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The Geolocy  of Moss Beach 

In t roduc t ion  

This p r o j e c t  was undertaken as a f ie ld  exercise f o r  Geol. 110: 

S t r u c t u r a l  Geology, Stanford   Univers i ty .  Its purpose was t o  prOvi.de 

eype r i ence   w i th   de t a i l ed   geo lo i r i c  mapping as well as t o  make use of t h e  

d e s c r i n t i v e  t o o l s  deve loped   i n   t he   cou r se  when a n a l y s i n g   t h e   s t r u c t u r a l  

f e a t u r e s .  

Moss Reach is  l o c a t e e  about, 25 miles south o f  San Franc isco  on t h e  

Pacific Coast. P o s t  of t h e  ayea s tud ied .  is a part of t he  James V .  F i t z -  

p.ers.ld F a r i n e  Reserve i n  San Mateo Countay, Ca l i fo rn ia .  The area mapped 

is. a small sement, of  t h e  Pontarn  Pcuntain  Quadrangle ,   extendinp  north 

a long  t h e  coast about 600 meters from t h é  Seal Cove F a u l t  Zone. Fapping 

was accomnlished  via  a d a n e  table and a1ida.d.e survey a t  a scale of 1 :loOO. 

Spec ia l  thanks  ta: Kent Keller, mamFinc pa r tne r   and   geo lop i s t  

e y t r a o r d i n a r e ,  who mamecd t o  nake  t h e  p c l o e r  coinprehensible; Mark 

Taguchi, r2 roommate and. human alar;: clock,  who woke me up every  Saturday 

morning d e s T i t e  my o p m s i t i o n  t o  b d n p  aroused a t  t h a t   b r u t a l   h o u r i  

Robert Tacheco, provider   of  colorcd Fcnci1.s and o t h e r  forms of g raph ica l  

assistmce; , C i s o n  Okmoto ,  ?gr .d1-;~trnmr? i n s r i r a t i o n ,  

t 
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ass igned   t he  sedlrnen+E i n  this an’s.  t o  t h e  k r c c d  Forma.-f;im r a t h e r   t h a n  

t h e  %risira. On the hasis of paleontolopica.1 evidence, Glen (1959) 

-J’ reassiped the strat7 t o  t h e  Purisima, Rrabb  and Pampeyan (1972) go 

-.  , _._ .... . . -  

, .  . .  . - . 

f u r t h e r  t o  po in t  out that t h e  Verced Formation i n  t h i s  area is  confined 

t .o t h e  east side of t h e  San  Andreas f a u l t   s y s t e m ,  which i s  s e v e r a l  miles 

in’and at; t h i s  point .  The descr iF t ions   they   provide  of t h e  Merced. very 

c l o s e l y  match  those a.t, Noss Beach, however, and i t  is very easy t o  

understand Lawson’s m i s i d e n t i f i c a t i o n .  

Most of  the work i n  the  Moss Beach area. before 1960 was confined 

l a r p e l y  t o  s t u d e n t   r e p o r t s  and. independent   research,  as well as several 

theses   (See   Bib l iography  for  listing). Much o f   t h e i r   a n a l y s i s   c o n c u r s  

with t he  present d e s c r i p t i o n ,   s a v e   f o r   t h e   i n t e r p r e t a t i o n   o f  t h e  con tac t  

be tween  the   Pontara   g ran i tes   and   the   over ly ing   fo lded  beds a t  North Point .  

Ear ly  thought casts i t  as a f a u l t  con tac t   whereas   p re sen t   i n tu i t i on  seems 

t o   i n p l y   t h a t  it is  merely d e p o s i t i o n a l  (see S t r u c t u r e   s e c t i o n ) .  

Recent work i n  t he  area i n c l u d e s   t h a t  by Glen (1959) and  the mapping 

of Rrabt, and Pampeyar! (1972). Several   engineer ing  s tucl ies   have a l s o  been 

made, i n v e s t i g a t i n g   f a u l t  activity, pround s t a b i l i t y ,   a n d  sea cl i f f  

erosion  (Leiphton,  1971). It appears   that   faul . t ine:   has   been commonplace 

i n   t h i s   a r e a   a n d  the  ground is la rge ly   uns tab le ,   be ing   subjec t ;  t o  both 

l ands l ide   and  creep rrovernent. 

Descr ip t ive  Geology 

The mapped s e c t i o n  is a part of t h e  Fontara. Yountain Quadmngle, a n  

area dominated  topographiczlly and geo log ica l l ?  by a mass of  igneous rocks 

comnonly r e f e r r e d  t o  as the Montara Complex, In t h e  mapped area we s e e  

outcrons  of t h e  g r a n i t e s  t,hemselveF,, as well as sediments which have  been 
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depos i ted  on and   deforRed  aga ins t   th i s   p lu ton .  

Montara Quartz Diori  t e  

A t  Moss Bèach t h e  Kontara. Complex l o c a l l y  appears  as a q u a r t z   d i o r i t e  

of la te  Cretaceous age, It is composed l a r g e l y  of  qua r t z ,  with s i g n i f i c a n t  

f r a c t i o n s  of plagioclase,   hornblende,  and b i o t i t e ,   A l t e r a t i o n  of t h e  

biotite t o  a chlor i te   mineral   accoumts for the  greenish-gray c o l o r  which 

is c h a r a c t e r i s t i c  of t he ' rock  i n  this area,   There are occas iona l   inc lus ions  

within t h e   d i o r i t e  as well as- several pegmatite veins .  The outcrops are 

a l l  heavr ly   j o in t ed   and   f r ac tu red ,  with small displacements  (on t h e  order 

of seve ra l   i nches )  on many of the cracks ,  No p a r t i c u l a r   o r i e n t a t i  on of 

the   jo i .n t s  seemed immedia.tely  apnarent,   however,   the  major  fractures which 

weye mapped seemed t o  t r e n d   i n   t h e  same d i recf ion   (approximate ly   verpendkular  

to; the  syncl ine 's  f o l d  ax i s .  The e x t e n s i v e   c r a c k i n g   r e s u l t s   i n  a sharp,  

angular   weathered  surface,   and where the   c r acks  are f r equen t  enough t h e  

rock annears t o   b e  crurirbling. 

Purisima  Formation 

The Furisira Formation i s  a marine  sedimentary  deposi t   of   the   Pl iocene,  

Its tyne area is located  along  Purisima  Creek  about 3 miles south of  Half 

Moon Bay, Local ly  it represents   an  accumulat ion of s i l t s tones ,   s ands tones ,  

mudstones,  and  conglomerates  several  thousand feet  th i ck ,  with the  sediment 

suppl ied  from an array of sources, incl-uding o l d e r  Miocene sediments  and - 

t h e  Montara  Nountain granites. (Classen, 1958) The. depos i t i ona l  and 

f o s s i l   r e c o r d  seem t o   i n d i c a t e  t h a t  t he   Pu r i s ina  was laid d-own i n  a ne=- 

''-- shore o r  shallow marine environment by t r ansg res s ive  seas (BrunegoJg74). 

A t  Moss Beach t h e  P u r i s i r a  ar-I-ears as bedrock i n  t h e  "Reefs" and 

"Bathtub" area. The contact a t  North Poin t  seems t o   i - n d i c a t e   t h a t  i t  is  

resting unconformably on a basement of t h e  Montara g ran i t e .  The sed ixen t s  

-3- 



cons i s t   o f   i nd -u ra t ed   s i l t s t cnes ,   g ranu la r   s ands tones ,  and bouldery con- 

glomerates.  For mapping and  descr ipt ive  purposes ,  we have  divided these 
(-. 

sediments   in to  l0 uni . ts ,   us ing  outcrop  expression as a cr i ter ia  f o r  

d i f fe ren t ia t ion   ra ther   than   any   par t icuLl9r   sed imentary   re la t ionship .  

Tp1: The o l d e s t  of t h e  mamed  sedimentary  uni ts ,   th is  member i s  

a f o s s i l i f e r o u s  , blue-may,   sand/s i l ts tone.  The exact   thickness   can 

not   be   de temined  as the   beds  are t runca ted  by the   Sea l  Cove F a u l t ,   b u t  

t h e   u n i t   e r t e n d s  a t  l ea s t  from t h a t  boundary t o  t h e   o u t e r   r i b  of t h e  

Bathtub. Tp forms  the Reefs, which are b e l i e v e d   t o  be an  eytension of l 
the   sync l ine  whose nor theas t  counterparts l i e  buried  beneath  the  beach 

and terrace (see down-plunge profile). Within   the   un i t ,   sand-s i l t  lenses 

devoid of fossil-S are interbedded with f o s s i l i f e r o u s   ( m o l l u s c   s h e l l s  and 

f r agmen t s )   l en t i cu la r   bod ie s .  The f o r m e r   e y h i b i t   e x c e l l e n t   j o i n t i n g  

perpendicular  t o  the  bedding  lamination,  whereas  the la t ter  are s t r u c t u r a l l y  

" s t i r r ed"   mix tu res  of she l l   f r agmen t s  and s i l t s t o n e  pebbles i n  a f ine   s and  

matrix  grading  upwards  into  bedding planes def ined  by o r i e n t e d   s h e l l  

fragments.  As a whole, Tpl inc ludes   cobbles   up   to  30 cm i n   d i a m e t e r   n e a r  

t he   Sea l  Cove F a u l t  andi grades upward i n t o   t h i c k e r   l a y e r s   o f   s a n d / s i l t  

showing fewer lenses   and  no  cobbles .  

T p p  A granular   r ich  sandstone,   massively  bedded  and of v a r i a b l e  

th ickness  ( O  .3 - 1 .Om), this u n i t  is bes t   desc r ibed  as a poor ly   sor ted ,  

blue-gray  sandstone  rid.dled  with  very angula,??, ,quar tzo- fe ldspa th ic  clasts 

. up t o  10mm in   d i ame te r .  On exposed surfaces and   a long   f r ac tu res  it wea.thers 

t o  a r u s t  brown color .  The percentage  of  sand/granule is  approximately 

6 O / b O .  "he contac t   wi th  TDl is  very  sharp,  whereas t h e   t r a n s i t i o n  upward 

i n t o  Tp i s  p-rada.tiona1. Possibly the   sands  of u n i t  3 became a v a i l a b l e  

f o r  depos i t i on   be fo re  2 had anpreciably  consol idated.  
3 

Tp3: This blue-may sa.nd/sil tstone i s  massively bedd.ed f o r  t h e  most 
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p a r t  and   conta ins   occas iona l   foss i l s   and   inc lus ions ,  Burrow h o l e s   i n d i c a t e  

bioturbat ion  and some areas show clear in t e r l amina t ion  of silt  and  sand 

i n  subdued r i p p l e  forms. The u n i t  is capped  by a 10 - 20cm t h i c k  zone 

of  s h e a r i n g  an6 cracking,   where  the  sand/s i l ts  are c o n t o r t e d   i n t o  incom- 

pe ten t  f iss i le  chunks  which  weather  recessively. 

Tpc: This u n i t  can e s s e n t i a l l y  be considered a combined Tp2-Tp3 

sequence, a g ranu le   r i ch  material g rad ing   i n to  a sand / s i l t s tone .   l aye r ,  P )  1 

i l  
b u t  mapped as a s i n g l e   u n i t   s i n c e   t h e  upper l a y e r   r a r e l y   a p p e a r s  i n  map- 1 : 
view  due to   excess ive   wea the r ing ,  The d e s c r i p t i o n  is analogous   to   those  

o l d e r  members. It i s  a l s o  of i n t e r e s t  t o  n o t e   t h a t   t h i s   u n i t   l e n s e s  o u t  :II 
along t he   no r theas t   l imb  of  t he   sync l ine ,  

Tp5: This is the   lower of the two conglomerates  which  define  the 

Bathtub, It  c o n s i s t s  of cobbles   and  boulders   in  a s i l t y  t o  very  poorly 

so r t ed   s and   ma t r ix   r e s t ing  on a th in   l aye r   o f   g ranu le  r ich sandstone 

(about 10cm t h i c k ) .  The con tac t   w i th   t he   s and / s i l t s tone   o f  Tpb is  very 

sharp,  This l a y e r  is e s s e n t i a l l y   o n l y  one boulder t h i c k ,  but it is very 

r e s i s t a n t  t o  weathering  and  has good c o n t i n u i t y  on the   l imbs  of t h e  

sync l ine .  Most of  the  cobbles/boulders  are g r a n i t i c ,  some are sand/silt- 

s tone,   and a l l  are well rounded,  Locally,   the  matrix  can be f o s s i l i f e r o u s ,  

n6: Represent ing  another   inf l -ux of f ine   sed iment ,  a c r o s s   s e c t i o n  

showing units Tp5 and Tp would show the   upper   sur face  of the   boulders  

encased i n  the  blue-gray  sand/s i l ts tone of t h i s  un i  t ,  Local ly  cross bedded, 
6 

t h i s  bed a l so   shovs  some minor  dune forms, A f o s s i l i f e r o u s  bed as a whole, 

it a lso   inc ludes   l enses   compr ised   a lmost   whol lyof   she l l .   f ragments ,  The 

bed is only   rodera te ly   indura ted   and   weathers   recess ive ly   ou t  cf t h e  limbs 

of the   sync l ine ,  

Tp7 : Another  granule-rich  sandstone - sand/s i l ts tone  sequence 

analogous t o  Tp4, this u n i t  i s  cha rac t e r i zed  by well developed  dune  and 

I 



r ipp le   forms   in   the   g ranular   un i t s   and   c rossbedding   in  the sandstone. The 

g ranu le   un i t  is similar to  those  encountered  before,   however,   the  sandstone 

is gray-brown  and medium grained rather than the   b lue -g ray   s i l t s tone  o f  

T w .  Again it  is  poss ib l e   t o   r ecogn ize   t he   sha rp   con tac t  i n  moving  from 

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

grading from the   g ranule  u n i t  i n t o   t h e   n e x t   f i n e r   u n i t  above. 

Tp8: This is  the upper of- t h e  two conglomerate  pavements  and like 

Tp c o n s i s t s  of 

matr ix ,  resting 

as you approach 

3 
cobbles   and  boulders   in  a poorly sorted, brown sandstone 

on a granule  r ich sandstone. The u n i t  thickens  markedly 

North  Point as does   the  size of the  boulders .  The con tac t  

with the   under ly ing  Tp is1 very  sharp,  as the   base  of the   g ranule  r ich  

layer   t runca tes   c ross -bedded  sands. The conglomerate is  e s s e n t i a l l y  one 

boulder   th ick  (some of   the   boulders  are more than   one   ne te r   in   d iameter )  v 

t hese  megaclasts c o n s i s t i n g  mostly of  g ran i t e   bou lde r s  (some Montara q u a r t z  

d i o r i t e )  with some sandstone  boulders  and cobbles. 

7 

l'p9: A green-brown t o  gray-brown, medium grained,   moderately  sor ted 

sandstone,  through which large boulders extrude from the   conglomerate  

below. Some granules  a p e a r  i n  t h e  unit, general ly   subangular   quartzo-  

fe ldspa th ic   f ragments ,   This  member is  massively  bedded,  without  cross- 

bedding o r  lamination, and is somewhat f o s s i l i f e r o u s .  

TPIO t This  f j n e ,  well-sorted. ,   gray  sandstone is  t h e  younge.st of 

t he  units i n  the  Bqthtub area, apnearinp only on the   s t acks   i n   t he   midd le  

, of t h e  syncline. It e x h i b i t s  some bedding,   but  it is n o t  cross-bedded, 

nor does it conta in  any f o s s i l s .  

Purisima d e p o s i t s  also ou tc rop  on a small wa"e c u t  bench on t h e  

FiCach n o r t h  of North  Point.  This bench unit is exposed  only a t  the   base  

of t h e  sea c l i f f ,  The bedding appears t o   r e p r e s e n t  a syncl ine  plunging 



12, N 49 W ,  which  means it is  convereing w i t h  the  f o l d   e r p o s e d   i n   t h e  

Bathtub a t  a n   a n e l e  of approximately 18". Data f o r   t h i s   s e c o n d   f o l d  was 

c o n s i d e r a b l y   l - i r ~ i t e d   b y   t h e   n a t u r e   o f  t h e  erposure  and al2 i n t e r p r e t z t i o n s  

must be cons ide red   av rox ima te .  It is  composed of l a y e r s  of conglomerate,  

s i l t s t o n e ,  and  pra.nu1a.r sands tone ,  a l l  o f   i nde te rmina te   t h i ckness   and  

ex ten t .   F ive  seTarate members were ske tched   cu t  f o r  pu r roses  of  mapping 

and c o r r e l a t i o n  : 

TpA) A mass ive ly   bedded   conglovera te   cons is t ing  of g r a n i t i c   c o b b l e s   a n d  

p e b b l e s   i n  a sandy-s i l t y  matrix. 

TF&) A blue-gray  sand/s i l ts tone  capped  by a g ranu le  rich u n i t  (similar 

t o  Tp3 - Tpb). It is e x t e n s i v e l y   j o i n t e d  wi th  some shea r ing   anpa ren t ,  

As s e e n   i n   t h e   u n i t s  at, t he  Bath tub ,   the   contac t   be tween t h e  s i l t s t o n e  

and   the   g ranule  cap is  very   sharp ,  whereas t h e  t r a n s i t i o n   f r o m  

congl.omerate t o - s i l t s t h e  and  then from t h e   g r a n u l e   u n i t  to t h e   n e x t  

'bed are both  gra .dat iona1,  

T'oc) A conglomerate  sequence  wherein some l a y e r s   c o n s i s t   m i m a r i - l y  of 

cobb les   and   bou lde r s   i n  a g r a n u l e   r i c h  matrizr, e r h i b i t i n g   m a s s i v e  

beddinF,   and   o ther   l ayers  are p redominan t ly   g ran i t i c  fragments and 

Debbles i n  a f i n e r  sand/si.lt  ma. t r i r   which   eyhib i t s   p lanar   bedding .  

The mater ia , l  i s  a l l  f a i r l y  amgular. 

TnD) A p a . n u l e  r i c h  member, pradj-ng down i n t o   s i l t y   s a n d s t o n e ,  

TpE) Conglomerate of a b u n d a n t   g r a n i t i c   b o u l d e r s  i n  a sandy matriy, 

Althoueh no ccnnect5on was made i n   t h e   f i e l d ,  it appea r s  from t h e  down 

p l u n g e   p r o f i l e   a n d   t h e   d e s c r i n t i o n s   t h a t  we migh t   cons ide r   un i t s  A and E 

t o   r e p r e s e n t   t h e  same l a y e r  a s  emosed  on d i f f e r e n t  limbs of t h e  sync l ine ,  

a n d   s i m i l a r l y   f o r   u n i t s  B and D, 

The P u r i s i m a   d e n o s i t s  as exposed a t  Moss Bea.ch  im.ply r e l a t i v e l y  
8 

sudden  changes  in  t h e  environment o f  depos i t i on .  The a l t e r n a t i n e   l a , y e r s  



of sands tone , .   s i l t s tone ,   and   conglomera te   sugges t   depOsi t i . cn  amid 

f l u c t u a t i n g  sea l e v e l ,   t h e   f l u c t u a t i o n   b e i n g   d e p e n d e n t  on r e g i o n a l   u p l i f t  

o r   e u s t a t i c   c h a n g e s   w o r l d w i d e ,  The recu r rences  are rhythmic  and  suggest 

a small, quick   (no te   sharnness  of c o n t a c t s   i n   g o i n g   f r o m   f i n e r   t o   c o a r s e r  

ma"eria1) d.rop i n  sea l e v e l  which  allowed  coarse material t o  be laid 

down i n  a near-shore  environment,  The area then   subs ided  o r  sea l e v e l  

r o s e   s l . o w l y   ( g r a d a t i o n a l   c o n t a c t   i n t o   f i n e r   m a t e r i a l )   d u r i n g  which sub- 

l i t t o r a l   s a n d / s i l t s t o n e s  were de-nosited,  This c y c l e  was appa ren t ly   r epea ted  

s e v e r a l  times, as recorded  by t h e  r o c k s   i n  t h e  syncl ine .  

It is a l s o   o f   i n t e r e s t   t o   n o t e   t h e  facies changes  within t h e  

indi.vidua.1 members as they  are t r a c e d   o u t  t o  North  Point ,  The s e p a r a t e  

l a y e r s   i n c r e a s e   i n   t h i c k n e s s   a n d  t h e i r  ind iv idua l   comnonents   increase   in  

s ize  a n d   a n g u l a r i t y ,  The  change is e s p e c i a l l y   a p p a r e n t  i f  one   cons iders  

t h e   u n i t s   e y p o s e d  on the bench  north of North  Point .  Here the   bedd inF  is  

much nore   mass ive   and   poor ly   sor ted ,  and the boulders   and   cobbles  are 

cons ide rab ly  more a n g u l a r ,   T h i s   i n c r e a s e   i n   s e d i m e n t  s ize  a n d   a n g u l a r i t y  

t o   t h e   n o r t h   m i g h t  be i -n t e rp re t t ed  as a n   i n d i c a t i o n  t h a t  t h e   s o u r c e  area 

o r i g i n a l l y  lay i n  t h i s  d i r e c t i o n ,  The source   rocks   i nc lude   o lde r   s ed imen ta ry  

beds as well as Montara   g ran i tes ,  1 I 
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"he Sea Cliff: Quaternary  Terrace  Deposi ts  

Unconformably   over ly ing   the   Pur i s ima  rocks   in  t h i s  area is a l a t e  

P l e i s t o c e n e   i n t e r g l a c i a l  terrace composed p r imar i ly  of  f e l d s p a t h i c / a r k o s i c  

sand  with some l en t i cu la r   conElo rne ra t e s ,  The interbedded  coarse   and fi.ne 

l a y e r s ,  as well as obv ious   c ros s   bedd ine ,   i nd ica t e  a swash zone o r  near- 

shore  environment of d e p o s i t i o n .  rhe cliff i tsel f  ranees from 10 t o  20m 

h i p h   a n d   i n   s e c t i o n   o n e   r e c o p i z e s  a penera l   coarsening  unwarcl of t he  

terrace material, S t ream  reworkiw of the   sed iment  is  ev iden t   nea r  t he  

-8- 



t o n  ,of  t h e  terrace.  Retreat o f   t h e  sea c l i f f  has  b e e n   a q r o x i m a t e l y   o n e  

f o o t  per year  since 1900; however ,   s ince 1965 e ros ion   has  claimed 3'-4' 

y e a r l y ,   t h r e a t e n i n g   l o c a l  homeowners (Leighton,  1971). The c l i f f  is 

weakly  indurated and s u b j e c t  t o  slumping. 

Beach Phterial 

The beach is cornnosed of  well so r t ed   a rkos i c   s and  w i t h  occasiona.1 

c l u s t e r s   o f  large cobbles  and boulders .  The sand is  well s o r t e d  i n  each 

wave environment,  2nd ranges from medium t o  very c o a r s e   i n  g r a h  size 

dependinp on t h e  emosure t o  wave movement. The p a i n s  are subrounded 

for t h e  most part. Cospos i t i ona l ly ,  t h e  sand has a h igh  l i t h i c  fragment 

con ten t  wXh some b io t i t e   and   heavy   mine ra l s   ? r e sen t ,   Sca t t e red   ac ross  

t h e  beach are occas iona l  large cobbles   and   boulders ,   ranging   in   composi t ion  

from sands tone   t o   r s r an i t e  and i n  s i z e  from  cobbles t o   b o u l d e r s   s e v e r a l  

f ee t  across ,   Cobbles   can   a l so  be found i n   t h e  swash zone of  t he  more 4 I 

ene r f r e t i c   pa r t a  of the b e a c h   f r o n t ,  

S t r u c t u r a l  Geology 

The central C a l i f o r n i a   c o a s t  eyhibits a wide v a r i e t y  of geo log ic  

deformation.  Many eyamples o f   fo ld ing   and   f au l t i ng   can   be   found   i n   t he  

area and a t  Noss Beach we f i n d  two good examnles of  t h e s e   f e a t u r e s :  t he  

Seal Cove Faul t end the  Bathtub  Syncline.  

The Sea l  Cove Faul t is an   impor tan t  struct.ure which has st i r red 

cons ide rab le   i n t e re s t ,  i n  t he  Moss Beach area. The f a u l t   p a r a l l e l s  the 

t r e n d  of c ther  nearby f a u l t s  and is  cons idered  by some t o  be an   ex tens ion  

o f  t h e  San Gregorio Faul t   (Le i rh- ton ,  1971) . I n  t h e  Half Moon Bay area, 

t h e  f a u l t  t r e n d s  N 18-35 W and d i p s  65-808. A t  i ts  exposure  on the beach, 

t h e   f a u l t   e s s e n + i a l l y  parallels the southwest  limb of  the   Ba th tub ,  

=9- 
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- Predominant ly   r igh t  la teral  wi th  a large component of  v e r t i c a l   d i s p l a c e m e n t ,  

t h e   o f f s e t  as e r p o s e d   i n   t h e  sea c l i f f  a t  Koss Beach h a s   F u r i s i m a   s i l t s t o n e s  

f au l t ed   aga ins t   younger   mar ine  terrace depos i t s .  The Sea l  Cove F a u l t  

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

v a i n e d   s i l t s t o n e   i n t o   c o n t a c t   w i t h   t h e   i n t e r b e d d e d   s a n d s t o n e / c o n g l o m e r a t e  

o f   t he   Ba th tub  area. The southern   b lock  is  upthrown r e l a t i v e  t o  t h e  

nor thern   b lock  with a n e t  ver t ical  d i s p l a c e m e n t   c a l c u l a t e d  at 12 t o  15m. 

Secondary   f au l t s   and   f r ac tu re   zones   cha rac t e r i ze   t he   a r ea   immedia t e ly  

a d j a c e n t   t o   t h e   f a u l t   p l a n e .  The f a u l t  is a c t u a l l y  a zone  of   shear ing 

a n d   f a u l t i n p   s e v e r a l  meters wide. Near t h e  main fault i n  the Reefs area, 

seve ra l   au>r i l a . ry  faul ts  a n p e a r .   T h e s e   f a u l t s  are p redominan t ly   s t r i ke  s l t p ,  

w i t h   o f f s e t s   F e n e r a l l y  less than  one meter, and   t hey   appea r   t o  be r e l a t e d  

t o  d r a p  movement a l o n g   t h e   S e a l  Cove F a u l t ,  

There  have  been  two known movements a long  the S e a l  Cove F a u l t ,  one 

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

over ly ing   mar ine  terrace. Both moved the   southern   b lock  up r e l a t i v e  -to 

t he   no r the rn   b lock .  It is  m o b a b l e   t h a t  a t % r d  movement, with  an oppos i te  

sense  o f  d i r e c t i o n ,   n r e c e d e d   t h e s e  movements (Nelson, 1972). Recent work 

i n d i c a t e s  the f a u l t  is  still  a c t i v e   a n d  much of t h e  area i s  cons idered  

uns tah le   (Le ighton ,  1971). 

The d o m i n a n t   s t r u c t u r a l   f e a t u r e  of t h e  mapped area is  the   Bath tub ,  

a s l . i ch t1 .y   asymmetr ic   sync l ine   dunging  IO, N31W. It is  expressed ’ 

t o n o g r a p h i c a l l y   w i t h i n   t h e   t i d a l   r a n g e   b y   r e s i s t a n t   c o n g l o m e r a t e  ribs (Tp 

and Tm8). The f o l d  is p a r a l l e l  as t h e   l a y e r s   l a r g e l y   m a i n t a i n   t h e i r  

t h i c k n e s s  from limb t o  l imb, however, t h e  down a l u n g e   p r o f i l e   r e v e a l s  t h e  

f o l d ’ s  asymmetry ( t h e   n o r t h e a s t   l i m b  d i p s  about  20°to 30” less  than   t he  

southwest  1 imb). Due t o   t h e  asymmetry ,   the   h inge   ax is  i s  n o t   p a r a l l e l  

t o  t h e  t r e n d  of the  plunFe.  ?‘Ost of t h e  in fo rma t ion   abou t   t he   sync l ine  

5 



I 
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and i t s  sed imen ta ry . cha rac t e r  was gasthered  from  the more accessible 

n o r t h e a s t  limb. 

The l a y e r s  a r e  competent ly   fo lded  f o r  the  most  part, but i n s t a n c e s  

of jo in t ' i nc ,   shea r jng ,   and   f au l t i ng   a l so   accompan ied   fo ld inp .   Thrus t  

f a u l t s   i n   s a n d / s i l t s t o n e  beds have  been mapped nea r   t he   nose  o f  the  synform, 

which   cor responds   to  the trace o f   t h e  h h g e  ayis. T h e s e   f a u l t s   s t r i k e  

r o u r h l y   n a r a l l e l  t o  the trace o f   t h e   f o l d  ayis and are most l i k e l y  a 

r e s u l t   o f  ayial compress ion   in   fo ld ing .   Occas iona l   low-angle   th rus t   fau l t s  

appea r   e l s ewhere   i n   t he  less compe ten t   un i t s ,   a l so   p robab ly  related t o  

stress in   fo ld img.  

Shear   zones,   cracking and d i s t o r t i n g  t h e  bedding of t h e   s a n d / s i l t -  

s t o n e  layers immedia te ly   benea th   the   contac t  with t h e  overlying granu le  

r i c h   u n i t s ,   a p p e a r   t o   i n d i c a t e   s l i p p z g e  of  t he  l a y e r s  dur ing  f o l d i n g .  As 

t h e  layers f o l d e d   t h e y   s l i p p e d   p a s t   o n e   a n 0 t h e r ; ' f r i c t i o n a l  drag r e s u l t e d  

i n   s h e a r   f a i l u r e   i n   t h e  less compe ten t   s and / s i l t s tone   un i t s .  

Seve ra l   l ona   j o in t s   t r end ing   approx ima te ly   Derpend icu lä r  t o  the  fo ld  

a x i s   a l s o   c h a r a c t e r i z e   t h e   n o r t h e a s t  limb of   the   Bath tub .   These   near ly  

v e r t i c a l   j o i n t s  are best exposed i n  t h e  more compe ten t   l aye r s ,   bu t   can  

be traced through  the   bedding   sequence .  The t r e n d  of t h e   j o i n t s  is  

somewhat perp lex ing .  If t h e   j o i n t s  are r e l a t e d  t o  deformat iona l  stress 

and i f  t h e   f o l d i n g  is a re su l t   o f   compress ion  more o r  less perPendicular  

tao t h e   f o l d  ayis, then  one would n o r m a l l y   e x p e c t   f a i l u r e  a t  about  a 45" 

a n g l e   a c c o r d i n g   t o  a simple stress model. T h e i r   p r e s e n t   t r e n d   i n d i c a t e s  

t h a t  something else may be h a p p e n i n g .   S e v e r a l   i n t e r p r e t a t i o n s   a p p e a r  

n o s s i b l e t  1) I t  is  impossiblF t o  use  a simple stress model g i v e n   t h e  

l imited informat ion;  2 )  The j o i n t s   m i g h t  ref lect  some o t h e r  type of  

deformation not r e l a t e d   d i r e c t l y   t o  the fo ld . ing   inc i -dent ;  3)  Th? , ; o in t s  

a re  behaving a long  t h e  3.ines of  a s j m l e  stress model,  which implies t h e  



compres,sion is  no t   pe rnend icu la r   t o  t,he f o l d  axis,  It then becomes 

necessary  t c  expladin t h e  fo ld   shape  as a product of  both  compression and 

i n t e r a c t i o n  wi th  the   under ly ing   gran i t ic   basement .  It might a l s o  be 

poss ib l e   t o   exp la in   t he   sync l ine ' s   a synmet ry  by a model  of t h i s  na tu re ;  

4) @ne can no t  establ-ish p r e c i s e l y  what t h e  joints imply, 
\ 

The n o r t h e a s t  limb o f  the   Bath tub   sync l ine  i s  exposed  along t h e  shore 

up t o  North  Point,  where it sits unconformably on t h e  Montara q u a r t z  

d i o r i t e ,  It was o r ig ina l ly '   t houeh t  (Weber, 1958, and  Nelson, 1972) t h a t  

t h i s  was a f a u l t   c o n t a c t ,   t h e   f a u l t   r u n n i n g   t h r o u g h  the  small cove  between 

the   Foin t   and   the  knob of  Montara p a n i t e .  An excep t iona l ly  low t i de  

uncovered  the  contact   and  revealed it t o  be depos i t iona l ,   There  was no 

evidence  of a f a u l t   p l a n e   o r  shear zone  and  the Purisima sediments  appear 

t o   m e r e l y   a b u t   a g a i n s t   t h e   g r a n i t i c  knob. The appearance of t h e  small 

cove is s o l e l y   a n   e r o s i o n a l   f e a t u r e ,  with wave ac t ion   unde rcu t t ing  the 
, 

less  res i s tan t   beds   benea th   the   unper   conglomera te .  

Conf;inu!nc north  aroundlOorthPoint ,  a wave-cut  bench is exposed a t  

t h e  base of t h e   s e a  c l i f f .  T h i s   b e n c h   e s s e n t i a l l y p r e s e n t s   i n   s e c t i o n   t h e  

p r o f i l e  of a syncl ine  plunging  approximately 12, N49W , The bench is  nea r ly  

two meters h i g h  and is unconformably  overlain by terrace depos i t s .  A t  i ts  

northern  end,   the   bench i s  t runca ted  by a f a u l t ,  as ev idenced   by   ver t ica l  

displacement a.nd cons iderahle  shear deformat ion ,   in to   contac t  w i t h  t he  

Montara d i o r i t e .  The southern   contac t  i s  beneath a concre te  walkway, 'Dut 

as no evidence  could be found f o r  a fault h e r e   ( s i g n s   o f   s h e a r   o r   s l i c k e n -  

s i d e s ) ,   t h e   c o n t a c t   m i g h t  be assumed t o  he d e p o s i t i o n a l  as W E S  t he   ca se  

ait Kortk: Foin-t,. Earlier i n t e r p r e t a t l o n s  (Weber, 1958) had cast t h i s  

bench as a graben  which had been  downdroppedhat both ends, If we assume 
by F n w s  

I 

t h e  sou:,hern cont,a.ct is  d e p o s i t i o n a l   r a t h e r   t h a n  a f a u l t   c o n t a c t ,  we 
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can  then establish a continuous system of f o l d i n g   f o r   t h e  area: t h e  two 

syncl ines   be ing   jo ined  by a n   a n t i c l i n e  which a t  one time extended Over 

t h e   g r a n i t i c  knob a t  North Point.   Erosion  has removed t h e   a n t i c l i n e  and 

l e f t  only the two sync3 i n e s ,  

The plunges of t h e  two f o l d s  are n o t  narallel, but instead  converge 

a t  an  angle o f  18: The f a i l u r e  of t h e   f o l d i n g   w t t e r n   t o   b e   s i m n l y  

c y l i n d r i c a l  a s  well as t h e  asymmetry of  the  Bathtub  Syncl ine  might   indicate  

a complex  compression and f o l d i n g   n a t t e r n ,   o r  it may simply re f lec t  the 

i n t e r a c t i o n  of the  sedimentary beds with  the  underlying  pluton.   Since  the 

sediments l i e  unconformably on t h i s  massive  igneous  body,  any major 

deformation of t h e  strata is  g o i n g   t o  affect and be a f f e c t e d  by t h e  

underlying  basement. We micht reasonably  explain t h e  l ack  of symmetryor 

c y l i n d r i c a l   n a t u r e  of t h e  folds t o   i n t e r a c t i o n   w i t h   t h e   @ a n i t i c  basement. 

Jo in t ing   w i th in   t he  Montara  rocks  might be i n d i c a t i v e  of f o l d   s t r a i n ,  

however,  no p a r t i c u l a r   o r i e n t a t i o n  of t h e   j o i n t s   a p p e a r s   t o   s t a n d   o u t ,  

nor  can the  j o i n t s   b e   r e l a t e d   t o  any   par t icu lar   type 'of   deformat ion ,   That  

the  FranYtic  rocks must  have somewhat deformed i n   t h e   p r o c e s s  of f o l d i n g  

a cover of sedimeli tary  rocks  anpears   obvious,   but   the   na. ture   and  extent  

of  th i s   deformat ion   could   no t   be   ascer ta ined .  

Geologic  History (after Rrunego  and  Nelson) 

The o ldes t   rocks   encoun te red   i n   t he  Moss Beach area are t h e  Montara 

g r a n i t e s  of la te  Cretaceous  age,  They r ev resen t   an   i gneous   i n t rus ion   i n to  

Mesozoic sediments of the  Franciscan  Formation, which i n  t h i s  area have 

l a r e e l y  been  eroded away. La rge   c rys t a l s   w i th in  the  d i o r i t e   s u g g e s t  

i n t r u s i o n  a t  great  depth  and slow cool ine,   fol lowed by i s o s t a t i c   u p l i f t .  

Unearthing of t h e   b a k h o l i t h   i n   t h e   e a r l y  Cenozoic was accompanied I 



by sedimentary  denosit ion  against   the  Montara Nountain Complex, The 

Miocene moch witnessed  the  development o f .  the Sea l  Cove Faul t   (perhaps  

c o r r e l a t i n g  with ear1.y movement a long   t he  San Andreas),   along  with 

ex tens ive  f o l d i n g  and f a u l t i n g  of  the sedimentary  beds.   Uplift  and 

erosion of  these   beds   cha rac t e r i zed   t he  late Miocene, There are no local 

express ions  of  these beds near  Moss Beach,  however, some may s t i l l  exist 

beneath the Purisima,. 

The Pliocene was cha rac t e r i zed  by q u i e t   d e n o s i t i o n  of the Purisima 
$. 

sed imen t s   i n  a bas in  which lapped a g a i n s t  Montara  Mountain, A t  t h e  end 

of t h e  rliocene a major orogeny  resulted i n  large scale deformation of 

tohe coast ranges  and was presumably  resnonsible f o r  t h e  main s t r u c t u r e s  

we presen t ly  observe a. t  Moss .Bea.ch, Compressive forces apparently  pushed 

the denos i ts  against the unyielding Kontara batholith; the resultant 

deformation seems t o  reflect  both th i s   compress ion   and   the   in te rac t ion  

wi th  the  underlying  basement. 

The early Ple is tocene   wi tnessed   the   p lan ing  down of t h e s e   f o l d s ,  

followed by mid-Pleistocene  rejuvenation of  fo ld ing   and   f au l t i ng  , and 

l a t e -P le i s tocene  formation of t he  i n t e r g l a c i a l   t e r r a c e .  A l l  a c t i v i t i e s  

ha.ve been  accompanied by f l u c t - u a t h g  sea l e v e l s .  The las t  major movement 

i n   t h e  area was novernent a long  the Sea l  Cove Fault, which  displaced large 

portions of t h .  interglascial  t,erra.cc I 

St. ructura1 a c t i v i t y  has continued throughout the  Recent,   with 

cont,i.nued f a u l t  a c t i o n  and broad warpine, In  summary, t h e  region has  

gone through seve ra l   cyc le s  of 6 e w s i t l o n ,  f o l d i n g  and f a u l t i n g ,   u p l i f t  

and e ros ion ,  The r e s e n t  I’<oss BeachL merely r e p r e s e n t s   t h e   l a t e s t  cycle, 

I 
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