
B l o c k s shown i n b l a c k a r e d i s t i n c t i v e o l d e r m a t e r i a l s , e.g., 
s e r p e n t i n i t e , b l u e s c h i s t , o c e a n i c b a s a l t . Upper J u r a s s i c c h e r t . 
Coherent s e d i m e n t a r y u n i t s o m i t t e d f o r s i m p l i c i t y ( f r o m Page, 1981) . 

F r a n c i s c a n P r o v e n a n c e . One of t h e g r e a t c o n t r o v e r s i e s o f n o r t h e r n 
C a l i f o r n i a geology i s t h e o r i g i n o f F r a n c i s c a n r o c k s . F r a n c i s c a n 
sediment i s c o e v a l w i t h t h e G r e a t V a l l e y Sequence and many w o r k e r s 
b e l i e v e t h a t t h e F r a n c i s c a n mudstones, s a n d s t o n e s , and c o n g l o m e r a t e s 
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had t h e same s o u r c e as t h e G r e a t V a l l e y . D i c k i n s o n (1982) d e s c r i b e s 
a s e d i m e n t a r y p e t r o g r a p h y s t u d y w h i c h shows a c o r r e l a t i o n between t h e 
r o c k s of both f o r m a t i o n s , i m p l y i n g a common s o u r c e . U s i n g s i m i l a r 
d a t a , B l a k e and J o n e s (1981) argue t h a t t h e sediment i s too d i s s i m i l a r 
and must have o r i g i n a t e d many m i l e s s o u t h o f t h e G r e a t V a l l e y Sequence. 
F u r t h e r m o r e , t h e y note t h a t t h e F r a n c i s c a n i s commonly c o a r s e r - g r a i n e d 
t h a n t h e G r e a t V a l l e y Sequence s e d i m e n t s . Hence, i t would have been 
d i f f i c u l t t o d e p o s i t c o a r s e s e d i m e n t s l i k e t h o s e i n t h e F r a n c i s c a n 
o u t b o a r d of t h e f o r e a r c b a s i n where t h e G r e a t V a l l e y was b e i n g 
d e p o s i t e d . D i c k i n s o n (1982) a r g u e s t h a t submarine canyons c o u l d e a s i l y 
have t r a n s p o r t e d such sediment beyond t h e b a s i n . 

B l a k e and J o n e s (1981) use t h e i r h y p o t h e s i s t o s u p p o r t t h e a c c r e t i o n 
o f t e c t o n o s t r a t i g r a p h i c t e r r a n e s t o N o r t h A m e r i c a from g r e a t d i s t a n c e s , 
p r o p o s i n g t h a t much o f C a l i f o r n i a and even w e s t e r n N o r t h A m e r i c a 
o r i g i n a t e d t h o u s a n d s o f k i l o m e t e r s t o t h e s o u t h w e s t . D i c k i n s o n (1982) 
p r e f e r s a much s i m p l e r model o f a c o l l a p s e d s u b d u c t i o n zone whose 
components were s i m p l y j u x t a p o s e d when s u b d u c t i o n c e a s e d . 

The c o n t r o v e r s y does not end h e r e . However, t h i s d i s c u s s i o n does. 
A f t e r v i s i t i n g t h e o u t c r o p , form y o u r own o p i n i o n . P e r h a p s w i t h 
f u r t h e r work some o f t h e p u z z l e s w i l l be s o l v e d . 

LANDSLIDE AT TOP OF WHITES HILL 

by M i c h a e l C a r e y 

A c u t s l o p e on t h e r i g h t ( n o r t h ) s i d e o f t h e r o a d j u s t u p h i l l from 
our p a r k i n g a r e a e x p o s e s a l a r g e a c t i v e l a n d s l i d e . A w e l l - d e v e l o p e d 
h e a d s c a r p i s v i s i b l e from t h e r o a d , and a n o t h e r l i e s f u r t h e r u p s l o p e , 
s l i g h t l y t o t h e l e f t . The s l i d e i s a p p r o x i m a t e l y 300 f e e t wide a t t h e 
r o a d and 1000 f e e t l o n g . T h i s a c t i v e s l i d e i s w i t h i n a mapped l a r g e 
a n c i e n t l a n d s l i d e d e p o s i t ( R i c e and o t h e r s , 1976) w h i c h m a n t l e s most 
o f t h e s l o p e s i n t h e r e g i o n . The e n t i r e r i d g e i s u n d e r l a i n by h i g h l y 
s h e a r e d and u n s t a b l e r o c k s of F r a n c i s c a n melange. 

The t o e o f t h e a c t i v e l a n d s l i d e has been u n d e r c u t by r o a d c o n s t r u c t i o n , 
and d e b r i s f l o w s s p i l l onto t h e pavement d u r i n g heavy r a i n s t o r m s . T h i s 
has p r o b a b l y been happening e v e r s i n c e t h e r o a d was b u i l t i n t h e 1940s. 

"Permanent" r e p a i r o f t h i s l a n d s l i d e p r o b a b l y would r e q u i r e r e m o v a l 
o f t h o u s a n d s o f c u b i c y a r d s o f s o i l t o c o n s t r u c t an adequate b u t t r e s s . 
I n s t e a d , t h e c o u n t y has been removing t h e d e b r i s from t h e r o a d when t h e 
s l i d e moves. H o r i z o n t a l d r a i n s have o c c a s i o n a l l y been i n s t a l l e d i n t h e 
s l o p e i n an a t t e m p t t o d r a i n t h e s l i d e and slow i t s movement. As t h e 
b r o k e n and u s e l e s s h y d r o a u g e r s v i s i b l e i n t h e l a n d s l i d e show, t h e s e 
a t t e m p t s a r e not a l w a y s s u c c e s s f u l . 

H y d r o a u g e r s . Hydroaugers a r e d r i l l e d h o r i z o n t a l h o l e s u s u a l l y u s e d 
t o remove e x c e s s w a t e r from u n s t a b l e h i l l s i d e s and l a n d s l i d e s . They 
a r e u s u a l l y d r i l l e d w i t h a s i x - i n c h d i a m e t e r r o t a r y - w a s h r i g . The 
h o l e s can be d r i l l e d a t v a r i a b l e a n g l e s , depending upon t h e s i t u a t i o n . 
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When t h e h o l e i s completed, a t w o - i n c h d i a m e t e r p e r f o r a t e d PVC p i p e i s 
i n s e r t e d i n t o t h e h o l l o w d r i l l p i p e . The d r i l l p i p e i s t h e n c a r e f u l l y 
removed, l e a v i n g t h e p e r f o r a t e d p i p e i n p l a c e . The l a s t few s e c t i o n s 
of p l a s t i c p i p e commonly a r e not p e r f o r a t e d and can be c o n n e c t e d 
t o g e t h e r and d r a i n e d as a u n i t onto a s u i t a b l e n o n e r o s i v e s u r f a c e . 

F o r f u r t h e r r e a d i n g see t h e s e c t i o n e n t i t l e d " E a r t h F l o w s i n I n v e r n e s s 
and t h e R e s t of t h e Bay A r e a " on page 35. 

ROAD LOG 

C o n t i n u e w est on S i r F r a n c i s Drake B l v d . We p a s s r a p i d l y 
out o f t h e s a n d s t o n e b l o c k as t h e r o a d s t a r t s g o i n g 
d o w n h i l l . Topography i n t h e F r a n c i s c a n i s d o m i n a n t l y 
c o n t r o l l e d by l i t h o l o g y , t h e more i n t a c t b l o c k s o f 
s a n d s t o n e , g r e e n s t o n e , and metamorphics form t h e h i l l s and 
r i d g e s . 

J u s t p a s t t h e San Geronimo g o l f c o u r s e , t u r n r i g h t on 
N i c a s i o V a l l e y Road. The r o a d h e r e i s c l i m b i n g t h e 
s o u t h e a s t nose o f a r i d g e h e l d up by a l a r g e b l o c k o f 
s h e a r e d metamorphic r o c k . The r e a d o u t s expose s h e a r e d 
mudstone melange m a t r i x and k n o c k e r s o f s a n d s t o n e and 
c r y s t a l l i n e r o c k . 

F u r t h e r on you e n t e r a grove o f c o a s t redwoods ( s e q u o i a 
s e m p e r v i r e n s ) . T h i s l u s h f o r e s t i s g rowing on t h e n o r t h 
s i d e o f t h e e a r l i e r mentioned b l o c k o f s h e a r e d metamorphic 
r o c k . P a r t of t h i s b l o c k i s composed o f h i g h - g r a d e s c h i s t . 

As t h e r o a d l e a v e s t h e grove o f redwoods, you come upon t h e 
i n t e r s e c t i o n w i t h L u c a s V a l l e y Road. C o n t i n u e s t r a i g h t , 
f o l l o w i n g t h e r o a d as i t c u r v e s t o t h e l e f t . 

About 0.5 m i l e s p a s t t h e i n t e r s e c t i o n w i t h L u c a s V a l l e y Rd. 
you e n t e r t h e town of N i c a s i o . Be s u r e t o f o l l o w t h e d o g l e g 
i n t h e r o a d t o t h e l e f t i n town. The p o s t o f f i c e i n N i c a s i o 
was e s t a b l i s h e d i n 1870. 

J u s t p a s t town l o o k t o t h e r i g h t a t about 3:00 o ' c l o c k . 
On t h e n o r t h s i d e of H a l l e c k C reek i s a r e d d i s h c h e r t b l o c k 
w h i c h a p p e a r s t o have been q u a r r i e d , p r o b a b l y f o r r o a d bed 
m a t e r i a l . Most o f t h e b l o c k s you see s t i c k i n g out o f t h e 
melange h e r e a r e c h e r t . G e n e r a l Henry W. H a l l e c k was 
L i n c o l n ' s G e n e r a l - i n - C h i e f d u r i n g t h e C i v i l War. He bought 
30,000 a c r e s h e r e i n 1851 f o r h u n t i n g and f i s h i n g . 

About 2 m i l e s p a s t town, N i c a s i o R e s e r v o i r comes i n t o v i e w 
on t h e l e f t . The r o l l i n g h i l l s on both s i d e s o f t h e r o a d 
a r e d o t t e d w i t h " k n o c k e r s " o f g r e e n s t o n e , s e r p e n t i n e , and 
c h e r t o f t h e C e n t r a l Melange B e l t . The l a r g e h i l l ahead a t 
about 12:30 o ' c l o c k i s H i c k s Mountain, a l a r g e b l o c k o f 
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s a n d s t o n e . The mountain i s named a f t e r " U ncle B i l l y " H i c k s 
who was an a b s e n t e e l a n d l o r d i n t h i s a r e a . H i c k s d i e d i n 
1884 a t h i s home i n H i c k s v i l l e , Sacramento County. 
H i c k s v i l l e d i e d s h o r t l y a f t e r him. 

About 3.5 m i l e s p a s t N i c a s i o i s t h e "T" i n t e r s e c t i o n w i t h 
P o i n t Reyes P e t a l u m a Road. Note m i l e a g e . T u r n l e f t on 
P o i n t Reyes P e t a l u m a Road. The r o c k s h e r e a r e gr a y w a c k e s 
i n t e r b e d d e d w i t h s h a l e . 

A f t e r t u r n i n g l e f t note t h e l a r g e h i l l ahead o r o f f t o t h e 
l e f t . Named B l a c k Mountain, i t i s a l a r g e c o h e r e n t b l o c k 
o f g r e e n s t o n e p i l l o w b a s a l t w h i c h i s our n e x t s t o p . The 
mountain was named a f t e r James B l a c k , who once owned i t . 
B l a c k was one o f t h e f i r s t j u s t i c e s i n t h e co u n t y . 

Where t h e c l i f f b e g i n s on t h e r i g h t s i d e o f t h e road , 2.6 
m i l e s p a s t t h e i n r e r s e c t i o n , p u l l o f f t h e r o a d t o t h e r i g h t 
and p a r k f o r Stop 2. 

BE CAREFUL a s you e x i t t h e bus on t h i s s t o p ! The s h o u l d e r 
i s narrow and c a r s d r i v e by v e r y f a s t . 
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STOP 2 

NICASIO DAM PILLOW BASALTS 

V i s i b l e a t t h i s s t o p i s one o f t h e b e s t e x p o s u r e s o f p i l l o w b a s a l t s 
i n t h e F r a n c i s c a n assemblage. The r o a d i s narrow, however, and can 
be dangerous f o r l a r g e groups o f g e o l o g i s t s , so p l e a s e be c a r e f u l . 

T h i s p a r t o f t h e F r a n c i s c a n i s i n t h e C e n t r a l Melange B e l t and 
c o n s t i t u t e s a sequence o f graywacke, s e r p e n t i n e , c h e r t , and s p i l i t e 
( b a s a l t w i t h a l b i t e ) . The r o a d c u t ex p o s e s a mass o f s p i l i t i c p i l l o w 
l a v a s w h i c h a p p a r e n t l y d i p s e a s t w a r d a t about 45° (se e F i g u r e 12) . 
I n d i v i d u a l p i l l o w s range i n s i z e from 6 i n c h e s t o 6 f e e t i n l e n g t h . 
T h i s o u t c r o p i s t h e n o r t h e r n m o s t o f t h r e e b a s a l t b o d i e s w h i c h t r e n d 
n o r t h w e s t from t h e n o r t h e r n f l a n k o f Mt. T a m a l p a i s , about 25 km from 
t h i s l o c a t i o n ( s e e F i g u r e 4 ) . The n o r t h w e s t t r e n d i s p a r a l l e l t o most 
o f t h e bedding i n t h e s a n d s t o n e ( G l u s k o t e r , 1 9 6 9 ) . The l o w e r , w e s t e r n 
c o n t a c t w i t h t h e s a n d s t o n e i s a s h e a r zone where i t i s exposed, up t o 
30 m e t e r s wide ( W r i g h t , 1984) . The upper c o n t a c t w i t h o v e r l y i n g 
s a n d s t o n e a p p e a r s t o be c o n f o r m a b l e , but l o c a l s h e a r zones a r e 
e v i d e n t . W r i g h t (1984) and B l a k e and o t h e r s (1984) i n t e r p r e t e d t h e 
b a s a l t and t h e o v e r l y i n g s a n d s t o n e and s e r p e n t i n e t o be a s i n g l e 
" t e r r a n e , " c a l l i n g i t t h e N i c a s i o R e s e r v o i r t e r r a n e . 

P i l l o w S t r u c t u r e s . P i l l o w s t r u c t u r e s i n b a s a l t a r e i n d i c a t i v e o f l a v a 
w h i c h f l o w e d u n d e r w a t e r . The p i l l o w s form when t h e c o n g e a l e d c o o l 
c r u s t o f an a c t i v e l a v a f l o w b r e a k s and t h e molten l a v a s p i l l s out i n 
a p i l l o w - s h a p e d b l o b . The c o o l i n g e f f e c t o f t h e w a t e r c a u s e s a c r u s t 
t o h a r d e n on t h e o u t s i d e o f t h e p i l l o w , and t h e f l o w s t o p s 
m o m e n t a r i l y . When t h e p r e s s u r e b u i l d s up a g a i n , t h e c r u s t b r e a k s a t 
one spot and a n o t h e r p i l l o w s p i l l s out onto t h e ones below, r e s u l t i n g 
i n a l a r g e p i l e o f p i l l o w s such as you see a t t h i s s t o p . The o u t e r 
r i m o f t h e p i l l o w s t e n d t o be more v e s i c u l a r t h a n t h e c e n t e r . The 
m i n e r a l s i n t h e r o c k a r e e a s i l y a l t e r e d and c h l o r i t e i s commonly 
formed. F o r t h a t r e a s o n t h e s e r o c k s a r e o f t e n c a l l e d g r e e n s t o n e s . 

G e o p e t a l s t r u c t u r e s (up i n d i c a t o r s ) o f t e n can be found i n p i l l o w 
b a s a l t o u t c r o p s . The t o p o f t h e p i l l o w s a r e u s u a l l y round whereas 
t h e base o f t h e p i l l o w s a r e i r r e g u l a r , c o n f o r m i n g t o t h e p i l l o w s 
u n d e r n e a t h . C h e r t can o c c u r between p i l l o w s , s u g g e s t i n g a p e r i o d o f 
sediment d e p o s i t i o n between a c t i v e l a v a f l o w s . The s i l i c a i n t h e 
c h e r t may be d e r i v e d from t h e l a v a i t s e l f . 

A common i n t e r p r e t a t i o n o f p i l l o w b a s a l t s i n t h e F r a n c i s c a n i s t h a t 
t h e y o r i g i n a t e d a s l a v a f l o w s on t h e ocean f l o o r . They may have 
o c c u r r e d a s l o c a l i z e d e r u p t i o n s on t h e open ocean f l o o r , n e a r an 
un d e r w a t e r v o l c a n o , o r n e a r a s p r e a d i n g c e n t e r . 
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F i g u r e 12. G e o l o g i c Map o f N i c a s i o Dam a r e a . Map symbols: K J f s -
F r a n c i s c a n melange, K J f s s - F r a n c i s c a n s andstone, K J f g - F r a n c i s c a n 
g r e e n s t o n e , K J f m - F r a n c i s c a n h i g h - g r a d e metamorphics, s p - s e r p e n t i n i t e , 
c h - c h e r t , gwy-graywacke, g s - g r e e n s t o n e , m-metamorphic r o c k , mch-
m e t a c h e r t (fr o m B l a k e and o t h e r s , 1 9 7 4 ) . 

14 



ROAD LOG 

C o n t i n u e west down t h e P o i n t R e y e s - P e t a l u m a Road. A f t e r a 
s h o r t d r i v e , t u r n r i g h t a t t h e s t o p s i g n t o w a r d P o i n t Reyes 
S t a t i o n . A f t e r a n o t h e r 3.5 m i l e s , t u r n l e f t onto Highway 
1 t o w a r d S t i n s o n Beach and P o i n t Reyes N a t i o n a l S e a s h o r e . 
F o l l o w Highway 1 t h r o u g h P o i n t Reyes S t a t i o n , h e a d i n g s o u t h 
t o w a r d Olema. 

J u s t p a s t P o i n t Reyes S t a t i o n t h e Highway 1 e n t e r s t h e f a u l t 
zone o f t h e San Andreas f a u l t . A prominent p r e s s u r e r i d g e 
i s v i s i b l e on t h e r i g h t . O t her f a u l t f e a t u r e s a r e v i s i b l e . 

The n e x t town i s Olema, named a f t e r t h e Hookooeko I n d i a n 
v i l l a g e w h i c h once o c c u p i e d t h i s s i t e . Note m i l e a g e a t t h e 
s t o p s i g n . 

0.2 Road t o Vedanta R e t r e a t on y o u r r i g h t . On t h i s 
p r o p e r t y renewed development o f a number of p r e v i ­
o u s l y formed f a u l t - a s s o c i a t e d l a n d forms was o b s e r v e d 
a f t e r t h e 1906 e a r t h q u a k e . T h i s s u p p o r t e d G. K. 
G i l b e r t ' s c o n t e n t i o n t h a t t h e r e l i e f o f p r e v i o u s l y 
d e v e l o p e d f a u l t - a s s o c i a t e d l a n d forms was i n c r e a s e d 
by t h e 1906 f a u l t i n g . 

1,0 The E a s t Boundary F a u l t o f t h e San Andreas F a u l t zone 
l i e s i n t h e a l l u v i a t e d v a l l e y on y o u r r i g h t . Up 
ahead, t h e f a u l t i s marked by s c a r p s , l i n e a r v a l l e y s 
and sag ponds. 

1.6 Highway 1 p a s s e s t h r o u g h a s a d d l e d e v e l o p e d on t h e 
E a s t Boundary F a u l t j u s t a f t e r t h e T r u t t m a n d a i r y 
r a n c h . O u t c r o p s on t h e l e f t a r e s h e a r e d F r a n c i s c a n 
on t h e e a s t s i d e o f t h e f a u l t , i e . . North A m e r i c a n 
P l a t e . The E a s t Boundary F a u l t l i e s 10-15 m e t e r s 
west o f t h e r o a d . 

1.7 L i n e a r v a l l e y and r i d g e on t h e r i g h t . 

2.0 Sag pond on t h e l e f t . 

2.8 The E a s t Boundary F a u l t l i e s b e n e a t h t h e green w a t e r 
t a n k on t h e l e f t . A r o a d c u t a l o n g t h e e a s t ( l e f t ) 
s i d e o f Highway 1 e x p o s e s l i g h t c o l o r e d l a u c u s t r i n e 
s i l t s and c l a y s o f t h e P l e i s t o c e n e Olema Creek 
F o r m a t i o n . These s e d i m e n t s were d e p o s i t e d i n a f r e s h 
w a t e r l a k e t h a t o c c u p i e d p a r t o f t h e San Andreas 
F a u l t zone. 

3.1 A l l u v i a t e d v a l l e y a l o n g Olema Creek on t h e r i g h t . 
The 1906 t r a c e i s i n t h e t r e e s t o t h e r i g h t about 
400 m e t e r s from t h e r o a d . 
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3.4 The t r a c e o f t h e E a s t Boundary F a u l t l i e s a t t h e base 
of t h e r i d g e on t h e l e f t . 

3.6 C r o s s Olema Creek. The F i v e B r o o k s T r a i l h e a d i s t o 
t h e r i g h t . 

3.7 The E a s t Boundary F a u l t p a s s e s between t h e house and 
b a r n on your l e f t . 

4.2 Highway 1 c r o s s e s a s a d d l e . The t r a c e o f t h e 1906 
r u p t u r e i s i m m e d i a t e l y r i g h t o f t h e r o a d and i s 
marked by a sag pond and a l i n e a r v a l l e y . 

4.5 H i g h l y s h e a r e d F r a n c i s c a n s e r p e n t i n i t e on t h e l e f t . 

4.9 The E a s t boundary f a u l t c r o s s e s t h e h i l l s i d e t o t h e 
l e f t . 

5.1 Olema Creek f l o w s n o r t h w a r d i n t h e g u l l y t o t h e 
r i g h t . I n t h i s a r e a P i n e G u l c h and Olema C r e e k s f l o w 
p a r a l l e l t o each o t h e r but i n o p p o s i t e d i r e c t i o n s 
s e p a r a t e d by a m e d i a l r i d g e . T h i s i s an e x c e l l e n t 
example o f f a u l t - d i s r u p t e d d r a i n a g e . 

5.4 E a s t boundary f a u l t t r a c e r u n s t h r o u g h t h e y a r d o f 
t h e w h i t e house t o t h e l e f t . 

6.0 P u l l o v e r and p a r k on t h e t u r n o u t on t h e r i g h t f o r 
Stop 3. These a r e p r i v a t e r e s i d e n c e s , so p e r m i s s i o n 
i s needed t o v i s i t t h i s s t o p . E x p o s u r e s o f 
P l e i s t o c e n e s t r e a m t e r r a c e c o n g l o m e r a t e o p p o s i t e 
government h o u s i n g d r i v e w a y . E a s t boundary f a u l t i s 
marked by t h e bench i n t h e r i d g e s t o t h e l e f t . 
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N O T E : D E P T H S IN FATHOMS 

S C A L E 1:600,000 

F i g u r e 13. T e c t o n i c map and c r o s s s e c t i o n o f San A n d r eas F a u l t Zone. 
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F i g u r e 14. A e r i a l photograph o f San Andreas F a u l t zone l o o k i n g 
n o r t h w e s t from B o l i n a s . 



GEOLOGY OF 

THE SAN ANDREAS FAULT ZONE, 

POINT R E Y E S 

NATIONAL SEASHORE 

AFTER GALLOWAY, 1977 AND PAYNE, 1967 

< 
A l l u v i u m 

([hicntisnlulalcd deposits of clni/, sill, nniid. nnd 
oravrl undrrlyi:i[i hotlnin Inndt 0/ min'n ulrriim 

n J vnllctjn: materials transported and deposited by the 



^ Qi---; 
T e r r a c e depos i ts 

(Un.iortcdand unconsoHdntedrock frnfimcnt dcbrii 
deposited on stream and wave cut surfaces.) 

Qoo 

O l e m a G r e e k F o r m a t i o n 
(f-nlce beds in the San Andreas fault zone. Chielly 
hilhl ltlue-gra\i daycji siltstone or cini/slone, Ihinly 
InmuKilrd. with inlr.rbcds nf coarse granitic gravct. 
Contains peaty layers in places.) 

M i l l e r t o n F o r m a t i o n 
(Marinr and nonnmrine beds nf rln<i. silt, sand 
niui nravrl in the Han Andreas fault zone Jlankina 
1 omales Hay.) 

M e r c e d F o r m a t i o n 
(lllnr-gray .-lillstonr nnd snft. rasih/ crodible, brown 
lo tan sandstone, pebbly in places.) 

M o n t e r e y S h a l e 
a\r,nnl,, h,,..br.l,M ,„ , ; , , , , , „ ' „ c , ..,rry lo l,ro„.n 
orgnnic shahs, and I.Inn bedded, commonly hiahly 
cnnlorled cherts. Contains sandstone beds in a few 
places.) ' 

L a i r d Sands tone 
(Typicnlly massioc, medium- lo coarse-grained 
poorly cemented, light brown sandslonc.) 

O Lll O < I -U 
u < 
u CO CO 
< 

G r a n i t i c r o cks 
{Alainly quartz diorife, granodiorite, and adamel-

C a l e r a l imes tone 
(.Tectonic hlorka nf fine-grained limestone in the San 
Andreas fault- zone.) 

KJI 
F r a n c i s c a n r o c k s , u n d i i l e r e n t i a t e d 

{Disrvplcd and ahrnrrd gfnywncke, shnic, cnnglom-
eralr. chcrl. nnd serpentine in and near the Sun 
Andreas fault tone) 

S C A L E 1:48,000 

1>*1UM IS MIAH at* n v t l 
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STOP 3 

GOVERNMENT HOUSING AT RANDALL TRAILHEAD 

by S t e p h a n i e D a v i s 

At t h i s s t o p you w i l l see e x c e l l e n t examples o f l a n d f o r m s produced by 
motion a l o n g t h e s t r i k e - s l i p San Andreas F a u l t : s ag ponds, l i n e a r 
r i d g e s and v a l l e y s , and s c a r p s . A l s o exposed a r e P l i o c e n e t o 
P l e i s t o c e n e s e d i m e n t s d e p o s i t e d i n b a s i n s bounded by t h e f a u l t o r i n 
t h e f a u l t zone i t s e l f . 

Walk down t h e d r i v e w a y between t h e houses. T u r n r i g h t b e f o r e t h e b a r n 
and l e f t j u s t b e f o r e t h e c o r r a l . Head back a l o n g t h e d i r t r o a d t o w a r d 
I n v e r n e s s R i d g e . 

J u s t beyond t h e c o r r a l on t h e l e f t i s a l a r g e p i l e o f t a n s i l t s t o n e 
from t h e P l i o - P l e i s t o c e n e Merced F o r m a t i o n . The Merced h e r e l i e s 
u nconf ormably on t o p o f t h e F r a n c i s c a n and was d e p o s i t e d i n a 
r e s t r i c t e d bay en v i r o n m e n t . The h i l l on w h i c h you a r e s t a n d i n g and 
t h e low h i l l s i m m e d i a t e l y t o t h e west a r e u n d e r l a i n by t h e Merced. 

C o n t i n u e west a l o n g t h e r o a d u n t i l you come t o a s m a l l sag pond on 
t h e r i g h t . You a r e now s t a n d i n g between t h e two s t r a n d s o f t h e 1906 
r u p t u r e as mapped by G. K. G i l b e r t . The west s t r a n d r u n s a l o n g t h e 
base o f t h e r i d g e on t h e west ( l e f t ) s i d e o f t h e pond and c o n t i n u e s 
t h r o u g h t h e h i l l s i d e beyond. The e a s t s t r a n d p a s s e s about h a l f w a y 
between t h e b a r n and t h e pond. The sag pond and a s s o c i a t e d r i d g e s 
were c r e a t e d by e a r l i e r movements a l o n g t h e same s t r a n d o f t h e San 
And r e a s . 

To t h e wes t , t h e s t e e p f o r e s t e d I n v e r n e s s Ridge i s u n d e r l a i n by 
Monterey S h a l e and i s west o f t h e San An d r e a s , ( i . e . , p a r t o f t h e 
P a c i f i c P l a t e ) . The west boundary f a u l t l i e s i n t h e g u l l y between 
I n v e r n e s s R idge and t h e h i l l y o u ' r e s t a n d i n g on. 

To t h e e a s t , t h e f o r e s t e d s l o p e s o f B o l i n a s R idge a r e u n d e r l a i n by 
J u r a s s i c - C r e t a c e o u s F r a n c i s c a n Complex. The b r e a k i n s l o p e n e a r t h e 
base o f t h e r i d g e marks t h e t r a c e o f t h e e a s t boundary f a u l t . 

The t o e of t h e r i d g e d i r e c t l y o p p o s i t e t h e houses i s u n d e r l a i n by 
P l e i s t o c e n e s t r e a m t e r r a c e d e p o s i t s c o n s i s t i n g o f a p o o r l y c o n s o l i d a t e d 
c o n g l o m e r a t e o f a n g u l a r F r a n c i s c a n c l a s t s . The b e s t e x p o s u r e s a r e 
about 100 f e e t s o u t h o f t h e end o f t h e d r i v e w a y . 
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SAN ANDREAS FAULT 

The t r a c e o f t h e San Andreas F a u l t i s t h e one o f t h e most prominent 
p h y s i o g r a p h i c f e a t u r e s o f t h e P o i n t Reyes r e g i o n . The San Andreas 
F a u l t s e p a r a t e s t h e P a c i f i c P l a t e on t h e west from t h e Nort h American 
P l a t e t o t h e e a s t ( s e e F i g u r e 1 3 ) . The f a u l t o r i g i n a t e d d u r i n g p o s t 
E a r l y Miocene t i m e (29 mybp) as a r i g h t - l a t e r a l t r a n s f o r m . B o l i n a s 
Ridge t o t h e e a s t o f t h e f a u l t i s u n d e r l a i n by t h e F r a n c i s c a n Complex, 
a deformed assemblage o f greywacke, s h a l e , c o n g l o m e r a t e , c h e r t , and 
s e r p e n t i n e now c o n n e c t e d t o t h e N o r t h A m e r i c a n P l a t e . On t h e west s i d e 
of t h e f a u l t zone, t h e I n v e r n e s s R idge i s u n d e r l a i n by w e a t h e r e d 
C r e t a c e o u s g r a n i t e and g r a n o d i o r i t e of t h e S a l i n i a n B l o c k and o v e r l y i n g 
T e r t i a r y s e d i m e n t s . C u m u l a t i v e d i s p l a c e m e n t a l o n g t h i s p o r t i o n of t h e 
San Andreas i s about 455 km ( C l a r k and o t h e r s , 1 9 8 4 ) , y i e l d i n g a s l i p 
r a t e o f about 1.6 cm p e r y e a r . 

Geomorphology of the F a u l t Zone 

The San Andreas F a u l t i s e x p r e s s e d t o p o g r a p h i c a l l y a s Olema V a l l e y , 
a l i n e a r t r o u g h .8 t o 1.6 km wide and 21 km l o n g t h a t s e p a r a t e s t h e 
P o i n t Reyes P e n i n s u l a from t h e m a i n l a n d . The n o r t h and s o u t h ends o f 
t h e t r o u g h a r e i n u n d a t e d by t h e P a c i f i c Ocean, f o r m i n g Tomales Bay and 
B o l i n a s Lagoon r e s p e c t i v e l y . 

A number o f f a u l t - r e l a t e d geomorphic f e a t u r e s a r e e v i d e n t i n t h e Olema 
V a l l e y ( s e e F i g u r e 15) . The most prominent f e a t u r e s a r e s h u t t e r 
r i d g e s , e l o n g a t e r i d g e s p a r a l l e l to t h e f a u l t and so-named because t h e y 
s h u t o f f t h e ends o f d r a i n a g e s e n t e r i n g t h e f a u l t zone. P a r a l l e l t o 
t h e s h u t t e r r i d g e s a r e l i n e a r t r o u g h s , many o f w h i c h c o n t a i n s ag ponds 
( e n c l o s e d swamps and p o n d s ) . 

D i s r u p t e d d r a i n a g e p a t t e r n s a r e v e r y common w i t h i n t h e f a u l t zone. 
Olema Creek f l o w s n o r t h w e s t w a r d i n t o Tomales Bay and P i n e G u l c h Creek 
f l o w s s o u t h e a s t i n t o B o l i n a s Lagoon. F o r a p p r o x i m a t e l y 3 km between 
Benchmarks 366 and 476 ( s o u t h e a s t o f F i v e B r o o k s ) t h e s e c r e e k s a r e 
p a r a l l e l and f l o w i n o p p o s i t e d i r e c t i o n s s e p a r a t e d by s h u t t e r r i d g e s . 
P i n e G u l c h Creek, i n s t e a d o f d i r e c t l y e n t e r i n g t h e n o r t h w e s t end o f 
B o l i n a s Lagoon, i s d i v e r t e d by a s h u t t e r r i d g e n e a r t h e town o f 
W o o d v i l l e and e n t e r s t h e Lagoon a p p r o x i m a t e l y two m i l e s t o t h e s o u t h . 
A l s o many o f t h e t r i b u t a r y s t r e a m s f e e d i n g t h e s e two c r e e k s a r e o f f s e t 
i n a r i g h t l a t e r a l s e n s e upon e n t e r i n g t h e f a u l t zone ( s e e f o r example 
P i n e G u l c h C r e e k t r i b u t a r i e s n e a r W o o d v i l l e and Olema Creek f e e d e r 
s t r e a m s n e a r F i v e B r o o k s ) . 

Oth e r geomorphic f e a t u r e s found w i t h i n t h e f a u l t zone i n c l u d e s i d e 
h i l l r i d g e s , s c a r p s , and hot s p r i n g s . 

F a u l t Trench Sediments 

The b u l k o f t h e m a t e r i a l o c c u p y i n g t h e f a u l t t r o u g h a t P o i n t Reyes 
c o n s i s t s o f s t r o n g l y deformed F r a n c i s c a n . W i t h i n t h e s h e a r e d m a t r i x 
o f t h e F r a n c i s c a n a r e s e v e r a l b l o c k s o f C a l e r a L i m e s t o n e , t h e n e a r e s t 
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known o u t c r o p o f w h i c h l i e s 50 k i l o m e t e r s s o u t h i n San Mateo County. 
D e p o s i t e d unconformably on top of t h i s basement i s a sequence o f f o u r 
s t r a t i g r a p h i c u n i t s . D e p o s i t i o n o f t h i s sequence was l a r g e l y 
c o n t r o l l e d by movement a l o n g t h e San Andreas F a u l t and by t h e 
development o f t h e f a u l t t r o u g h . 

The Merced F o r m a t i o n , w h i c h c r o p s out w i t h i n much o f t h e s o u t h e r n h a l f 
o f t h e t r o u g h , c o n s i s t s o f b l u e - g r a y s i l t s t o n e and s o f t brown t o t a n 
s a n d s t o n e . To t h e n o r t h , t h e Merced i s found n e a r D i l l o n Beach where 
i t u n conformably o v e r l i e s t h e F r a n c i s c a n . To t h e s o u t h t h e t y p e 
s e c t i o n o f t h e Merced i s found a t Seven M i l e Beach, s o u t h of San 
F r a n c i s c o . The Merced was d e p o s i t e d d u r i n g t h e M i d d l e P l i o c e n e t o 
E a r l y P l e i s t o c e n e as a s h a l l o w i n g - u p w a r d sequence w i t h i n a r e s t r i c t e d 
bay. D u r i n g d e p o s i t i o n , t h e P o i n t Reyes P e n i n s u l a p r o b a b l y l a y t o t h e 
west a t t h e l a t i t u d e o f t h e p r e s e n t Golden Gate. Subsequent n o r t h w a r d 
movement o f t h e p e n i n s u l a has t r u n c a t e d t h e Merced F o r m a t i o n a l o n g t h e 
west s i d e o f t h e f a u l t t r o u g h . The Merced i s not found west o f t h e 
f a u l t . 

The P l e i s t o c e n e M i l l e r t o n F o r m a t i o n c r o p s out on t h e e a s t s i d e o f 
Tomales Bay n o r t h w e s t o f t h e town o f M i l l e r t o n and a t Tom's P o i n t n e a r 
t h e e n t r a n c e t o t h e bay. I t c o n s i s t s o f up t o 20 m e t e r s of m a r i n e and 
nonmarine c l a y , s i l t , sand, and g r a v e l . The M i l l e r t o n F o r m a t i o n i s 
found o n l y w i t h i n t h e f a u l t zone and was p r o b a b l y d e p o s i t e d i n a 
r e s t r i c t e d body of w a t e r comparable t o t h e modern Tomales Bay. 

The P l e i s t o c e n e Olema Creek F o r m a t i o n i s r e s t r i c t e d t o t h e c e n t r a l 
p a r t o f t h e f a u l t zone between F i v e B r o o k s and Olema and i s p r o b a b l y 
i n p a r t contemporaneous w i t h t h e M i l l e r t o n F o r m a t i o n . The Olema Creek 
F o r m a t i o n c o n s i s t s o f a t l e a s t 200 m e t e r s o f l i g h t b l u e - g r a y , t h i n l y 
l a m i n a t e d c l a y e y s i l t s t o n e , and c l a y s t o n e i n t e r b e d d e d w i t h c o a r s e 
g r a n i t i c g r a v e l . O r g a n i c m a t t e r i n t h e form o f p e a t , woody m a t e r i a l , 
and t r e e t r u n k s i s abundant. F r e s h w a t e r diatoms of Holocene age a r e 
numerous. The Ole.ma Creek F o r m a t i o n was d e p o s i t e d i n a f r e s h w a t e r l a k e 
e n vironment w h i c h o c c u p i e d p a r t o f t h e San Andreas f a u l t zone. 

P l e i s t o c e n e s t r e a m t e r r a c e d e p o s i t s occupy both t h e n o r t h w e s t and 
s o u t h e a s t ends of t h e f a u l t t r e n c h . These s e d i m e n t s unconformably 
o v e r l i e t h e F r a n c i s c a n and Merced F o r m a t i o n s and c o n s i s t o f p o o r l y 
c o n s o l i d a t e d c o a r s e sand, g r a v e l , and c o n g l o m e r a t e . Subsequent 
movement a l o n g t h e San Andreas F a u l t has deformed t h e s e s e d i m e n t s ; 
d i p s o f up t o 15° have been r e c o r d e d a t t h e head o f B o l i n a s Lagoon. 

1906 San F r a n c i s c o Earthquake 

At 5:13 a.m. on A p r i l 18, 1906, a magnitude 8.3 e a r t h q u a k e j o l t e d t h e 
Bay A r e a . The e p i c e n t e r was l o c a t e d j u s t west o f t h e Golden Gate a l o n g 
t h e San Andreas F a u l t . S u r f a c e r u p t u r e o c c u r r e d a l o n g 430 km o f t h e 
f a u l t t r a c e from n e a r Cape Mendocino s o u t h t o San J u a n B a u t i s t a . 
Maximum h o r i z o n t a l o f f s e t was a p p r o x i m a t e l y 6 m e t e r s i n M a r i n County; 
v e r t i c a l d i s p l a c e m e n t was l e s s t h a n 1 meter. 
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Maximum i n t e n s i t y o f t h e s h a k i n g was X - X I on t h e M o d i f i e d M e r c a l l i 
S c a l e . The h i g h i n t e n s i t y s h a k i n g was r e s t r i c t e d t o w i t h i n a few t e n s 
o f k i l o m e t e r s of t h e f a u l t . However, t h e f e l t zone was e x t r e m e l y 
l a r g e , r a n g i n g from Oregon on t h e n o r t h t o Los A n g e l e s i n t h e s o u t h and 
e a s t t o Winnemucca, Nevada. Damage was w i d e s p r e a d between S a l i n a s and 
E u r e k a and was p a r t i c u l a r l y s e v e r e i n San F r a n c i s c o . S t r u c t u r e s b u i l t 
on f i l l , p a r t i c u l a r l y bay mud, were t h e h a r d e s t h i t . The subsequent 
f i r e i n San F r a n c i s c o c a u s e d even more damage t h a n t h e quake and 
c o n t r i b u t e d t o t h e tremendous l o s s o f l i f e ; 315 d e a t h s were r e p o r t e d 
i n San F r a n c i s c o and 700 l i v e s were l o s t s t a t e w i d e . 

Subsequent t o t h e e a r t h q u a k e G. K. G i l b e r t e x p l o r e d t h e f a u l t zone i n 
M a r i n County and mapped many o f t h e n e w l y - f o r m e d geomorphic f e a t u r e s . 
H i s o b s e r v a t i o n s may be found i n Lawson and o t h e r s ( 1 9 0 8 ) . 

I n 1979 a s e r i e s o f t r e n c h e s was e x c a v a t e d a t Dogtown t o document t h e 
r e c u r r e n c e i n t e r v a l o f e v e n t s o f t h e magnitude of t h e 1906 r u p t u r e 
( C o t t o n and o t h e r s , 1980) . At l e a s t f o u r p r e v i o u s e a r t h q u a k e s were 
documented t o have o c c u r r e d a t t h e Dogtown s i t e w i t h an a v e r a g e 
r e c u r r e n c e i n t e r v a l o f 350 y e a r s . S t a t i s t i c a l l y s p e a k i n g , we're not 
due f o r t h e n e x t b i g g i e u n t i l 2256 A.D.! 

ROAD LOG 

R e t u r n t o t h e c a r s and head n o r t h t o P o i n t Reyes N a t i o n a l 
S e a s h o r e H e a d q u a r t e r s . At t h e s t o p s i g n i n Olema go 
s t r a i g h t , back t h e way we came. A f t e r a t e n t h o f a m i l e 
t u r n l e f t on B e a r V a l l e y Road t o w a r d P o i n t Reyes N a t i o n a l 
S e a s h o r e V i s i t o r C e n t e r . J u s t p a s t t h e s i g n f o r t h e 
N a t i o n a l S e a s h o r e n e a r t h e r e d b a r n we c r o s s t h e l a s t - a c t i v e 
s t r a n d o f t h e San Andreas F a u l t . The t r a c e i s marked by a 
s e r i e s o f b l u e p o s t s s e t i n t o t h e h i l l s i d e beyond t h e b a r n . 

T u r n l e f t i n t o t h e V i s i t o r C e n t e r p a r k i n g l o t . 
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THE EARTHQUAKE TRAIL 

AT 

POINT R E Y E S NATIONAL SEASHORE HEADQUARTERS 

S t a r e of tT«ll 
I n t r o d u c c l o r p«n«i 
D l r ( c t lon« j • 1 itn 
1 9 0 6 ( • r t h q u a k i p h o t o n 
S a n A n d r t a a l a u l i p a n o r a a a i 
C«n tn« S a n A n d r c a a f a u l t 

a w a l l o w c i t i e s ' 
O f f a a t l a n e * 
F r a c t u r e d b a r n 
R o c k a i h l b l t 
n t . W l t t B D B a r c B c c n a 
O l i B a V a l l a y a e a n r 
M o v i n g p l a c t a c a u a a «arthquakr» 
C a r t h q u a h a • e c h l n c 
C o n t l n a n c a i d r l d / s o v i n f p l i t a i 
C o n t i n a n t a l d r i f t t l a r t a b l r 
P l a t a b o u n d a r y 
S a a l l q u a a a * w o n ' t a t e r b i g o n e i 
How t h e l a o l o t r p r r f o r s v d d u r i n g 

t h e 190b a a r t h q u a K * 
A c t l v a f a u l t a I n the B a y A r e a 
C A r t h q u a a a a a f t t y 

( M C a E L L A N . 1986. AFTER HALL. 1981) 

F i g u r e 16. S k e t c h map of E a r t h q u a k e T r a i l a t B e a r V a l l e y V i s i t o r 
C e n t e r . 
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STOP 4 

POINT REYES VISITOR CENTER 

by S t e p h a n i e D a v i s 

The h e a d q u a r t e r s o f t h e P o i n t Reyes N a t i o n a l S e a s h o r e o c c u p i e s t h e 
s i t e o f S k i n n e r Ranch. G. K. G i l b e r t was a b l e t o map f o u r d i s p l a c e d 
c u l t u r a l f e a t u r e s on t h e r a n c h t o document t h e 4 t o 5 meter o f f s e t s 
p r oduced h e r e by t h e 190 6 e a r t h q u a k e . A l t h o u g h most o f t h e s e f e a t u r e s 
a r e gone today, t h e " o f f s e t f e n c e " has been r e p r o d u c e d on t h e 
E a r t h q u a k e T r a i l . 

The E a r t h q u a k e T r a i l ( s e e F i g u r e 16) i s l o c a t e d o f f t h e d i r t p a r k i n g 
a r e a a c r o s s t h e r o a d from t h e v i s i t o r s c e n t e r . The p r e s e n t t r a i l was 
c o n s t r u c t e d between 1972 and 1976 by N. T. H a l l and a number o f geology 
s t u d e n t s from F o o t h i l l C o l l e g e . The e x h i b i t s a l o n g t h e t r a i l e x p l a i n 
t h e San Andreas F a u l t and g e n e r a l geology o f P o i n t Reyes i n terms o f 
t h e p l a t e t e c t o n i c model. I n a d d i t i o n , t h e d i s p l a y s i n t e r p r e t t h e 
f a u l t - a s s o c i a t e d l a n d f o r m s and d e s c r i b e how e a r t h q u a k e s a f f e c t p e o p l e 
and what can be done t o p r e v e n t o r red u c e e a r t h q u a k e damage. The t r a i l 
i s paved and t a k e s 15 t o 20 m i n u t e s t o c i r c u m n a v i g a t e . 

A l s o , be s u r e t o see t h e V i s i t o r Center., T h e r e you w i l l f i n d 
i n t e r p r e t i v e m a t e r i a l b oth on d i s p l a y and f o r s a l e . The r a n g e r s can 
p r o v i d e much a d d i t i o n a l i n f o r m a t i o n . The dioramas and r a i s e d r e l i e f 
map s h o u l d not be m i s s e d . You can a l s o v i e w a 20 minute f i l m on t h e 
n a t u r a l and c u l t u r a l h i s t o r y o f P o i n t R e y e s . 

I f you have any f r e e t i m e d u r i n g l u n c h , r e a d t h e a r t i c l e on Mar i n e 
Mammals below t o g i v e you an i d e a o f what you might l o o k f o r a t our 
n e x t s t o p a t t h e beach. 

MARINE MAMMALS 

by Mary Rose C a s s a 

One of t h e most p o p u l a r a s p e c t s o f P o i n t Reyes N a t i o n a l S e a s h o r e i s 
i t s m a r i n e mammal p o p u l a t i o n . Harbor s e a l s a r e f r e q u e n t l y seen and 
h e a r d i n t h e e s t e r o s and Tomales Bay and s e a l i o n s can be seen s u n n i n g 
t h e m s e l v e s on r o c k s o f f t h e c o a s t . By f a r t h e most s p e c t a c u l a r m a r i n e 
mammals t h a t can be seen a t P o i n t R e y e s , however, a r e t h e g r a y w h a l e s . 
P o i n t Reyes i s one o f many p r o m o n t o r i e s a l o n g t h e C a l i f o r n i a c o a s t 
where t h e m i g r a t i n g w h a l e s may be s i g h t e d . 
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Whales 

C e t a c e a n s (from Greek word k e t o s , meaning "whale") a r e among most 
m o b i l e c r e a t u r e s i n t h e w o r l d . P o p u l a t i o n s o f l a r g e w h a l e s move 
p o l e w a r d i n summer and s o u t h w a r d t o w a r d t h e t r o p i c s i n w i n t e r . Most 
of t h i s movement i s presumably r e l a t e d t o t h e a v a i l a b i l i t y o f generous 
food s u p p l i e s i n p o l a r s e a s i n summer and t h e r e l a t i v e warmth and 
c a l m n e s s of t r o p i c a l s e a s i n w i n t e r . The s e a s o n a l movements of g r a y 
w h a l e s and humpback w h a l e s , y e a r a f t e r y e a r , c o n s t i t u t e m i g r a t i o n i n 
t h e p r e c i s e b i o l o g i c a l s e n s e (Leatherwood and Reeves, 1 9 8 3 ) . Other 
s p e c i e s , though l e s s p r e d i c t a b l e , seem t o u n d e r t a k e s e a s o n a l 
r e l o c a t i o n s t o a v o i d e x t r e m e s o f h e a t and c o l d , r e m a i n i n g i n r e g i o n s 
t h a t p r o v i d e adequate f o o d s u p p l i e s . 

The c l o s e s t one can u s u a l l y see a whale i s when t h e y s t r a y i n t o s h a l l o w 
w a t e r ( a s d i d "Humphrey" i n 1986) . L i t t l e i s known about t h i s 
phenomenon c a l l e d " s t r a n d i n g " , where s o l i t a r y w h a l e s swim i n t o b a y s and 
e s t u a r i e s or s i n g l y o r i n groups beach t h e m s e l v e s . One h y p o t h e s i s 
h o l d s t h a t t h e a n i m a l s s i m p l y " m i s c a l c u l a t e " w h i l e f o l l o w i n g p r e y o r 
a v o i d i n g p r e d a t o r s . A n o t h e r h y p o t h e s i s i s t h a t p a r a s i t e i n f e s t a t i o n s 
may i n t e r f e r e w i t h t h e w h a l e s ' b i o - s o n a r n a v i g a t i o n a l s y s t e m o r s e n s e 
of e q u i l i b r i u m . 

O f t e n t h e blow, o r s p o u t , i s t h e f i r s t , and o n l y , s i g h t t h a t one g e t s 
of a w h a l e . The plume o f v a p o r i s composed o f w a t e r and o i l from t h e 
w h a l e ' s b r e a t h i n g p a s s a g e s t h a t i s f o r c e f u l l y e x h a l e d as a f i n e s p r a y 
when t h e a n i m a l s u r f a c e s t o b r e a t h e . The h e i g h t , shape, and d i r e c t i o n 
o f t h e blow a r e c h a r a c t e r i s t i c f o r each whale s p e c i e s ( s e e F i g u r e 1 7 ) . 

F i g u r e 17. From l e f t t o r i g h t , t h e blows o f a r i g h t w h a l e , f i n w h a l e , 
and sperm whale ( f r o m B u r t o n , 1973) . 

More peop l e have seen g r a y w h a l e s ( s u b o r d e r M y s t i c e t i o r b a l e e n w h a l e ) 
t h a n any o t h e r s p e c i e s . E a c h y e a r t h o u s a n d s o f g r a y w h a l e s m i g r a t e 
a l o n g t h e s h a l l o w w a t e r s o f f Washington, Oregon, and C a l i f o r n i a , where 
t h e y can be seen from c o a s t a l c l i f f s . I n one o f t h e l o n g e s t known 
m i g r a t i o n s f o r any mammal, g r a y w h a l e s t r a v e l from t h e B e r i n g and 
C h u k c h i s e a s t o c a l v i n g grounds i n s h a l l o w l a g o o n s and p r o t e c t e d bays 
a l o n g west s i d e o f B a j a C a l i f o r n i a . The a n n u a l m i g r a t i o n of t h e 
C a l i f o r n i a s t o c k s u p p o r t s a s i g n i f i c a n t whale w a t c h i n g " i n d u s t r y " from 
November t h r o u g h March, a l t h o u g h s m a l l bands of g r a y w h a l e s have been 
o b s e r v e d d u r i n g a l l s e a s o n s n e a r t h e F a r a l l o n I s l a n d s . 
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We know more about g r a y whale m i g r a t i o n s t h a n we do about t h e movements 
o f any o t h e r s p e c i e s b ecause t h e y s t a y c l o s e t o l a n d , p a r t i c u l a r l y 
d u r i n g t h e i r s o u t h w a r d m i g r a t i o n . S t a y i n g i n s h o r e o f t h e 100-fathom 
c o n t o u r and p a s s i n g c l o s e t o p r o m o n t o r i e s and a c r o s s t h e mouths o f 
b a y s , t h e s e w h a l e s may n a v i g a t e by f o l l o w i n g ocean-bottom c o n t o u r s , 
o f f s h o r e i s l a n d s , and p r o m o n t o r i e s . The p r o c e s s i o n i s a l w a y s l e d by 
o l d e r w h a l e s , s u g g e s t i n g t h a t a l e a r n i n g p r o c e s s may be i n v o l v e d 
( G a r d n e r , 1984) . The m a jor p a r t s o f t h e m i g r a t i o n t a k e about s i x weeks 
t o p a s s a g i v e n p o i n t , w i t h t h e main body p a s s i n g d u r i n g t h e m i d d l e 
t h r e e weeks ( e a r l y t o mid-December f o r t h e San F r a n c i s c o a r e a ; M i l l e r , 
1 9 7 5 ) . F i r s t t o appear a r e p r e g n a n t f e m a l e s , f o l l o w e d by nonpregnant 
f e m a l e s and m a l e s . Young c a l v e s grow r a p i d l y i n t h e warm w a t e r s o f f 
t h e west c o a s t o f B a j a C a l i f o r n i a and a r e r e a d y t o t r a v e l n o r t h w i t h 
t h e i r mothers by March. Newly p r e g n a n t f e m a l e s b e g i n t h e t r i p 
n o r t h w a r d i n F e b r u a r y , f o l l o w e d by a d u l t m ales and immature w h a l e s o f 
b oth s e x e s . 

Gray w h a l e s appear m o t t l e d g r a y b ecause of t h e b a r n a c l e s and "whale 
l i c e " ( c r u s t a c e a n s ) c o v e r i n g t h e i r o t h e r w i s e d a r k - c o l o r e d s k i n . The 
blow, from two e x t e r n a l b l o w h o l e s , i s low and p u f f y . T h e i r p r e s e n t 
range i s l i m i t e d t o t h e N o r t h P a c i f i c Ocean. 

Humpback Whales. The humpback w h a l e , a l s o a b a l e e n whale, i s e a s i l y 
r e c o g n i z e d by i t s s t o c k y body, enormous f l i p p e r s , and numerous knobby 
p r o t u b e r a n c e s . Humpbacks c h a r a c t e r i s t i c a l l y r a i s e t h e i r s e r r a t e d t a i l 
f l u k e s b e f o r e sounding ( d i v i n g ) , and t h e y have t h e d i s t i n c t i v e h a b i t 
o f o c c a s i o n a l l y l e a p i n g e n t i r e l y out o f t h e w a t e r and l a n d i n g w i t h a 
g r e a t s p l a s h . No l a r g e whale s p e c i e s i s more a n i m a t e d o r a c r o b a t i c 
t h a n t h e humpback. Humpbacks, l i k e g r a y s , u n d e r t a k e v e r y r e g u l a r 
m i g r a t i o n s , s p e n d i n g summers as f a r n o r t h as t h e A r c t i c Ocean and 
moving f a r s o u t h w a r d i n t h e b r e e d i n g s e a s o n . One s o u t h w a r d p a t h t a k e s 
them t o H a w a i i a n w a t e r s , a n o t h e r t o t h e a r e a o f f s o u t h e r n C a l i f o r n i a 
( G a rdner, 1984) . The blow o f t h e humpback whale i s 2.5 t o 3 m t a l l and 
bushy. 

C a r n i v o r e s 

Only t h r e e m a r i n e c a r n i v o r e s a r e commonly seen a t P o i n t R e y e s . They 
a r e t h e C a l i f o r n i a s e a l i o n , t h e n o r t h e r n or S t e l l a r ' s s e a l i o n , and 
t h e h a r b o r s e a l . Sea o t t e r s were once e s p e c i a l l y abundant around t h e 
F a r a l l o n I s l a n d s , but t h e y seem t o spend t h e i r e n t i r e l i v e s a t s e a and 
a r e seldom seen even on o f f s h o r e r o c k s a l o n g t h e C a l i f o r n i a c o a s t . 

S e a l s and s e a l i o n s b e l o n g t o t h e o r d e r P i n n e p e d i a . C a l i f o r n i a s e a 
l i o n s and S t e l l a r ' s s e a l i o n s a r e e a r e d s e a l s ( f a m i l y O t a r i i d a e ) . 
T h e i r h i n d f l i p p e r s can be brought under t h e h i n d p a r t o f t h e body 
and u s e d f o r l o c o m o t i o n on l a n d . The n a i l s o f t h e t h r e e m i d d l e d i g i t s 
o f t h e h i n d f l i p p e r s a r e w e l l d e v e l o p e d . T h e i r e x t e r n a l e a r s , a l t h o u g h 
not l a r g e , a r e e a s i l y s e e n . The f r o n t f l i p p e r s a r e p r o p o r t i o n a t e l y 
l a r g e and naked and a r e t h e p r i m a r y means o f p r o p u l s i o n . 

C a l i f o r n i a s e a l i o n s a r e common zoo and c i r c u s a n i m a l s . They a r e t h e 
most abundant and most commonly seen p i n n i p e d s a l o n g C a l i f o r n i a c o a s t . 
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T h e i r s m a l l e r s i z e and s t a c c a t o , b a r k l i k e c a l l s r e a d i l y d i s t i n g u i s h 
them from S t e l l a r ' s s e a l i o n s w i t h w h i c h t h e y o f t e n a s s o c i a t e . 
I n d i v i d u a l s can be seen r e s t i n g on i s o l a t e d sandy beaches o f P o i n t 
R eyes. U n l i k e C a l i f o r n i a s e a l i o n s . S t e l l a r ' s s e a l i o n s do not 
h a b i t u a l l y e n t e r b a y s , e s t u a r i e s , o r r i v e r mouths. 

Harbor s e a l s a r e e a r l e s s s e a l s o r h a i r s e a l s ( f a m i l y P h o c i d a e ) . T h e i r 
h i n d f l i p p e r s cannot be brought under t h e body and used f o r l o c o m o t i o n 
on l a n d . N a i l s a r e e q u a l l y d e v e l o p e d on a l l f i v e d i g i t s . The f r o n t 
f l i p p e r s a r e r e l a t i v e l y s m a l l , w i t h w e l l d e v e l o p e d c l a w s , and p l a y an 
i n s i g n i f i c a n t r o l e i n p r o p u l s i o n . Harbor s e a l s o f t e n come i n t o b a y s 
and e s t u a r i e s and may be seen r e s t i n g on s a n d b a r s a t low t i d e . They 
a r e n o t a b l y s i l e n t i n c o n t r a s t t o many o t h e r p i n n i p e d s . 

F a c t s About Whales 

• The tongue o f a b l u e whale weighs as. much as an e l e p h a n t . 

The g r a y whale m i g r a t e s more t h a n 10,000 m i l e s each y e a r . 

One humpback whale may c a r r y h a l f a t o n o f b a r n a c l e s on i t s s k i n . 

Whales have no v o c a l c o r d s ; y e t t h e y can make sounds under w a t e r 
w i t h o u t r e l e a s i n g any a i r . The l o w - f r e q u e n c y sounds e m i t t e d by 
some l a r g e b a l e e n w h a l e s can be h e a r d 1000 m i l e s away. 

Convergent e v o l u t i o n has l e d t o a s i m i l a r mouth d e s i g n f o r b o t h 
b a l e e n w h a l e s and f l a m i n g o s . B o t h have a narrow upper jaw and 
a l a r g e f l e s h y tongue i n a deep l o w e r jaw d e s i g n e d t o c o v e r a 
f i l t e r i n g mechanism t h a t s e p a r a t e s food from w a t e r . 

Toothed w h a l e s have a s i n g l e b l o w h o l e ; b a l e e n w h a l e s have two 
blow h o l e s . 

Whalebone i s not bone. I t i s t h e b a l e e n found i n a w h a l e ' s mouth 
and i s made of k e r a t i n , t h e same m a t e r i a l found i n y o u r 
f i n g e r n a i l s . 

From Gardner ( 1 9 8 4 ) : The Whale Watcher's Guide 

ROAD LOG 

Head back t o w a r d B e a r V a l l e y Road, t h e way you drove i n . 

T u r n l e f t onto B e a r V a l l e y Road from t h e p a r k h e a d q u a r t e r s 
t o w a r d t h e B e a c h e s . Note t h e c o n c r e t e monument i n t h e f r o n t 
lawn of t h e house on t h e l e f t . T h i s i s one o f f o u r 
monuments i n s t a l l e d by t h e S t a t e E a r t h q u a k e I n v e s t i g a t i o n 
Commission i n 1906 t o measure f u t u r e movements a l o n g t h e 
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1906 t r a c e . The i r o n cap on t h e monument p r o t e c t s a b r a s s 
p l a t e d e s i g n e d t o h o l d i n a f i x e d p o s i t i o n a F a u t h 
t h e o d o l i t e from U.C. B e r k e l e y ' s E n g i n e e r i n g Department. No 
movement has been r e c o r d e d a l o n g t h i s p a r t o f t h e San 
A ndreas s i n c e 1906. 

J u s t a l i t t l e way p a s t t h e t u r n , note t h e sag pond on t h e 
r i g h t . The 1906 t r a c e l i e s t o t h e l e f t o f t h e r o a d . 

L i m a n t o u r Road t o t h e l e f t . M u l t i p l e s t r a n d s o f t h e 1906 
r u p t u r e a r e on t h e m e d i a l r i d g e t o t h e r i g h t . From t h e top 
o f t h e r i d g e a number o f s m a l l f a u l t - r e l a t e d l a n d forms may 
be o b s e r v e d , i n a d d i t i o n t o a s p e c t a c u l a r panoramic v i e w o f 
t h e f a u l t zone, Tomales Bay, and P l e i s t o c e n e w ave-cut 
t e r r a c e s . You can p a r k on t h e r i g h t s h o u l d e r n e a r t h e r o a d 
t o t h e B e a r V a l l e y s t a b l e s and hop t h e f e n c e f o r t h e v i e w ! 
L i m a n t o u r Road l e a d s t o L i m a n t o u r Beach. I t was named f o r 
J o s e Yves L i m a n t o u r , a F r e n c h t r a d e r from Mexico who r a n h i s 
s h i p aground on t h e beach. H i s name was once a p p l i e d t o 
D r a k e s E s t e r o , but was changed a f t e r L i m a n t o u r was c o n v i c t e d 
o f l a n d f r a u d i n 1858. 

I n t e r s e c t i o n w i t h S i r F r a n c i s Drake B l v d . T u r n l e f t onto 
S i r F r a n c i s Drake B l v d . 

About 0.7 m i l e s a f t e r t h e t u r n o f f you e n t e r I n v e r n e s s P a r k . 
The s a l t marsh o f Tomales Bay i s on t h e r i g h t , p a s t t h e 
l i t t l e s e t t l e m e n t . Deep w a t e r e x t e n d e d up t o h e r e i n t h e 
e a r l y 1800s but has f i l l e d i n w i t h sediment because o f 
d i s t u r b a n c e o f t h e w a t e r s h e d . 

1.5 m i l e s a f t e r e n t e r i n g I n v e r n e s s P a r k , l o o k f o r Redwood 
Ave. on t h e l e f t . The house b a r e l y v i s i b l e t h r o u g h t h e 
t r e e s s u f f e r e d d u r i n g t h e g r e a t mudflows o f t h e w i n t e r o f 
1981. The owner has b u i l t a c o n c r e t e d i v e r s i o n w a l l 
u p s t r e a m of t h e house i n an a t t e m p t t o l e s s e n t h e damage 
from any f u t u r e s t o r m . A d i s c u s s i o n o f t h e mudflows 
f o l l o w s . 

EARTH FLOWS IN INVERNESS AND ELSEWHERE IN THE BAY AREA 

by Chuck K l u t h 

E a r t h f l o w s a r e a common, and o f t e n d e s t r u c t i v e f e a t u r e i n t h e Bay 
A r e a . They a r e e a s y t o i d e n t i f y , w i t h t h e i r d i s h - s h a p e d breakaway 
s c a r s , hummocky topography, tongue or t e a r - d r o p shape and b u l g i n g t o e s 
( s e e F i g u r e 18) . F l o w s g e n e r a l l y form i n f i n e - g r a i n e d , r e l a t i v e l y 
u n c o n s o l i d a t e d m a t e r i a l t h a t l o s e s s t r e n g t h as i t s w a t e r c o n t e n t 
i n c r e a s e s . The r i s k o f e a r t h f l o w s i n c r e a s e s on s l o p e s g r e a t e r t h a n 
a p p r o x i m a t e l y 8°-10" ( K e e f e r and Johnson, 1 9 8 3 ) . 
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L a r g e a r e a s o f M a r i n County a r e u n d e r l a i n by F r a n c i s c a n melange, 
composed o f s o f t , s h e a r e d mudstone, i d e a l f o r t h e f o r m a t i o n o f e a r t h 
f l o w s . The o c c u r r e n c e o f s e a s o n a l ( w i n t e r ) r a i n s t h a t can come i n 
l a r g e s t o r m e v e n t s f u r t h e r enhances t h e c o n d i t i o n s f o r e a r t h f l o w s . 
T h a t i s why e a r t h f l o w s a r e so common i n t h e h i l l s o f M a r i n County 
and e l s e w h e r e i n t h e Bay A r e a ( K e e f e r and Johnson, 1983, Rogers, 
1 9 8 6 ) . 

The w a t e r r e d u c e s t h e s t r e n g t h o f t h e m a t e r i a l , and r e d u c e s t h e 
e f f e c t i v e s t r e s s t h a t h o l d s f r a c t u r e s and s h e a r s u r f a c e s t o g e t h e r . 
When t h a t e f f e c t i v e s t r e s s i s l o w e r e d beyond a c r i t i c a l v a l u e , s h e a r 
f a i l u r e o c c u r s a l o n g p l a n e s t h a t bound t h e f l o w and t h e m a t e r i a l 
moves. The s u r f a c e o f most a c t i v e f l o w s w i l l not s u p p o r t a p e r s o n ' s 
w e i g h t . S t r i a t e d s u r f a c e s a r e common f e a t u r e s a l o n g t h e m a r g i n s o f 
t h e f l o w s ( K e e f e r and Johnson, 1983) . The i d e a o f a r e d u c t i o n o f 
e f f e c t i v e s t r e s s by a d d i t i o n o f w a t e r a l s o has been a p p l i e d t o t h e 
movement o f t h r u s t f a u l t s , but t h e o r i g i n a l concept came from s o i l 
m e c h a n i c s . 

S e v e r a l m a jor w i n t e r s t o r m s swept o v e r t h e Bay A r e a i n l a t e 1 981. 
The M a r i n County r e g i o n a l r e a d y had o v e r 24 i n c h e s o f r a i n f a l l f o r 
t h e s e a s o n when a n o t h e r c o l d f r o n t s t a l l e d o v e r t h e c o a s t a l mountains 
and dropped as much as 24 i n c h e s o f r a i n i n some a r e a s i n 
a p p r o x i m a t e l y 32 h o u r s . The t o r r e n t i a l r a i n f a l l t r i g g e r e d f l o o d i n g , 
and t h o u s a n d s o f d e b r i s and e a r t h f l o w s i n t h e s a t u r a t e d h i l l s . A t 
Love C r e e k , n o r t h o f S a n t a C r u z , a s l i d e o f more t h a n h a l f a m i l l i o n 
c u b i c m e t e r s b u r i e d n i n e homes and k i l l e d t e n p e o p l e . I n g e n e r a l 
though, t h e f l o w s were s m a l l e r and l e s s d e s t r u c t i v e ( M c C l e l l a n , 1986, 
E l l e n and W i e c z o r e k , 1 9 8 8 ) . 

I n t h e v i l l a g e o f I n v e r n e s s , t h r o u g h w h i c h we p a s s on t h e west s i d e 
o f Tomales Bay, f l o o d i n g and d e b r i s f l o w s c a u s e d c o n s i d e r a b l e damage 
i n J a n u a r y , 1982. L a r g e f l o w s o r i g i n a t e d i n v a l l e y s west o f t h e 
v i l l a g e and r a p i d l y moved i n t o Tomales Bay. T h r e e houses were 
d e s t r o y e d , and 50 were s e v e r e l y damaged, i n c l u d i n g t h o s e f i l l e d w i t h 
mud. S e v e r a l houses were washed i n t o Tomales Bay. The l o c a l w a t e r 
s y s t e m was d e s t r o y e d and t e l e p h o n e and e l e c t r i c a l s y s t e m s damaged. 
The f l o o r o f F i r s t V a l l e y was c o v e r e d by up t o one meter o f mud, sand, 
r o c k s and d e b r i s . L o s s e s i n M a r i n County i n c l u d e d 5 dead, 379 
i n j u r e d , a p p r o x i m a t e l y $65 m i l l i o n i n p r i v a t e and $15 m i l l i o n i n 
p u b l i c p r o p e r t y ( M c C l e l l a n , 1986, E l l e n and W i e c z o r e k , 1 9 8 8 ) . 

Today t h e r e a r e no o b v i o u s s i g n s o f t h e d i s a s t e r . Many r e s i d e n t s have 
e r e c t e d r e t a i n i n g / d i v e r s i o n w a l l s i n o r d e r t o m i t i g a t e f u t u r e h a z a r d s . 
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F i g u r e 18. G e n e r a l i z e d f e a t u r e s o f an e a r t h f l o w . Many examples o f 
t h i s morphology a r e p r e s e n t i n t h e E a s t Bay and t h r o u g h o u t t h e San 
F r a n c i s c o a r e a ( f r o m K e e f e r and Johnson, 1 9 8 3 ) . 

About 2.5 m i l e s from I n v e r n e s s P a r k i s t h e t i n y town o f 
I n v e r n e s s . The r i d g e o f f t o t h e l e f t i s I n v e r n e s s R i d g e . 
I t i s made of S a l i n i a n g r a n i t e w h i c h has been c o r r e l a t e d 
t o g r a n i t e exposed e a s t o f t h e San Andreas F a u l t i n t h e 
T r a n s v e r s e Ranges n o r t h o f V e n t u r a . 

The r o a d t u r n s t o t h e l e f t and b e g i n s t o c l i m b I n v e r n e s s 
R i d g e . The f o r e s t h e r e c o n s i s t s m a i n l y o f B i s h o p p i n e s . 
F a r t h e r s o u t h a l o n g t h e r i d g e t h e f o r e s t i s dominated by 
Douglas F i r . The B i s h o p p i n e s p r e f e r t h e g r a n i t i c s o i l o f 
t h e n o r t h e r n end o f I n v e r n e s s R i d g e . They a r e c l o s e d - c o n e 
p i n e s , w h i c h r e q u i r e p e r i o d i c f i r e s t o open t h e cones and 
r e l e a s e t h e s e e d s . The t r e e s a r e r e l a t i v e l y s h o r t - l i v e d , 
and a h i a t u s o f 80 y e a r s between f i r e s c o u l d r e s u l t i n t h e 
d e s t r u c t i o n o f t h e f o r e s t a f t e r a d e v a s t a t i n g f i r e ( E v e n s , 
1 9 8 8 ) . 

32 



J u s t p a s t t h e P o i n t Reyes N a t i o n a l S e a s h o r e s i g n , t h e r e i s 
a "Y" i n t e r s e c t i o n . Take t h e r i g h t f o r k onto P i e r c e P o i n t 
Road. 

Tomales Bay S t a t e P a r k . Here t h e r e a d o u t s expose L a i r d 
S andstone, a t r a n s g r e s s i v e sand d e p o s i t e d on an eroded 
s u r f a c e o f t h e g r a n i t e . 

C o n t i n u i n g on, D r a k e s E s t e r o i s soon v i s i b l e o f f t o t h e 
l e f t . T h e r e a r e s e v e r a l arms o f t h e e s t e r o ; t h i s one i s 
named Schooner Bay f o r t h e s h i p s t h a t l a n d e d h e r e t o t a k e 
on c a r g o s o f b u t t e r bound f o r San F r a n c i s c o . A b b o t t s Lagoon 
i s v i s i b l e o f f t o t h e r i g h t , n e a r t h e beach. 

J u s t p a s t t h e A b b o t t s Lagoon p a r k i n g a r e a , Monterey o u t c r o p s 
a r e v i s i b l e on t h e r i g h t . The diatomaceous sediment 
w e a t h e r s t o a w h i t e c o l o r . 

About 2.2 m i l e s p a s t A b b o t t s Lagoon i s t h e Kehoe Beach 
p a r k i n g a r e a . P u l l o v e r t o t h e r i g h t and p a r k f o r Stop 5. 
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STOP 5 

KEHOE BEACH 

Kehoe Beach o f f e r s us a g r e a t o p p o r t u n i t y t o s t u d y t h e s t r a t i g r a p h i c 
s e c t i o n o f t h e p e n i n s u l a from t h e g r a n i t i c basement t o t h e b a s a l p a r t 
o f t h e Monterey. The r o c k s a r e d r a m a t i c a l l y exposed i n t a l l c l i f f s 
a l o n g t h e beach. A s h o r t d e s c r i p t i o n o f t h e r o c k s v i s i b l e h e r e and a 
d i s c u s s i o n o f beach p r o c e s s e s f o l l o w t h i s i n t r o d u c t i o n . 

T h i s i s a s c e n i c p l a c e but p l e a s e be c a r e f u l ^ THE SURF I S DANGEROUS. 
The r i p c u r r e n t s a r e s t r o n g and t h e waves g e n e r a l l y b r e a k h a r d onto 
t h e beach. T h i s i s not a p o p u l a r beach f o r p l a y i n g i n t h e s u r f , but 
beachcombing, and i f we're l u c k y , s u n b a t h i n g a r e e n j o y a b l e . Be 
c a r e f u l n e a r t h e c l i f f s a s w e l l , t h e y a r e s t e e p and t h e r o c k i s 
commonly l o o s e and c o u l d come down on y o u r head. One can guess how 
much f u n t h i s p l a c e i s d u r i n g a p l u s h i g h t i d e . 

A s h o r t h a l f - m i l e p a t h l e a d s down t o t h e beach from t h e r o a d . T h i s 
i s a good p l a c e f o r a p i t s t o p b ecause t h e r e a r e no f a c i l i t i e s on t h e 
beach. The p a t h p a s s e s a somewhat r a r e f e a t u r e on P o i n t Reyes 
P e n i n s u l a , a f r e s h w a t e r marsh. Here bog l u p i n e grows i n abundance 
w i t h o t h e r f r e s h w a t e r marsh p l a n t s . Watch and l i s t e n f o r t h e 
b u l l f r o g s and common y e l l o w t h r o a t s t h a t make t h e i r home h e r e . 

Where t h e p a t h meets t h e beach, f o l l o w t h e c l i f f s t o t h e r i g h t t o see 
t h e e x p o s u r e of t h e b a s a l s t r a t i g r a p h i c s e c t i o n . I f t h e t i d e i s low 
enough, t i d e p o o l s may be exposed where one can i n s p e c t t h e w i l d l i f e . 

LITHOLOGY AND STRATIGRAPHY OF ROCKS EXPOSED AT KEHOE BEACH 

by T e r r y Huemer 

At Kehoe Beach t h e f o l l o w i n g s u c c e s s i o n i s exposed from bottom t o t o p : 
g r a n i t i c basement. L a i r d S andstone, and Monterey F o r m a t i o n . The 
f o l l o w i n g d e s c r i p t i o n o f t h e s e r o c k s a s t h e y o c c u r i n t h e P o i n t Reyes 
a r e a i s t a k e n l a r g e l y from G a l l o w a y (1977) . R e f e r t o F i g u r e 6 i n 
C l a r k and o t h e r s (1984) f o r a d e t a i l e d s t r a t i g r a p h i c column. 

G r a n i t i c Basement 

G r a n i t i c basement r o c k s o f t h e P o i n t Reyes P e n i n s u l a a r e exposed from 
Mt. W i t t e n b e r g n o r t h w e s t w a r d a l o n g I n v e r n e s s Ridge t o Tomales P o i n t . 
A s e p a r a t e e x p o s u r e o c c u r s a t P o i n t R e y e s . A l t h o u g h t h e e x p o s u r e s a r e 
s i m i l a r , i t i s not c e r t a i n w hether t h e y a r e p a r t of t h e same p l u t o n . 
The g r a n i t i c basement has a v e r t i c a l t h i c k n e s s of about 300 m e t e r s 
between t h e h i g h e s t e x p o s u r e on P o i n t Reyes H i l l t o t h e l o w e s t 
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F i g u r e 19. G e o l o g i c map o f Stop 5. Map symbols: pKm-Metamorphic 
r o c k s embedded i n g r a n i t e , K g r - G r a n i t i c r o c k o f P o i n t R e y e s , T l - L a i r d 
S andstone, Tm-Monterey F o r m a t i o n , T d b s - S a n t a M a r g a r i t a Sandstone, Tdbc-
S a n t a Cruz Mudstone and P u r i s i m a F o r m a t i o n , K J f s - F r a n c i s c a n melange, 
s p - s e r p e n t i n i t e , c h - c h e r t , g s - g r e e n s t o n e , gwy-graywacke, Q m i - M i l l e r t o n 
F o r m a t i o n , Qd-dune sand ( f r o m B l a k e and o t h e r s , 1 9 7 4 ) . 
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e x p o s u r e on Tomales Bay. At P o i n t Reyes i t s e l f , o v e r 150 m e t e r s o f 
g r a n i t i c r o c k i s exposed. 

G r a n i t i c o u t c r o p s a t Tomales P o i n t and I n v e r n e s s Ridge have a 
c o m p o s i t i o n r a n g i n g from q u a r t z d i o r i t e t h r o u g h g r a n o d i o r i t e and q u a r t z 
monzonite. G r a n o d i o r i t e and q u a r t z monzonite o c c u r a t P o i n t R e y e s . 
P e g m a t i t e s , a p l i t e s , and many o t h e r v a r i a t i o n s o f t h e s e r o c k t y p e s c r o p 
out on t h e P o i n t Reyes P e n i n s u l a . F r e s h g r a n i t i c r o c k s a r e t y p i c a l l y 
g r a y , medium-grained, and form rounded o r craggy o u t c r o p s . Due t o deep 
w e a t h e r i n g and dense v e g e t a t i o n , t h e b e s t e x p o s u r e s a r e r e s t r i c t e d 
m a i n l y t o t h e s e a c l i f f s . 

Ross (1978) c o n c l u d e d t h a t t h e emplacement o f t h e p l u t o n i c r o c k s o f 
P o i n t Reyes and most o f t h e r e s t o f t h e S a l i n i a n b l o c k o c c u r r e d i n 
t h e M i d d l e C r e t a c e o u s 100-110 m i l l i o n y e a r s ago. I n t r u d e d s e d i m e n t s 
were metamorphosed and s u b s e q u e n t l y eroded, r e s u l t i n g i n s c a t t e r e d 
i n c l u s i o n and r o o f pendants o f s c h i s t , q u a r t z i t e , c a l c - h o r n f e l s , and 
ma r b l e ( H a l l , 1981) . 

L a i r d Sandstone 

The g r a n i t i c basement o f P o i n t Reyes P e n i n s u l a i s nonconformably 
o v e r l a i n by v a r i o u s T e r t i a r y m a r i n e s e d i m e n t s , t h e o l d e s t o f w h i c h i s 
t h e L a i r d Sandstone ( H a l l , 1981) . The L a i r d c r o p s out a l o n g t h e 
w e s t e r n m a r g i n o f t h e g r a n i t i c basement e x p o s u r e i n t h e n o r t h e r n 
p o r t i o n o f t h e I n v e r n e s s Ridge and e x t e n d s from t h e v i c i n i t y o f Kehoe 
Beach s o u t h e a s t w a r d t o Mt. W i t t e n b e r g . The s a n d s t o n e i s 60 m e t e r s 
t h i c k i n t h e t y p e a r e a west o f L a i r d ' s L a n d i n g . I t t h i n s t o t h e s o u t h 
but t h i c k e n s a g a i n on t h e n o r t h e r n f l a n k o f Mt. W i t t e n b e r g . 

West o f L a i r d ' s L a n d i n g t h e L a i r d Sandstone i s t y p i c a l l y f a i r l y 
f r i a b l e , l i g h t brown, m a s s i v e , medium- t o c o a r s e - g r a i n e d s a n d s t o n e 
c o n t a i n i n g s u b a n g u l a r q u a r t z g r a i n s w i t h s u b s t a n t i a l s i l t y i n t e r s t i t i a l 
m a t e r i a l and common b i o t i t e and w h i t e f e l d s p a r g r a i n s . The base o f t h e 
s a n d s t o n e g r a d e s c o n f o r m a b l y upward i n t o t h e Monterey F o r m a t i o n , w i t h 
s i l i c e o u s s h a l e beds i n c r e a s i n g i n f r e q u e n c y h i g h e r i n t h e s e c t i o n . 

The L a i r d Sandstone i s b e l i e v e d t o be Miocene i n age and i n t h e t y p e 
a r e a , i s d e r i v e d from w e a t h e r i n g o f t h e g r a n i t i c basement. I t a p p e a r s 
t o have formed i n a q u i e t t r a n s g r e s s i v e s e a w h i c h advanced o v e r t h e 
i r r e g u l a r l y e roded s u r f a c e o f t h e g r a n i t e . 

Monterey Formation 

The Miocene Monterey F o r m a t i o n c r o p s out from t h e v i c i n i t y o f Kehoe 
Ranch s o u t h e a s t w a r d t o Duxbury R e e f . I t i s about 2500-2700 m e t e r s 
t h i c k n e a r B o l i n a s and t h i n s t o t h e n o r t h w e s t due t o e r o s i o n and 
o v e r l a p onto t h e g r a n i t i c basement. 

The Monterey F o r m a t i o n i n c l u d e s c h e r t s , p o r c e l a n i t e s , o r g a n i c s h a l e s , 
and t h i n a r k o s i c s a n d s t o n e s . These s t r a t a a r e g e n e r a l l y t h i n - b e d d e d , 
l a m i n a t e d , m i c a c e o u s , w e a t h e r t o a w h i t i s h c o l o r , and o f t e n c o n t a i n 
f i s h s c a l e s , p l a n t r e m a i n s , f orams, and d i a t o m s . The e x i s t e n c e o f 
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p e t r o l e u m i s shown by o i l - f i l l e d j o i n t s , a l t h o u g h o f t h e s e v e r a l 
e x p l o r a t o r y w e l l s d r i l l e d between 1865 and t h e e a r l y 1950s none p r o v e d 
t o be c o m m e r c i a l l y v a l u a b l e ( H a l l , 1 9 8 1 ) . 

B r a m l e t t e (1946) c o n c l u d e d t h a t t h e bottom topography o f t h e Monterey 
s e a was s i m i l a r t o t h e deeper b a s i n s and s h a l l o w w a t e r d i v i d e s o f f t h e 
p r e s e n t c o a s t i n t h e Channel I s l a n d s a r e a . Depths p r o b a b l y ranged from 
t h e upper l i m i t s o f t h e n e r i t i c zone t o t h e edge o f t h e c o n t i n e n t a l 
s h e l f and t e m p e r a t u r e and r a i n f a l l c o n d i t i o n s were p r o b a b l y s i m i l a r t o 
t h o s e e x i s t i n g i n C a l i f o r n i a t o d a y . E v i d e n c e from two deep e x p l o r a t o r y 
w e l l s i n t h e P o i n t Reyes P e n i n s u l a s u g g e s t t h a t t h e Monterey was 
d e p o s i t e d i n a b a s i n w h i c h deepened s o u t h e a s t w a r d and t h a t sediment 
t h i c k n e s s p r o b a b l y i n c r e a s e s t o t h e s o u t h . G a l l o w a y (1977) s u g g e s t s 
t h a t t h e P o i n t Reyes s e d i m e n t a r y a r e a i s a n o r t h w a r d e x t e n s i o n o f t h e 
L a Honda B a s i n . 

POINT REYES BEACH 

by Mary Rose C a s s a 

The e l e v e n - m i l e expanse of beach from P o i n t Reyes n o r t h w a r d t o Kehoe 
Beach, e x t e n d i n g as f a r as t h e R u s s i a n R i v e r , i s one o f t h e most 
s p e c t a c u l a r on t h e C a l i f o r n i a c o a s t . T h i s s e c t i o n of c o a s t l i n e i s 
c h a r a c t e r i z e d by exposed b e a c h e s , a l i g n e d p a r a l l e l t o t h e predominant 
s w e l l d i r e c t i o n , and "hooked b a y s " , s u g g e s t i n g t h a t t h e r e i s m i n i m a l 
sediment i n p u t t o t h e c o a s t ( L e s l i e , 1 9 7 5 ) . Sediment i s i n t r o d u c e d t o 
t h i s s e c t i o n o f c o a s t by t h e R u s s i a n R i v e r and by s t r e a m s s o u t h o f 
Bodega Head. The sediment moves s o u t h a l o n g t h e c o a s t , e v e n t u a l l y 
g e t t i n g t r a p p e d on t h e n o r t h e r n s i d e o f h e a d l a n d s . Much o f t h i s 
t r a p p e d sediment i s t h e n moved i n l a n d by wind a c t i o n , f o r m i n g t h e 
a c t i v e dunes a t Salmon Creek and D i l l o n Beach, n o r t h o f P o i n t Reyes 
(see F i g u r e 20) . D u r i n g p e r i o d s o f maximum r u n o f f and e r o s i o n , t h e 
D a v i d s o n C u r r e n t may f l o v ; n o r t h w a r d a l o n g t h e c o a s t as a s h o r e w a r d , 
s h a l l o w , s u r f a c e c u r r e n t . I t i s t h e m a jor t r a n s p o r t i n g agent f o r 
suspended sediment i n t r o d u c e d t o t h e ocean v i a s t r e a m s . 

Beach B u i l d i n g P r o c e s s e s 

A l o n g c o a s t l i n e s where t h e r e i s m i n i m a l i n p u t of new sediment, as i n 
t h e c o a s t l i n e between t h e R u s s i a n R i v e r and t h e s o u t h e r n e x treme o f 
P o i n t Reyes Beach, t h e g e n e r a l c o n f i g u r a t i o n of t h e s h o r e l i n e i s 
c o n t r o l l e d by predominant s w e l l c o n d i t i o n s ( s e e F i g u r e 2 0 ) . At P o i n t 
Reyes Beach, t h e s e l o n g , low, r e g u l a r waves a r e d o m i n a n t l y 
w e s t - n o r t h w e s t , w i t h a p e r i o d o f 12 seconds ( L e s l i e , 1975) . 

D e v i a t i o n from normal wave c o n d i t i o n s ( f o r i n s t a n c e , d u r i n g s t o r m 
p e r i o d s o r d u r i n g non-predominant wave c o n d i t i o n s ) r e s u l t s i n an 
o b l i q u e approach o f b r e a k i n g wave f r o n t s t o t h e beach f a c e and 
g e n e r a t i o n o f l i t t o r a l c u r r e n t s ( s e e F i g u r e 21) , N o r m a l l y , beyond 
t h i r t y f e e t below l o w - t i d e w a t e r l e v e l , o r d i n a r y w a t e r motion does 
not 
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F i g u r e 20. Wave r e f r a c t i o n d i a g r a m i n v i c i n i t y o f P o i n t R e y e s . 
S c a l e = 1:600.000 (from L e s l i e , 1 9 7 5 ) . 

have s u f f i c i e n t energy t o move sand. I n t h i s zone, waves and c u r r e n t s 
p r o v i d e t h e energy t o keep sand i n t r a n s i t (Bascom, 1960) . L i t t o r a l 
c u r r e n t s a r e s t r o n g e s t a l o n g c o n t i n u o u s beaches when t h e a l o n g s h o r e 
f l o w i s not i n t e r r u p t e d by c o a s t a l h e a d l a n d s o r embayments. R a t e o f 
t r a n s p o r t i s d e t e r m i n e d by wave ene r g y , a n g l e o f wave a t t a c k , beach 
s l o p e , and beach sediment c h a r a c t e r i s t i c s . The s h o r e l i n e i s r e s h a p e d 
by s c o u r , t r a n s p o r t , and r e d e p o s i t i o n o f beach sediment i n a p r o c e s s 
t h a t c o n t i n u e s u n t i l t h e beach f a c e becomes a l i g n e d w i t h t h e b r e a k i n g 
f r o n t . The e x t e n t t o w h i c h t h e s h o r e l i n e changes depends on t h e 
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F i g u r e 2 1 . D i a g r a m m a t i c map v i e w o f a beach. The l i t t o r a l c u r r e n t , 
w h i c h r u n s p a r a l l e l t o t h e beach, i s s e t up when waves approach t h e 
beach a t an o b l i q u e a n g l e . Sand g r a i n s a r e t r a n s p o r t e d i n t h e 
d i r e c t i o n o f t h e c u r r e n t ( a d a p t e d from Bascom, 1 9 6 0 ) . 

s e v e r i t y and d u r a t i o n o f wave a t t a c k a s s o c i a t e d w i t h non-predominant 
c o n d i t i o n s . 

I n g e n e r a l , n o r t h e r n C a l i f o r n i a beaches b u i l d s e award d u r i n g summer 
months as sand from o f f s h o r e i s t r a n s p o r t e d onshore by t h e a c t i o n o f 
l o n g p e r i o d s w e l l s . D u r i n g w i n t e r months, t h e same beaches erode a s 
s t e e p s t o r m waves p r o v i d e s u f f i c i e n t u p r u s h and r e t u r n f l o w t o s c o u r 
beach sediment and r e l o c a t e t h i s m a t e r i a l as b a r s i n t h e o f f s h o r e zone 
( s e e F i g u r e 2 2 ) . The s e a s o n a l c y c l e o f a c c r e t i o n and e r o s i o n may c a u s e 
a p a r t i c u l a r c o n t o u r on t h e beach f a c e t o v a r y h o r i z o n t a l l y as much a s 
30 t o 60 m d u r i n g a n n u a l c y c l e ( L e s l i e , 1975) . A f t e r t h e s t o r m s e a s o n , 
t h e s t e e p n e s s o f t h e waves d e c r e a s e s and t h e y b e g i n t o move sand t o w a r d 
s h o r e . The m a t e r i a l from t h e o u t e r b a r s f i l l s i n t h e t r o u g h s , and soon 
t h e beach p r o f i l e shows no b a r s . M a t e r i a l from t h e i n n e r b a r m i g r a t e s 
t o t h e berm, b u i l d i n g i t seaward. 
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F i g u r e 22. Beach p r o f i l e , showing berm and b a r s . Heavy w i n t e r s u r f 
removes sand from berm and d e p o s i t s i t on b a r s . L i g h t e r summer s u r f 
b u i l d s berm. V e r t i c a l s c a l e e x a g g e r a t e d 25 t i m e s ( a d a p t e d from Bascom, 
1 9 6 0 ) . 

A l a r g e p a r t o f t h e movement o f beach m a t e r i a l t a k e s p l a c e a s an 
exchange between o f f s h o r e u n d e r w a t e r r i d g e s , o r b a r s , and t h e berm, 
or t h e n e a r l y h o r i z o n t a l d e p o s i t o f m a t e r i a l a t t h e top o f t h e beach 
onshore. B a r s may be c o n s i d e r e d as p r o d u c t s o f e r o s i o n , s i n c e t h e y 
appear when v i o l e n t wave a c t i o n c u t s back t h e berm and d e p o s i t s t h e 
beach m a t e r i a l i n o f f s h o r e r i d g e s . B ecause t h e y a r e a s s o c i a t e d w i t h 
s t o r m c o n d i t i o n s , and s i n c e more s t o r m s o c c u r i n w i n t e r t h a n i n summer, 
b a r s a r e r e g a r d e d as a normal f e a t u r e o f t h e beach p r o f i l e i n w i n t e r . 
A l l beaches exposed t o t h e ocean s w e l l have b a r s , and beaches w i t h a 
s l o p e o f l e s s t h a n 1 f t i n 50 f r e q u e n t l y have two o r more (Bascom, 
1 9 6 0 ) . When h i g h e r - t h a n - a v e r a g e waves b r e a k i n q u i c k s u c c e s s i o n and 
r a i s e t h e w a t e r l e v e l i n s i d e a b a r , t h e w a t e r r u s h e s back so 
e n e r g e t i c a l l y t o s e a t h a t i t sometimes b r e a c h e s t h e b a r a t a narrow 
p l a c e , p r o d u c i n g a s o - c a l l e d r i p c h a n n e l (Bascom, 1 9 6 0 ) . From t h e n on 
much o f t h e e x c e s s w a t e r thrown o v e r t h e b a r by t h e b r e a k e r s moves 
a l o n g t h e beach u n t i l i t r e a c h e s t h e c h a n n e l where i t f l o w s out a s a 
r i p c u r r e n t . B e c a u s e t h e f l o w i s c o n f i n e d t o r e l a t i v e l y narrow c h a n n e l 
a b a t h e r can get out o f t h e c u r r e n t by swimming a s h o r t d i s t a n c e 
p a r a l l e l t o s h o r e . On P a c i f i c C o a s t beaches t h a t a r e exposed t o t h e 
f u l l f o r c e o f t h e waves, t h e top of t h e b a r c l o s e s t t o s h o r e i s u s u a l l y 
about a f o o t below t h e l o w - t i d e w a t e r l e v e l , t h e top o f t h e second b a r 
i s a t about s e v e n f e e t , and t h e t h i r d b a r i s about t h i r t e e n f e e t deep 
(Bascom, 1960) . 
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Cusps• Cusps a r e c r e s c e n t - s h a p e d d e p r e s s i o n s t h a t o c c a s i o n a l l y form 
i n r e g u l a r l y spaced s e r i e s a l o n g t h e beach f a c e . They v a r y i n l e n g t h 
from a few f e e t t o hundreds of f e e t , and t h e i r r e l i e f may e x c e e d 6 f e e t 
or be so s h a l l o w t h a t t h e y a r e b a r e l y d i s c e r n i b l e . T h e r e i s no 
g e n e r a l l y a c c e p t e d e x p l a n a t i o n o f how c u sps b e g i n , why t h e y a r e so 
r e g u l a r , o r why t h e y have t h e d i m e n s i o n s t h e y have; however t h e s e 
f a c t o r s a r e a l m o s t c e r t a i n l y r e l a t e d t o t h e c h a r a c t e r o f t h e waves t h a t 
form them (Bascom, 1960) . 

Centos i t i o n 

C o m p o s i t i o n a l c a t e g o r i e s o f r o c k t y p e s e n c o u n t e r e d i n t h e r i v e r , beach, 
and o f f s h o r e d e p o s i t s between R u s s i a n R i v e r and P o i n t Reyes Beach 
i n c l u d e r e d c h e r t , a l t e r e d s i l i c e o u s (nonred c h e r t ) , p o r p h y r i t i c 
v o l c a n i c s (welded t u f f s ) , P l i o c e n e v o l c a n i c s ( b a s a l t i c ) , o t h e r 
v o l c a n i c s , g r a n i t i c s , v e i n q u a r t z , greywacke, f i n e - g r a i n e d s i l i c e o u s 
( n o n c h e r t ) , and o t h e r m a t e r i a l ( s h e l l f r a g m e n t s , s c h i s t s , b o t t l e g l a s s , 
e x o t i c r o c k f r a g m e n t s ) ( L e s l i e , 1 9 7 5 ) . The 4 t o 10 mm s i z e f r a c t i o n 
o f R u s s i a n R i v e r sediment i s dominated by F r a n c i s c a n m a t e r i a l , 
p r i n c i p a l l y greywacke, r e d c h e r t , and v e i n q u a r t z , and has a l a r g e r 
n o n - s i l i c e o u s component t h a n P o i n t Reyes Beach m a t e r i a l . From t h e 
R u s s i a n R i v e r t o P o i n t Reyes Beach, t h e r e l a t i v e p r o p o r t i o n o f 
n o n s i l i c e o u s m a t e r i a l d e c r e a s e s p r o g r e s s i v e l y from about 70% t o 5 t o 
10% ( L e s l i e , 1 9 7 5 ) . 

The a v e r a g e c o m p o s i t i o n a l makeup o f t h e 4 t o 10 mm f r a c t i o n i s a s 
f o l l o w s ( L e s l i e , 1975) : 

P o i n t Reyes Beach P o i n t Reyes O f f s h o r e 
(11 s amples) (3 samples) 

^) (%) 

Red c h e r t 29 . 7 16.5 
A l t e r e d S i l i c e o u s 42 . 1 25.3 
V e i n Q u a r t z 7 . 3 20.5 
F i n e - g r a i n e d S i l i c e o u s 4 . 3 14.3 
Greywacke 0 , 7 7 . 5 
G r a n i t i c s 2 .3 1.3 
P o r p h y r i t i c v o l c a n i c s 4 .8 1.8 
P l i o c e n e v o l c a n i c s 0 .0 0.0 
Green v o l c a n i c s 0 . 9 2 . 3 
O t her v o l c a n i c s 4 . 8 5.8 
O t her 2 . 4 4.7 

The l a r g e p r o p o r t i o n o f F r a n c i s c a n m a t e r i a l i n P o i n t Reyes Beach 
d e p o s i t s i n d i c a t e s t h a t most o f i t was d e r i v e d from t h e m a i n l a n d e a s t 
o f P o i n t Reyes P e n i n s u l a . The 4 t o 10 mm f r a c t i o n a p p e a r s t o be 
dominated by f i r s t - c y c l e m a t e r i a l d e r i v e d , t r a n s p o r t e d , and d e p o s i t e d 
d u r i n g t h e l a s t i n t e r g l a c i a l c y c l e ( L e s l i e , 1 9 7 5 ) . D u r i n g p e r i o d s o f 
r e g r e s s i o n ( l o w e r i n g of s e a l e v e l ) , t h e R u s s i a n R i v e r downcut t h r o u g h 
i t s a l l u v i a l c h a n n e l , r e l e a s i n g l a r g e volumes o f sediment t o t h e 
c o a s t a l zone, and t h e sediment was t r a n s p o r t e d s o u t h w a r d . With r i s i n g 
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s e a l e v e l , a p o r t i o n of t h e sediment was c a p t u r e d between Tomales P o i n t 
and P o i n t Reyes Head. 

Beach C o n s e r v a t i o n 

The m a j o r problems of beach c o n s e r v a t i o n a r e c r e a t e d not by t h e 
s e a s o n a l movement o f sand onshore and o f f s h o r e , but by t h e motion of 
sand p a r a l l e l t o s h o r e (Bascom, 1960) . A l o n g s h o r e o r l i t t o r a l c u r r e n t s 
can t r a n s p o r t m i l l i o n s o f t o n s o f sand, e r o d i n g one beach and b u i l d i n g 
up a n o t h e r . L a r g e waves t h a t approach t h e s h o r e a t an a n g l e a r e o f t e n 
i n c o m p l e t e l y r e f r a c t e d , and t h e waves s t r i k e t h e s h o r e a t an a n g l e . 
Where p r e v a i l i n g waves a r r i v e i n t h i s way, a l i t t o r a l c u r r e n t f l o w s 
c o n s t a n t l y . These c u r r e n t s a r e too slow t o move sand g r a i n s by 
t h e m s e l v e s , but t u r b u l e n c e i n s u r f zone keeps t h e sand i n s u s p e n s i o n , 
and even l o w - v e l o c i t y c u r r e n t s a r e a b l e t o t r a n s p o r t l a r g e q u a n t i t i e s 
o f m a t e r i a l . Sand p a r t i c l e s c a r r i e d up t h e beach f a c e d e s c r i b e an a r c 
i n t h e d i r e c t i o n o f t h e a l o n g s h o r e c u r r e n t so t h a t each wave moves them 
a l i t t l e way a l o n g t h e beach i n a s a w t o o t h motion ( s e e F i g u r e 21) . 
Sand t r a v e l s downstream i n a b e l t t h a t i s a p p r o x i m a t e l y t h e w i d t h o f 
t h e s u r f zone. Any s t r u c t u r e t h a t i n t e r r u p t s t h e f l o w a c t s l i k e a dam, 
and beaches i m m e d i a t e l y u p s t r e a m grow w h i l e t h o s e downstream a r e 
s t r i p p e d o f sand by waves and c u r r e n t s . 

ROAD LOG 

A f t e r e x a m i n i n g t h e c l i f f s a t Kehoe Beach, our n e x t c l i f f s 
t o examine a r e a t D r a k e s Beach, on t h e s o u t h s i d e o f P o i n t 
Reyes P e n i n s u l a . Here i t w i l l p r o b a b l y be l e s s windy and 
c o n s i d e r a b l y warmer. 

D r i v e back a l o n g t h e r o a d s o u t h w a r d . The h i l l s j u s t beyond 
A b b o t t s Lagoon a r e composed o f Monterey F o r m a t i o n . The 
b a c k s i d e o f t h e one on t h e r i g h t e x p o s e s t h e b a s a l 
g l a u c o n i t i c sand o f t h e S a n t a M a r g a r i t a F o r m a t i o n w h i c h 
o v e r l i e s t h e Monterey. 

At t h e "Y" i n t e r s e c t i o n o f P i e r c e P o i n t Rd w i t h S i r F r a n c i s 
Drake B l v d , t a k e a h a r d r i g h t . F o l l o w t h e r o a d t o w a r d P o i n t 
Reyes . 

About a m i l e p a s t t h e E s t e r o T r a i l h e a d you p a s s t h e n o r t h e r n 
end o f Schooner Bay on t h e l e f t . F a r t h e r on. Creamery Bay 
becomes v i s i b l e o f f t o t h e l e f t . 

J u s t b e f o r e t h e t u r n o f f t o D r a k e s Bay you can see t h e 
w e s t e r n end o f P o i n t Reyes i t s e l f a t about 1:30 o ' c l o c k . 

At t h e i n t e r s e c t i o n v / i t h t h e D r a k e s Bay Road, t u r n l e f t 
t o w a r d D r a k e s Bay. 

S h o r t l y a f t e r t h e t u r n , t h e P a r k S e r v i c e has i n s t a l l e d a 
s i g n e n t i t l e d , "The P a s t o r a l Zone." The s i g n r e a d s : " S i x 
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b e e f c a t t l e r a n c h e s a r e o p e r a t e d w i t h i n t h e s e a s h o r e and run 
about 1800 head o f s t o c k . At p r e s e n t , t h e two most p o p u l a r 
b r e e d s a r e H e r e f o r d and B l a c k Angus. R a t h e r t h a n r a i s e t h e 
c a l f t o m a t u r i t y , most r a n c h e r s s h i p t h e c a l v e s t o f e e d l o t s 
s h o r t l y a f t e r t h e y a r e weaned. The s e v e n d a i r i e s w i t h i n t h e 
s e a s h o r e m i l k about 3200 cows, p r o d u c i n g o v e r 5 m i l l i o n 
g a l l o n s o f m i l k each y e a r . The p a s t u r e s produce o n l y enough 
f e e d f o r about 5 months o f t h e y e a r . F e e d i n g t h e m i l k e r s 
and t h e 2200 head o f r e p l a c e m e n t s t o c k r e q u i r e s t r u c k i n g i n 
27,000 t o n s o f f e e d each y e a r . Most o f t h e d a i r y o p e r a t o r s 
i n t h e a r e a b e l o n g t o m i l k c o o p e r a t i v e s and s e l l d i r e c t l y 
t o them. 

"The l e g i s l a t i o n a u t h o r i z i n g P o i n t Reyes N a t i o n a l S e a s h o r e 
i n 1962 p r o v i d e d a s e a s h o r e p a s t o r a l zone where t h e 
h i s t o r i c a l r a n c h i n g and d a i r y i n g scene would r e m a i n f o r 
f u t u r e v i s i t o r s . Arrangements were made d u r i n g a c q u i s i t i o n 
f o r t h e o r i g i n a l owners t o o p e r a t e t h e r a n c h e s f o r p e r i o d s 
o f 20 t o 30 y e a r s . Long term a r r a n g e m e n t s were n e c e s s a r y 
because o f t h e l a r g e c a p i t a l i n v e s t m e n t s r e q u i r e d t o 
s u c c e s s f u l l y o p e r a t e a modern r a n c h o r d a i r y . " 

As t h e r o a d descends t o D r a k e s Bay, t h e r e a d o u t s on e i t h e r 
s i d e o f t h e r o a d expose P u r i s i m a F o r m a t i o n s i l i c e o u s 
mudstones and s i l t s t o n e s . P a r k i n t h e l o t f o r Stop 6. 
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STOP 6 

DRAKES BEACH 

by Deborah D a v i s 

The r o c k s t h a t you w i l l see a t D r a k e s Beach, our l a s t s t o p o f t h e day, 
a r e made up o f diatomaceous m u d s t o n e s / s i l t s t o n e s o f t h e P u r i s i m a 
F o r m a t i o n . T h e r e i s a knee-deep lagoon between t h e p a r k i n g l o t and 
t h e beach w h i c h can be waded a t h i g h t i d e t o g e t t o t h e beach. 
A l t e r n a t i v e l y , you can t a k e t h e p a t h a t t h e base o f t h e c l i f f s t o t h e 
l e f t . Be c a r e f u l , though, t h e r o c k s can be s l i p p e r y . Be s u r e t o 
v i s i t t h e i n t e r p r e t i v e c e n t e r on t h e e a s t s i d e o f t h e p a r k i n g l o t . 

As you w a l k e a s t a l o n g D r a k e s beach you a r e a p p r o a c h i n g t h e a x i s o f 
a low a m p l i t u d e s y n c l i n e . N o t i c e a l s o how t h e s t r a t a d i p t o w a r d t h e 
e a s t but t h a t t h e h i g h - a n g l e normal f a u l t i n g i s down t o t h e west. 
A l s o o f note a r e s m a l l c a v e s a t t h e base o f t h e c l i f f s where f a u l t s 
and l a r g e c a l c a r e o u s c o n c r e t i o n s a r e exposed. I f you a r e r e a l l y l u c k y 
and want t o endure t h e c o n s t a n t r o c k f a l l , you may f i n d f o s s i l i z e d 
w hale v e r t e b r a e , s t a r f i s h , e t c . , i n some o f t h e s a n d s t o n e l a y e r s . The 
b e s t p i c k i n g s a r e f a r down t h e beach t o t h e e a s t . F o r t h o s e l e s s 
d a r i n g , a f i n e example o f a f o s s i l i z e d whale v e r t e b r a i s on d i s p l a y a t 
t h e D r a k e s Beach V i s i t o r C e n t e r . 

P u r i s i m a F o r m a t i o n 

The s t r a t a exposed a l o n g t h e c l i f f s a t D r a k e s Beach a r e p a r t o f t h e 
P u r i s i m a F o r m a t i o n , a b a s i n - f i l l i n g sequence d e p o s i t e d i n t h e Bodega-
S a n t a Cruz Neogene b a s i n west o f San F r a n c i s c o . The b a s i n i s 
c o n s i d e r e d t o be t h e o f f s h o r e e x t e n s i o n o f t h e " P u r i s i m a Trough" o f 
t h e S a n t a Cruz Mountains ( H o s k i n s and G r i f f i t h s , 1 9 7 1 ) . The o f f s h o r e 
e x t e n s i o n o f t h e b a s i n i s c a l l e d t h e Bodega-Santa Cruz b a s i n ( see 
F i g u r e 2 4 ) . 

U p l i f t o f t h e F a r a l l o n r i d g e and c o m p r e s s i o n a l o n g t h e San G r e g o r i o 
F a u l t i n t h e M i d d l e t o L a t e Miocene i n i t i a t e d t h e f o r m a t i o n o f t h e 
P u r i s i m a t r o u g h ( G a v i g a n , 1 9 8 4 ) , D e p o s i t i o n o f t h e m a r i n e s e d i m e n t s 
o f t h e P u r i s i m a began i n t h e l a t e s t Miocene o r e a r l i e s t P l i o c e n e ( 6 . 0 -
4.9 mybp). Ma r i n e d e p o s i t i o n c e a s e d d u r i n g t h e e a r l y P l e i s t o c e n e 
b e c a u s e o f g e n e r a l u p l i f t a l o n g t h e c e n t r a l c o a s t o f C a l i f o r n i a and 
f i n a l b a s i n i n f i l l i n g ( G a v i g a n , 1 9 8 4 ) . 

The b a s i n - f i l l i n g s e d i m e n t s a r e an Upper Miocene and P l i o c e n e sequence 
c o n s i s t i n g o f a t r a n s g r e s s i v e s h a l l o w - w a t e r g l a u c o n i t i c s a n d s t o n e u n i t 
known as t h e S a n t a M a r g a r i t a s a n d s t o n e o v e r l a i n by t h e deep-water 
s i l i c e o u s S a n t a Cruz mudstone f o l l o w e d by t h e diatomaceous mudstones/ 
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F i g u r e 23. G e o l o g i c map o f Stop 6. Map symbols: K g r - G r a n i t i c r o c k s 
o f P o i n t R e y e s , Tpr-Conglomerate a t P o i n t R e y e s , T l - L a i r d S a ndstone, 
Tm-Monterey F o r m a t i o n , T d b s - S a n t a M a r g a r i t a Sandstone, T d b c - S a n t a Cruz 
Mudstone and P u r i s i m a F o r m a t i o n , Qb-older beach sand, Qd-dune sand, Qs-
beach sand (f r o m B l a k e and o t h e r s , 1 9 7 4 ) . 
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F i g u r e 24. T e c t o n i c s e t t i n g o f Neogene b a s i n s o f t h e c e n t r a l 
C a l i f o r n i a c o a s t a l m a r g i n ( f r o m G a v i g a n , 1984) . 
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s i l t s t o n e s of t h e P u r i s i m a F o r m a t i o n . I n t r a f o r m a t i o n a l u n c o n f o r m i t i e s , 
s o f t - s e d i m e n t d e f o r m a t i o n s t r u c t u r e s , and a l t e r n a t i n g l a y e r s o f 
s a n d s t o n e , s i l t s t o n e , and mudstone i n v e r t i c a l sequences t h r o u g h o u t t h e 
P u r i s i m a i n d i c a t e s i g n i f i c a n t v a r i a t i o n i n d e p o s i t i o n a l e n v i r o n m e n t s 
and b a t h y m e t r y as a r e s u l t o f t e c t o n i c a c t i v i t y a l o n g t h e San G r e g o r i o 
f a u l t m argin ( G a v i g a n , 1 9 8 4 ) . 

The c l i f f s a l o n g D r a k e s beach a r e made of l i g h t y e l l o w i s h - g r a y 
diatomaceous m u d s t o n e s / s i l t s t o n e s o f t h e P u r i s i m a F o r m a t i o n w i t h 
i n t e r b e d s o f v e r y f i n e - g r a i n e d q u a r t z o f e l d s p a t h i c g r a n i t e - d e r i v e d 
s a n d s t o n e s and c arbonaceous c o n c r e t i o n s up t o s e v e n f e e t l o n g w h i c h 
o c c u r p a r a l l e l t o bedding i n somewhat c o n t i n u o u s l a y e r s ( G a v i g a n , 
1984) . 

The o n l a n d e x p o s u r e o f t h e P u r i s i m a F o r m a t i o n i s c o n f i n e d t o a s y n c l i n e 
between t h e I n v e r n e s s Ridge t o t h e n o r t h e a s t and P o i n t Reyes on t h e 
s o u t h w e s t ( s e e F i g u r e 4 ) . As much a s 490 m (1,607 f t ) o f P u r i s i m a i s 
exposed i n t h i s s y n c l i n e and t h i n s out on b oth f l a n k s as a r e s u l t o f 
e r o s i o n . O f f s h o r e s e i s m i c l i n e s show t h a t t h i s s y n c l i n e c o n t i n u e s t o 
t h e s o u t h above g r a n i t i c basement s o u t h w e s t o f P o i n t Reyes and may be 
more t h a n 560 m (1,835 f t ) o f P u r i s i m a ( C l a r k and o t h e r s , 1 9 8 4 ) . 

S i r F r a n c i s Drake 

On December 13, 1577, C a p t a i n F r a n c i s Drake (known by t h e S p a n i s h a s 
" t h e Dragon") l e f t E n g l a n d w i t h f i v e s h i p s on a voyage of " d i s c o v e r y " 
around t h e w o r l d . E n g l a n d was competing w i t h S p a i n f o r t h e New World's 
n a t u r a l r e s o u r c e s and E n g l a n d wanted t o c r i p p l e S p a i n as a s e a - g o i n g 
power. Drake r e t u r n e d t h r e e y e a r s l a t e r on September 27, 1580, w i t h 
o n l y one s h i p , t h e Golden Hinde, and 80 m i l l i o n d o l l a r s w o r t h o f 
S p a n i s h g o l d and s i l v e r and a r e c o r d of h i s t r a v e l s . He was, o f 
c o u r s e , k n i g h t e d f o r t h i s g r e a t a ccomplishment. 

S a i l i n g a l o n g t h e P a c i f i c c o a s t on h i s one s u r v i v i n g s h i p , Drake was 
l o o k i n g f o r t h e f a b l e d " N o r t h w e s t - P a s s a g e , " but was f o r c e d t o seek 
a s a f e h a r b o r t o r e p a i r h i s l e a k i n g s h i p and e s c a p e t h e S p a n i s h . He 
was a t t r a c t e d by t h e w h i t e c l i f f s o f D r a k e s Beach and i t s r e l a t i v e l y 
q u i e t h a r b o r . The c l i f f s reminded him o f t h e w h i t e c l i f f s o f Dover 
and he named t h e p l a c e Nova A l b i o n , o r New E n g l a n d . 

I t i s b e l i e v e d t h a t he c a r e e n e d h i s s h i p i n t h e cove on t h e west s i d e 
o f D r a k e s E s t e r o f o r 36 days i n June and J u l y o f 1579. The s t r o n g e s t 
e v i d e n c e f o r t h e l o c a t i o n o f t h i s s i t e i s from an i n s e t i l l u s t r a t i o n 
c a l l e d P o r t u s Novane A l b i o n i s on a w o r l d map p u b l i s h e d around 1589 
d e p i c t i n g D r a k e ' s voyage around t h e w o r l d by Jodocus Hondius, a Dutch 
c a r t o g r a p h e r . 

The Drake N a v i g a t i o n G u i l d has t a k e n much c a r e t o d e t e r m i n e Drake's 
a c t u a l l a n d i n g s i t e . A c o m p a r i s o n o f t h e Hondius i n s e t w i t h a 
photograph o f t h e e n t r a n c e t o D rakes E s t e r o a p p e a r s t o s u b s t a n t i a t e 
t h i s as t h e a c t u a l s i t e ( A ker, 1980) . F u r t h e r s t u d y o f t h e s i t e has 
been conducted, i n c l u d i n g h i s t o r i c a l geomorphology, a r c h a e o l o g i c a l 
t r e n c h i n g , and a s i m u l a t i o n u s i n g a v e s s e l w i t h a s i m i l a r d r a f t as 

47 



t h e Golden Hinde. I n a d d i t i o n , p h y s i c a l e v i d e n c e r e p o r t e d by Edward 
P. Von P o r t e n from v a r i o u s I n d i a n s i t e s around t h e Dr a k e s Bay c o n s i s t s 
o f 77 p i e c e s o f s i x t e e n t h c e n t u r y C h i n e s e p o r c e l a i n a p p a r e n t l y from 
D r a k e ' s c a r g o . A l l o f t h e above f i n d i n g s i n d i c a t e t h a t D r a k e ' s l a n d i n g 
p l a c e may have i n d e e d been on t h e west s i d e o f Drakes E s t e r o . 

An a r t i f a c t w h i c h c o n f u s e d t h e s u b s t a n t i a t i o n o f Dr a k e ' s s i t e f o r 
y e a r s was a bronze p l a t e found i n 1936, e s t a b l i s h i n g D r a k e ' s careenage 
n e a r San Q u e n t i n P o i n t . A f t e r i t s d i s c o v e r y , a l o c a l r e s i d e n t r e p o r t e d 
he had thrown i t t h e r e d u r i n g a p i c n i c , and had o r i g i n a l l y found i t a t 
Drak e s Bay. Drake had i n d e e d l e f t a br o n z e p l a t e on a p o s t w h i c h took 
p o s s e s s i o n o f t h e l a n d i n t h e name o f Queen E l i z a b e t h I b e f o r e he 
d e p a r t e d . However, t h e p l a t e found a t San Q u e n t i n P o i n t , w h i c h was 
a c c e p t e d f o r many y e a r s as r e a l , d i d not p a s s modern m e t a l l u r g i c a l 
t e s t s . I t was a l s o found t o be machine r o l l e d , not pounded, and t h e 
s c r i p t d i d not compare t o t h a t o f s i x t e e n t h c e n t u r y s c r i p t . I t was 
f i n a l l y d e c l a r e d a hoax. 

T r e a s u r e H u n t i n g 

P o i n t Reyes i s a dangerous a r e a f o r s h i p s w i t h i t s g u s t y n o r t h winds 
and t h i c k h a n g i n g f o g s . S i n c e D r a k e ' s t i m e i t has been t h e b u r i a l 
ground f o r many s h i p s w h i c h have r u n aground on i t s t r e a c h e r o u s s h o a l s . 
Cargo from t h o s e s h i p s has been a c o n s t a n t s o u r c e o f i n t e r e s t f o r 
g e n e r a t i o n s o f beachcombers. 

The f i r s t s h i p t o s i n k i n D r a k e s Bay was t h e San A g u s t i n i n 1595, 16 
y e a r s a f t e r D r a k e ' s v i s i t . C a p t a i n S e b a s t i a n R o d r i g u e z Cermeno's s h i p 
had dropped a n c h o r and t h e crew was e x p l o r i n g i n l a n d t o t a k e on 
p r o v i s i o n s . W h i l e a s h o r e a sudden s t o r m a r o s e and t h e s h i p sank. 
I t s known c a r g o o f s i l k s , wax, s p i c e s , and Ming D y n a s t y p o r c e l a i n and 
p r o b a b l e c a r g o o f g o l d and gems was n e v e r r e t r i e v e d nor was t h e e x a c t 
l o c a t i o n known. S i n c e t h e n , 73 major w r e c k s have o c c u r r e d , 37 o f them 
f a t a l , w i t h 20 l o c a l i t i e s unknown. 

I t i s t h e San A g u s t i n v;hich has a t t r a c t e d R o b e r t Marx, a s e l f -
p r o c l a i m e d " n a u t i c a l a r c h e o l o g i s t , " whose s p e c i a l t y i s s a l v a g i n g 
g a l l e o n s . A c c o r d i n g t o Marx, t h e San A u g u s t i n sank i n 30 f t o f w a t e r 
and a p p r o x i m a t e l y 800 a r t i f a c t s have washed a s h o r e ( C a s t l e , 1989) . 
Marx has o b t a i n e d a l l l o c a l , s t a t e , and most f e d e r a l p e r m i t s e x c e p t one 
from NCAA w h i c h c o n t r o l s t h e F a r a l l o n I s l a n d s - P o i n t Reyes N a t i o n a l 
M a r i n e S a n c t u a r y . To d a t e he has not been s u c c e s s f u l i n o b t a i n i n g t h e 
p e r m i t from NCAA, but i t i s j u s t a m a t t e r o f t i m e b e f o r e NCAA s u b m i t s 
t o p r e s s u r e from t h e S t a t e Lands Commission t o p e r m i t t h i s s a l v a g e 
o p e r a t i o n . 

Marx's agreement w i t h t h e s t a t e e n s u r e s t h a t C a l i f o r n i a w i l l m o n i t o r 
t h e o p e r a t i o n and w i l l g et t h e f i r s t p i c k o f t h e a r t i f a c t s , r i g h t t o 
a p p r a i s e them, and 50% of a l l goods a f t e r t h e v a l u e e x c e e d s $25,000. 
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CONCLUSION 

I f t h e r e i s any t i m e r e m a i n i n g on y o u r v i s i t t o P o i n t Reyes, be s u r e 
t o s t o p by t h e P o i n t Reyes L i g h t h o u s e . T h e r e you can examine t h e 
P o i n t Reyes c o n g l omerate n e a r t h e p a r k i n g l o t and t r y t o imagine where 
t h e c l a s t s o r i g i n a t e d . The v i e w from t h e l i g h t h o u s e i s s p e c t a c u l a r 
and, i f t h e t i m e and c o n d i t i o n s a r e r i g h t , you s h o u l d be a b l e t o 
o b s e r v e g r a y w h a l e s swimming o f f s h o r e . 

END OF ROAD LOG 
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A B S T R A C T 

Onland mapping and offshore se i smic prof i l ing of the 
Point Reyes area enable the recognit ion of three d is t inc t 
f a c i e i w i th in the g ran i t i c basement rocks and recognit ion of 
two Neogene l i thogenet ic sequences that are separated by a 
regional unconformi ty—a middle and upper Miocene 
sequence ( L a i r d Sandstone and Monterey Format ion ) and an 
upper Miocene and Pl iocene sequence (Santa Margar i ta 
Sandstone, Santa C r u z Mudstone, and Pur i s ima Format i on ) . 

Compar ison of s imi lar basement and T e r t i a r v 
sedimentary rocks in the Point Reye s , Santa C r u z 
Mountains, and Monterey areas indicates about 150 km (90 
miles) of r ight-s l ip along the San Gregor io fault since late 
Miocene t ime , rather than the 70-115 km ('•3-70 mi) 
suggested previously bv other geologists. Th is sl ip added tu 
sl ip for the San Andreas faul t produces a to ta l d isplacement 
of about '•SS km (280 mi les ) for the San Andreas faul t north 
of San F r a n c i s c o . 

I N T R O D U C T I O N 

The San Gregor io faul t zone is part of the larger San 
Andreas fau l t system of C a l i f o r n i a that forms the ac t i v e 
t ec ton ic boundary between the P a c i f i c and North A m e r i c a n 
p la tes . F rom its type area in the wes te rn Santa C r u z 
Mountains, the San Gregor io faul t zone has been t raced 
southward at least across Monterey Bay and nor thward to its 
juncture w i th the San Andreas fault near Bo l inas in Marin 
County (Greene and others , 1973), a t o ta l d istance of at 
least 200 km (125 mi les ) . 

Onshore mapping in the Santa C r u z Mountains by 
C l a r k (1970 and 1981) has demonstrated that the San 
Gregor io is a zone of deformat ion as much as 3 km (2 mi les ) 
wide that east of Ano Nuevo Point includes at least f ive 
nor thwester l y - t rend ing fau l t s . Deta i led s t rat igraphy and 
comparison of the onland geologic sect ions across this zone 
by C l a r k and Brabb (1978) have revea led s igni f icant 
d i f f e rences in deposit ional and tec ton ic h is tor ies on e i ther 
side of the fau l t that implied ex tens ive l a t e ra l 
d isp lacement . 

E s t i m a t e s of the magnitude of this d isplacement have 
va r i ed . Based on his of fshore study of g rav i ty anomal ies . 
S i l ver (197'() suggested 80 to 90 km (50 to 56 mi le ) r i gh t -
l a t e r a l offset on the San Gregor io f au l t . G raham and 
Dick inson (1978), matching pairs of onland geologic 
f ea tures , postulated about 115 km (70 mi les ) of Neogene 
r ight -s l ip . A lesser amount of to ta l d isplacement was 
suggested by Greene (1977), who postulated 70 km ('*3 mi les ) 
based on displaced submarine canyons, and by Howe l l and 
Vedder (1978), who es t imated 70 km ('•S mi les ) of sl ip based 
on the i r reconst ruct ion of the L a t e Cre taceous 
paleogeography of the Sa l in ian block. 

A reconnaissance of the Point Reyes area by C l a r k in 
1977 revea led , however, that the T e r t i a r y sequences at 
Point Reyes and in the southern Santa C r u z Mountains were 
not as "near l y i d e n t i c a l " as had been postulated by G r a h a m 

III C r o u c h . J K . . a n d B a c h m a n . S . B . . t d s . T c c l o n l c i a n d 
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and Dick inson (1978) . L i k e w i s e , a pre l iminary comparison of 
Upper Cre taceous and Paleocene sequences of the c en t ra l 
Ca l i f o rn i a coas ta l a r ea ra ised serious questions about the 
va l id i t y of Howe l l and Vedder's (1978) paleogeographic 
recons t ruc t i on . 

To c l a r i f y the of fset history of the San Gregor io fau l t , 
we began in 1978 a study of the rock sequences of the Point 
Reyes Pen insu la west of the San Andreas fau l t . Onland 
mapping of this area during parts of the summers of I97S 
and 1979 and offshore se i smic prof i l ing aboard the R.'V Sea 
Sounder during !lune 1979 have resul ted in a rev is ion of the 
T e r t i a r y s t rat igraphy of the a rea . Th is rev ised geologv 
permits more meaningful comparisons wi th the co r r e l a t i v e 
rock sect ions that we had previously mapped to the south 
both in the Santa C r u z Mountains and in the Monterey Bay 
region east of the San Gregor io f au l t . 

The purpose of this paper is to summar i z e the geologic 
sect ion of the Point Reyes Pen insu la and then, by comparing 
sect ions that we have studied on both sides of the San 
Gregor io fau l t , to reconst ruc t the Neogene history of this 
important s t ruc tu r e . 

Although the d isplacement that we propose must 
continue to the south into the Santa L u c i a Range and 
perhaps beyond, the extens ion of the San Gregor io fault to 
the south and the of fset history of re la ted fau l ts in that 
region are beyond the scope of the present study. 

G E O L O G I C S E C T I O N O F T H E P O I N T R E Y E S P E N I N S U L A 

The Point Reyes Peninsula is a roughly tr iangular land 
area in Mar in County that projects wes tward from the 
va l l ey of the San Andreas faul t to an apex at Point R e y e s . 
The most comprehensive publ icat ion on the geologv of th is 
a r ea is by Ga l l oway (1977), who admirably summar i zed the 
previous geologic work . He also defined the Point Reves 
Cong lomerate of Pa leocene age and the Drakes Bav 
Fo rmat i on of P l iocene age and mapped the distr ibut ion of 
rock units at a sca le of l - M f i O O . Our work represents a 
modi f icat ion of Ga l loway 's mapping and includes the 
recognit ion of three d is t inc t fac ies w i th in the gran i t i c 
basement rocks and recognit ion of two l i thogenet ic 
sequences that are separated by a regional unconformity 
that occur wi th in his Monterey Sha l e—a middle and upper 
Miocene sequence ( L a i r d Sandstone and Monterey 
Format ion ) and an upper Miocene and Pl iocene sequence 
(Santa Marga r i t a Sandstone, Santa C r u z Mudstone, and 
P u r i s i m a Format i on ) . 

P r e - T e r t i a r y c r y s t a l l i n e rocks 

G r a n i t i c rocks of the Sa l in ian block are exposed at the 
Point Reyes promontory, along Inverness Ridge to the east , 
and at Toma les Point to the north ( f ig . 1). Modal analyses 
of these rocks are shown in f igure 2. 

The most d is t inc t i ve g ran i t i c unit is the porphyr i t i c 
granodiori te of Point R e y e s . Prominent , euhedral K -
feldspar phonnrry^t-: augr3[>o 7 tr^ T. r-m Ir\ tn i ^nd 
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EXPLANATION 

Point Reyes Conglomerale of Galloway (1977) 

qd: lonalile ol Tomales Point 
gr gtanodiofile and gramle ol Inverness Ridge 
g: porphyritic granodiorite ol Point Reyes 

a 

LPfl'3 A Lithologic sample l o c a l i t y 

o Abandoned exploratory oil well 
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1130. Greenwich Mean Time 
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Figure 1. Genera l i z ed geologic map of the Point Reyes Peninsula showing the locat ion of mar ine se i smic prof i le lines (see 
figs. 3, <», and 5), places where fossi ls and rocks were co l l ec t ed , and exp lora tory o i l we l l s . Geology from Ga l l oway 
(1959, 1977), ex tens ive ly modif ied by 3. C . C l a r k and E . E . B rabb , 1978-81 . 
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A B S T R A C T 

Onland mapping and offshore seism 
Point Reyes area enable the recognit ion 
fac ies w i th in the g ran i t i c basement rocks 
two Neogene l i thogenet ic sequences that 
regional unconformi ty—a middle and 
sequence ( L a i r d Sandstone and Monterey 
upper Miocene and Pl iocene sequence 
Sandstone, Santa C r u z Mudstone, and Pur l 

ic prof i l ing of the 
of three d is t inc t 

and recognit ion of 
are separated by a 

upper Miocene 
Format ion ) and an 
(Santa Margar i t a 

s ima Fo rmat i on ) . 

Comparison of s imi lar basement and T e r t i a r v 
sed imentary rocks in the Point R e y e s , Santa C r u z 
Mountains, and Monterey areas indicates about 150 km (90 
mi les ) of r ight-s l ip along the San Gregor io faul t s ince late 
Miocene t ime , rather than the 70-115 km ('»3-70 mi ) 
suggested previously bv other geologists. Th i s sl ip added to 
sl ip for the San Andreas faul t produces a t o ta l d isplacement 
of about ifSS km (280 mi les ) for the San Andreas fault north 
of San F r a n c i s c o . 

I N T R O D U C T I O N 

The San Gregor io fault zone is part of the larger San 
Andreas faul t system of C a l i f o r n i a that forms the ac t i v e 
t ec ton ic boundary between the P a c i f i c and North A m e r i c a n 
p la tes . F r o m its type area in the wes te rn Santa C r u z 
Mountains, the San Gregor io faul t zone has been t raced 
southward at least across Monterey Bav and nor thward to its 
juncture w i th the San Andreas fault near Bol inas in Mar in 
County (Greene and others , 1973), a to ta l d istance of at 
least 200 km (125 mi les ) . 

Onshore mapping in the Santa C r u z Mountains by 
C l a r k (1970 and 1981) has demonstrated that the San 
Gregor io is a zone of deformation as much as 3 km (2 mi les ) 
wide that east of Ano Nuevo Point includes at least f ive 
nor thwester l y - t rend ing fau l t s . Deta i l ed s t rat igraphy and 
comparison of the onland geologic sect ions across this zone 
by C l a r k and Brabb (1978) have revealed s igni f icant 
d i f f e rences in deposit ional and tec ton ic histor ies on e i ther 
side of the fau l t that implied ex tens ive l a t e ra l 
d isp lacement . 

E s t i m a t e s of the magnitude of this d isplacement have 
v a r i ed . Based on his of fshore study of g rav i ty anomal ies . 
S i l ver (197i#) suggested 80 to 90 km (50 to 56 mi l e ) r i gh t -
l a t e ra l of fset on the San Gregor io f au l t . G r a h a m and 
Dick inson (1978) . matching pairs of onland geologic 
f ea tures , postulated about 115 km (70 mi les ) of Neogene 
r ight -s l ip . A lesser amount of to ta l d isplacement was 
suggested by Greene (1977), who postulated 70 km CtS mi les ) 
based on displaced submarine canyons, and by Howe l l and 
Vedder (1978), who es t imated 70 km miles ) of sl ip based 
on the i r reconst ruct ion of the L a t e C r e t aceous 
paleogeography of the Sa l in ian block. 

A reconnaissance of the Point Reves area by C l a r k in 
1977 revea led , however, that the T e r t i a r y sequences at 
Point Reyes and in the southern Santa C r u z Mountains were 
not as "near ly i d en t i c a l " as had been postulated by G r a h a m 
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and Dick inson (1978). L i k e w i s e , a pre l iminary comparison of 
Upper Cre taceous and Paleocene sequences of the c en t ra l 
Ca l i f o rn i a coasta l a r ea ra ised serious questions about the 
va l id i t y of Howe l l and Vedder's (1978) paleogeographic 
r econs t ruc t i on . 

To c l a r i f y the of fset history of the San Gregor io fau l t , 
we began in 1978 a study of the rock sequences of the Point 
Reyes Pen insu la west of the San Andreas fau l t . Onland 
mapping of this area during parts of the summers of I97S 
and 1979 and offshore se ismic prof i l ing aboard the R/V Sea 
Sounder during 3une 1979 have resulted in a rev is ion of the 
T e r t i a r y s t rat igraphy of the a r ea . Th i s rev ised geolog\ 
permi ts more meaningful comparisons wi th the co r r e l a t i v e 
rock sect ions that we had previously mapped to the south 
both in the Santa C r u z Mountains and in the Monterey Bay 
region east of the San Gregor io f au l t . 

The purpose of this paper is to summar i z e the geologic 
sect ion of the Point Reyes Peninsula and then, by compar ing 
sect ions that we have studied on both sides of the San 
Gregor io fau l t , to reconstruct the Neogene history of this 
important s t ruc tu r e . 

Although the d isplacement that we propose must 
continue to the south into the Santa L u c i a Range and 
perhaps beyond, the extens ion of the San Gregor io fault to 
the south and the of fset history of re la ted fau l t s in that 
region cire beyond the scope of the present study. 

G E O L O G I C S E C T I O N O F T H E P O I N T R E Y E S P E N I N S U L A 

The Point Reyes Pen insu la is a roughly tr iangular land 
area in Mar in County that projects wes tward from the 
va l l ey of the San Andreas faul t to an apex at Point R e y e s . 
The most comprehensive publ icat ion on the geologv of th is 
area is by Ga l l owav (1977), who admirably summar i zed the 
previous geologic work . He also defined the Point Reves 
Cong lomerate of Pa leocene age and the Drakes Bav 
Fo rmat i on of P l iocene age and mapped the distr ibut ion of 
rock units at a sca le of 1:'»8,000. Our work represents a 
modi f icat ion of Ga l loway 's mapping and includes the 
recognit ion of three d is t inct fac ies w i th in the gran i t i c 
basement rocks and recognit ion of two l i thogenet ic 
sequences that are separated by a regional unconformity 
that occur wi th in his Monterey Sha le—a middle and upper 
Miocene sequence ( L a i r d Sandstone and Monterey 
Format ion ) and an upper Miocene and Pl iocene sequence 
(Santa Margar i t a Sandstone, Santa C r u z Mudstone, and 
P u r i s i m a Format i on ) . 

P r e - T e r t i a r y c r y s t a l l i n e rocks 

G r a n i t i c rocks of the Sa l in ian block are exposed at the 
Point Reyes promontory, along Inverness Ridge to the east , 
and at Toma les Point to the north ( f ig . 1). Modal analyses 
of these rocks are shown in f igure 2. 

The most d is t inc t i ve g ran i t i c unit is the porphyr i t i c 
granodiori te of Point Reyes . Prominent , euhedral K-
feldspar ph^nnr rv i t^ av t rago 7 tr^ r-m In 1 m \ 
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Figure 2. Modal plot of g ran i t i c rocks of the Point Reyes a rea . 

are as long as 5 c m (2 in ) . Loca l l y th is rock is not 
porphyr i t i c . Although onland exposures of the granodiori te 
are r e s t r i c t ed to two smal l areas at Point Reye s , this rock 
probably forms the basement to the south and to the eas t . 
Se ismic prof i l ing indicates that c rys ta l l ine rocks crop out on 
the sea floor 2 km (1.2 mi ) south of Point Reves ( l ine 122, 
f ig. 3). A t Point R e y e s , s imi lar porphyr i t i c grarf'odiorite 
occurs as the dominant c las t in conglomerate of the 
over lv ing Point Reves Conglomerate of Ga l l oway (1977). 
These granodiorite c las ts that are as much as 2 to 3 m (6.6 
to 10 f t ) long conta in conspicuous K- fe ldspar phenocrysts 
that average 3 c m (1.2 in ) , commonly range up to or 5 c m 
(1.6 to 2 in) , and local ly are as long as 9 c m (3.6 in). The 
abundance of these porphyr i t i c c l as t s and a postulated west 
to northwest paleocurrent d i rec t ion for the Point Reyes 
Conglomerate suggest that the porphyr i t i c granodiori te 
forms the basement to the east and southeast , where it is 
now covered by younger T e r t i a r y rocks . 

Granodior i te and granite are exposed along Inverness 
Ridge west of the San Andreas fault ( f ig . 1). These f e l s i c 
rocks conta in metased imentarv inclusions and roof pendants 
of garnet- and s i l l imani te -bear ing schis t and gneiss, 
quar t z i t e , ca l c -horn f e l s , and marble (Ross , 1977, p. 375) 
D ikes and masses of apl i te and a lask i t e are loca l ly abundant. 

A t Tomales Po int , hornblende-biot i te tonal i te forms 
the basement . The contact between this tonal i te and the 
granodiorite and granite of Inverness Ridge is marked by a 
metased imentarv septum both along the coast at McC lures 
Beach and in beach-c l i f f exposures across the peninsula to 
the southeast . The contact is not exposed between these 
two beach-c l i f f exposures. 

About 10 km up the coast from the northernmost 
Tomales Point exposures, a s imi lar hornblende-biot i te 
tonal i te crops out in a few square k i lometer a rea near 
Bodega Head. These Bodega Head exposures are the 
northernmost land outcrop of g ran i t i c rocks of the Sal in ian 
block west of the San Andreas fau l t . Ross (1972, 1978) 
reports abundant dark d ior i te inclusions in the tonal i te of 
Bodega Head and bel ieves that the tonal i te at Bodega Head 
and Tomales Point are probably parts of the same gran i t i c 
mass , herein re f e r red to as the tonal i te of Toma les Po int . 

The onland exposures of porphyr i t i c granodiorite of 
Point Reyes are 11 km (7 mi) from the nearest g ran i t i c 
exposures to the northeast . Dark inclusions resembl ing the 
tonal i te of Tomales Point have been found in the Point 
Reyes mass, suggesting that the porphyr i t i c rocks of Point 
Reyes mav be phys ica l ly connected at depth with the 
gran i t i c exposures of Inverness Ridge and Tomales Po int . A 
buried contact between the Point Reyes and Inverness Ridge 
masses would probably trend northwest-southeast based on 
present gran i t i c outcrop distr ibut ion and is assumed to 
para l l e l the Tomales Po int - Inverness Ridge mass con tac t . 

The age of g ran i t i c rocks in the Po int Reyes and 
Bodega Head areas has been discussed by Ross (1978, d. S I S -
SI 9) who concluded from rad iomet r i c dating by others that 
the rocks probably c r y s t a l l i z ed about 100 m.y. ago. during 
the E a r l y Cre taceous . 

T e r t i a r y sedimentary rocks 

Res t ing nonconf ormably upon the c r y s t a l l i n e basement 
of the Point Reyes area are as much as '»,370 m ( l ' t ,330 ft ) 
of T e r t i a r y sedimentary rocks that comprise three 
sed imentary rock sequences, each of which is bounded bv 
unconformit ies ( f ig . 6 ) . The oldest sequence is of Paleocene 
age and rests deposit ional ly upon the porphyr i t i c 
granodiorite of Point R e y e s . As much as 210 m (700 ft) of 
interbedded conglomerate and sandstone that are exposed 
near the l ighthouse, previously mapped as L a i r d Sandstone 
by Weaver (19'»9), were designated by Ga l l oway (1977) as the 
type sect ion of his Point Reyes Cong lomerate . He 
r e s t r i c t ed the L a i r d to the area along Inverness Ridge and 
this usage is fol lowed in th is report . 

A t i ts type sec t ion . The Point Reyes Conglomerate of 
Ga l l oway consists of very th i ck , graded arkos ic sandstone 
beds and very th ick sandy conglomerate beds, which local ly 
have channel led into the underly ing sandstone. Interbedded 
w i th these units are more thinly-bedded and f iner-gra ined 
arkos ic sandstone units . Conspicuous in the conglomerate"; 
are porphyr i t i c granodiorite c las ts as much as 2 to 3 m (6 . 7 
to 10 ft ) long. C l a s t s consist of 30 to 50 percent porphyr i t i c 
granodiorite boulders, 30 to 1*0 percent purple and biack 
porphyr i t i c s i l iceous vo lcanic pebbles and cobbles, and 10 to 
20 percent l ight-colored quar t z i t e pebbles, w i th lesser 
amounts of red cher t , black aphani t i c vo lcan ic , and green 
v o l c a n i c C ) pebbles. The percentage of granodiorite c l a s f ; 
appears to be higher lower in the sect ion. An isolated knob 
2 to 3 km ( I to 2 mi) east of the lighthouse sect ion that 
presumably is s t ra t i g raph ica l l y higher is a sandy pebbie-
cobble conglomerate . The re , the c las ts are dominantIv 
var ico lored porphyr i t i c vo lcan ic w i th fewer l ight-colorea 
quar t z i t e va r i e t i e s . 

The conglomerate and sandstone beds consist p r imar i l y 
of l i tho fac ies A and B of R i c c i - L u c c h i ' s (1 975) fan fac ies 
c l a ss i f i c a t i on . The Paleocene sequence displays thinning 
and f ining upward cyc l e s t yp i ca l of channel i zed fan deposits 
(S . H . C l a r k e , 3r . , oral common., 1978). Severa l 
conglomerate channels are oriented northwest-southeast , 
and l imi ted paleocurrent data suggest wes t - to nor thwest -
trending flow ( C l a r k e , oral commun. , 1978). 

S i l ts tone r ip-up c las ts conta in large specimens of the 
arenaceous benthic fo ramin i f e r Bathysiphon, and a 
Paleocene arenaceous fauna co l l ec ted by Brabb from nea-
the base of the lighthouse sect ion and listed by Ga l l oway 
(1977, p. 19) is c h a r a c t e r i s t i c of bathya l depths. Thus , these 
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Point Reyes DraKes Bay 

F igure 3. West to east se i smic re f l ec t i on prof i les run offshore f rom Point Reyes and Drakes Bay in 1979. A , 160 k j . 
sparker se ismic re f l ec t ion prof i le and line drawing showing folds and faul ts that can be cor re la t ed w i th onshore 
geology. B , high-resolut ion, Uniboom, se i smic re f l ec t ion prof i le and line drawing showing re lat ionship of T e r t i a r y and 
older rocks w i th the over ly ing Quate rnary cover . See F i g . 1 for exp lanat ion of symbols and locat ion of t r a ck l i n e . 
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B 

F igure >*. North to south se i smic re f l ec t i on prof i les in the Drakes Bay a r e a . A , 160 kj sparker s e i smic re f l ec t ion prof i le and 
line drawing, showing folds and fau l t s . B , h igh-reso lut ion, Uniboom, se ismic re f l ec t ion prof i le , and line drawing, 
showing unconformity between T e r t i a r y and Quate rnary rocks and sed iments . See F i g . 1 for exp lanat ion of symbols 
and locat ion of t r a c k l i n e . 



F igure 5. West to east se i smic r e f l e c t i on prof i les across the mouth of Bo l inas B a y . A , 160 kj se i smic r e f l e c t i on prof i le and 
line drawing showing fau l t s and folds assoc iated w i th the San Andreas faul t zone. B , h igh-reso lut ion, Uniboom, se i smic 
re f l ec t i on prof i le and w i th l ine drawing showing folds, faul ts and outcrop of T e r t i a r y rocks . See F i g . 1 for exp lanat ion 
of symbols and locat ion of t r a c k l i n e . 
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-J UJ 
DRAKES BAY AREA 

Formation Lithology 

Thick­
ness 

meters 
(leel) 

Description 

BOLINAS AREA 

Formation Lithology 

Thick­
ness 

meters 
(leet) 

Description 

MerceO Fm 
70 + t.-q (233 + ) 

Purisima 
Formation 

V66128 -7-

MI4550 

Santa Cru2 Most \ 
Santa Margarita Ss ^ 
~Uncon/ormiiy~ m 

490 
(1610) 

to 
5 6 0 ' 

(1840) 

/0T3 

Very thick bedded 
lighl olive gray 
siltstone *ith 

thick caroonate 
concretionary 
interbeds, and 

lew diatomaceous 
and lithic sand­
stone inieibeds 

M I 2 7 1 0 -

MI5182 • 

Santa Cruz 

Mudstone 

MI5179 - 7 

MI5174 - 7 

160 

/ Santa \ 
Margarita Ss 

Thick bedded bluish gray, sandy siltstone with lew caroonaie 
concretionary and lew line grained sandstone inteiOeas 

1640 
(5470) 

to 
2000 

(6670) 

San Andieas tault zone 

Thin- to thick bedded and laintly laminated olive gray lo pale 

yellowish-brown siliceous mudstone with thin elongate 

orangish carbonate concretions 

Glauconitic sandstone with porphyry, granitic, and Monterey 
clasts. bituminous and bioturbated 

DRAKES BAY ANO BOLINAS AREAS 

Formation 

Monterey Formation 

Mist 72. M(5173 • 
MI5t78^ 

MI61t1. MI6112 ' 

Laud Sandstone 
- Unconformity 

Not in contact 

Point Reyes Conglomerate ol Galloway (19 

— Unconformity 

Salinian basement rocks 

North 

Lithotogy 

Thick­
ness 

meters 
(leel) 

o o 
o o 
at cn 

210 
(700) 

South 

Description 

Interbedded light gray porcelanite. brown brittle chert, and dark yellowish brown mudstone 

(="coniorted cherts" ol Galloway. 1977) 

Thm bedded and laminated, light colored porcelanite wiih very thinly laminated shale inter­
beds and a lew medium interbeds ol biotmc arkosic sandstone (='conioneo shale oi I 
Galloway. 1977) 

Medium bedded silly mudstone and Ihm-bedded siliceous mudstone 

Massive coarse to line grained semilnable arkosic sandstone 

Thin 10 very-thick bedded and graded arkosic sandstone with very thick conglomeraie 
interbeds ol porphyritic granitic, porphyritic volcanic, and quartzite clasts 

Northern area-Hornblend-biolite lonalile ol Tomales Point, Includes dark diorite inclusions 
Granodiorite and gramle ol Inverness Ridge. Intrusive into schist. Quartzite, 
calc hmnlels. and marble 

Southern area-Porphyritic granodiorite ot Point Reyes Contains K spar phenocrysts as 
long as 5 cm 

Figure 6. Composite s t ra t i g raph ic co lumn for the Point Reyes a r ea west of the San Andreas fau l t . 

J 
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beds were probablv laid down as part of a nor thwes te r l y -
trending, upper rnid-fan channel complex that was derived 
from a porphvr i t i r granodiori lc ' nnd n s i l i r i r vo lcanic or 
older conglomerate t e r ra in to the east and southeast. 

Although sur face exposures of the Paleocene sequence 
are r es t r i c t ed to the Point Reves promontory, Pa leocene 
rocks mav be present in the subsurface to the eas t . The 
Standard T e v i s No. I we l l dr i l led near Double Point ( f ig. 1) 
about 18 km ( I I m i l southeast of Point Reves is reported bv 
Ga l l owav (1977, p. 65) to have penetrated lower Eocene or 
Paleocene beds beneath basa l t . 

Middle and upper Miocene sedimentary sequence 

The middle and upper Miocene sequence is as much as 
1,610 m (5,300 f t ) th i ck and consists of a t ransgress ive basal 
sandstone unit , the L a i r d Sandstone, and an over l y ing 
porce lani te unit , the Monterey Fo rma t i on of this report ( f ig . 
6) . 

The L a i r d Sandstone crops out along a band on the 
southwest slope of Inverness Ridge ( f ig. 1), where it rests 
nonconformablv on granodiorite and granite and is 
conformably over la in bv the Monterev Fo rma t i on . L o ca l l y 
the L a i r d is ca l careous and in places s l ight ly b i tuminous. 

Ga l l oway (1977, p. 21) reports that the L a i r d 
Sandstone is as much as 60 m (200 ft ) th i ck . Mollusks are 
ra re in the sandstone. Ben th i c f o ramin i f e rs f rom lower beds 
of the superjacent Monterev Fo rmat i on are diagnost ic of 

Lu i s i an (middle Miocene) age in the cen t ra l part of the 
outcrop a r ea and are reported by Ga l l owav to be of Mohnian 
( late Miocene) age to the nor thwest . Thus , this 
t ransgress ive sandstone unit is considered to range from 
Lu i s i an to Mohnian age. 

The Monterev Format i on of this report excludes those 
parts of the Monterev Shale as mapped bv Weaver (19'»9) 
above the regional unconformitv and the south part of the 
Monterey Shale as mapped by Ga l lowav (1977) . The 
Monterev Format i on is thus r es t r i c t ed to the s i l iceous 
mudstone, porce lani te , che r t , and shale beds that are 
conformable above the L a i r d Sandstone of this report . Th is 
format ion is exposed onland in a broad band in the c en t ra l 
part of the area that narrows to the northwest ( f i g . l ) . To 
the west and south, th is unit is unconformably over la in bv 
g lauconi t i c sandstone beds of the upper Miocene and 
P l iocene sequence; to the eas t , it is t runca ted by the San 
Andreas f au l t . 

Because of l imi ted outcrops and complex s t ruc tu r e , a 
complete Monterey sect ion is nowhere exposed. Th is 
format ion local ly consists of three l i thologic units ( f ig . 61. 
The lowest unit includes as much as 150 m (500 ft) of 
medium-bedded s i l tv mudstone to thin-bedded s i l iceous 
mudstone that crops out west of Inverness Ridge . A 
southwester lv-d ipping, thin-bedded porce lani te and shale 
unit over l i es the mudstone unit on the southwest slope of 
Inverness Ridge , where it may be as th ick as itSO m (1,500 
f t ) . To the south, porce lani te and concre t ionarv chert beds 
form the upper unit of the Monterey. The th ickness of this 

Table 1. Check l i s t of benthic fo ramin i f e rs from the Monterev Fo rma t i on , Point Reyes a r e a . Samples 
M f 6 1 l l and 6112 ident i f ied bv K r i s t i n McDougal l , 1981 . Other samples ident i f ied by A . D . 
Warren, 1978. See f ig. I for the map locat ion of the samples . 

Taxon Sample Mf 
5172 

Mf Mf Mf Mf 
5173 5178 6111 6112 

Bagg i na ca I i f o rn i c a Cusbiron 
B o l i v i n a advena s t r i a t e l l a Cus 'man 

semi nuda Cusfrnan var . 
s i n u a t a a l i s o e n s i s Cushman and Adams 

B . b r a i n l e t t e i K l e i n p e l 
B . 
B . 
B . t L f n i da Cushnan 
B u I i m i na monterevana deImonteens i s K l e i npeI I 
B . o v u I J d 'Orb i gnv 
B^_S££^ 
Bu 1 imi ne I I a c u r t a ushnan 
B . s u b f u s i formis Q i s l r r a n 
E p i s t c m i n e 1 l a s u b p e r u v i a n a (Cushman) 
F l o r i 1 us c o s t i f e r u s (Cus l r r en ) 
F u r s e n k o i na c a I i f o r n i ens i s (Cushnan) 
F . c a I i t o rn i ens i s t i cens i s (Cus l r rBn and K i e l npe I I ) 
F . subp l ana B a r b a t and Johnson 
F . sp . 
G l o b i g e r i na spp . 
Gl obobu1Imi na so . 
G . pedroana ( K l e i n p e l l ) 
G y r o i d i n a rru 11 i camera ta ( K l e i n p e l l ) 
M a r g i n u l i n a bea I i (Cuslrnan) 
Nodosar i a tvmpan i p l e c t r i ( o r m i s Swager 
P u l l e n i a m i o c e n i c a g l o b u l a K l e i n p e I I 
Uv i g e r ina hanna i K I e i npeI 1 
U . mode l oens i s Cushnan and K l e i n p e l l 
y. sp . 
V a l v u l i n e r i a a I i c i a P i e r c e 
V . ca I i f o r n i a Cuslman 
V . grand i s Cushnan and G a I I i her 
V . mi ocen i c a Cuslman 
V . spp . 

c f , 
c f . 
c f . 

c f . 
X 

Cf. 

X 

X 

X 

X X 

X X 
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upper unit is d i f f i cu l t to es t imate because of contorted and 
complex folding, but it is probablv more than U^O m (1,500 
ft) and rnav be as much as 900 m (3,000 f t ) . Thus, the to ta l 
thickness of the exposed Monterey Fo rmat i on is probablv on 
the order of 1050 to I 500 m (3,500 to 5,000 f t ) . 

To the south on the Point Reyes Pen insula , the 
Monterey Format i on of this report is not exposed and is 
covered unconformablv bv beds of the upper Miocene and 
Pl iocene sequence ( f i g . l ; and line 123, fig. it). The Lockha r t 
R . C . A . wel l near f^olinas ' f i g . I ) penetrated almost 1,500 m 
(5,000 ft) of s i l iceous Monterev beneath sandstone, but did 
not reach the base of this format ion (Ga l l owav , 1977, p. 65 ; 
R . C . B l a i sde l l , oral commun., 1978). 

The Monterey Fo rmat i on yields benthic foramini fers 
diagnost ic of a Lu i s i an and Mohnian (middle and late 
Miocene) age. Although Ga l loway (1977. p. 21) reports that 
the Monterev of the Point Reyes Peninsula is as old as 
R e l i z i a n , no f o ramin i f e ra l faunas diagnost ic of R e l i z i a n age 
have been recorded by Ga l l oway or others from this a r ea . 
Indeed, the oldest Miocene fauna l isted bv Ga l l owav (1977, 
p. 25) includes Va l vu l ine r i a miocenica and is diagnost ic of 
Lu is ian age. L i k e w i s e , the oldest foramini f e ra l faunas that 
we co l l ec ted from the lower unit of the Monterev (Mf 61 1 I 
and Mf 6112, table 1) y ie lded F l o r i lus cos t i f e rus . 
Va l vu l ine r i a miocen ica , and V_. c a l i f o rn i ca , which are 
diagnost ic of the Va l vu l ine r i a ca l i f o rn i ca Zone of the 
Lu i s i an Stage . A fauna (Mf 5178, table I ) from about 60 m 
(200 ft ) s t ra t i g raph i ca l l v above the base of the Monterey is 
diagnost ic of a Mohnian, probablv ear ly Mohnian, age, 
whereas faunas Mf 5172 and Mf 5173 ( table 1) from about 
180 m (600 ft ) s t ra t i g raph ica l l y above its base are diagnost ic 
of a Mohnian. probably a late Mohnian, age, according to A . 
D. Warren (wr i t t en commun. , 1978). Thus, as much as 60 m 
(200 ft ) of the Monterev sect ion local ly may be assigned to 
the Lu i s i an , whereas most of th is fo rmat ion is Mohnian 
(upper Miocene). 

On the southwest slope of Inverness Ridge (Mf 6111 and 
Mf 6112. f ig. 1), beds of Lu i s i an age are nonconformable on 
the g ran i t i c basement. E l s ewhere , to the north and to the 
east the lowermost beds of the Monterev that we sampled 
are of Mohnian age, as previously reported bv Ga l l oway 
(1977) . Thus , the middle and upper Miocene sequence 
appears to transgress the c r ys ta l l i ne basement to the north 
and to the eas t . To the south in the Standard T e v i s No. 1 
we l l near Double Point ( f ig . I ) , beds of the middle and upper 
Miocene sequence probablv rest unconformably on basalt 
that was penetrated at a depth of 1 500 m (5,000 ft) 
(Ga l l oway , 1977, p. 65; R . C . B l a i sde l l , oral commun. . 1978). 

Upper Miocene and Pl iocene sedimentary sequence 

Res t ing unconformably on al l older rocks of the Point 
Reves Pen insu la are the widely t ransgress ive beds of the 
upper Miocene and Pl iocene sedimentary sequence. Th i s 
sequence, which is as much as 2,550 m (8,500 ft) t h i ck , 
consists of a basal g lauconi t ic sandstone unit , here mapped 
as the Santa Margar i ta Sandstone, a s i l iceous mudstone unit , 
here mapped as the Santa C r u z Mudstone, and an upper 
s i l ts tone , mudstone, and sandstone unit , here mapped as the 
Pur i s ima Fo rmat i on . Ga l l oway (1977) mapped the basal 
g lauconi t i c sandstone unit and s i l iceous mudstone unit as 
parts of his Drakes Bay Format i on and of his Monterey 
Shale, and the upper s i l ts tone , mudstone, and sandstone unit 
as part of his Drakes Bay Fo rmat i on . 

We have applied the format ion names from the Santa 
C r u z Mountains to the co r r e l a t i v e units of this sequence at 
Point Reyes because of the very s im i l a r s t ra t i g raph ic 
re lat ionships, l i thologies, and foss i ls , as discussed later in 
this report . The Santa C r u z Mudstone and the P u r i s i m a 
Format i on of the Santa C r u z Mountains had been cor re la t ed 
previously w i th s t r a t a in the Point Reyes area by C l a r k 

( 1981 , p. 33-3'*). 

Santa Margar i ta Sandstone—The Santa Margar i ta 
Sandstone consists of d is t inc t i ve g lauconi t ic sandstone beds 
that rest unconformably on the highly contorted and folded 
porce lani te and chert beds of the Monterey Format i on m 
south-cent ra l coas ta l exposures of the Point Reve'^ 
Pen insu la . There , th is sandstone is a greenish l i th ic arkose 
that contains 37 to '<2 percent g lauconi f " . As exposed on 
the beach east of Drakes Bay , the Santa Margar i ta includes 
a one-meter th ick basal conglomerate wi th abundant 
Monterey chert c l a s t s , common greenish and b lark 
porphyr i t i c s i l iceous vo l can i c c l a s t s , and few granit i ' -
pebbles. ' in seac l i f f exposures near Double Point , thi^ 
sandstone is highly bioturbated and bituminous. In this 
coasta l a rea , i ts th ickness var ies from 5 m (16 ft) to more 
than 20 m (65 f t ) . 

The Santa Margar i ta Sandstone is conformablv 
over la in by mudstone beds that are sandy and g lauconi t ic 
above the contact and grade upward into s i l iceous mudstone, 
mapped as Santa C r u z Mudstone in this report . 

The Lockha r t R . C . A . No. 3-1 we l l near Bol inas 
reported ( R . C . B l a i sde l l , oral commun. . 1978) to have 
penetrated at a depth of 1029 m (3,375 ft) about 20 m (65 f t ! 
of sandstone beneath mudstone and above si l iceous 
Monterey Fo rma t i on . We bel ieve that this sandstone is the 
subsurface cont inuat ion to the south of the Santa Margar i t a . 

A t the base of the Drakes Bav sync l ina l sect ion. 
Ga l l oway (1977) mapped a "basal g lauconi t ic greensand" as a 
lower unit of his Drakes Bav Fo rmat i on . There , this 
sandstone is from 8 to 60 m (25 to 200 ft) th i ck , but is not 
eve rywhere g lauconi t i c . South of Laguna R a n c h , this unit 
includes at its base as much as 50 m of " c l e a n " a rkos ic 
sandstone and severa l thin interbeds of s l ightly s i l iceous 
mudstone, wh ich in turn are over la in by severa l medium to 
th ick , s l ight ly bituminous g lauconi t ic sandstone beds that 
form s t r ike exposures . 

We bel ieve that this basal unit at Drakes Bav is a 
northward cont inuat ion of the Santa Margar i t a Sandstone 
that is exposed along the coast to the south for the 
fo l lowing reasons: 

(1) G l aucon i t i c sandstone can be maoo^d 
nor thwestward from the coasta l e xpos i r e s 
north of Double Point through 
discontinuous hi l ls ide exposures to the 
broad sync l ina l Drakes Bav sect ion ( f ig . I ) ; 

(2) the terrigenous minera l composit ion of 
g lauconi t i c sandstones from the south-
cent ra l coasta l sect ion near Double Point 
is almost ident ica l to that of the basal 
g lauconi t ic sandstones to the north in the 
Drakes Bay sect ion; 

(3) in both areas , the g lauconi tc sandstone is 
unconformable upon the more stronglv 
deformed Monterey Format i on and is 
over la in by s imi la r s i l iceous mudstone, 
which thins to the northwest ( f i g . 6) . 

No fossi ls were found in the Santa Margar i ta 
Sandstone. Based on s t ra t i g raph ic re lat ions to under- and 
over l ing format ions , we bel ieve the Santa Margar i t a is late 
Miocene. 

Santa C r u z Mudstone—Sil iceous mudstone beds that 
are conformable above the g lauconi t ic sandstone are h e r " 
assigned to the Santa C r u z Mudstone, the tvpe sect ion of 
wh ich is near the c i t y of Santa C r u z 120 to l̂ fO km (75 to 
87 mi) to the south. 

On the Point Reyes Pen insu la , the Santa C r u z 
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Mudstone is discontinuously exposed and ex tens i ve l y landslid 
in the cent ra l coasta l area near Double Po int , where it was 
included in both the Monterey and Drakes Bay Format i ons 
by Ga l loway (1977). The Santa C r u z Mudstone is more 
ex tens i ve l y developed to the southeast near Bo l inas . 
Although Gal loway (1977, p. 72) noted the l i thologic 
s im i l a r i t y of the " sha l e s " of the landslide area to those near 
Bol inas to the southeast , he mapped these la t ter beds as 
Monterey. 

In the seac l i f f s north of Double Po int , the lower part 
of the Santa C r u z Mudstone is we l l exposed. The r e , 13 m 
('•3 ft) of thin-bedded porce lani te that resembles the 
Monterey is conformable above 20 m (65 ft ) of bituminous 
g lauconi t i c sandstone and is cut by thin bituminous 
sandstone d ikes . The porce lani te beds grade upward into 
th icker and less s i l iceous mudstone beds w i th large 
spheroidal carbonate concret ions that form discontinuous 
interbeds. 

More than 1000 m (3,280 ft ) of the Santa C r u z 
Mudstone are wel l exposed in the seac l i f f s near Bol inas f rom 
Duxbury Point on the southeast to Bol inas Point on the 
nor thwest . There , th is format ion is f a in t l y laminated and 
thick bedded, ol ive-gray s i l iceous mudstone. In wave -cut 
exposures, bedding is defined by thin elongate orangish 
carbonate concret ions. Along ridges to the north, th ick 
bedding is more apparent , and the mudstone weathers 
mechan ica l l y into pa le -ye l lowish-brown angular chips and 
blocks. 

In the seac l i f f s southeast of Double Po int , a few th in 
bituminous sandstone interbeds are exposed, whereas fa r ther 
southeast bituminous sandstone dikes are loca l ly common in 
the lower part of the mudstone sec t ion . 

C h e m i c a l analyses of the Santa C r u z Mudstone from 
this southern part of the area are l isted in table 2. S i l i c a 
content increases f rom 66.'* percent lower in this sect ion to 
79.0 percent along ridges to the north. 

Table 2. Chem i ca l analvses of rock samples f rom the San ta 
C r u z Mudstone in the Point Reyes a r ea . Rap id rock 
analyses by H . 1 . Rose, J r . , Pro jec t leader, and P . 
Hearn and S. Wnrgo, ana lys ts , 1979, using methods 
described in U . S . Geological Survev Bu l l e t i n l'«01. 

W-202235 W-202229 W-20223'* 
3C 78 -6 78CBI972 78CBI993 

S i O , % 66. ' * 7'<.5 7 9 . 0 

Fe^O, 
% 11.9 8 . 0 8.7 

Fe^O, % ' • .85 3 .92 1 .20 
% 2 . 3 1.8 0 .7 

CaO % 1.51 1.05 0 .18 
NaoO % 1.8 2 . 0 0 .6 
KoO 
T i O , 

% 1.89 1.26 1.3'* KoO 
T i O , % 0 .56 O .W Q.tk 
KoO 
T i O , 

% 0.1<f 0 . 16 0 . 06 

KoO 
T i O , 

% 0 .03 0.0'* 0 . 0 1 

As much as 10'»0 m (3,'•10 ft ) of San ta C r u z Mudstone 
is exposed in the southwester ly dipping seac l i f f sect ion 
between Duxbury and Bo l inas Po ints . Th is sect ion cont inues 
downward to the east of Duxbury Point , where i t is 
ex t ens i ve l y landsl id, but may include as much as 600 m 
(2,000 f t ) of addit ional sect ion. Northwest of Duxbury 
Po int , the L o c k h a r t R . C . A . No. 3-1 we l l is reported to have 
penetrated 1029 m (3,375 ft ) of gently dipping mudstone 
before reaching sandstone. As tn is we l l is approx imate ly on 
s t r ike w i th the lower part of the coherent Duxbury Point 
sect ion, the Santa C r u z Mudstone in this area may be as 

th ick as 2000 m (6,560 f t ) . But throughout the southern part 
of the Point Reyes Pen insu la , the upper part of th is 
format ion has been removed by erosion. 

The Santa C r u z Mudstone thins rapidly to the 
nor thwest . E a s t of Drakes Bay and 18 km (11 mi) northwest 
of the Duxbury Point sect ion, only 23 m (75 ft) of this 
mudstone occurs between g lauconi t i c sandstone of the Santa 
Margar i t a Sandstone below and the si l tstone beds of the 
P u r i s i m a Fo rmat i on above. About <• km (2 mi) farther 
northwest , the Santa C r u z Mudstone appears to pinch out. 

The San ta C r u z is loca l ly bioturbated and contains a 
d iverse mega- and mic ro fauna , but s t ra t i g raph ica l l y 
diagnost ic fossi ls are rare and have been co l l ec ted only from 
the Duxbury Po in t -Bo l inas Point sec t ion . 

F i s h f ragments are s ca t t e r ed throughout the 
mudstone. F ragments of the echinoids B r i s a s t e r ? and 
Scu t e l l a s t e r ? were reported by Ga l l oway (1977, p. 26) f rom 
near Duxbury Point , where we found a few ca lcareous 
echinoid plates and, near Bol inas Point , a few smal l echinoid 
spines. Mollusks are e x t r eme l y r a r e ; we co l lec ted a single 
pelecypod spec imen (Te l l ina? ) f rom east of Bo l inas Po int . 

Arenaceous benthic fo ramin i f e rs are more common 
than ca lcareous va r i e t i e s . Three s t ra t i g raph ica l l y 
diagnost ic faunas from the Duxbury Po in t -Bo l inas Point 
sect ion that were ident i f ied by A . D . Warren (wr i t t en 
commun. , 1978) are l isted in table 3. Warren be l ieves that 
the faunas { rpm Mf 517't and Mf 5179 are diagnost ic of ear ly 
D e l m o n t i a n ! ' ( la te Miocene) age, and that the fauna from 
Mf 5182 is probably also ear ly De lmont ian . The la t ter fauna 
includes Bo l i v ina obl iqua, wh ich accord ing to K le inpe l l ' s 
(1980, p. 50) rev ised Miocene s t ra t i g raphy , makes its f i rs t 
appearance in the upper De lmont i an . 

Tab le 3. Check l i s t of foramini fers from the Santa C r u z 
Mudstone in the Point Reyes a r e a . Samples ident i f ied 
by A . D . Warren, 1978. See f ig . 1 for the map locat ion 
of the samples . 

Taxon sarrple Mf Mf Mf 
517'^ 5179 5182 

Anguloger ina sp . X 

B a t h v s i p h o n s p . X 

Bo 1 i v i na advena 
Cuslman v a r . X X 

B . ob 1 iqua B a r b a t 
and Johnson X 

B . r a n k i n i K l e i n p e l l X X 

B . semi nuda Cuslman X c f . 
B u i i m i n e l l a c u r t a 

Cuslman X X 

C a s s i d u l i n a l a e v i g a t a 
d 'O r b i g ny v a r . X 

F u r s e n k o i n a c a 1 i f o r n i e n s i s 
(Cushnan ) X 

Globobu l imina pac I f i c a 
Cushman X 

R o t a l i a g a r v e y e n s i s 
Nat land X 

U v i g e r i n a s e n t i c o s a 
Cushman c f . X 

V i r g u l i n a subp l ana B a r b a t 
and Johnson X 

- P i e r c e (1972) and Barron (1976) bel ieve that the Delmontian is partly coeval with the Mohnian Stage. 
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Rad io lar ians are local ly ra re to common and usual ly 
py r i t i z ed . D ia toms occur throughout the mudstone and are 
general ly preserved as molds. A single s t ra t i g raph i ca l l y 
diagnost ic f lora from near Bo l inas Point (Mf 2710) that was 
identi f ied by John A . Bar ron (wr i t t en commun. , 1975) 
included the fol lowing t a x a : 

D ia toms : 
Ac t inocyc lus ehrenbergi i va r . tene l la 

(Brebisson) Hustedt 
A. ingens R a t t r a y (v. ra re , fragmented) 
Ac t inoptychus undulatus f. m a x i m a Schmidt 
Cosc inodiscus nodulifer Schmidt 
Den t i cu l a hustedt i i Simonsen and K a n a y a (v. 

r a r e , f ragmented) 
L i thodesmium minusculum Grunow 
Rou x i a ca l i f o rn i ca Peragal lo ( rare ) 
Tha lass ios i ra cf. X- decipiens (Grunow) 

.loergensen 
T . na t i va Sheshukova-Pore t zkaya ( rare ) 
T . antiqua (Grunow) C l e v e - E u l e r (common) 

S i l i co f l age l l a t e : 
Distephanus speculum v. A ( few) 

Barron (oral commun. , 1980) now assigns this assemblage to 
Subzone a of North P a c i f i c D ia tom Zone X , which he 
be l ieves is of late late Miocene age. 

S t ra t i g raph i ca l l y diagnost ic fossi ls were not recovered 
from the Santa C r u z Mustone at Double Point or to the 
north , east of D rakes Bay . Ga l l oway (1977, p.-25) s ta tes : 

"Depos i t ion of Monterev-tvpe shales seems to have 
cont inued for a short period a f ter the g lauconi t i c 
sand at the base of Drakes Bay Fo rmat i on was laid 
down. These shales immedia te ly above the 
g lauconi t i c sand are l i tho log ica l ly very s imi lar to 
the Mohnian-Delmont ian shales of Duxbury Po int , . 
but must be younger." 

As a diatom f lora (Mf ii550) that we co l l ec ted from the 
P u r i s i m a Fo rmat i on from approx imate ly 2'»0 m (800 ft ) 
s t ra t i g raph ica ly above the basal g lauconi t i c sandstone is 
bel ieved by Barron (oral commun. , 1980) to be diagnost ic of 
Subzone b of North P a c i f i c D ia tom Zone X ( la test Miocene), 
the Santa C r u z Mudstone that over l i es the g lauconi t i c 
sandstone east of Drakes Bav mav be contemporaneous w i th 
the upper part of the San ta C r u z Mudstone sect ion to the 
south near Bo l inas . 

On the Point Reyes Pen insula , the Santa C r u z 
Mudstone is of late Miocene age and thus is co r r e l a t i v e w i th 
the type Santa C r u z Mudstone of the Santa C r u z Mountains 
to the south. 

Pu r i s ima Fo rmat i on—Ga l l oway (1977) assigned the 
beds that form the white c l i f f s of D rakes Bay to his Drakes 
Bay Format i on and designated the seac l i f f sect ion that 
extends nor theastward from Point Reyes to D rakes E s t e r o 
as the type sec t ion . In mapping, he subdivided his format ion 
into two uni ts : a r e l a t i v e l y th in , basal g lauconi t i c sandstone 
unit over la in by a th i cke r , interbedded s i l ts tone and 
mudstone unit . 

In descr ibing the s t ra t i g raph ic re lat ions w i th in his 
Drakes Bay Fo rma t i on , Ga l l oway (1977, p. 28) s ta t es : 

"Over l y ing the greensand are thin-bedded hard 
choco late-brown shales 50 to 100 feet th i ck , wh ich 
grade upward through l ight-colored laminated 
shales interbedded w i th sand into the over ly ing tan 
to white s i l tstones and mudstones. The shale 
immediate lv over ly ing the greensand is in places 
very s imi lar to the Monterey Shale exposed at 

Duxbury Po in t . " 

As previously discussed, we bel ieve that the " s h a l ' ' 
immediate ly over lv ing the greensand" is a nor thward 
cont inuat ion of that exposed at Duxbury Point and have 
d i f f e rent ia ted these beds as Santa C r u z Mudstone. We have 
assigned the s i l tstone beds at Drakes Bay that are local lv 
conformable upon the Santa C r u z Mudstone to the Pur i s ima 
Fo rmat i on based on the l i thologic and paleontoloei^ 
s im i l a r i t y of these beds to the Pur i s ima Format ion of the 
Santa C r u z Mountains to the south. 

The P u r i s i m a Format ion at Drakes Bay is t yp i ca l i v 
th ick to very th ick bedded, l ight-o l ive-gray s i l tstone that 
upon weather ing becomes nodular and ye l lowish grav. 
L o c a l l y the s i l tstone is diatomaceous and includes a fe«. 
dark , i r regular rep lacement chert pods. Spheroidal 
carbonate concret ions are elongate as much as 2 m (7 ft ) 
para l l e l to the bedding and form discontinuous interbeds. 
Severa l th ick interbeds of l ight-o l ive-gray f ine-grained 
sandstone are semi f r iab le and commonly b ioturbated. The 
sandstone is a l i th i c arkose w i th common s i l i c i c vo l can ic anH 
few andes i t i c rock fragments and a d is t inc t i ve h e a w 
minera l suite of green, brown, and basa l t i c hornblende, 
hypersthene, and augi te . 

Onland exposures of the P u r i s i m a are confined to a 
broad sync l ine between Inverness Ridge on the northeast anr; 
Point Reyes on the southwest ( f ig . 1). There , this fo rmat ion 
is as much as '»90 m (1,607 ft ) t h i c k . 

Of fshore se ismic prof i l ing ( l ine 122, fig 3a) revea ls 
that th is s ync l ina l sect ion continues to the south above thf> 
g ran i t i c basement. To the west and south of the Point 
Reyes promontory, an acous t i ca l l y s imi lar sect ion that is 
most probably the P u r i s i m a is folded along a svnc l ine an-^ 
ant i c l ine and appears to be faulted against the grani te to 
the eas t . There , more than 560 m (1,835 ft ) of sect ion are 
preserved in the sync l ine . Throughout the Drakes Bav a rea , 
the top of the P u r i s i m a Fo rmat i on has been removed by 
erosion. 

A d iverse fossi l fauna and f lora has been co l l ec ted 
from the Pur i s ima in the Po int Reyes a r ea . Ga l l owav (1977. 
p. 31-3'») l isted fossi ls from his Drakes Bay Fo rma t i on that 
had both a Miocene and P l iocene aspect . Based largely on a 
potassium-argon date of 9.3j+ 0.5 m.y. on glauconite fro^^ 
the basal sandstone, he assigned the Drakes Bav to the 
P l i ocene . As the Miocene-Pl iocene boundary more recent ' v 
has been placed at 5 m.y. (Berggren, 1972), this g lauconite 
date suggests that at least part of this Pu r i s ima is Miocene 
in te rms of the European standards. Repenning and Tedforri 
(1977, p. 25), however, have questioned the va l id i t y of this 
g lauconite date . 

A s i l tstone sample (Mf <»550) that we co l l ec ted in the 
seac l i f f sect ion at Drakes Bay from approx imate ly 2'»0 m 
(800 f t ) above the base of the P u r i s i m a yie lded the fo l lowinn 
s t ra t i g raph i ca l l y diagnost ic d ia toms, identi f ied by John A . 
Ba r ron (w r i t t en commun. , 1977): 

Den t i cu l a k a m t s c h a t i c a Sabe l ina 
N i t z s c h i a rolandi i Schrader (young form) 
Tha lass i o s i r a antiqua (Grunow) C l e v e - E u l e r 
T. hyal inopsis Bar ron 
T. l i nea ta Jouse 
T . na t i va (of Schrader , 1973) 

Ba r ron cor re la tes this f lora w i th Subzone b of North P a c i f i c 
D i a t om Zone X . Although he had ear l i e r assigned this f lora 
to the ear l i es t P l iocene , based on recent re f inements in 
d iatom b iost rat igraphy, Barron (wr i t t en commun. , 198G) 
now considers this f l o ra to be latest Miocene. 

Repenning and Tedford (1977, p. 81) suggest that the 
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pinniped fauna from the Drakes Bay Fo rmat i on of Ga l l oway 
(1977) at Point Reye s , Pur i s ima Fo rmat i on of this repor t , is 
diagnost ic of a late late Miocene or Pl iocene age, "possibly 
no older than 6 m.y. and possibly as young a m.y . " A 
diagnost ic e lement of this fauna is a pr imi t i ve fur seal 
Thalasso len macna l l yae , which they (1977, p. 67) record as 
from the basal glauconite bed. The i r descr ipt ion of the type 
loca l i ty ( U C M P loca l i ty V66 I28 ) , however, places th is 
specimen not in the basal glauconite bed but rather we l l up 
in the si l tstone sect ion and s t ra t i g raph ica l l y above the leve l 
from which we co l lec ted the latest Miocene diatom f lora . 

The only other reported occurrences of 1_. macna l l yae 
are from the P u r i s i m a Fo rmat i on of the Santa C r u z 
Mountains, where re fer red specimens have been co l l ec ted 
from both the uppermost Miocene and Pl iocene par ts of the 
sect ion (Repenning and Tedford , 1977, p. 67-69) . 

In t e rms of present-day European standards, as much 
as 2W m (800 f t ) of the P u r i s i m a Fo rmat i on at Drakes Bay 
fa l l s w i th in the late Miocene, whereas the upoer part that is 
not as we l l dated is considered to range into the ea r l y 
P l i ocene . 

Merced Format i on—On the Point Reyes Peninsula the 
Merced Format i on is confined to the San Andreas fault zone 
near Bol inas and is not seen in deposit ional contact w i th any 
of the rocks to the wes t . In the seac l i f f at Bo l inas , it is 
th i ck bedded, blue-gray sandy s i l ts tone w i th a few thin 
carbonate concre t ionary inferbeds and a few cross-bedded 
f ine-grained sandstone interbeds. The fossi l fauna l isted by 
Ga l loway (1977, table 6) is diagnost ic of P l iocene age. 

C O R R E L A T I O N S A C R O S S T H E SA N G R E G O R I O F A U L T 

Cor r e l a t i on of the Neogene sequences of the San ta 
C r u z Mountains w i th those of the Point Reyes Pen insu la was 
suggested by C l a r k (1966) . and emphasized by Graham and 
Dick inson (1978) in the ir discussion of apparent of fsets 
across the San Gregor io f au l t . Noting also s im i l a r i t i e s in 
the Sa l in ian basement and in the Pa leocene rocks of both 
areas , these la t te r workers suggested a min imum of 115 km 
(72 mi ) and a probable 120 km (75 mi) of of fset of the Point 
Rey e s —S an ta C r u z Mountains (Ben Lomond Mountain) 
sect ions . 

A major problem of this suggested co r re la t i on , 
however , is the absence in the Santa C r u z Mountains of a 
comparable th i ck , porcelaneous and cher ty Mohnian 
sec t ion . Our mapping of the Point Reyes Peninsula has 
revea led that the porphyr i t i c granodior i te , together w i th the 
Paleocene rocks and the middle to upper Miocene 
sed imentary sequence of that a rea , is more probably 
co r r e l a t i v e w i th the rocks of the Monterey Peninsula to the 
south, whereas the upper Miocene to P l iocene sedimentary 
sequence is r emarkab l y s imi lar to the contemporaneous 
sect ion of the San ta C r u z Mountains. These corre la t ions 
thus suggest a to ta l r ight-s l ip along the San Gregor io f au l t 
of as much as 150 km (9'» mi) that began in late Mohnian 
( la te Miocene) t ime wi th progressive ly less of fset of younger 
un i t s . 

Sa l in ian basement rocks 

The most d i s t inc t i v e basement rock of the Po int R e y e s 
Pen insu la is the porphyr i t i c granodiori te of Point R e y e s that 
also occurs as abundant c l as t s in the over ly ing Po int Reyes 
Conglomerate of Ga l l oway (1977) . Th i s g ran i t i c rock is 
str ik ing ly s imi lar to the porphyr i t i c granodiori te of 
Monterey, which Ross (1978, p. s ta tes " i s probably the 
most d i s t inc t i ve g ran i t i c unit in the c e n t r a l Sa l in ian 
b lock. " Modal analyses are shown in figure 7. Both have 
prominent euhedral K- fe ldspar phenocrysts , although in both 
areas these rocks are not everywhere porphyr i t i c . The 
phenocrysts do not exceed 5 cm (2 in) in the basement 

Oirwr mmerais 

KUklspaf M 65 35 10 Plagioclasi 

Porphyritic granodiorite of Point Reyes 

OttWf mrnerals 

KUldsia' 90 65 35 10 Plajiociase 

Porphyritic granodiorite ot Monterey 

F igure 7. Modal plots of the porphyr i t i c granodiorites of 
Po int Reyes and Monterey. 

exposures at Point Reyes but are as long as 9 c m (3.6 in) in 
boulders of the over ly ing Paleocene conglomerate , whereas 
Monterey phenocrysts are loca l ly as long as 15 c m (6 in) . 

The ex t r eme development of coarse phenocrysts , 
however, is local in the Monterey mass—commonly the 
phenocryst size in both masses is s im i l a r . The modal 
mineralogy of the two masses is l ikewise s im i l a r—the 
var ia t ions are we l l w i th in the l imi ts of normal p lutonic 
uni ts . One possibly s igni f icant d i f ference between the two 
masses is that the specimens of the Point Reyes mass 
conta in about 1 percent hornblende, whereas hornblende was 
not observed in the Monterey mass . A lso the Monterey mass 
has pr imary muscov i te , which is missing in the Point Reyes 
mass . The granodiori te of Cachagua , on the other hand, 
wh ich appears to be in gradat ional contac t w i th the 
Monterey mass , does conta in hornblende, as does a 
suspected co r re la t i ve of the Monterey mass in the L a Panza 
Range . Thus the ove ra l l phys ica l appearance and modal 
mineralogy suggest that these two masses are compat ib le 
and potent ia l c o r r e l a t i v e s . 

C h e m i c a l analyses for the Point Reyes and Monterey 
rocks are given in table i* and are s im i l a r . The s imi la r 
c h e m i c a l charac te r of these two masses is further 
accentua ted by the ternary plots Q-Or- (Ab + An ) , O r - A b - A n , 
and A l k - F - M . Of possible s ign i f i cance is the f ac t that both 
masses have normat ive corundum; percent for Point 
R e y e s , and about 3.0 percent for Monterey. The 34 percent 
average of normat ive quar t z is higher, however, in the 
Monterey mass than in the Point Reyes mass, but some 
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Table i*. C h e m i c a l analvses of the porphyr i t i c granodiorites of Point Reyes and 
Monterev. Oata sources: nR-532A, M o - I B (Ross , 1972); D R - 1 9 7 3 , I97it , Mop-1 
(Ross , 1977); L P R - 3 ( 3 . C . C l a r k ) . 

P t . Reyes 

r R - 5 3 2 A LPR-3 Avg M 3 - I B 

Monterev 

TR-1973 CR -1974 Mop-1 Avg . 

S i O j 70 . 2 71 .02 70 .6 7 3 . 5 6 9 . 2 7 2 . 3 73 .2 72 . 1 

A l ^ O , 15.4 15 . 0 0 15 . 2 14 . 2 16 . 5 15.6 15.3 15.5 

F e 2 0 , K 2.SO 2 .6 .53 , 1 .2 .80 1 .9 1 . 1 

FeO 1.6 J .83 1 .7 1 .0 .08 .9 

MgO .97 0 . 7 5 . 9 .33 .56 .42 .45 . 4 

CaO 3.0 2.50 2 .8 2 . 1 2 .6 2 .2 2 . 1 2 . 3 

NajO 3.3 3 .27 3 . 3 3.7 3 .8 3.3 2 . 4 3 . 3 

KjO 3.2 , 3 .63 3.4 3.3 2 .8 3 . 1 3 . 1 3 .1 

H 2 0 - .09 - - .09 .24 .24 .39 .2 

H^O^ .6K - - .68 .67 .50 .34 .6 

T i 0 2 .59 0 . 43 .5 .20 .43 .26 .23 . 3 

P2O5 . U 0 . 10 . 1 .05 .10 .06 .06 . 1 

VYiO .11 0 . 043 . 1 .08 .06 .06 .06 .1 

CO2 <• .05 - - < .05 - - - -

TOTAL 9 9 .98 9 9 . 9 9 . 5 9 9 . 7 9 9 9 . 86 9 9 .8U 9 9 . 7 1 100.0 

Monterey samples are comparable to the Point Reyes value. 

In ferred contacts between the porphyr i t i c granodiorite 
of Point Reye s , the granodiorite and grani te of Inverness 
Ridge, and the tonal i te of Tomales Point are shown on 
figure 8, upon which l imi ts also have been placed on the 
Monterey granodiorite and Verge les—Ben Lomond tonal i te 
masses . The restorat ion of 150 km (94 mi) of r ight -s l ip 
along the San Gregor io faul t shows a r emarkab l y c lose f i t of 
these s imi lar g ran i t i c masses ( f i g . 9 ) . 

Th is restorat ion juxtaposes the Toma les and Ben 
Lomond masses. Both of these gran i t i c bodies are pre ­
dominantly hornblende-biot i te tonal i te and s ign i f i cant ly 
both contain abundant dark d ior i t i c inc lusions, wh i ch Ross 
(1972, p. 7) notes "are somewhat a t yp i ca l of c e n t r a l Coast 
Range gran i t i c r ocks . " 

Although the intermediate Inverness mass is 
juxtaposed with a th ick sedimentary sect ion, there are some 
f e l s i c rocks in the Gabi lan Range just south of the Vergeles 
mass that make a gross m a t c h . Addi t iona l ly , t've T e x a c o -
Dav ies wel l east of Monterey Bay ( f ig . 8) is reported (Ross 
and Brabb, 1973, p. 278) to have penetrated granodior i te 
beneath the T e r t i a r y cover . 

I n i t i a l s t ront ium isotopic composit ions ( S r ^ ^ / S r * ^ = rj ) 
of Mesozoic g ran i t i c rocks in c e n t r a l C a l i f o r n i a were found 
by K i s t l e r and Pe te rman (1973) to show a s y s t ema t i c a rea l 
var ia t i on that was independent of age. In tes t ing suggested 
of fsets of basement rocks , K i s t l e r , P e t e rman , Ross , and 
Got t f r i ed (1973) determined the r̂  of Mesozoic g ran i t i c 
rocks in the v i c i n i t y of the San Andreas fau l t zone from the 
Gua la l a a rea in the north to the southern C a l i f o r n i a 
bathol i th . Within the Sa l in ian block, they found t j values 
north of Monterey Bay to be lower than those to the south. 
The Ben Lomond, Montara, Toma les , and Bodega masses had 
rj values of less than 0.7068, whereas the Monterey mass 
had an r̂  of 0.7082. 

K i s t l e r (wr i t t en commun. , 1980) determined the r; of a 
porphyr i t ic granodiorite sample ( L P R - 3 , f ig . I ) f rom Point 
Reyes to be 0.7077. Th is rj value is anomalously high for 

Tonalil« of Tomales Pomt 

Porphyritic granodtorite 
ot Point Reyes 

Pacific Ocean 

Gfanodiorite and gramie 
ot Inverness 

San Franciico Bay 

Porphyriiic granodiorite 
ot Monterey 

Tonalite of Soberanes 
and related masses 

Granitic and meiamorptiic 
rocks unOinaeO 

40 KILOMETEO; 

Figure 8. Genera l i z ed geologic map showing se lected 
basement rocks of the Sa l in ian block. 
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<0 KILOMETERS 

Figure 9. Genera l i zed geologic map showing d is tr ibut ion of 
tonal i tes of Tomales Point , Ben Lomond, and Vergeles 
( cross-pat tern ) and porphyr i t i c granodiorites of Point 
Reyes and Monterey ( y -pat tern ) a f t e r res tora t ion of 
about 150 km (94 mi ) of r ight-s l ip on the San Gregor io 
f au l t . Other map pat terns the same as on figure 8. 

the northern g ran i t i c masses but is more s imi lar to that of 
the Monterey mass, from which we believe that it has been 
d isp laced. 

Paleocene Sequences 

The Point Reyes Conglomerate of Ga l lowav (1977) of 
the Point Reyes Peninsula is more s imi lar to the Ca rme l o 
Format i on of Bowen (1965) of the Monterey Peninsula than 
to the L o c a t e l l i Fo rmat i on of the Santa C r u z Mounta in ; 
a r ea ( f ig . 12). 

Around Caramel B a y just south of Monterey, the 
C a r m e l o Fo rma t i on rests deposit ional ly upon and is local lv 
faul ted against the porphyr i t i c granodiorite basement ( C l a r k 
and others, 1974). Th i s Pa leocene sequence is as much as 
220 m (720 f t ) th i ck and consists mainly of th in - to th i ck -
bedded and graded arkos ic sandstone and graded (jebble and 
cobble conglomerate ( f ig . 10). Po rphy r i t i c granodiorite 
c las ts predominate in lower conglomerate beds on the north 
side of the Bay , whereas red, green, purple, and black 
porphyr i t i c s i l iceous vo lcan ic c las ts dominate higher in the 
sequence. 

Pa leocurrents are var iab le but suggest a westward 
flow ( N i l i - E s f a h a n i , 1965). N i l i -Es f ahan i (1965) and Howe l l 
and Vedder (1978) bel ieve that these sediments were laid 
down as part of the canyon or inner fan fac ies of a 
submarine fan complex . An arenaceous f o ramin i f e ra l 
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(1965) ; C l a r k and others (1974); and Greene and C l a r k (1979) . 
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D E S C R I P T I O N 
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Figure I I . Composi te geologic sec t ion in the Santa C r u z Mountains northeast of the San Gregor io f a u l t . S t ra t i g raphy from 
C l a r k and Brabb (1978) and C l a r k (1981), 
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assemblage co l lec ted and ident i f ied by C l a r k ( l is ted in 
Bowen, 1965, p. 511 from near the base of the sect ion at 
Point Lobos is diagnostic of bathya l depths and of a 
Paleocene (Ynez i an ) Age. 

Thus, in terms of l ithology, paleocurrent d i rec t ion, 
fac ies , and fauna the Ca rme l o Format ion and the Point 
Reves Conglomerate are verv s imi lar and were probably 
derived from the same source and laid down in the same 
embayment . 

The L o c a t e l l i Fo rmat i on of the Santa C r u z Mountains 
( f ig . I l l , which Graham and Dickinson (1978) matched w i th 
the Point Reyes Conglomerate , v ie lds a s imi lar arenaceous 
f o ramin i f e ra l fauna and is contemporaneous with both the 
Point Reyes Conglomerate and the C a r m e l o Fo rmat i on , but 
l i thological ly does not resemble e i ther of these format ions . 
Noteworthy is the tota l absence in the L o c a t e l l i of both 
porphyr i t i c granodiori te c l as t s and porphyr i t i c s i l i c i c 
vo l can ic c l a s t s . 

Howel l and Vedder (1978) , on the other hand, a f ter 
restor ing 70 km (UU mi) of r ight slip on the San Gregor io 
fau l t , Dostulate that the Pigeon Point Fo rmat i on of the 
Santa C r u z Mountains was deposited in the same embayment 
as the C a r m e l o Fo rmat i on . These two formations are 
s imi lar in gross lithology and fac ies , although the Pigeon 
Point lacks the d is t inc t i ve porphyr i t i c granodiorite c l a s t s — a 
d i f f e rence which might be expla ined by its southwester ly to 
southeaster ly transport d i r ec t i on . 

These two format ions , however, are not contemporan­
eous. The Pigeon Point Fo rmat i on is ent i re ly L a t e 
Cre taceous (Campanian and Maes t r i cht ian ) , w i th C re t aceous 
mollusks having been co l l ec ted from its uppermost shal low-
mar ine beds (Graham and D ick inson , 1978, p. 18). The 
arenaceous foramini fers co l l ec ted by C l a r k f rom near the 
base of the C a r m e l o Fo rmat i on are diagnost ic of the 
Paleocene ( Ynez i an ) . In the San ta C r u z Mountains, C l a r k 
( 1981 , p. 9) has found p lankt i c fo ramin i f e rs assoc iated w i th 
an ident ica l Yne z i an arenaceous assemblage that are 
diagnostic of late Paleocene (P '*-P5 Zone) age. Thus, the 
C a r m e l o Format i on is most probablv of late Pa leocene age 
and is not coeva l , even in par t , wi th the Pigeon Point 
Fo rmat i on . 

Oligocene Basa l t F l ows 

Thin flows and f low-brecc ias of basalt are 
discontinuously exposed around C a r m e l Ray and to the east 
along C a r m e l Val lev (C l a r k and others, 1974). T e rmed 
" ca rme l o i t e " by Lawson (1893), these rocks are t vp ica l l v 
ol ivine basalt in which the ol iv ine phenocrysts have been 
a l tered to d is t inc t i ve reddish-brown iddingsite. 

A t Arrowhead Point on the north side of C a r m e l B a y , 
the basal t loca l ly intrudes the C a r m e l o Fo rma t i on of 
Paleocene age; whereas inland, basa l t f lows appear to be 
over la in by sandstone beds of Lu is ian (middle Miocene) age. 
Nowhere is the basalt seen intruding middle or upper 
Miocene rocks . Recen t potassium-argon dating of two 
basal t samples from Arrowhead Point y ie lds dates of 27.0+_ 
0.8 m.y. and 27.l+_ 0.8 m.y. ( G . B r en t Da l r ymp l e , w r i t t e n 
commun. , 1980). These dates indicate an Ol igocene age for 
these f lows. 

Possibly cor re la t i ve vo lcanic rocks west of the San 
Gregor io fault crop out in the Santa C r u z Mountains, 70 to 
80 km (44 to 50 mi ) to the north, and also have been 
penetrated in the subsurface of the Point Reyes Pen insu la , 
160 km (100 mi) to the north. 

The vo lcanic rocks west of the San Gregor io fau l t in 
the San ta C r u z Mountains crop out east of Ano Nuevo Point 
and at Pescadero Beach , where they were included in the 

Vaqueros(?) Fo rmat i on by C l a r k and Brabb (1978) . Although 
highly a l tered , these vo l can ic rocks in the Santa C r u z 
Mountains apparent ly lacked o l iv ine and are more f e l s i c 
than those of the C a r m e l Bay a r ea . Addi t iona l ly , they are 
probably younger, for the andes i t ic b recc ias at Pescadero 
Beach over l ie sandstone beds that y ie ld Macroch lamis 
magnol ia , which is diagnost ic of late Zemorr ian or ear ly 
Saucesian ( late Ol igocene or ear ly Miocene) age ( C l a r k , 
1981, p 38). 

On the Point Reyes Pen insula , the Standard Te v i s No. I 
we l l near Double Point is reported ( R . C . B l a i sde l l , oral 
commun. , 1978) to have penetrated basal t between a depth 
of 1,502 and 1,506 m (4,925 and 4,940 ft ) beneath the 
Monterey Format ion and above beds of ear ly Eocene or 
Paleocene age. The stratigraphic posit ion of this basa l t is 
s im i l a r , but ui fort inately a sample was not ava i lab le for 
comparison to the basalt around Carme l Bay . 

Middle and Upper Miocene Sequences 

The middle and upper Miocene rocks of the Po int 
Reyes Peninsula and Monterey a r ea are s imi lar transgressive 
Lu i s i an and Mohnian sequences ( f igs . 6 and 10). Both have 
basal transgressive arkos ic sandstone beds that are as much 
as 60 m (200 ft ) thick and are loca l ly over la in bv mudstone 
beds that yield s imi lar Va l vu l ine r i a ca l i f o rn i ca Zone benthic 
f o ramin i f e rs of Lu is ian age. As much as 60 m (200 ft ) of the 
lower Monterey section west of Inverness Ridge may be 
assigned to the Lu i s i an , whereas in the v i c in i t y of C a r m e l as 
much as 100 m (330 ft) of the Monterey is L u i s i a n . 

E l sewhere in both areas, the lower beds of the 
s i l iceous Monterey are Mohnian and the th ick porce lani te 
sect ions are Mohnian. The few thin bentonite interbeds and 
the rare phosphatic ool i te interbeds that were mapped near 
Monterey were not seen at Point R e y e s . O the rw i se , the 
s i l iceous sections are very s i m i l a r . The upper diatomaceous 
beds (the Canyon del R e y D i a t om i t e Member of Bowen , 
1965) that are conformable upon the porce lani te beds at 
Monterey are absent at Po int Reyes . 

The original distr ibut ion of these Monterey rocks in 
both areas is d i f f i cu l t to de termine because of subsequent 
erosion and buria l by younger sed iments . S i l i ceous Monterev 
rocks continue northward under Monterev Bay from the 
Monterev Peninsula to the south wa l l of the Monterey 
submarine canyon (Greene and C l a r k , 1979, f ig . 4), whereas 
much of the northern Monterev Bay and Santa C r u z 
Mountain area was probablv emergent between middle and 
late Miocene t ime (Greene and C l a r k , 1979, p. 292) . 

Matching the postulated northern l imit of Mohnian 
porcelaneous Monterey in Monterev Bay w i th the northern 
l imi t of known Mohnian porcelaneous Monterey on the Point 
Reyes Peninsula suggests a min imum of about 160 km (100 
mi) of r ight-s l ip on the San Gregor io faul t since Mohnian 
( late Miocene) t ime . 

Upper Miocene anrf P l i ocene Sequences 

G laucon i t i c sandstone, s i l iceous mudstone, and 
s i l tstone sequence of the Point Reyes Peninsula are herein 
assigned to the Santa Marga r i t a Sandstone, Santa C r u z 
Mudstone, and Pur i s ima Fo rma t i on because they are s im i l a r , 
l i thological ly and faunal ly , to these units mapped in the 
Santa C r u z Mountains to the south ( f i g . 11). In both a reas , 
the sequence is also i d en t i ca l , a r e l a t i v e l y th in , 
t ransgress ive . shal low-mar ine a rkos i c sandstone (Santa 
Margar i t a Sandstone) conformably over la in by a th i ck , 
deeper-marine sil iceous mudstone (Santa C r u z Mudstone) 
that local ly y ie lds Bol iv ina ob l iqua. The s i l iceous mudstone, 
in tu rn , is conformably over la in by a shal low mar ine 
s i l tstone and mudstone unit ( Pu r i s i ma Format ion ) that in 
both areas yields a similar cetacean fauna (Repenning and 
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Tedford , 1977, p. 15) and includes in i ts lower part a latest 
Miocene diatom f lora . L i t h i c sandstone interbeds wi th in the 
co r r e l a t i v e Pu r i s ima si l tstone sect ions of both areas conta in 
s imi lar d i s t inc t i ve heavy minera l suites of green, brown, and 
basa l t i c hornblende, hypersthene, and augi te . 

Although the upper Miocene and Pl iocene sequences of 
both areas are very s im i la r , a rea l l y r es t r i c t ed c ross - fau l t 
t ies are l ack ing . 

In the northern Santa C r u z Mountains northwest of 
Ben Lomond Mountain, the basal t ransgress ive S an ta 
Margar i ta Sandstone is bi tuminous, g lauconi t i c , and highly 
b ioturbated. Th is b i tuminous-g lauconi t ic -b io turbated f ac i es 
grades southward into a b i tuminous-bioturbated f a c i e s , 
wh ich in turn grades fa r ther southward into a th i ck l y c r o ss -
bedded, non-bituminous fac i es . Th i s la t ter fac i es is we l l 
exposed in the sand pits of the San Lorenzo Va l l ey a r ea , 
where it local ly includes an Astrodapsis biostrome and is as 
much as 130 m (425 ft ) t h i ck . 

Only the b i tuminous-g lauconi t ic -b io turbated fac i es 
crops out on the Point Reyes Pen insula , where it is 
d i scont inuous^ exposed from the seac l i f f s at Double Point 
northward to Drakes Bay . The essent ia l mineralogy of 
sandstone samples from this fac ies of both areas is s im i l i a r . 

Over ly ing the b i tuminous-g lauconi t ic -b io turbated 
sandstone in the northern Santa C r u z Mountains is more 
than 2,000 m (6,560 ft) of Santa C r u z Mudstone that is 
t runca ted to the west by the San Gregor io f au l t . Th i s 
th ickness continues northward at least into the L a Honda 
quadrangle, where Tour ing (1959, plate 12) ind icates that 
the T e x a s Stee le No. I w e l l , located about 1 km (0.6 mi ) 
east of the San Gregor io fau l t ( f ig . 12), penetrated about 
2,400 m (7,870 ft ) of th is mudstone (his Monterey 
Format ion ) but did not r each its base. 

On the Point R e y e s Peninsula as much as 2,000 m 
(6,560 f t ) of the San ta C r u z Mudstone occurs 
s t ra t i g raph ica l l y above and south of the b i tuminous-
g lauconi t ic -b io turbated sandstone exposure at Double 
Po int . Res to ra t i on of about 70 km (44 mi) of r ight -s l ip on 
the San Gregor io faul t would juxtapose these th ick Santa 
C r u z Mudstone sect ions ( f ig . 12). 

T I M I N G O F M O V E M E N T 

The match of the g ran i t i c basement rocks and of the 
over ly ing Paleocene and middle and upper Miocene 
sequences of the Point Reyes and Monterey Peninsulas 
suggests that the San Gregor io faul t was not ac t i ve during 
format ion of these rocks and that r ight-s l ip was in i t ia ted 
a f ter the porcelaneous and cher ty beds of the Monterey 
Fo rmat i on (the Aguaj i to Shale Member of Bowen , 1965; see 
f ig. 10) were laid down in Mohnian ( la te Miocene) t i me . 

Recen t rad iomet r i c dating (Obradovich and Naeser , 
1981) indicates that the type Monterey Fo r ma t i on spans the 
i n t e r va l f rom 15 m.y.b.p. to perhaps 8 m.y.b.p. A f i ss ion-
t r a ck age for z i rcons from an ash bed near the base of the 
Canyon del R e y D ia t omi t e Member of Bowen (1965) places 
an upper age l im i t on the porcelaneous and cher ty beds of 
the Monterey of 11.3 ± 0.9 m.y. (Obradovich and Naeser , 
1981, p. 89) . 

R i gh t - s l i p on the San Gregor io f au l t probably s ta r t ed 
between 12 and 11 m.y.b.p. and ce r ta in l y before 10 m.y.b.p., 
which is the lower age l imi t suggested for the Santa 
Margar i t a Fo rmat i on of the Santa C r u z Mountains 
(Repenning and Tedford, 1977, p. 25) . The regional sub-
San ta Margar i ta unconformity in the San ta C r u z Mountains 
and Point Reyes Peninsula probably records this event . 
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t w i d d l e ond uoce' 
Miocene, l u i s i o n 
lo WohniQn) 

Pal«o<tne conglomefotes 
( Y n e i i o n ) 

F igure 12. D is t r ibut ion of of fset T e r t i a r y sequences of 
Point Reyes ( P R ) , Santa C r u z Mountains ( S O and 
Monterey (M) a reas . (1) Standard Tev i s I w e l l ; (2) 
T exas Stee le 1 we l l . 

Of fset of the th ick Santa C r u z Mudstone sections of 
the Point Reyes Peninsula and Santa C r u z Mountains 
occurred after deposition of at least part of the Bo l i v ina 
obl iqua Zone, which spans a t ime in t e rva l of 6.5 m.y. to 4 
m.y. (Obradovich and Naeser, 1981). G laucon i te from the 
base of the P u r i s i m a Fo rma t i on , where loca l ly near Santa 
C r u z it is ix iconformable upon the Bo l i v in ia obl iqua—bearing 
type Santa C r u z Mudstone, has been dated at 6.7 t 0.6 m.v. 
( C l a r k , 1981, p. 33). Thus , to ta l r ight-s l ip on the San 
Gregor io faul t of about 150 km (94 mi) has occurred in the 
last 11 to 12 m.y. w i th about 70 km (44 mi ) of this in the 
last 6 to 6.5 m.y. 

The San Gregor io faul t is s t i l l a c t i v e , and at an 
es t imated Quate rnary sl ip ra te of 0.63 to 1.30 cm/yr (Webe ' 
and La jo i e , 1977), 150 km (94 mi ) of slip on th is fau l t would 
have accumula t ed in 23.8 m.y. to 11.5 m.y. Thus , th is 
higher sl ip ra t e is in r emarkab l e agreement w i th the rate 
necessary to produce the 150 km of d isp lacement that u e 
postulate since deposition of the porcelaneous and cher t v 
beds of the Monterey Fo rma t i on . 

R E L A T I O N S H I P T O S A N A N D R E A S F A U L T H I S T O R Y 

The possibi l i ty of as much as 560 km (350 mi) of 
displacement along the San Andreas fau l t was f i rs t 
suggested by H i l l and Dibblee (1953), who es t imated 
progressive ly smal ler of fsets of sequent ia l ly younger rocks . 
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The i r maximunn displacement was based on a postulated 
offset of basement t e r ranes . The northernmost onland 
exposures of Sa l in ian basement at Bodega Head appeared to 
have been displaced a min imum of 510 km (31 9 mi ) from the 
probable buried western l imit of S i e r ran basement to the 
south (Graham and D ick inson , 1978, p. 20) . 

Compar ing the petrology of these gran i t i c t e r ranes , 
Ross (1978), on the other hand, suggested that the Sa l in ian 
basement was an "o rphan" that was not offset from the 
southern S i e r r a Nevada. Recent paleomagnet ic findings 
that have been summar i zed by Page (1982) tend to con f i rm 
Ross ' postulate and indicate that the Sal in ian block is 
probably out of place and has t rave led northward since 
Cre taceous emplacement severa l thousand k i l ome t e r s . Page 
(1982) suggests that the Sa l in ian block probably a r r i ved in 
C a l i f o r n i a between 55 and 38 m.y.b.p., and that r ight -s l ip on 
the San Andreas fau l t sys tem resul t ing f rom Pa c i f i c —Nor th 
A m e r i c a n t rans fo rm in te rac t i on commenced about 29 
m.y.b.p. 

Max imum offset of 305 km (190 mi ) along the San 
Andreas fault of c en t r a l C a l i f o r n i a is supported by c ross -
t ies provided by a late Eocene subsea fan (Ni lsen and 
C l a r k e , 1975), an ear ly Miocene shorel ine (Turner , 1969), 
and 23.5 m.y.-old P innac les and Neenach Volcanics 
(Hu f fman , 1972; Mat thews , 1 973) . As a l l three of these 
units are displaced the same amount, r ight-s l ip did not begin 
in c en t ra l C a l i f o r n i a on the present San Andreas unt i l post-
ear ly Miocene t ime . 

Although the San Andreas fault splays into a ser ies of 
subpara l l e l fau l ts south of the T ransve r se Ranges , the 
co l l ec t i ve offset of basement rocks on the San Andreas , San 
G a b r i e l , and San J a c i n t o fau l ts is about 330 km (206 mi) 
( C r o w e l l , 1981). Thus , the max imum documented 
displacement on the c en t ra l and southern segments of the 
San Andreas faul t is essent ia l ly the same. Because of this 
s im i l a r i t y of to ta l of fset together wi th the apparent m i s ­
match of Sa l in ian and S i e r ran g ran i t i c rocks that was the 
basis for larger postulated d isp lacements , the ex i s t ence of 
p re -Eocene movements on the present San Andreas faul t is 
in doubt. 

North of San F r a n c i s c o , however, total offset along 
the San Andreas fault has been greater then that to the 
south because of the addit ive e f fec t of r ight-s l ip on the San 
Gregor io f au l t . The addition of the 1 50 km (94 mi) of o f fset 
that we assume on the San Gregor io produces a total 
d isplacement on the northern segment of the San Andreas 
faul t of 455 km (284 mi ) . 
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