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ABSTRACT

A g e o lo g ic  study was made o f  an area a lo n g  Santa  

Monica Bay composed o f  o ld  cemented sands o v e r la in  by a 

s t r i p  o f  a c t i v e  sand dunes n ex t  t o  th e  c o a s t .  An e o l l a n  

o r i g i n  i s  a s s ig n e d  to  th e  o ld e r  sands on th e  b a s i s  o f  th e  

u n d u la t in g  d u n e - l ik e  topography and th e  wind-blown c h a r a c 

t e r i s t i c s  o f  th e  sand gra in s#

The o ld  dunes were formed a lo n g  s u c c e s s iv e  sh o r e 

l i n e s  o f  a sea  r e g r e r s in g  over  th e  marine Upper P l e i s t o c e n e  

P a lo s  V erdes sand. Buried s o i l  l a y e r s  in  th e  dunes i n d ic a t e  

changin g  c l im a t e s  d u r in g  th e  upper P l e i s t o c e n e  and R ecent  

e p o c h s .  Contours on th e  su r fa c e  o f  th e  P a lo s  Verdes sand 

show a lo n g  c o a s t a l  upwarp w ith  an a d j o in in g  in la n d  trough#  

C h a r a c t e r i s t i c  ex p o su res  o f  th e  dune sands e x h i b i t  

beds o f  hard , dark red d ish -b row n , cemented sands i n t e r -  

la y e r e d  w ith  s o f t e r ,  l i g h t - c o l o r e d  san d s . D i f f e r e n t i a l  

w e a th e r in g  c a u se s  th e  more r e s i s t a n t  beds to  appear a s  

r id g e s  w ith  an anastom osing  c h a r a c t e r .  As t h e s e  r id g e s  and 

i n t e r - r i d g e s  are found t r u n c a t in g  primary c r o s s -b e d d in g ,  

th e y  are b e l i e v e d  to  be secondary f e a t u r e s .



INTRODUCTION

Area

The r e g io n  i n v e s t i g a t e d  i s  an e lo n g a te  area  o f  

cem ented, brow n !sh -red  sands w ith  a c t i v e  dunes o v e r ly in g  th e  

o ld e r  sands a lo n g  th e  seaward margin* The dunes ex ten d  

a lo n g  Santa Monica Bay from P la y a  d e l  Key to  Malaga Cove, a 

d is ta n c e  o f  1 1 .?  m i le s  ( f i g .  1 and p i*  3 )*  D is p la y in g  a 

v a r ia b le  l a t e r a l  e x t e n t ,  th ey  range from 2 .0  m i le s  In  w idth  

i n  th e  n orthern  p a r t  o f  th e  area  to  an extrem e o f  4 .2  m i le s  

i n  th e  southern  p o r t io n  ( p i .  1 ) .  The a c t i v e  dunes have an 

average  w idth  o f  0 . 4  m i le s  a lo n g  t h e i r  e x te n t  from P la y a  

d e l  Rey to  Redondo Beach.

F o llo w in g  th e  nom enclature o f  Poland (1945) th e  area  

covered  by both  th e  a n c ie n t  sands and by th e  a c t i v e  dunes i s  

termed th e  “E l Segundo- sand h i l l s ” i n  t h i s  p a p er •

Clim ate

The c o a s t a l  area  o f  sou thern  C a l i f o r n ia  has been s a id  

to  have one o f  th e  most equable  c l im a t e s  in  th e  U n ited  

S t a t e s  (M arvin, 1 9 3 0 ) .  The tem perature  range i s  compara

t i v e l y  sm all w ith  r a i n l e s s  and m oderately  warm summers and 

m ild  w in te r s  d u rin g  which some su n sh in e  I s  r e c e iv e d  a lm ost  

every d a y .

The average annual tem perature  i n  Los A n geles  over  

a p e r io d  o f  53 y e a r s  was 63 ° w ith  an average maximum o f  7 3 ° 

and an average minimum o f  52 ° .  January was th e  c o ld e s t
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P I .  View o f  th e  E l Segundo sand h i l l s  lo o k in g  so u th .  The 
a c t i v e  dunes appear as  a l i g h t  c o lo r e d  b e l t  a lo n g  th e  c o a s t  w ith  
th e  u n d u la t in g  topography o f  th e  o ld e r  dunes on th e  landward s i d e .



3

month w ith  an average o f  55° and August th e  warmest w ith  an 

average o f  7 1 ° •  The average  p r e c i p i t a t i o n  over  a 53 year  

p e r io d  was 15 in c h e s  w ith  January b e in g  th e  w e t t e s t  month 

and J u ly  and August h av in g  no r a in  a t  a l l  (Marvin, 1 9 3 0 ) .

The monthly wind v e l o c i t i e s ,  d i r e c t io n s ,a n d  extrem es  

fo r  th e  c i t y  o f  Los A n geles  over a 70  year p e r io d  are shown 

i n  t a b le  1 .  (These f i g u r e s  were o b ta in e d  through  c o u r te sy  

o f  the  Weather Bureau A irp ort S t a t i o n ,  Los A n geles  M unincipal  

A irp ort  *)

Table  1 • “Monthly wind a v e ra g e s  and extrem es  
i n  th e  Los A n geles  a r e a ,  1876-1946*

Month
Average
hourly
v e l o c i t y

P r e v a i l i n g
d i r e c t i o n

Hi ghe s t
v e l o c i t y
(mph)

D ir e c t io n
h ig h e s t
v e l o c i t y

Jan* 6*3 NE 48 N

Feb* 6*5 NS 36 S

march 6*5 W 38 NW

A p ril 6*4 w 34 W

May 6 .2 sw 35 w

June 6*0 sw 28 sw

Ju ly 5*3 w 21 sw

Au g * 5*7 w 25 SE

Sept * 5*7 w 38 s

0 c t  * /' # : w 34 N

Nov • NE 40 N

D ec. 6 .3 NE 42 SE



S o i l  and V e g e ta t io n  

A ccording to  th e  s o i l  survey o f  Los A n g ele s  County 

i n  1919 (N e lso n ,  e t  a l ,  1919) > th e  s o i l  d eve lop ed  on th e  

cemented sands i s  th e  Oakley s e r i e s  o f  w in d - la id  s o i l s  * A 

brown c o lo r  p red om in ates ,  r a n g in g  from a red d ish -b row n to  

a b u ff*  The s o i l  i s  low i n  o r g a n ic  m atter and i s  q u i t e  

r e t e n t i v e  o f  m oisture*  N a t iv e  v e g e t a t io n  c o n s i s t s  o n ly  o f  

g r a ss  and sm all scrubby brush*

The a c t i v e  dunes have l i t t l e  or no s o i l  developm ent  

due to  t h e i r  c o n sta n t  movement* Sand v e rb en a , Mesembryan- 

themum and sand g r a s s  are th e  most common r e p r e s e n t a t iv e s  

o f  th e  sp arse  dune f lo r a *

P o s i t i o n s  o f  W e lls  and Samples 

The l o c a t i o n s  o f  a l l  w e l l  l o g s ,  t e s t  h o le s ,  and f i e l d  

l o c a t i o n s  are shown on p l a t e  2 .  The sm all c i r c l e s  are  

w ater w e l l s  and t e s t  h o l e s  and th e  c r o s s e s  are  f i e l d  l o c a 

t i o n s  where sam ples were t s k e n  and exam in ation s  made by th e  

w r ite r *  The system  o f  l o c a t i o n  i s  th a t  u sed  by th e  U n ited  

S t a t e s  G e o lo g ic a l  Survey and i s  r e l a t e d  to  th e  lan d  surveys*  

For l o c a t i o n  3 , / l 5 “1 2 B2 , fo r  exam ple , th e  f i r s t  part o f  th e  

number i n d i c a t e s  th e  tow nsh ip  and range (T • 3 S * , R. 15 W*, 

San Bernardino base l i n e  and m e r id ia n ) , th e  d i g i t  or two 

d i g i t s  fo l lo w in g  th e  hyphen i n d i c a t e s  th e  s e c t i o n  ( s e c .  1 2 ) 

and th e  l e t t e r  i n d i c a t e s  th e  40 acre  s u b d iv is io n  o f  t h e  

s e c t i o n  shown in  th e  accompanying diagram .
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W ith in  each  4 0 -a c r e  t r a c t  th e  w e l l s  are numbered s e r i a l l y  

as i n d ic a t e d  by th e  f i n a l  d i g i t  or  d i g i t s  o f  th e  number.

Thus l o c a t i o n  12B2 i s  i n  th e  NWtNEg o f  s e c .  12 and i s  th e  

second l o c a t i o n  in  t h a t  t r a c t  t o  be l i s t e d .

Purpose o f  Study  

The study was o r i g i n a l l y  undertaken  to  determ ine th e  

c a u se s  o f  a p e c u l ia r  r id g in g  e f f e c t  no ted  in  an exposure o f  

th e  o ld e r  cemented sands a lo n g  Sepulveda B ou levard . During  

th e  i n v e s t ! g a t i o n i  i t  was found t h a t  th e  o r i g i n ,  t h i c k n e s s , 

and sedim entary f e a t u r e s  o f  t h i s  a n c ie n t  sand group had 

been g e n e r a l ly  n e g le c t e d  in  th e  l i t e r a tu r e ®  The purpose o f  

t h i s  study i s  to  determ ine th e  o r i g i n  o f  th e  san d s , to  

e l e u c id a t e  th e  g e o lo g ic  h i s t o r y  o f  th e  r e g io n ,  and to  account  

for  th e  k ind  o f  d i f f e r e n t i a l  w e a th e r in g  seen commonly in  

e x p o su r e s .



P r e v io u s  L i t e r a t u r e

R e fe r e n c e s  to  th e  E l  Segundo sand h i l l s  i n  th e  l i t e r -  

atu re  are sketchy*  One o f  th e  f i r s t  workers to  n o te  t h e i r  

p resen ce  was W. C. M endenhall i n  h i s  work on th e  ground 

w-vters i n  th e  w estern  c o a s t a l  p la in  r e g io n  o f  southern  

C a l i f o r n ia  ( 1 9 0 6 ) .  He b e l i e v e d  th e  sands to  be e n t i r e l y  o f  

e o l ia n  o r ig i n  and n o ted  t h a t  th e  in la n d  dunes are not now 

a c t i v e .

The wind-blown sands were d e l im i t e d  i n  th e  s o i l  

survey o f  th e  Los A n geles  area  in  1919• M ention was made 

t h a t  th e  h i l l y  topography was formed alm ost e n t i r e l y  o f  

m a te r ia l  d r i f t e d  in la n d  from th e  sandy ocean b e a ch es .

R o l l i n  E c k is  (1934) b e l i e v e d  th a t  th e  h i l l s  in  th e  

area  were formed, in  p a r t ,  as a s e r i e s  o f  o f f s h o r e  bars  

upon th e  ocean f l o o r  and were l a t e r  m o d if ied  by stream  and 

wind a c t io n

W. P . Woodring, M. N. B r a m le t te , and W. S. W» Kew 

a l l o t  a b r i e f  s e c t i o n  to  th e  area i n  t h e i r  paper on th e  

P a lo s  V erdes H i l l s  ( 1 9 4 6 ) .  They b e l i e v e d  th e  sands to  be 

w in d - la id  and to  o v e r l i e  th e  upper P l e i s t o c e n e  f i r s t  t e r r 

ace non"Tnarine c o v e r .

The most r e c e n t  r e f e r e n c e  to  th e  sand h i l l s  area  was 

made by J • F. P o lan d , A. A* G a r r e tt ,  and A l le n  S ln n o tt  in  

t h e i r  unpubli shed work on th e  ground w aters  in  th e  T orran ce-  

Santa Monica area  (1 9 4 ? )•  The cemented sands are c o n s id -



ered  to  be o f f s h o r e  bars m o d if ied  by wind and stream a c t i o n .

Method o f  Study 

The area  was s tu d ie d  by means o f  a e r i a l  p h o tograp h s,  

to p o g ra p h ic  maps, w e l l  l o g s ,  and f i e l d  o b s e r v a t io n s  and 

sa m p lin g s .  A e r ia l  ph otograp hs , made as r e c e n t ly  as  1946 , 

were a v a i la b le  and o f  grea t  u se  i n  i n t e r p r e t i n g  th e  p h y s io 

graph ic  problem s in v o lv e d .  The l o g s  o f  about 200 w ater  

w e l l s  in  th e  area  were o b ta in e d  from th e  Ground Water 

D iv i s io n  o f  th e  U n ited  S t a t e s  G e o lo g ic a l  Survey to  a id  i n  

su b su r fa ce  i n t e r p r e t a t io n s #  In  a d d i t io n  to  t h e s e ,  th e  lo g s  

o f  many t e s t  w e l l s  put down a t  Hyperion p r io r  to  th e  e x c a 

v a t io n  t h e r e  were s t u d ie d .

The l i m i t s  o f  th e  area  are shown on p l a t e s  1 and 2 .  

S o l id  l i n e s  i n d ic a t e  c o n t a c t s  determ ined  in  th e  f i e l d  by 

s o i l  o b s e r v a t io n  and th e  d o t te d  l i n e s  fo l lo w  b ou n d aries  

based  on a study o f  th e  topography by a e r i a l  p h o tograp h s.

In perform ing th e  f i e l d  work, a l l  th e  road s i n  th e  

r e g io n  were t r a v e le d  and sam ples were taken  from f r e s h  

e x p o su r e s .  A lthough t h e s e  sam ples were l im i t e d  to  th e  

uppermost part o f  th e  fo rm a tio n , th e  w r i te r  was fo r tu n a te  

in  b e in g  a b le  to  ob serv e  and sample th e  lower p o r t io n s  in  

th r e e  l o c a t i o n s .

S h o r t ly  b e fo re  th e  b e g in n in g  o f  th e  i n v e s t i g a t i o n , 

th e  c i t y  o f  Los A n geles  began c o n s tr u c t io n  o f  a sewage  

trea tm en t p la n t  a t  H yperion . During t h i s  work 1 4 ,2 0 0 ,0 0 0



cu b ic  yards o f  sand were removed and u sed  to  widen th e  

beach nearby* Much tim e was spent a t  th e  e x c a v a t io n  exam

i n i n g  and sam pling th e  f r e s h  ou tcrop s*  (For l o c a t i o n ,  see  

p i .  2 ,  s e c .  10 and NWt sec*  11 in  T , 3 S . ,  R. 15 W.) 

A ccurate  e l e v a t i o n s  fo r  many exp osu res  were o b ta in e d  on th e  

s e v e r a l  o c c a s io n s  th a t  th e  w r ite r  accompanied th e  su rv e y in g  

party  o f  th e  e x c a v a t in g  company•

Near th e  end o f  th e  i n v e s t i g a t i o n ,  th e  Los A n ge les  

S a n i t a t io n  D i s t r i c t  began la y in g  a sewer p ip e  from Man

h a tta n  Beach to  p o in t s  in la n d  beyond th e  l i m i t s  o f  th e  

sand h i l l s  area* (For l o c a t i o n ,  see  p i .  2 ,  c e n tr a l  p art  o f  

secs*  23 and 2 4 ,  T. 3 S . ,  R. 15 W* and s e c .  1 9 ,  T* 3 S . ,

R* 14 W.) S h a f ts  were put down at freq u en t i n t e r v a l s  to  

f a c i l i t a t e  c o n s tr u c t io n  o f  th e  underground tu n n e l  and a t  

one l o c a t i o n  an open cut was made fo r  a d i s ta n c e  o f  about 

100 f e e t  (5 /1 4 -1 9 H 1 )• Due to  miners* s u p e r s t i t i o n s ,  th e  

w r ite r  was u n ab le  to  go down th e  s h a f t s ,  but her husband, 

Dr. R ichard  Merriam, went to  th e  bottom o f  se v e r a l*  U n fo r 

t u n a t e ly  th e  s h a f t s  were shored  as th ey  were dug and th e  

sam ples cou ld  be tak en  o n ly  a t  th e  bottom  from r a th e r  poor  

e x p o su r e s .  The open c u t ,  however, was r e a d i ly  a c c e s s i b l e  

and p rov id ed  e x c e l l e n t  sam pling  o p p o r t u n i t i e s .

A t h ir d  area  where e x te n s iv e  c u ts  can be seen  i s  

a lo n g  th e  B a llon a  escarpm ent which forms th e  n o r th  border  

o f  th e  a r e a .  An a l t im e t e r  was u sed  to  determ ine th e  e l e v a 



t i o n s  o f  th e  v a r io u s  exposed b e d s .  C o r r e c t io n s  o f  th e  

r e a d in g s  were made by r e t u r n in g  t o  a r e f e r e n c e  p o in t  as  

o f t e n  as p o s s i b l e  and by c a l l i n g  th e  l o c a l  Weather Bureau 

each  e v e n in g  to  o b ta in  th e  barom etr ic  changes fo r  th e  day .

Acknowledgement s 

The w r i t e r ' s  g r a t i t u d e  i s  e s p e c i a l l y  due Mr. John 

Mann fo r  s u g g e s t in g  th e  problem and p r o v id in g  in v a lu a b le  

a i d ,  and to  her husband, Dr. R ichard  Merriam, who d id  much 

o f  th e  drawing d u r in g  th e  f i n a l  days o f  p r e p a r a t io n  and was 

u n f a i l i n g  in  h i s  encouragem ent. D r. K. 0 .  Emery, head o f  

th e  w r i t e r ' s  graduate com m ittee , made numerous s u g g e s t io n s  

throughout th e  course  o f  th e  i n v e s t i g a t i o n  which were o f  

g r ea t  v a lu e .  The c o o p e r a t io n  o f  th e  o th e r  members o f  th e  

com m ittee , Dr. Thomas Clements and Dr. W. H* E aston  i s  

h e a r t i l y  a p p r e c ia te d .  For c o u r t e s i e s  ex tend ed  to  her by 

Mr. J .  F. Poland o f  th e  U n ite d  S t a t e s  G e o lo g ic a l  Survey  

and Mr. R. A. R ic h to r  o f  th e  C a l i f o r n ia  S ta te  Department 

o f  Water R eso u rces  th e  w r i te r  i s  g r a t e f u l .



10

PHYSIOGRAPHY

One o f  th e  most i n t e r e s t i n g  p h y s io g r a p h ic  f e a t u r e s  

o f  th e  area i s  th e  pronounced r id g e  which e x te n d s  a lo n g  th e  

c o a s t  from P la y a  d e l  Rey t o  Manhattan Beach* From Manhattan 

3each  to  Redondo Beach th e r e  i s  a sharp to p o g r a p h ic  h ig h  

about o n e - h a l f  m ile  in la n d  which may be a c o n t in u a t io n  o f  

t h i s  r id g e*  P r o f i l e s  A to  E on p l a t e  4 ( s e e  p i*  1 fo r  l o c a 

t i o n  o f  p r o f i l e s )  are normal to  th e  s h o r e l in e  and show th e  

p o s i t i o n  o f  t h i s  r id g e  w ith  r e s p e c t  to  th e  c o a s t*  The s lo p e  

on th e  windward s id e  o f  t h i s  r id g e  i s  6 t o  7  d e g r ee s  w h ile  

th e  s lo p e  on th e  leew ard i s  about 18 d egrees*  P la t e  5 shows 

t h i s  leew ard s id e  a t  a p o in t  about h a l f  way between Man

h a tta n  Beach and Hermosa Beach* The r a th e r  low leeward s lo p e  

i s  due to  th e  h o ld in g  o f  th e  sand by v e g e t a t io n *  On th e  

sm all a c t i v e  dunes l y i n g  on to p  o f  th e  main c o a s t a l  r i d g e f 

th e  a n g le  o f  r e s t  i s  much h igher*

The a c t i v e  dunes o v e r l i e  t h i s  r id g e  and th e  e n t i r e  

s t r u c tu r e  r e se m b le s  a g r ea t  t r a n s v e r s e  dune* Superimposed  

upon t h i s  are many sm all l o n g i t u d in a l  dunes which extend  

in  lo n g  i r r e g u la r  r id g e s  over  th e  to p  o f  th e  main s t r u c t u r e .  

Bagnold (1943) d i s c u s s e s  t h i s  phenomenon, whereby i n s t a b i l 

i t i e s  norm ally found in  th e  c r e s t  l i n e  o f  a main t r a n s 

v e r s e  dune cause l o c a l  in c r e a s e s  i n  wind v e l o c i t y  which  

break th e  r id g e  up in t o  a number o f  bar chan or l o n g i t u d in a l  

d u n es. P r o f i l e  G-, p l a t e  4 ,  ex ten d s  a lo n g  th e  c r e s t  o f  th e



P I . 4 . -  Land su rface p r o f i l e s .  For lo c a t io n , see p la te  1 . A and 
E are tra n sv erse  to  th e coast and F and G are p a r a l le l  to  i t .



P i .  5 * “ Leeward s l o p e  o f  c o a s t a l  rd d g e  
be tw een  M an h a t tan  Beach and Hermosa Beach .

P I .  6 . ” Gut b e i n g  made a t  H y p e r io n  which  shows 
a c t i v e  dune sands  above c o n s o l i d a t e d  r i d g e .
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main r id g e  and shows th e  many su r fa c e  i r r e g u l a r i t i e s *

An asym m etrica l v a l l e y ,  w ith  i t s  s t e e p e r  s lo p e  to  

th e  west l i e s  on th e  in la n d  s id e  o f  t h i s  c o a s t a l  r id g e *  

P r o f i l e s  A and B, p la t e  4 ,  show i t s  p o s i t i o n  q u i t e  w e l l .  

P r o f i l e  F f o l lo w s  th e  lo w e s t  p a r t s  o f  th e  v a l l e y  i n  th e  

n orth ern  p art  o f  th e  area  where i t  i s  most pronounced*

Undrained d e p r e s s io n s  and rounded or e lo n g a te d  h i l l s  

are t y p i c a l  o f  th e  in la n d  p o r t io n  o f  th e  a r e a .  L in es  were 

drawn in  th e  d i r e c t i o n  o f  e lo n g a t io n  o f  each  o f  th e  h i l l s  

to  see  i f  th e r e  were some p r e v a i l i n g  d ir e c t io n *  An a l i g n 

ment p a r a l l e l  to  th e  c o a s t  was n o ted  in  th e  r id g e s  l y i n g  

on th e  e a s t  s id e  o f  th e  asym metric v a l l e y  ( s e e  p i*  1 )* 

Elsew here  i n  th e  r e g io n  a h e tero g en eo u s  arrangement e x i s t e d .

E f f e c t s  o f  e r o s io n  by stream s can be seen  in  th e  

in la n d  area  and th ey  account for  some o f  th e  i r r e g u l a r i t i e s .  

However', th e  undrained  d e p r e s s io n s  and i r r e g u la r  h i l l s  

appear very  much to  be th e  r e s u l t s  o f  wind e r o s i o n .



STR ATI GRAPHY 

P a lo s  Verdes Sand 

A m arin e-cu t  t e r r a c e ,  c o r r e l a t i v e  w ith  th e  lo w e s t  and 

y ou n gest  marine t e r r a c e  o f  th e  P a lo s  Verdes H i l l s  presum

ably u n d e r l i e s  th e  N ew port-Inglew ood b e l t  o f  h i l l s  and th e  

surrounding  p l a i n s  and u p lan d s (P o lan d , 1945)* The Upper 

P l e i s t o c e n e  P a lo s  V eraes sand was d e p o s i t e d  on t h i s  t e r r a c e  

d u rin g  a h ig h  l e v e l  o f  th e  sea  (Woodring, e t  a l ,  1946)*

The P a lo s  Verdes form ation  c o n s i s t s  g e n e r a l ly  o f  

c o a r s e -g r a in e d  sand and g r a v e l  but in c lu d e s  sand, s i l t y  

sand, and s i l t *  L im estone c o b b le s  are th e  p r e v a i l i n g  co n 

s t i t u e n t s  o f  th e  g r a v e l ,  but g r a n i te  and s c h i s t  p e b b le s  are  

l o c a l l y  abundant* M o llu scs  are common i n  p la c e s  w ith  an 

a s s o c i a t i o n  i n d i c a t i n g  p r o t e c t e d  sh a llow  water*

Abundant o u tc r o p s  o f  th e  P a lo s  Verdes sand were 

observed  a lo n g  th e  B a llon a  escarpm ent. One f o s s i l i f e r o u s  

l o c a t i o n  about two m ile s  n o r th e a s t  o f  P la y a  d e l  Rey has been  

d escr ib ed *  From a study o f  th e  fau n a , W i l l e t  (1937) c o n s id 

ered  t h e s e  sands to  be th e  s t r a t i  graph ic  e q u iv a le n t  o f  th e  

P a lo s  V erdes sand at a Baldwin H i l l s  l o c a l i t y  d e sc r ib e d  by 

T ie j e  ( 1 9 2 6 ) .

Marine sand l y i n g  on th e  p la t fo r m  o f  th e  lo w e s t  

t e r r a c e  a lo n g  th e  co a s t  o f  th e  Santa Monica Mountains 

(H o o ts ,  1931) c o n ta in s  a fauna l i k e  t h a t  d e sc r ib e d  by W il le t  

from th e  l o c a l i t y  near P la y a  d e l  R ey. Woodring, e t  a l  (1946)
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b e l i e v e  t h i s  t e r r a c e  to  be c o n t in u o u s  w ith  th e  lo w e s t  t e r r 

ace in  th e  P a lo s  V erdes H i l l s *  The absence o f  ex p o su res  o f  

th e  sand between th e  Santa Monica M ountains and P la y a  d e l
t

Rey i s  e v id e n t ly  th e  r e s u l t  o f  a s l i g h t  deform ation  warping  

th e  t e r r a c e  below se a  l e v e l  (Woodring, e t  a l ,  1946)*

Exposures were a l s o  examined a t  th e  Hyperion e x c a v a 

t i o n  which are now covered*

Nonmarine T errace  Cover 

Upper P l e i s t o c e n e  nonmarine t e r r a c e  sed im ents  began  

to  accum ulate  a f t e r  emergence o f  a t e r r a c e .  A ccording to  

Woodring, e t  a l  (1946) th e  nonmarine d e p o s i t s  o f  th e  lo w e s t  

t e r r a c e  d ip  down to  th e  l e v e l  o f  th e  Los A n g eles  p la in  a t  

t h e  north w est  border o f  t h e  P a lo s  V erdes K i l l s  and ex ten d  

northward a lo n g  th e  c o a s t  to  P la y a  d e l  Rey under a cover  o f  

dune sand* No m ention i s  made, however, o f  a c tu a l  o b se r v a 

t i o n s  o f  th e  cover  in  th e  sand h i l l s .

Poland (1947) n o ted  th e  sed im ents capping  p o r t io n s  

o f  th e  Santa M onica-Torrance area  and d e s c r ib e d  them as  

n o n - f o s s i l i f e r o u s  r ed  sands and s i l t y  sands ra n g in g  from a 

few f e e t  to  about 20 f e e t  in  t h i c k n e s s .  Again th e r e  i s  no 

r e f e r e n c e  t o  a s p e c i f i c  o ccu rren ce  o f  th e  cover  in  th e  sand 

h i l l s .

There i s  c o n s id e r a b le  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  

th e  t e r r a c e  cover from th e  reddish-brow n cemented sands o f  

th e  area  due to  th e  s i m i l a r i t y  o f  th e  two fo rm a tio n s .
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Poland (1947) a ls o  r e c o g n iz e d  th a t  th e  upper few f e e t  o f  the  

P a lo s  V erdes sand, when m o d if ied  by w e a th e r in g , cou ld  appear 

s im i la r  t o  th e  nonmarine cover#

Cemented Sands 

Sta tem en ts  r e g a r d in g  th e  age and s t r a t i  graph ic  r e l 

a t i o n s h i p s  o f  th e  red d ish -b row n sands are scarce#  Woodring, 

e t  a l  (1946) b e l i e v e d  them to  be dune sands which o v e r l i e  

t h e  f i r s t  t e r r a c e  nonmarine cover# At t h e i r  southernm ost  

e x te n t  a t  th e  n o rth ern  border o f  th e  P a lo s  V erdes H i l l s  

th e  dune sands grade in t o  th e  cover* They are c o n s id e r e d  

to  be o f  R ecent a g e .

P oland ( 1 9 4 7 ) c o n s id e r s  th e  o ld e r  sands to  be in  part  

marine o f f s h o r e  b?r s  th a t  o v e r l i e  th e  P a lo s  Verdes sand#

A fte r  emergence o f  th e  b ars  th e y  were m o d if ied  by wind a c t i o n .  

P l e i s t o c e n e  (? ) and Recent i s  th e  age d e s ig n a t io n  g iv e n  th e  

sands#

A c t iv e  Sand Dunes 

The a c t i v e  dunes o v e r l i e  th e  cemented sands in  a 

b e l t  a lo n g  th e  c o a st*  They are w h o lly  o f  R ecent age and 

d e r iv e  t h e i r  sands a lm ost e n t i r e l y  from th e  a d jo in in g  

beach and to  a minor e x te n t  from o u tc ro p s  o f  th e  cemented  

sa n d s .



GENERAL DESCRIPTION OF SANDS 

Hyperion E xcava tio n

S e v e r a l  s t a g e s  in  th e  developm ent o f  th e  cemented  

sands were ob serv ed  a t  th e  Hyperion sewer p la n t  e x ca v a t io n *

To f a c i l i t a t e  a d i s c u s s i o n  o f  t h e s e  s t a g e s , numbers have 

been g iv en  to  th e  p a r t s  w ith  number one b e in g  th e  lo w e st  

d is c u s s e d  and number four th e  h i g h e s t .  P la t e  7 shows th e  

e x c a v a t io n  at Hyperion as i t  appeared d u r in g  Septem ber,

1948 . The arrows p o in t  to  th e  to p  o f  each  o f  th e  s t a g e s  

di s c u s s e d .

The a c t i v e  dune sands com prise s ta g e  4 ,  th e  h i g h e s t .  

T h eir  t h i c k n e s s  i s  r a th e r  v a r i a b l e ,  r a n g in g  from a few f e e t  

near th e  ocean to  as  much a s  30  f e e t  near th e  h ig h e s t  p a r t s  

o f  th e  c o a s t a l  r id g e .

Beneath t h e s e  a c t i v e  sands l i e s  a cemented group whose 

r e s i s t a n t  su r fa c e  p r o j e c t e d  through  th e  mask o f  blown sand 

throughout th e  e x c a v a t io n .  P la t e  6 shows th e  a c t i v e  dunes 

l y i n g  on s ta g e  3* The to p  two to  f i v e  f e e t  o f  t h i s  r e s i s -  

t a n t  sand showed no la y e r in g  and was g r a y . I t  appeared to  

be an o ld  s o i l  s u r f a c e .  Below t h i s  hard , unbedded l a y e r ,  

anastom osing  r id g e s  formed by h ig h ly  cemented bands of. sand 

a l t e r n a t i n g  w ith  s o f t e r  bands were seen* T h is  d i f f e r e n t i a l ,  

w e a th e r in g  became l e s s  e v id e n t  in  th e  low er p art  o f  t h e  

s e c t i o n .  P la t e  8 shows s ta g e  3 w ith  th e  s o l i d  le d g e  on top  

and th e  r id g e s  b e g in n in g  s e v e r a l  f e e t  below th e  su r fa c e  and



FI* 7 * -  E x ca v a tio n  at Hyperion* Numbers r e f e r  to  th e  
s t a g e s  o f  sand development d e sc r ib e d  in  th e  t e x t *



PI# 8 . -  e x p o s u r e  i n  H y p e r io n  showing l e d g e -  
fo rm in g  san ds  on t o p  g r a d i n g  i n t o  r i d g e d  m a t 
e r i a l  w hich  becomes l e s s  e v i d e n t  lo w er  i n  
t h e  s e c t i o n .

H I .  9 . ” t e l l “cem ented  s a n d s  i n  H y p e r io n  e x p o s u r e



16

th en  fa d in g  w ith  d ep th .

The low er part o f  t h i s  s ta g e  was e s s e n t i a l l y  u n con

s o l i d a t e d .  I t  was l i g h t  ta n  w ith  o n ly  a t r a c e  o f  f e r r u g in 

ous cem ent. G ross-b ed d in g , somewhat i l l - d e f i n e d ,  was o b s e r 

ved in  s e v e r a l  ex p osu res  o f  t h i s  lower p a r t .  The t h i c k n e s s  

o f  th e  s ta g e  ranged from 30 f e e t  near  th e  h ig h e s t  p a r t s  o f  

th e  c o a s t a l  r id g e  to  a f e a th e r  edge as i t  le n s e d  out near  

th e  o cean .

The poor c o n s o l id a t io n  o f  th e  low er p a rt  o f  s ta g e  3 

made s ta g e  2 stand out as th e  b e s t  d e f in e d  c l i f f - m a k i n g  

member o f  th e  group. For as lo n g  as  one year  a f t e r  th e  

l a s t  c u ts  were made, th e  su r fa c e  o f  th e  bed cou ld  be seen  

p r o j e c t i n g  through  th e  wind blown sand* Anastom osing  

r id g e s  and i n t e r - r i d g e s  were n o ted  below th e  cemented g ra y 

i s h  to p  la y e r *  The sands below t h e  r id g e s  were not' so 

h ig h ly  cemented and th e  a l t e r n a t i n g  r id g e s  were p a r a l l e l *  

T h is  s ta g e  was about 23 f e e t  t h i c k  near th e  h ig h e s t  p a r t s  

o f  th e  r id g e  and le n s e d  out near th e  o cea n .

Stage 1 was th e  most h ig h ly  c o n s o l id a t e d  group seen  

In th e  area ( p i .  9 )*  The r id g e s  r e s u l t i n g  from d i f f e r e n 

t i a l  w ea th er in g  were c o n to r te d .  S trea k s  o f  b lack  sand were 

n o t i c e a b le  s e v e r a l  f e e t  below th e  to p  and w e ll-ro u n d ed  

g r a v e l  o f  th e  P a lo s  V erdes sand cou ld  be seen  5 to  15 f e e t  

below th e  s u r f a c e .



B a llo n a  Escarpment 

Good ex p o su res  o f  th e  w e l l - c o n s o l i d a t e d  sands w ith  

anastom osing  r id g e s  may be seen in  th e  n o r th e a s t  p o r t io n  

o f  th e  B a llo n a  escarpment* The r id g e d  member i s  u n d e r la in  

by p a r a l l e l  beds o f  a l t e r n a t i n g  l i g h t  and dark lam inae w ith  

s t r e a k s  o f  b la ck  sand runn ing  through  i t *  In  many p la c e s  

th e  to p  o f  t h i s  la m in a ted  sand i s  h ig h ly  c o n s o l id a t e d  and 

forms a d i s t i n c t i v e  le d g e  (p i*  1 0 ) .  The P a lo s  Verdes sand 

l i e s  below t h i s  group* P la t e  11 shows th e  anastom osing  

sand, th e  lam in ated  sand, and th e  g r a v e l  exposed  a lo n g  th e  

B a llo n a  escarpment*

Open Gut

A cut 40 f e e t  deep was exposed  for  s e v e r a l  days  

d u rin g  an e x c a v a t io n  to  la y  sewer p ipe*  (For l o c a t i o n ,  see  

pi*  2 ,  3/14-19H1J G ross-bedded sands were seen to  i n t e r s e c t  

th e  anastom osing  r id g e s  as i s  shown in  f ig u r e  2 .  A hard 

l e d g e  w ith  r id g e d  sand below was found about 10 f e e t  from 

th e  bottom and s l i g h t l y  c o n s o l id a te d  c ro ss -b ed d ed  sands  

cou ld  be seen  in  th e  lo w e s t  p a r t s  o f  th e  c l i f f .

Base o f  th e  Cemented Sands 

Inasmuch as th e  nonmarine t e r r a c e  cover may l i e  

below th e  cemented san d s , i t  i s  d i f f i c u l t  t o  determ ine  

a c c u r a te ly  th e  base o f  th e  c o n s o l id a te d  group. The f i r s t  

main l i t h o l o g i c  break would be th e  P a lo s  Ver d e s  sand. 

However, i f  th e  nonmarine t e r r a c e  cover  were p r e s e n t ,  i t



P I .  1 0 . -  Ledge crop p ing  
out a lo n g  B a llon a  
escarp m en t•

P I .  1 1 . -  Exposure  
a lo n g  B a llo n a  e s c a r p 
ment showing a n a s 
tom osin g  r i d g e s ,  
lam in a ted  san d s , and 
g r a v e l  o f  P a lo s  Verdes  
age be low .



•SURFACe. - €U  t o o

Fig® 2 o-  Exposure i n  open cut fo r  sewer p ip e  showing  
an a stom osin g  r id g e s  i n t e r s e c t i n g  th e  primary c r o s s 
bedding*
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would be q u i t e  t h i n  ju d g in g  from ex p o su res  o f  i t  in  o th e r  

a r e a s .  Thus th e  s lo p e  o f  th e  base o f  th e  dunes would fo l lo w  

th e  same g en era l s lo p e  as d oes  th e  su r fa c e  o f  th e  P a lo s  Verdes  

sand®

With t h i s  thou ght i n  mind, t h e  w e l l  l o g s  were s tu d ie d  

q u i t e  c a r e f u l ly  and th e  e l e v a t i o n  o f  th e  topmost s i l t  or 

g r a v e l  bed noted® Due to  th e  vaT ied  l i t h o l o g y  o f  th e  P a lo s  

Verdes sand, e i t h e r  th e  s i l t  or g r a v e l  cou ld  be I t s  u p p er

most part® Some a d d i t io n a l  d a ta  was o f f e r e d  by th e  e x p o 

su re s  a t  H yperion , th e  open cut for  th e  sewer p ip e ,a n d  th e  

B a llo n a  escarpm ent.

When th e  e l e v a t i o n s  o f  th e  P a lo s  Verdes su r fa c e  were 

determ ined  a s  c l o s e l y  as p o s s i b l e ,  co n to u rs  were drawn on 

t h i s  surface®  The r e s u l t s  are shown on p l a t e  2 .  The s o l i d  

con to u rs  are based on many e l e v a t i o n s  and th e  dashed l i n e s  

I n f e r  a s c a r c i t y  o f  w e l l s  in  t h a t  v i c i n i t y • A low r id g e  

p a r a l l e l  to  th e  c o a s t  w ith  a trou g h  e a s t  o f  i t  i s  shown on 

th e  g e o lo g ic  s e c t io n  near th e  margin o f  th e  p l a t e .

The t h i c k n e s s  o f  th e  l e n s  o f  sand i s  g r e a t e s t  near  

th e  c o a s t  where i t  r e a c h e s  150 f e e t *  The u s u a l  range o f  

t h i c k n e s s  i s  from 100 to  120 f e e t .

I t  was im p o ss ib le  t o  determ ine th e  e l e v a t i o n s  fo r  

th e  P a lo s  V erdes sand su r fa c e  a t  th e  n o r th  boundary o f  th e  

P a lo s  Verdes H il ls®  The s t r a t a  are n u ite  deformed here and 

no c o r r e l a t io n s  cou ld  be made from th e  w e l l  lo g s*
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S p i r i t  l e v e l i n g  a lo n g  M anchester Boulevard a t  i n t e r 

v a l s  between 1925 and 1937 i n d i c a t e s  a su b s id en ce  w est o f  

L in co ln  Boulevard and a p r o g r e s s iv e  r i s i n g  e a s t  o f  L in co ln  

Boulevard* Grant and Sheppard (1939) determ ined th e  r a t e s  

o f  annual v e r t i c a l  movement in  hundreths o f  a fo o t*  These  

annual changes in  e l e v a t i o n  are shown in  red  on p la t e  2*

I t  i s  i n t e r e s t i n g  to  n o te  th a t  th e  p o s i t i o n s  o f  r e c e n t  sub

s id en ce  correspond  f a i r l y  w e l l  w ith  low p o in t s  on th e  s u r f 

ace o f  th e  P a lo s  V erdes sand and t h a t  r e c e n t  r i s e s  occu r  in  

th e  d i r e c t io n  o f  in c r e a s in g  e l e v a t io n  on th e  a n c ie n t  s u r f a c e .

A r c h e o lo g ic a l  S i t e

Mr* E* F. Walker o f  th e  Southwest Museum uncovered  

a s i t e  o f  former human o c c u p a t io n  a t  Malaga Gove. Four 

w e l l - d e f i n e d  c u l t u r a l  l e v e l s  o f  o c c u p a t io n  were found in  

th e  nonmarine t e r r a c e  cover  and what Woodring, e t  a l  (1946)  

c a l l e d  dune sand* The f o l lo w in g  id e a s  are drawn from an 

u n p u b lish ed  paper th e  w r i te r  was p r i v i l e g e d  to  r e a d .

The lo w e s t  l e v e l  was in  th e  upper 3 f e e t  o f  th e  

nonmarine t e r r a c e  m a ter ia l*  An age o f  s e v e r a l  thou san ds o f  

y e a r s  i s  su g g es ted  by th e  p resen ce  o f  a r t i f a c t s  s im i la r  to  

th o s e  found on th e  t e r r a c e s  o f  Lake B o n n e v i l le  and at a 

Folsom s i t e  in  C olorado. The occu rren ce  o f  th e  l e v e l  in  

th e  P l e i s t o c e n e  t e r r a c e  cover  would a l s o  i n d ic a t e  a c o n s id 

e r a b le  a g e .  T h is  was e v id e n t ly  a se a so n a l  v i l l a g e .  The 

in h a b i t a n t s  came a f t e r  th e  r e c e d in g  o f  a r i v e r  no lo n g e r
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p r e se n t  and camped on th e  p a r t ly  d r ie d  mud and g a th ered  

s h e l l f i s h .  Thousands o f  rem ains o f  t h e s e  m o llu sc s  were 

u ncovered  i n  th e  e x c a v a t io n .

The next l e v e l  was found i n  th e  lo w e s t  2 f e e t  o f  th e  

sand dune. M etates and manos were th e  d i s t i n g u i s h i n g  a r t i 

f a c t s .  A f te r  about 2 f e e t  o f  dune sands accum ulated t h e s e  

p e o p le  d isa p p e a r e d .

The n ext to  to p  la y e r  was about 8 f e e t  t h i c k .  In  

t h i s  la r g e  s ton e  m ortars and p e s t l e s  and s h e l l  f i sh h o o k s  

were found .

The to p  l e v e l  was about 15 f e e t  t h i c k  w ith  i t s  u p p er

most p a r t  covered  by 8 f e e t  o f  dune sand. I t  was brought up 

to  th e  h i s t o r i c  p e r io d  oy th e  p r e sen ce  a t  th e  very to p  o f  

a few sm all g l a s s  tra d e  beads such as th e  Spaniards brought  

in  about 1800 . I t  I s  not known when th e  v i l l a g e  was aban

doned but when th e  F ra n c isca n  M is s io n s  became se c u r e ly  

e s t a b l i s h e d  th ey  removed th e  In d ia n s  from i s l a n d  and c o a s t a l  

v i l l a g e s  and brought them to  l i v e  In  th e  grounds o f  th e  

m is s io n s .

I f  th e  to p  o f  th e  uppermost c u l tu r e  l e v e l  i n d i c a t e s  

th e  end o f  In d ian  o c c u p a t io n  in  1 8 0 0 , i t  may be surm ised  

t h a t  th e  8 f e e t  o f  dune sand above th e  uppermost c u l tu r e  

accum ulated in  150 y e a r s ,  or  at th e  r a te  o f  about 0 .0 5  f e e t  

a y e a r .

I t  i s  hoped t h a t  a r c h e o l o g i s t s  soon w i l l  be a b le  to
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a s s ig n  d a te s  to  th e  c u l t u r e s  so t h a t  q u a n t i t a t i v e  d a ta  on

th e  age and r a t e  o f  accu m u lation  o f  th e  dunes may be o b t a i n ” 

ed .

Hate o f  A c t iv e  Dune Movement 

In  su r v e y in g  th e  Hyperion area  p r io r  to  c o n s t r u c t io n  

o f  th e  Sewage D is p o s a l  p la n t ,  i t  was d is c o v e r e d  t h a t  th e  

sand l e v e l  around th e  base o f  s e v e r a l  p o le s  a t  th e  Power 

P la n t  had dropped about 4 f e e t  in  t h e  7 y e a r s  s in c e  th e  

p r e v io u s  survey was made• The p o le s  are l o c a t e d  about 600 

f e e t  in la n d  from th e  beach (3 / l5 ~ lQ H 4 )*

E vidence  o f  anoth er  s h i f t  In  sand i s  i l l u s t r a t e d  in  

two pro f i l e s  o f  th e  same l i n e  surveyed  one year  apart ( p i .  

1 2 ) .  The sand was e v id e n t ly  moved from th e  windward s id e  

o f  th e  c o a s t a l  r id g e  and c a r r ie d  down th e  s t e e p  leew ard  

s lo p e  where fu r th e r  movement in la n d  was r e ta r d e d  by th e  

g r e a te r  *amount o f  v e g e t a t io n  and th e  p r o t e c t io n  from th e  

w e s te r ly  winds o f f e r e d  by th e  h ig h  c o a s t a l  r i d g e .  T h is  

p r o t e c t io n  i s  no lo n g e r  in  e x i s t e n c e  in  p a r t s  o f  E l Segundo. 

In th e  rem oval o f  sand from th e  H yperion a r e a ,  th e  h ig h  

c o a s t a l  r id g e  was e n t i r e l y  cut th rou gh  a t  one p l a c e .  O i l  

w e l l s  and homes, form erly  p r o te c te d  by t h i s  r i d g e , are  now 

e x p e r ie n c in g  c o n s id e r a b le  d i f f i c u l t y  w ith  wind-blown sand.

The f i g u r e s  g iv en  and data  from th e  p r o f i l e  may be 

summarized as f o l l o w s :



PU 12

PROFILES SHOWING A N U A L  X H A N G E  IN ACTIVE D U N E S  AT HYPERION

1945— VI946

— 160

—  12 0

— jeo

—go

— 6o



22

Rate o f  v e r t i c a l  sand rem oval
(a t  power p o le )  0*57 f t *  per year

R ate o f  h o r i z o n t a l  movement
w est o f  c r e s t  5*00 f t *  per yea r

Rate o f  h o r i z o n t a l  accu m u lation
e a s t  o f  c r e s t  20*00 f t *  per year

A lthough t h e s e  f i g u r e s  are I n t e r e s t i n g ,  they  are hardly

v a l i d  enough to  warrent s p e c i a l  a t t e n t io n *  The g e n e r a l  dune

o u t l i n e s  have not changed s in c e  th e  e a r ly  top o g ra p h ic

su r v e y s ,  so a s t a t e  o f  e q u i l ib r iu m  i s  e v id e n t ly  approached

in  many p a r ts  o f  th e  d u nes.
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COMPOSITION 

Grain S iz e

Forty sam ples o f  th e  cemented sands were b o i l e d  in  

h y d r o c h lo r ic  a c id  and stannous c h lo r id e  to  d is a g g r e g a te  them. 

A fte r  d r y in g ,  th ey  were p la c e d  in  T y ler  Standard Screen  

S c a le  S ie v e s  and shaken in  th e  Ho-Tap Automatic Shaking  

Machine o f  th e  A lla n  Hancock Foundation fo r  20 m in u te s .

The com putations o f  s i z e  d i s t r i b u t i o n  were a c co r d in g  to  th e  

Wentworth Grade S c a le .

In  72 per cen t o f  th e  sa m p les , th e  modal c l a s s  was 

i  t o  i  mm; in  18 per cen t o f  th e  sam ples I t  was i  to  1 mm; 

and i n  10 per cen t I t  was 1 /8  to  i  mm. Works by Udden 

( 1 8 9 8 ) ,  G ressey (1 9 2 8 ) ,  G alver (1 9 4 0 ) ,  Lutz (1 9 4 1 ) ,  and 

3a gnold  (1943) i n d ic a t e  t h a t  most dune sands f a l l  in  a 

s i z e  range from 1 /8  mm to  g. mm. T h is  range i s  not so w e l l  

d e f in e d  i n  marine sands due lu th e  g r e a te r  v a r i a b i l i t y  in  

cu rren t and wave c a p a c i t y .  Thus th e  gra in  s i z e  i s  not d ia g 

n o s t i c  i n  d e ter m in in g  th e  o r i g i n  o f  th e  cemented sa n d s .

I t  was s t a t e d  by Udden (1 8 9 4 ) ,  Lutz ( 1 9 4 1 ) ,  and 

K e l le r  (1945) t h a t  i n  dune sands th e  second l a r g e s t  c l a s s  

p ercen ta g e  f a l l s  on th e  c o a r se r  s id e  o f  th e  l a r g e s t  p e r c e n 

ta g e  and In marine sands i t  f a l l s  on th e  f i n e r  s i d e .  In 50  

per cen t o f  th e  sam ples th e  grade second i n  q u a n t ity  f e l l  on 

th e  coa rse  s id e  o f  tn e  maximum le a v i n g  n o ' c o n c lu s io n s  

p o s s i b l e .
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The median d ia m eters  ranged from 0*22 to  0*46 mm 

w ith  an average  o f  0 .3 3  mm* The per cen t  range i s  shown in  

f ig u r e  3• V e l o c i t i e s  o f  winds n e c e s s a r y  to  tr a n sp o r t  s e d i 

ments o f  c e r t a in  average d ia m eters  were determ ined  by Thou -  

l e t  (1908)*  He found th a t  winds o f  2 m eters per second  

(4*6 mph) tr a n sp o r t  g r a in s  o f  0 .1 6  mm; winds o f  4 m eters  

per second (9mph) w i l l  t r a n sp o r t  g r a in s  o f  0*33 mm; and 

winds o f  8 m eters per second (18 mph) w i l l  t r a n sp o r t  g r a in s  

o f  0 .6 5  mm* By r e f e r r i n g  to  t a b l e  1 I t  may be seen  t h a t  

th e  average  v e l o c i t y  o f  winds from th e  w est or southw est  

( th e  o n ly  winds which co u ld  tr a n s p o r t  sand from th e  source  

beach to  th e  dunes) i s  6 mph. A ccord ing  to  T h o u le t* s work, 

most o f  th e  g r a in s  in  th e  area  should  have an average d i a 

meter o f  around 0 .2 5  mm i f  o f  e o l i a n  o r i g i n .  However th e  

c o n s ta n t  change o f  wind v e l o c i t y , com p etence , and d i r e c t i o n  

as w e l l  a s  th e  v a r y in g  v e l o c i t i e s  a t  d i f f e r e n t  h e ig h t s  add 

c o m p l ic a t io n s  to  T h ou let  * s t h e o r y • The s i z e  o f  th e  sand  

a v a i la b l e  and th e  d i s ta n c e  th e  g r a in s  move would a l s o  be a 

f a c t o r .

The median d iam eter  o f  th e  cemented sands compared 

q u i t e  fa v o ra b ly  to  t h a t  o f  th e  sands o f  th e  nearby b ea ch .  

Kerr (1938) and F o s te r  (194?) found t h a t  th e  median diam e

t e r s  o f  sands a lo n g  Santa Monica Bay vary from 0 .2 5  to  0 .5 0  

mm. I f  th e  cemented sands are marine in  o r i g i n ,  th ey  would  

be e x p e c te d  to  compare fa vorab ly  w ith  th e  sands on th e
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a d ja c en t  beach* I f  th ey  are e o l i a n ,  th e  sh ort  tr a n sp o r ta *  

t i o n  from th e  beach would l e a v e  them r e l a t i v e l y  unchanged  

and a s i m i l a r i t y  would be e x p e c ted  i n  t h i s  c a se  a lso *

The s o r t i n g  c o e f f i c i e n t  ranged from 1 .0 8  to  1 .4 9  

w ith  an average o f  1 .2 6 .  F igure 3 shows th e  frequency  

p e r c e n ta g e s  o f  th e  c o e f f i c i e n t s .  The s o r t in g  i n  th e  cemen

t e d  sands may be c o n s id e r e d  q u i t e  good a s  Trask (1932)  

found t h a t  a v a lu e  l e s s  than  2 .5  i n d i c a t e s  a w e l l - s o r t e d  

sedim ent ♦

S u rface  C h a r a c t e r i s t i c s  

Roundness o f  th e  g r a in s  was determ ined  through  a 

b in o c u la r  exam in ation  o f  th e  g r a in s  u s i n g  th e  Krumbein 

ch art (Krumbein, 1 9 4 1 ) .  Very few round g r a in s  were o b se r v e d .  

When p r e s e n t ,  th e  rounded g r a in s  were more than 1 mm in  

d ia m e te r .  About 30 per cen t  o f  th e  g r a in s  in  th e  i  t o  

1 mm group were subround, and th e  rem ainder were su b a n g i la r .  

Below mm, th e  g r a in s  were subangular to  a n g u la r ,  w ith  th e  

a n g u la r i t y  in c r e a s i n g  w ith  d e c r e a s in g  gra in  s i z e .  In g en er 

a l ,  5 per cen t o f  th e  g r a in s  were round, 30  per cen t were 

subround, 40 per cen t  were su b an gu lar , and 20 per cen t  were 

a n g u la r .

Rounded g r a in s  have o f t e n  been s a id  to  be i n d i c a t i v e  

o f  e o l i a n  t r a n s p o r t a t io n *  Galloway (1922) s a id  th a t  i f  

50  per cen t o f  th e  g r a in s  are w e l l  rounded , no agent o f  

a b r a s io n  i s  I n d ic a t e d .  He a l s o  m entioned th a t  th e  low er
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e f f e c t i v e  l i m i t  o f  round ing  by wind i s  0 .0 3  mm whereas t h a t  

o f  water i s  0*05• Calver (1940) concluded  th a t  roundness  

i n c r e a s e s  w ith  i n c r e a s in g  d is ta n c e  from th e  b ea ch . However, 

t h i s  in c r e a s e  i s  n e g l i g i b l e  and round ness i s  n o t a good 

c r i t e r i o n  to  u se  i n  d i f f e r e n t i a t i n g  dune from beach sand.

As fa r  l e s s  than  50 per cen t o f  th e  cemented sands  

are w e l l-r o u n d e d ,  th ey  would not f i t  Galloway* s d e f i n i t i o n  

o f  an e o l ia n  san d . However, i f  th e  sand was d e r iv e d  from 

th e  a d ja c en t  beach th e  t r a n s p o r t a t io n  would have been to o  

sh ort for  much round ing  to  be d o n e . Thus no agent o f  t r a n s 

p o r t a t io n  i s  e s t a b l i s h e d  from t h i s  c r i t e r i o n .

Only t h e  l a r g e s t  g r a i n s  ( o v e r  1 mm i n  d i a m e t e r ) 

showed any a p p r e c i a b l e  f r o s t i n g  o r  p i t t i n g .  T h e re  was no 

f r o s t i n g  on g r a i n s  l e s s  t h a n  i mm and no p i t t i n g  on g r a i n s  

l e s s  t h a n  t mm. I n  g e n e r a l , 5 t o  15 p e r  c e n t  o f  t h e  g r a i n s  

i n  e a c h  sample were f r o s t e d  and p i t t e d .  T w enhofe l  (1945)  

s t a t e s  t h a t  o n ly  an e o l i a n  agency w i l l  f r o s t  g r a i n s  l e s s  

t h a n  1 mm i n  d i a m e t e r .  I f  g r a i n s  g r e a t e r  t h a n  1 mm a r e  

f r o s t e d  e i t h e r  wind o r  w a t e r  may be t h e  a g e n t •

M ineral Content  

Heavy m inera l s e p a r a t io n s  were made u s in g  bromoform 

(Sp . G. 2 .3 7 )  • The p e r ce n ta g e  o f  heavy m in e ra ls  p r e se n t  in  

th e  sam ples v a r ie d  from 0*21 to  1 2 .8  and averaged  2 .5 5  

per cen t ( f i g .  3 ) .  The m in e ra ls  i n  th e  l i g h t  and heavy 

f r a c t i o n s  were determ ined  w ith  a p e tr o g r a p h ic  m icro sco p e .
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(See  t a b l e  2 . )

Among th e  heavy m in e r a ls ,  hornblende was th e  most 

common, r a n g in g  from 10 to  60 per cent*  Dark c o lo r e d ,  

opaque, n o n m a g n e t ic  rock  fragm ents were second and mag" 

n e t i t e  th ir d #  Other heavy m in e r a ls  p r e se n t  were e p i d o t e , 

z ir c o n ,  t i t a n i t e , g a r n e t ,  a c t i n o l i t e ,  c l i n o z o i s i t e , c h l o r i t e ,  

m u s c o v i t e , t r e m o l i t e , and tourm alin e#

In  th e  l i g h t  f r a c t i o n ,  qu artz  was most common, v a r y 

in g  from 60 to  80 per c e n t .  Rock fragm ents and f e ld s p a r  

were n ex t  in  abundance, w ith  th e  rock  fragm ents as h ig h  as  

25 p e r ce n t  and th e  f e ld s p a r s  as  h ig h  as 20 per c e n t . Chal

cedony was a l s o  p r e se n t  in  sm all amounts in  many sam p les .

To determ ine th e  ca lc iu m  carbonate  c o n t e n t , th e  

sam ples were le a c h e d  w ith  d i l u t e  h y d r o c h lo r ic  a c id  and th e  

w eigh t l o s s  c a l c u l a t e d .  The amount p r e se n t  ranged from 0 

t o  one extrem e ca se  o f  6 per c e n t • The average  for  th e  

sam ples was 1 .0 6  per cen t  ( f i g #  3 ) •

The red d ish -b row n c o lo r  o f  th e  sands was found to  be 

th e  r e s u l t  o f  th e  p r e sen ce  o f  ir o n  o x id e .  T h ere fo re  q u a n t i -  

t a t i v e  t e s t s  were run on 29 o f  th e  samples to  determ ine th e  

ir o n  c o n te n t  * In  th e  p r o c e s s , th e  sample was h ea ted  to  th e  

b o i l i n g  p o in t  i n  h y d r o c h lo r ic  a c id  and th e  f e r r i c  ir o n  

red uced  by adding stannous c h lo r id e  drop by drop u n t i l  th e  

y e l lo w  c o lo r  d isappeared# The sedim ent was f i l t e r e d  o f f  

and th e  f i l t r a t e  t i t r a t e d  w ith  p otass iu m  perm anganate. The



__________________ Table 2 _________

R elative abundance In heavy mineral fraction

Hi
Q

V)

* *
i * 5 ̂ i u £

<5 c
* ; T
* r
0 k
*

m t
i -  :sk
HI
*ID

$1 0 i 
* I
N I

? !
*

K IUj
*or<C0

R elative abun
dance in  l ig h t  
mineral fraction

s
VHJ

2/15-25G4 A* C* R*: R R R R

2/15-25C4 | G R R

2/15'

2/15'

■25C4

■25C4

A R R R R R A R

R R R R R R R

3/14-19H1 R R R R R R

3/14'

3/14-

■19H1

■19H1

3/15'

3/15

■24H1

■24H1

3/15-24H1 

4 /1 4 -5C1 

4/14-5C1 

4/14-18R1 

4/14-18R1

3/14-19H1

3/14-19H1
   >
3/14-19H1

3/15-10H3

3/15-10H3

3/15-11E6

3/15-11E6

3/15*1126

3/15-HE6

R

R

R

R C
- •  ....t~"
R

G •

A

A

R

R

R

R

A i R

R

R

R

R

R

R

R R R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

• R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R

R R

R

R

R

A

A

R

C

R

R

R

R

R

R

A

G

R

R

R

R

R

R

R

R

R

R

R

c  ! r  iij

*A - abundant 
*C - common 
*R - rare



i r o n  was found to  vary from 0 to  a s  h ig h  a s  2*3 per  cen t  

w ith  th e  average  amount b e in g  0*63 p ercen t  ( f i g *  3)*

Fragments o f  sm a ll  h ig h ly  comminuted m o llu sc  s h e l l s  

were seen  i n  many samples* One sponge s p i c u le  and a p ie c e  

o f  a bryozoan were a l s o  found* More a c c u r a te  i d e n t i f i c a t i o n  

was im p o s s ib le  due t o  th e  fragm entary n a tu re  o f  th e  sp ec im en s.



SEDIMENTARY FEATURES

G r o s s “b e d d in g

• G ross-b ed d in g  was n o ted  a t  s e v e r a l  l o c a t i o n s .  I t  

appeared to  be o f  an e o l i a n  typ e  in  t h a t  th e  t r u n c a t in g  

p la n e s  were not p a r a l l e l  but had v a r y in g  d i p s .  Twenhofel 

(1939) b e l i e v e s  t h i s  to  be th e  e s s e n t i a l  d i f f e r e n c e  betw een  

e o l i a n  and aqueous c r o s s -b e d d in g .  F igure  2 shows th e  c r o s s -  

bedding In th e  open cut where d ip s  a s  h ig h  as  40° were o b 

se r v e d .

R id g in g

One o f  th e  most i n t e r e s t i n g  f e a t u r e s  and th e  one th a t  

f i r s t  brought th e  w riter*  s a t t e n t i o n  to  th e  area  i s  th e  

r id g e d  appearance o f  th e  e x p o su r e s .  Exposed f a c e s  c o n s i s t  

o f  dark red d ish -b row n l a y e r s  o f  v a r ia b le  t h i c k n e s s  and undu

l a t i n g  ch aracter*  sep a ra ted  by s o f t e r  l i g h t e r  c o lo r e d  sand.  

The darker l a y e r s  are s u f f i c i e n t l y  r e s i s t a n t  to  e r o s io n  so 

as to  appear as  r i d g e s , g iv in g  th e  exposed fa c e  a s t e p - l i k e  

app earance . F igure  4 ,  C i s  a l i n e  drawing o f  a t y p i c a l  

expo s u r e , and p l a t e  13 shows a r e c e n t  c u t . P la t e  14 shows 

a v ery  o ld  exposu re  which s t i l l  e x h i b i t s  th e  led g ed  s u r f a c e .

Measurements o f  th e  t h i c k n e s s  o f  th e  beds were made 

in  10 e x p o su r e s .  The average t h i c k n e s s  o f  th e  r id g e  sand 

was 2 2 .3  mm and th a t  o f  th e  i n t e r - r i d g e , 4 1 .6  mm. The range  

o f  t h i c k n e s s e s  for  th e  r id g e  was 20 to  40 mm and fo r  th e  

i n t e r - r i d g e , 12 to  150  mm.
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? ! •  1 3 • “ A nastom osing , w e l l-c em e n te d  
r id g e s  w ith  s o f t e r  l a y e r s  between*

PI* 1 4 . -  An o ld  exposu re  o f  th e  r id g e d  san ds .



A fe a tu r e  a b i t  d i f f e r e n t  from th e  r id g in g  was seen  

at th e  base o f  one o f  th e  s h a f t s  fo r  th e  sewer p ip e  25 f e e t  

below th e  su r fa c e  ( 3 / l5 ~ 2 4 H l ) • I n s te a d  o f  th e  a l t e r n a t i n g  

r i d g e s ,  th e r e  was a s o l i d  brown p o r t io n  w ith  i r r e g u la r  l e n s e s  

o f  a l i g h t  c o lo r e d ,  l e s s  c o n s o l id a t e d  sand* Nearby, a s o l i d  

l i g h t  c o lo r e d  p o r t io n  e n c lo s in g  l e n s e s  o f  brown sand was 

seen* Line drawings i l l u s t r a t i n g  t h e s e  f e a t u r e s  are shown 

i n  f ig u r e  4 ,  A, B and f ig u r e  5* Af B, C*

Another cement v a r ia t i o n  was seen  a lo n g  some o f  th e  

c l i f f s  o f  th e  B a llo n a  escarpm ent• An i r r e g u la r  s t a in  s im i la r  

to  t h a t  o f  th e  fe r r u g in o u s  cement appears to  have been washed 

down th e  c l i f f  from a h ig h er  cemented fo rm a tio n . (See p i*  15*) 

Whenever w e l l - d e f i n e d  cement v a r i a t i o n s  were s e e n , 

se p a r a te  sam ples were tak en  o f  th e  h ig h ly  cemented and s o f t e r  

samds to  determ ine what v a r i a t i o n  was r e s p o n s ib le  for  th e  

d i f f e r e n c e *  A fte r  a l l  o f  th e  sam ples were a n a ly z ed , sep a r a te  

s t u d ie s  were made o f  th e  two ty p e s  o f  sand• The samples  

w e l l  be r e f e r r e d  to  as  r id g e  and i n t e r - r i d g e  sands for  con 

v e n ie n c e  though one p a ir  was taken from th e  cement v a r ia t i o n s  

at 3 /15-24H 1 d e s c r ib e d  above . F ive  t y p i c a l  p a ir s  were chosen  

fo r  d e t a i l e d  study i n  t h i  s r e p o r t  •

F igure 6 i s  a ch art o f  th e  m inera l c o n t e n t , p ercen ta g e  

o f  heavy m in e r a ls , p ercen ta g e  i r o n ,  s o r t i n g  c o e f f i c i e n t s  and 

median d ia m eters  o f  th e  f i v e  p a ir s*  The samples are arranged  

w ith  th e  s o f t e r  sand shown f i r s t  and th e  w e ll-c em e n te d  member
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PI* 15* -  S t a in in g  o f  c l i f f  w ith  r e d d is h -  
brown cement shown a t l e f t  c en ter*  B a llo n a  
escarp m en t•
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second* To f a c i l i t a t e  fu r th e r  com parison, th e  graphs o f  

th e  r id g e  sands are s t i p p l e d  and th o s e  o f  th e  i n t e r - r i d g e s  

l e f t  b la n k . The f i e l d  l o c a t i o n s  o f  each  p a ir  are  a l s o  i n d i -  

c a te d .

R egard ing  th e  heavy m in e r a ls ,  no good c o r r e la t io n  

seems p o s s i b l e .  The r id g e  and i n t e r - r i d g e  sands show no 

m in e ra ls  or p e r c e n ta g e s  o f  m in e ra ls  p e c u l ia r  to  th em se lves*  

Taking each  p a ir  as  a u n i t ,  th e  p e r c e n ta g e s  o f  v a r io u s  min

e r a l s  are sometimes q u i t e  s i m i la r ,  but a g e n e r a l  sta tem en t  

i s  n o t  p o s s i b l e .

In  th e  l i g h t  m inera l c o n t e n t ,  i t  i s  n o t i c e a b le  th a t  

chalcedony o c cu rs  o n ly  i n  th e  r id g e  sand. In  no case  was 

i t  found i n  th e  i n t e r - r i d g e  sands in  th e  sam ples shown nor 

i n  any o f  th e  o t h e r s  a n a ly z e d .

In  t h r e e  o f  th e  p a i r s ,  th e  p e r ce n ta g e  o f  heavy min

e r a l s  i s  h igh er  in  th e  r id g e  than in  th e  i n t e r - r i d g e .  In  

th e  o th e r  two sam ples th e  perjcent i s  eq u a l or l e s s  in  th e  

r i d g e .  T h is  d i s t r i b u t l o n  was a ls o  found i n  sam ples n o t  

shown on th e  c h a r t • Over h a l f  o f  th e  sam ples showed th e  

g r e a te r  p ercen ta g e  o f  heavy m in era ls  in  th e  r id g e  but t h e i r  

occu rren ce  i n  th e  i n t e r - r i d g e  sands a l s o  makes a g e n e r a l  

sta tem en t im p o ss ib le  * I t  may on ly  be sa id  t h a t  u s u a l ly  th e  

g r e a te r  p ercen ta g e  o f  heavy m in e ra ls  l i e s  i n  th e  r id g e  mem

b e r .

The h igh er  p e r ce n ta g e  o f  ir o n  i n  th e  r id g e  sands i s
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t o  be e x p e c te d .  These sands were alw ays a darker r e d d i s h -  

brown than th e  i n t e r - r i d g e  and much b e t t e r  c o n s o l id a t e d .

The s o r t i n g  c o e f f i c i e n t s  showed th e  i n t e r - r i d g e  sands  

to  be b e t t e r  so r te d  than  th e  r id g e  members though th e  d i f f 

eren ce  i s  n o t  marked.

The median d ia m e ter s  l ik e w is e  showed no con stan cy  fo r  

th e  r id g e  or i n t e r - r i d g e  members. There was some s i m i l a r i t y  

w ith in  each  p a ir  but here aga in  no c o r r e l a t i o n s  were p o s s i 

b l e .

The h is to g ra m s b r in g  out an i n t e r e s t i n g  f a c t .  There  

i s  a g r e a te r  amount o f  s i l t  and c la y  (g r a in  s i z e  l e s s  than  

tQj 65 mm) in  th e  r id g e  san d s .

Thus th e  t e s t s  made on th e  two t y p e s  o f  sand show no 

d i s t i n g u i s h i n g  f e a tu r e s  o th e r  than  a h ig h e r  i r o n ,  s i l t  and 

c la y  c o n ten t  for  th e  r id g e  san d s . T h is  would i n d ic a t e  a 

g r e a te r  amount o f  w ea th er in g  and cem en ta tion  in  th e  r id g e  

l a y e r  ( S h a le r , 1 8 9 4 ) .

I t  i s  c e r t a i n  t h a t  th e  r id g in g  i s  secondary and not  

th e  r e s u l t  o f  primary c h a r a c t e r i s t i e s  o f  b ed d in g . T h is  was 

shown c o n c lu s iv e ly  in  th e  open cut where c r o s s -b e d d in g  was 

found a t an a n g le  to  th e  anastom osing  r id g e s  ( f i g .  2 ) .  The 

i r r e g u l a r i t i e s  shown i n  f i g u r e s  4 ,  A, 3 and f ig u r e  5 ,  A, B, G, 

a l s o  bear out th l  s c o n c lu s io n .

The d e s c r i p t io n  o f  th e  s t a g e s  o f  sand developm ent at  

Hyperion shows th a t  th e  d egree  o f  c o n s o l id a t io n  l e s s e n s  when



g o in g  down a s e c t i o n  from an o ld  s o i l  su rface*  Ir o n  and 

s i l i c a  r i c h  s o l u t i o n s  may have moved downward from th e  su r f  

ace u n t i l  a l l  o f  th e  l im o n it e  and chalcedony was d e p o s ite d *  

The cause  fo r  th e  cha lcedony  and a g r e a te r  amount o f  ir o n  

beg^ng d e p o s i te d  i n  c e r t a i n  a r e a s  and not i n  o th e r s  i s  d i f f  

i c u l t  to  understand  s in c e  th e  d i f f e r e n c e  i s  not dependent o 

primary bedding*
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GEOLOGIC HISTORY 

F o llo w in g  th e  d e p o s i t io n  o f  th e  P a lo s  Verdes sand 

upon th e  m arin e-cu t  t e r r a c e , a la r g e  r e g io n  w est o f  t h e  New- 

p o r t-In g le w o o d  f a u l t  l i n e  was l i f t e d  above sea  l e v e l  (E c k is ,  

1936)* The upper P l e i s t o c e n e  nonmarine t e r r a c e  cover was 

d e p o s i t e d  on t h i s  u p l i f t e d  su r fa c e  in  th e  P a lo s  V erdes H i l l s  

and v a r io u s  p la c e s  in la n d  (Y/oodring, e t  a l ,  1946; P o la n d ,  

1947)* In order to  d e c id e  whether th e  E l Segundo sand h i l l s  

are w holly  o f  e o l i a n  o r i g i n  or are p a r t ly  o f f s h o r e  b ars  i t  

sh ou ld  f i r s t  be determ ined whether or not th e  nonmarine 

t e r r a c e  cover  u n d e r l i e s  them*

I f  th e  low er part o f  th e  sands are o f f s h o r e  bars as  

E c k is  (1934) b e l i e v e d ,  th e  bars must have been formed as th e  

sea  r e g r e s s e d  over  th e  P a lo s  V erdes su rfa ce*  There would  

have been no p o s s i b i l i t y  o f  a c o n t in e n t a l  d e p o s i t  l y i n g  

beneath  th e  b a r s .

I f  th e  a n c ie n t  sands are a l l  o f  wind blown o r i g i n  

(Woodring, e t  a l ,  1 9 4 6 ) ,  th e r e  are  two p o s s i b i l i t i e s *  F i r s t , 

th e  sea  may have r e g r e s s e d  w ith  th e  sand dunes form ing a lo n g  

each  su c c e e d in g  s h o r e l in e  so t h a t  th e  inneriaost one would  

r e p r e s e n t  th e  o l d e s t  s h o r e l in e  a t  which dune form ation  was 

p o s s ib le *  Second, th e  sea  may have r e g r e s s e d  so q u ic k ly  or  

t h e r e  may have been so l i t t l e  sand a v a i l a b l e , th a t  th e  dunes 

d id  n o t  s t a r t  to  form u n t i l  th e  sea  reached  a p o in t  c l o s e  to  

i t s  p r e se n t  l e v e l *  In  t h i s  c a s e , f l u v l a t i l e  nonmarine
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t e r r a c e  d e p o s i t s  may have been formed in  th e  in la n d  p a r t s  

o f  th e  area  and have been covered  as th e  dunes m igrated  

from th e  co a st*

P a t h o l o g i c a l l y , i t  does n o t  appear t h a t  th e  cemented  

sands are u n d e r la in  by e i t h e r  o f f s h o r e  bar sed im en ts  or  

nonmarine t e r r a c e  san d s . I f  o f f s h o r e  bars were p r e s e n t , 

la g o o n a l  d e p o s i t s  w ith  c o n s id e r a b le  o r g a n ic  m atter should  

have been d e p o s i te d  in  th e  a r e a .  I f  th e  nonmarine t e r r a c e  

sands la y  below th e  cemented san ds , th e r e  should  be some 

d i f f e r e n c e  in  th e  sedim entary c h a r a c t e r i s t i c s  or th e  m ineral  

c o n ten t  o f  th e  two sa n d s• A lthough th e  sands in  th e  lower  

p art  o f  th e  s e c t io n  cou ld  have been d e r iv e d  from t e r r a c e  

depo s i t s  and have many s im i la r  p r o p e r t i e s ,  some d i f f e r e n c e s  

should  be n o ted  in  sam ples tak en  from th e  h ig h er  p a r t s  o f  

th e  d u n es• In  sam ples a lo n g  deep v e r t i c a l  e x p o su r e s ,  th e r e  

was no marked change between th e  lo w erm ost , l y i n g  d i r e c t l y  

over  th e  P a lo s  Verdes sand, and th a t  taken  near th e  s u r f a c e • 

Thus i t  may be concluded  on s t r a t ig r a p h i c  e v id en ce  

t h a t  th e  E l Segundo sand h i l l s  are composed e n t i r e l y  o f  

e o l i a n  sands which l i e  d i r e c t l y  on th e  P a lo s  Verdes sand in  

most o f  th e  area*

C r i t e r ia  fo r  e o l i a n  o r ig i n  such as f r o s t i n g ,  p i t t i n g ,  

rou n d in g , and s o r t i n g  are not c o n s id er ed  c o n c lu s i v e .  Reed 

(1930} r e c o g n iz e s  th e  d i f f i c u l t y  in  d i s t i n g u i s h i n g  sands o f  

d i f f e r e n t  o r i g i n s  in  th e  f o l lo w in g  s ta t e m e n t :



’’Whether or not th e  average dune sand d i f f e r s  
from th e  average beach or r i v e r  sand, i t  i s  
c e r t a in  t h a t  any g iv en  beacli or r i v e r  sand 
may more c l o s e l y  resem ble  th e  t y p i c a l  a e o l ia n  
sand than  any one o f  s e v e r a l  a c tu a l  a e o l ia n  
sands*'1

The dunes may have formed c o n t in u o u s ly  a s  th e  sea  

r e g r e s s e d  over  th e  P a lo s  Verdes su r fa ce*  The t h i c k n e s s  o f  

th e  dunes i s  g r ea t  (p i*  2) but h ig h  wind v e l o c i t i e s , abundant 

sand su p p ly ,an d  th e  c o n t in u a l  movement o f  th e  newer dunes 

over th e  o ld e r  ones cou ld  account fo r  th e  t h i c k n e s s .  A fte r  

r e a c h in g  a p o in t  near th e  p r e sen t  s h o r e l in e ,  a s e c t io n  a lo n g  

th e  c o a s t  may have been u p l i f t e d ,  an a d ja cen t  in la n d  s t r i p  

low ered  and th e  innerm ost p o r t io n s  r a i s e d  to  form th e  g e n e r a l  

to p o g r a p h ic  o u t l i n e s  seen t o d a y • S tu d ie s  by Grant and 

Sheppard (1939) may i n d ic a t e  th a t  t h e s e  movements are s t i l l  

in  p ro gress*

Gerhardt (1 9 0 0 ) ,  Cobb (1 9 1 0 ) ,  and Lutz (1941) d e s c r ib e  

buried  land  s u r fa c e s  in  dunes which have s im i la r  c h a r a c te r -  

i s t i e s  to  th e  c l i f f - m a k i n g  beds seen  so prom inently  a lo n g  

th e  h ig h  c o a s t a l  r id g e  a t  Hyperion* E v id e n t ly  th e  wind 

v e l o c i t y  or th e  supply o f  sand was not co n sta n t  over e x t e n 

s i v e  p e r io d s  o f  t i m e , fo r  v e g e t a t io n  was a b le  t o  ta k e  hold  

and a s o i l  h o r izo n  to  form a t  t h e s e  v a r io u s  l e v e l s .

The B a llo n a  escarpm ent was cut by th e  a n te ce d e n t  Los 

A n geles  R iver  which form erly  flow ed  to  th e  ocean a lo n g  th e  

cou rse  o f  th e  p r e se n t  B a llo n a  Greek. The e n tr e n c h in g



37

occu rred  d u r in g  th e  p o s t - P a lo s  V erdes u p l i f t  o f  th e  r eg io n *  

The dunes appear to  be o f  upper P le i s t o c e n e - R e c e n t  

age* The low er p o r t io n s  o f  th e  dunes might be contem poran

eous w ith  th e  d e p o s i t io n  o f  th e  nonmarine t e r r a c e  cover  on 

th e  lo w e s t  t e r r a c e  In th e  P a lo s  V erdes H i l l s  which would  

p la c e  th e  dunes p a r t ly  i n  th e  uppermost P le i s t o c e n e *  How

e v e r ,  d e p o s i t io n  has been f a i r l y  co n tin u o u s  i n  th e  a r ea  from 

t h a t  t im e u n t i l  th e  p r e s e n t ,  so th e  bulk o f  th e  sand would  

be o f  R ecent age*



CONCLUSIONS

The topography o f  th e  E l Segundo sand h i l l s  i s  dune -  

l i k e ,  w ith  i r r e g u la r  h i l l s  and un dra ined  d e p r e s s io n s  i n d i 

c a t in g  th e  uppermost sands in  th e  area  to  be o f  e o l i a n  origin®  

No l i t h o l o g i c  d i f f e r e n c e  between th e  h ig h  p o r t io n s  o f  th e  

sands and th e  sands d i r e c t l y  o v e r ly in g  th e  P a lo s  V erdes sands  

was seen  i n  deep e x p o su r e s .  Thus, i t  may be concluded on 

th e  b a s i s  o f  l i t h o l o g i c  and s t r a t i  grap h ic  e v id en ce  and th e  

p resen ce  o f  e o l i a n  c r o s s -b e d d in g  at v a r io u s  e l e v a t i o n s  th a t  

th e  sands o f  th e  a rea  are w holly  o f  e o l i a n  o r i g i n .

The dunes were formed d u rin g  an upper P l e i s t o c e n e -  

R ecent r e g r e s s io n  o f  th e  sea  over a marine cut t e r r a c e  on 

which th e  marine P a lo s  V erdes sand had been d e p o s i t e d .  A 

lo n g  u p l i f t  a lo n g  th e  c o a s t  w ith  an a d ja c en t  downwarp and 

a g e n t le  r i s e  in la n d  o f  t h i s  began d u r in g  th e  r e g r e s s io n  

and may s t i l l  be i n  p r o g r e s s .  B urled  s o i l  l a y e r s  a lo n g  th e  

c o a s t a l  r id g e  i n d ic a t e  changin g  c l im a t e s  w ith  r e s u l t i n g  

v a r i a t i o n s  i n  sand supply and t r a n s p o r t a t io n  d u r in g  t h e  dune 

accu m u la tio n .

The p e c u l ia r  d i f f e r e n t i a l  w ea th er in g  r e s u l t i n g  from 

v a r i a t i o n s  in  th e  amount o f  cem enting  m a te r ia l  was caused  

by ir o n  and s i l i c a  r i c h  s o l u t i o n s  moving through  th e  dunes 

a f t e r  d e p o s i t i o n .  The p a th s  taken by th e  aqueous s o lu t io n #  

may have been determ ined by a d i f f e r e n c e  in  p e r m e a b i l i ty  in  

th e  sed im ents  which would en ab le  a g r e a te r  p r o p o r t io n  o f  th e



s o l u t i o n  t o  t r a v e l  through  what are  now th e  r id g e  l a y e r s  

and d e p o s i t  i t s  m ineral c o n t e n t .  The d eco m p o sit ion  which  

must have occu rred  i n  th e  r id g e  l a y e r s ,  a s  in d ic a t e d  by th e  

h ig h er  c la y  and s i l t  c o n t e n t ,  may have masked th e  o r i g i n a l  

n a tu re  o f  th e  sed im en ts  in  such a way th a t  t h e  f a c t o r  resp on  

s i b l e  fo r  th e  g r e a te r  p e r m e a b i l i ty  was l o s t .
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