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INTRODUCTION 

Bottom sediments  of f o u r  lakes i n  South-Centra l  Alaska were s t u d i e d  i n  

t h e  summer of 1975 f o r  ev idence  of earthquake-induced deformat ion.  The 

l a k e s  a r e :  Summit, Upper T r a i l ,  and S k i l a k ,  a l l  on t h e  Kenai P e n i n s u l a ,  

and Eklu tna ,  n o r t h e a s t  of Anchorage ( f i g .  I ) .  I n t e r e s t  i n  t h e s e  l a k e s  was 

s t i m u l a t e d  by hypotheses  developed from a s t u d y  of sediments  i n  Van Norman 

R e s e r v o i r ,  C a l i f o r n i a ,  a f t e r  t h e  1971 San Fernando ea r thquake  (Sims, 1973) .  

During t h a t  s t u d y  t h r e e  zones of d e f o r m a t i o n a l  s t r u c t u r e s  were found and 

c o r r e l a t e d  w i t h  moderate e a r t h q u a k e s  t h a t  shook t h e  San Fernando a r e a  i n  

1930, 1952, and 1971. R e s u l t s  of t h a t  study, coupled w i t h  t h e  exper imenta l  

fo rmat ion  of d e f o r m a t i o n a l  s t r u c t u r e s  s i m i l a r  t o  t h o s e  from Van Norman 

R e s e r v o i r ,  l e d  t o  a s e a r c h  f o r  similar s t r u c t u r e s  i n  P l e i s t o c e n e  and Holo- 

cene l a k e s  and l a k e  sed iments  i n  o t h e r  s e i s m i c a l l y  a c t i v e  a r e a s .  The l a k e s  

f o r  t h i s  s tudy  w e r e  chosen s p e c i f i c a l l y  because  o f  t h e i r  l o c a t i o n  w i t h i n  

the area a f f e c t e d  by t h e  1964 P r i n c e  W i l l i a m  Sound ea r thquake ,  and t h e  

p r o b a b i l i t y  of o b t a i n i n g  varved sed iments  which would a l l o w  count ing  of 

y e a r s  between s e d i m e n t o l o g i c  e v e n t s .  

SLJMMAKY OF DATA 

E k l u t n a  Lake 

E k l u t n a  Lake i s  s i t u a t e d  approximately  45 km n o r t h e a s t  of Anchorage 

( f i g .  1) and l ies  i n  a g l a c i a l l y  scoured  b a s i n .  The l a k e  is  11 .3  km long 

and approximately  58 m deep a t  i t s  d e e p e s t  ( f i g .  2 ) .  An a t t e m p t  w a s  made 

t o  recover  sediment  samples from t h e  d i s t a l  (nor thwes t )  end of E k l u t n a  

Lake. Depth of w a t e r  a t  t h e  s i t e  ( p o i n t  A on f i g .  2)  i s  about  1 5  m. A f t e r  

s e v e r a l  u n s u c c e s s f u l  e f f o r t s  t o  t a k e  c o r e  samples ,  SCUBA d i v e r s  examined 
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PACIF IC  OCEAN 

F i g u r e  I .  Map showing location of Eklutna (inset), Summit, Upper Trail, and 
Skilak Lakes, Alaska. Inset map shows location of historically active 
volcanoes (A). I = Iliamna volcano, A = August ine  volcano. 
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Fagurr 2 .  Bathyrnctric map of Eklutnr  Lake. Alaska. 



t he  lake bottom and found gravel-  and boulder-s ized m a t e r i a l  as t h e  pre- 

dominant c l a s t  s i z e s .  No more a t tempts  were made t o  recover  samples from 

Eklutna Lake because t h e  c l a s t  s i z e  is too  l a r g e  t o  a l low co re  sampling o r  

formation of deformational  s t r u c t u r e s  (Sims, 1975).  

Summit Lake 

Summit Lake i s  s i t u a t e d  on the  Kenai Peninsu la  approximately 66 km 

south of Anchorage ( f i g .  1 ) .  The l ake  l i e s  i n  a  U-shaped g l a c i a t e d  v a l l e y  

and i s  approximately 2 . 3  km long and 20.5 m i n  maximum depth. The lake 

r ece ives  in f low mainly from Tenderfoot Creek, t o  the  e a s t ,  and d r a i n s  t o  

t h e  n o r t h e a s t  . 
Two co re s ,  32 and 35 cm long,  w e r e  recovered from Summit Lake (po in t  A 

on fig. 3 )  i n  approximately 1 2  m of  water .  X-ray rad iographic  examination 

of t h e  cores  r evea l s  t h r ee  ash beds o r  probable  a sh  beds i n  a sequence of 

poorly preserved rhythmites  of c l ay  and s i l t  r i c h  i n  organic  m a t e r i a l  over- 

l a i n  by mud. The rhythmites  a r e  pos s ib ly  annual  l a y e r s  (varves) .  Ash 

"beds" 3 t o  15 mm t h i c k  a r e  represen ted  by ash  g r a i n s  disseminated in mud. 

Upper T r a i l  Lake 

Upper T r a i l  Lake is  s i t u a t e d  approximately 81 km south  of Anchorage 

( f i g .  1) and l i e s  i n  a g l a c i a l l y  scoured bas in .  The l a k e  i s  approximately 

6 . 3  km long and t h e  depth g r e a t e r  than 42 m. A pre l iminary  bathymetr ic  map 

of t he  two western arms is shown i n  f i g u r e  4 .  

One core was recovered from Upper T r a i l  Lake, i n  approximately 30 m of 

water  (po in t  A on f i g .  4 ) .  The core  i s  84 cm long and conta ins  d i s rup t ed  

varved sediments i n  the lowest  1 8  cm. The upper 66 crn of t h e  core  are un- 
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Figure 3. ~athymetric map and location of core samples from 
Summit Lake, Kenai Peninsula, Alaska. 



Figure  4. Preliminary bathymetric map and l o c a t i o n  of core 
sample from Upper T r a i l  Lake, Kenai P e n i n s u l a ,  Alaska.  



i n t e r p r e t a b l e  due  t o  d i s r u p t i o n  o f  t h e  sediment  after sampling.  The d i s -  

r u p t i o n  of t h e  sed iments  cou ld  b e  due t o  one o r  more o f  a number of f a c t o r s ,  

b u t  most l i k e l y  t h e y  a r e  due t o  shak ing  d u r i n g  t r a n s p o r t a t i o n  from Alaska 

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

sed iments  i n d i c a t e  movement p a r a l l e l  t o  the  c o r e  tube ,  which was t r a n s -  

p o r t e d  i n  a h o r i z o n t a l  p o s i t i o n .  Sediments i n  t h e  core a r e  composed of 

s i l t -  and c lay-s ized  p a r t i c l e s .  One p o s s i b l e  ash bed i s  p r e s e n t  i n  t h e  

lower p o r t i o n  of the core .  T h i s  possible ash bed i s  a t  8 2  cm and c o n s i s t s  

of wide ly  s c a t t e r e d  c o a r s e  s i l t  t o  f i n e  sand-s ized g r a i n s .  Other  a s h  beds 

could  b e  p r e s e n t  b u t  a r e  u n i n t e r p r e t a b l e  due t o  t h e  d i s r u p t i o n  of t h e  

sed iments .  

S k i l a k  Lake 

S k i l a k  Lake i s  l o c a t e d  on t h e  Kenai  P e n i n s u l a  85 km s o u t h  of Anchorage 

( f i g  1 .  The lake i s  approximately  23.2 k m  long and g r e a t e r  than 120  m i n  

maximum dep th .  The l a k e  b a s i n  was g l a c i a l l y  scoured  and moraine dammed 

(Kar l s t rom,  1964) .  Major s t r e a m s  f lowing  i n t o  the l a k e  a r e  Kenai and 

S k i l a k  Rivers .  Skilak River  c o n t a i n s  mel twa te r  from S k i l a k  G l a c i e r ,  a 

lobe  of t h e  Harding i c e f i e l d .  The l a k e  d r a i n s  t o  the  wes t  via t h e  con- 

t i n u a t i o n  of Kenai River .  A p r e l i m i n a r y  b a t h y m e t r i c  map ( f i g .  5) shaws a 

b u r i e d  moraine i n  t h e  lake. 

Five  c o r e s ,  from 29 t o  80 c m  i n  l e n g t h ,  were removed from t h e  w e s t  end 

of the lake 18 and 20 km from i n f l o w i n g  Kenai and S k i l a k  Rivers  r e s p e c t i v e l y  

( f i g .  5 ) .  The c o r e s  were t aken  on 15-16 August,  1975. Depth o f  w a t e r  a t  

t h e  c o r e  s i tes is  approximately  22 and 40 m. Cores 75-1 and 75-2 a r e  from 





site A and cores 75-3, 75-4, and 75-5 are f r o m  s i te  B ( f i g .  5 ) .  From the 

n e a r e s t  shore  t o  core  s i te  B t h e  s l o p e  i s  approximately 1 .7%.  

The cores  c o n s i s t  of varved l a c u s t r i n e  sediments and show t h a t  varves  

a r e  p r e s e n t l y  being depos i ted  i n  Sk i l ak  Lake. The sediments a r e  l i g h t  gray 

(5Y7/1) c l ays ,  f i n e  s i l t s ,  and interbedded vo lcan i c  ash. Varves a r e  ap- 

paren t  on c u t  and pol i shed  dry su r f aces  and on X-ray radiographs,  where 

they show a s  vague t o  d i s t i n c t  c l ay  and c l a y - s i l t  coup le t s  2 t o  8 mm t h i ck .  

The varves  i n  t he se  cores  f i t  i n t o  Groups I and I1 of Ashley (1975). Group 

I varves  a r e  composed of w in t e r  ( c l ay )  l a y e r s  t h i c k e r  than summer (clay- 

s i l t )  l a y e r s .  Group I1 varves  a r e  of approximately equa l  p ropor t ions  of 

w in t e r  and summer l aye r s .  Ashley (1975) s t a t e s  t h a t  t he se  two groups of 

varves  r ep re sen t  depos i t i on  i n  s t i l l  water  away from r i v e r  mouths, where 

l i t t l e  sediment i s  rece ived  d i r e c t l y  from d e n s i t y  currents .  

Counting of varves  w a s  done on X-ray radiographs of t h e  cores .  Counts 

were made between ash beds and sedimentat ion r a t e s  were c a l c u l a t e d  f o r  each 

i n t e r v a l .  There i s  v a r i a t i o n  i n  sedimentat ion r a t e s  w i th in  each core ,  b u t  

t he se  v a r i a t i o n s  a r e  r e l a t i v e l y  c o n s i s t e n t  from core  t o  core  ( f i g .  6 ) .  

Overa l l  average r a t e s  of sedimentat ion f o r  t h e  cores  i s  from 4.2 t o  4.7 mm 

-1 - 1 
y r  . The sedimentat ion r a t e  of 7.5 mm y r  f o r  t h e  top of core  75-5 i s  

probably due t o  t he  l ack  of compaction of t h e  most r ecen t  sediments.  

S i x  ash beds a r e  preserved i n  t he  co re s  from S k i l a k  Lake ( f i g .  7 ) .  

On X-ray radiographs ash beds appear a s  d i s t i n c t ,  l i g h t  (opaque t o  X-rays) 

f ine-grained beds from 1 t o  2 mrn t h i ck .  When t h e  ashes can be sepa ra t ed  

from the sediments i n  which they were depos i ted ,  they have c o l o r s  ranging 

from l i g h t  gray t o  g ray i sh  orange pink t o  p ink i sh  whi te  (10YR7/2 t o  10YR812 
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Figure 6 .  Var i a t i ons  i n  sedimentat ion r a t e s  between ash  
beds i n  cores  from Sk i l ak  Lake, Alaska. 

t o  5YR812). Counts of the  varves  i n d i c a t e  t h a t  t h e  ash beds were depos i ted  

approximately i n  1816, 1845, 1870, 1875, 1935, and 1963 ( f i g .  7 ) .  These 

d a t e s  a r e  i n  reasonable  correspondence wi th  e rup t ive  h i s t o r i e s  of nearby 

volcanoes a s  developed by Grewingk (1850), Per ry  (1866), Coats (1950), and 

Detterman (1968). On the b a s i s  of varve counts ,  t he  1963,and 1935 ashes a r e  

c o r r e l a t e d  with e rup t ions  of Augustine Vol.cano, l e s s  than 175 km southwest of 

Sk i l ak  Lake. Assignment of t he  e a r l i e r  ashes  t o  their sources  i s  more d i f f i -  

c u l t .  The 1816 (varve-count da t e )  ash  bed i s  poss ib ly  from the  1812 e rup t ion  of  
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Figure 7. C o r r e l a t i o n  of ash beds  and deformed zones i n  four 
cores from S k i l a k  Lake, Alaska. The 1935 ash  i s  
used as a datum. Because o f  f r a c t u r i n g  t h e  upper  
10  c m  of  core 7 5 - 4  have been reconstructed by t h e  
matching of varves.  1785 is the date of the o l d e s t  
sediments i n  these c o r e s .  
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Augustine Volcano and the 1845, 1870, and 1875 (varve-count date) ash  beds 

are poss ib ly  from I l iamna Volcano's e rup t ions  of 1843, 1867, 1876, respec- 

t i v e l y .  However, o t h e r  volcanoes o r  e r u p t i v e  events  from t h e  above vol-  

canoes could be  t he  source  of ash preserved i n  t he se  cores .  The spa r se  

popula t ion  of t h e  a r e a  and presence of numerous a c t i v e  volcanoes makes a sh  

c o r r e l a t i o n s  t e n t a t i v e  a t  b e s t .  Another hinderance t o  c o r r e l a t i o n s  is  the  

common rh ick  fog o r  cloud coverage which can obscure vo l can i c  a c t i v i t y  and 

ash depos i t i on  i n  remote a r e a s .  On t h e  assumption t h a t  t h e  c o r r e l a t e d  ages 

of t h e  ashes ( f i g .  7 )  are c o r r e c t ,  t he  date  f o r  the o l d e s t  sediments re- 

covered i n  the  Sk i l ak  Lake cores  i s  1785 (Core 75-2). 

S ix  zones of deformed sediments i n t e r p r e t e d  a s  formed by ear thquakes 

were found by X-ray rad iographic  examination ( f i g .  7 ,  Appendix). The s t r u c -  

t u r e s  are 2 t o  14 mm t h i ck  and appear as t h i n  wispy d i a p i r - l i k e  d i s t o r t i o n s  

of l amina t ions  wi th  a l ack  of d i r e c t i o n a l i t y  o r  as s l i g h t  c r enu la t i ons  of 

t h e  laminae. According t o  varve counts  and ash  chronologies ,  t h e s e  de- 

formed zones were produced i n  approximately 1810, 1870, 1883, 1899-1901, 

1911-1912, and 1964.  Dates of t h e  o l d e r  s t r u c t u r e s  a r e  unce r t a in  due t o  

p o s s i b l e  e r r o r s  i n  count ing t h e  varves .  

DISCUSSION 

I n t e r l a k e  c o r r e l a t i o n  of ash beds and p o s s i b l e  ash beds have no t  been 

made f o r  two reasons.  F i r s t ,  a l though t h e  age of t he  sediments,  and there-  

f o r e  the  ash beds,  is known f o r  Sk i l ak  Lake, t he  gene ra l  l a c k  of varving i n  

Summit Lake and a c c i d e n t a l  d i s r u p t i o n  of varves  i n  Upper T r a i l  Lake prevents  

age de te rmina t ions  of t h e i r  contained a sh  beds.  Second, t h e  a i r f a l l  a sh  

h i s t o r i e s  f o r  each l ake  could be  s i g n i f i c a n t l y  d i f f e r e n t  from o t h e r  l akes .  



The l a t i t u d i n a l  v a r i a t i o n  of a c t i v e  volcanoes w e s t  and southwest of Kenai 

Peninsu la  coupled w i t h  v a r i a t i o n s  i n  p r e v a i l i n g  winds cause l o c a l i z a t i o n  of 

ash  f a l l s  i n  t h e  a r e a  of s tudy .  For example, t he  1963 e rup t ion  of M t .  

Spurr  depos i ted  ash  i n  t h e  Anchorage a r e a  bu t  no t  i n  t h e  v i c i n i t y  of Summit, 

Upper T r a i l  and S k i l a k  Lakes (Wilcox, 1959, f i g .  6 3 ) .  

Figure  8 shows the e p i c e n t r a l  l o c a t i o n  and d a t e  of major ear thquakes 

which may have a f f e c t e d  t h e  S k i l a k  Lake sediments s i n c e  1899 and a few p r i o r  

t o  1899. However, a simple matching of deformed zones w i t h  t h e i r  c o r r e l a t e d  

d a t e s  and earthquake h i s t o r i e s  is  p o t e n t i a l l y  misleading.  F i r s t  05 a l l ,  

shaking i n t e n s i t i e s  of MM V I  o r  g r e a t e r  a r e  probably r equ i r ed  t o  cause 

deformation i n  s i l t y  sediments.  Shaking i n t e n s i t i e s  of ear thquakes shown 

on F igure  8 a r e  no t  known f o r  t h e  S k i l a k  Lake a r e a .  Secondly, t he re  a r e  

more se i smic  even t s  than deformed zones i n  t h e  Skilak Lake cores .  The c lo se  

t iming of many shocks prevents  unequivocal c o r r e l a t i o n  of a deformed zone 

wi th  a c e r t a i n  shock, such a s  the  1899-1901 and 1911-1912 deformed zones. 

Both of t he se  zones could be c o r r e l a t e d  wi th  a t  l e a s t  f ou r  major shocks i n  

t he  a r e a  (fig. 8). Only one ear thquake may have a f f e c t e d  t he  sediments i n  

each zone enough t o  deform them, o r  each zone may r ep re sen t  t h e  cumulative 

e f f e c t s  of more than one c l o s e l y  spaced shock. More p r e c i s e  knowledge of 

t h e  d i s t r i b u t i o n  of shaking i n t e n s i t i e s  is  needed be fo re  any f u r t h e r  corre-  

l a t i o n  w i t h  h i s t o r i c  ear thquakes is  at tempted.  

The c r i t e r i a  f o r  r ecogn i t i on  and i n t e r p r e t a t i o n  of probable  ea r th -  

quake-induced s t r u c t u r e s  i n  sediments given below a r e  modified from Sims 

(1975)  : 

1)  The sediments conta in ing  deformat iona l  s t r u c t u r e s  a r e  i n  a seis- 

mica l ly  a c t i v e  a rea .  



2)  Sediments a r e  s e n s i t i v e  t o  ear thquake shaking. 

3 )  I n t e r n a l  s t r u c t u r e  t h a t  sugges ts  l o s s  of s t r e n g t h  i n  t h e  sediments 

and d i s r u p t i o n  of laminae o r  o the r  primary depos i t i ona l  s t r u c t u r e s .  

4 )  The s t r u c t u r e s  a r e  r e s t r i c t e d  t o  a s i n g l e  s t r a t i g r a p h i c  i n t e r v a l  

t h a t  i s  c o r r e l a t i v e  over a  l a r g e  a r ea .  

5) S i m i l a r i t y  of deformational  s t r u c t u r e s  t o  those  produced experi-  

mental ly  (Keunen, 1958, 1965) o r  t hose  descr ibed  by S i m s  (1973, 1975).  

6) Absence of d e t e c t a b l e  i n f luence  by s lopes  o r  subaqueous slumps. 

Deformational s t r u c t u r e s  i n  t he  Sk i l ak  Lake cores  s a t i s f y  c r i t e r i a  1, 

2 ,  and 6 .  However, c r i t e r i a  3 ,  4 ,  and 5 a r e  only p a r t l y  s a t i s f i e d .  The 

i n t e r n a l  s t r u c t u r e  of deformed zones i n  t he se  cores  i n  some cases  i n d i c a t e s  

d i s r u p t i o n  of over ly ing  laminae bu t  o f t e n  does n o t .  Deformational s t ruc -  

t u r e s  descr ibed  by Sims (1973,  1975) and produced exper imenta l ly  by Keunen 

(1958, 1965) suggest  downward movement o r  s ags  of over ly ing  laminated 

sediments i n t o  weakened o r  l i q u i f i e d  underlying sediments ( b a l l  and p i l l ow  

s t r u c t u r e s  o r  pseudonodules).  These a r e  pos s ib ly  due t o  l i q u i f a c t i o n  of 

the  underlying m a t e r i a l  dur ing  s t rong  shaking of an ear thquake.  

Crenula t ions  and d i a p i r - l i k e  d i s tu rbances  i n  t he se  sediments a r e  in- 
_. _.- ... ."__- - _. .. . * -  - _ _  

d i c a t i v e  of upward r a t h e r  than downward movement. A p o s s i b l e  explana t ion  
---- - - -.,. , - * .. . -  - 

f o r  t h i s  i s  the  cohesiveness of t h e  f ine-grained underlying sediments.  

SCUBA d i v e r s  encountered f i rm  cohesive bottom sediments only a few cen t i -  

metres below the  l ake  bottom, i n d i c a t i n g  r ap id  development of cohesion and 

i n t e r n a l  s t r e n g t h  i n  t h e  laminae. Therefore ,  during s t rong  earthquake 

shaking the  uppermost (pos s ib ly  1-3 cm) unconsol idated and less cohesive 

sediments  can only  move upward. 



F i g u r e  8. Earthquakes  with 2 6.0 i n  t h e  P r i n c e  W i l l i a m  Sound a r e a .  
S o l i d  c i rc les  a r e  f o r  ea r thquakes  from 1899-1964, open c i r c l e s  a r e  
f o r  e a r t h q u a k e s  p r i o r  t o  1899 (magni tudes  a r e  unknown). Dated e v e n t s  
a r e  t h o s e  which d i r e c t l y  r e l a t e  t o  t h i s  r e p o r t .  Modif ied a f t e r  Wood (1966). 
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Reasons f o r  the absence of deformational structures  i n  similarly 

dated material are unknown. For example, the  1911-1912 structure i s  pre- 

s e n t  i n  Cores 75-1 and 75-4 but not  i n  Cores 75-2 o r  75-5 ( f i g .  7 ) .  This 

may be re la t ed  t o  the spacing between indiv idual  s tructures  i n  a zone 

greater than the diameter of the coring apparatus ( 4 4  mm). 



METHOD OF STUDY 

P r e l i m i n a r y  ba thymet r ic  maps ( f i g s .  2, 3 ,  4 ,  5) were made t o  a i d  i n  

s e l e c t i n g  c o r e  sites. Core s i t e  s e l e c t i o n  adhered t o  c r i t e r i a  set f o r t h  

by Sims (1975) .  Cores were o b t a i n e d  u s i n g  a 1.0 m long p i s t o n  sampler  

from a smal l  b o a t  o r  by manually push ing  a r i g i d  p l a s t i c  t u b e  i n t o  bottom 

sediments .  A l l  samples were r e t r i e v e d  i n  r i g i d  p l a s t i c  t u b e s  which were 

sealed w i t h  p l a s t i c  t a p e  t o  p reven t  m o i s t u r e  loss. For examinat ion t h e  

sed iments  were e x t r u d e d  and the  c o r e  c u t  i n  h a l f  l e n g t h w i s e  u s i n g  a "cheese  

c u t t e r "  t y p e  i n s t r u m e n t .  L i t h o l o g i c  and o t h e r  sed imento log ic  d a t a  were t h e n  

recorded  (see Appendix f o r  d e t a i l e d  d e s c r i p t i o n s ) .  A 1 cm-thick s l i c e  was 

t aken  from t h e  c e n t e r  of the c o r e  segment and a n  X-ray rad iograph  made t o  

s t u d y  t h e  i n t e r n a l  s t r u c t u r e s  and f i n e  d e t a i l s  o f  t h e  v i s i b l e  s t r u c t u r e s .  

The X-ray rad iographs  were t aken  on 30 x 4 3  cm s h e e t s  of i n d u s t r i a l  X- 

r a y  f i l m  a t  1:l s c a l e .  Exposures t o  X- rad ia t ion  ranged from 3 t o  20 minutes  

a t  45-55 KV and 3.5 m a .  

A f t e r  l eng thwise  s p l i t t i n g ,  samples were t a k e n  from one-half  of t h e  

c o r e  f o r  b u l k  mineralogy,  f i n e  g r a i n  s i z e  ( 1 1 2 5 ~  d i a m e t e r ) ,  and p a l y n o l o g i c a l  

a n a l y s e s .  The remaining c o r e  h a l f  was wrapped i n  p l a s t i c  and r e t a i n e d  f o r  

f u t u r e  use  and r e f e r e n c e .  These samples and t h e  rad iographs  may be examined 

by c o n t a c t i n g :  John D. Sims, U.S.  Geo log ica l  Survey,  345 M i d d l e f i e l d  Road, 

Menlo Park, C a l i f o r n i a  94025. 

GRAPHIC NOTATIONS USED IN STRATIGRAPHIC DESCRIPTIONS 

The s t r a t i g r a p h i c  d e s c r i p t i o n s  o f  e a c h  c o r e  a r e  con ta ined  on i n d i v i d u a l  

s h e e t s .  The g r a p h i c a l  n o t a t i o n s  used i n  t h e  c o r e  d e s c r i p t i o n s  and rad iograph  

i n t e r p r e t a t i o n s  a r e  modif ied from t h e  methods o f  Bouma (1962).  The conven t ions  



and symbols used follow: Those symbols marked* are also used in the column 

entitled Radiographic .  

Li thology 

Ix@ ash 

---- 3--7 ------- E d  ------- - ----A - clay ----------- 

T I  silt 

peat 

?;>::. ,P.< . I , ,  * :,*.A ,,. ... :... . , s i l t y  sand 
.:3:..::.:.\ . .,v,;>..:&:; 

] clayey silt 

s i l t y  clay 
*....A'.*. 

clayey sand . . . .  
.-...-. . ... - .. -...-.,. sandy mud 

F j  
.: .. , . ,, . sandy s i l t  

sandy gravel 

clayey peat 

silty pear 

*vivianite, an  i r o n  phosphate  
present i n  the sediments 

i n t e r l a m i n a t e d  s t r a t a ;  dominant 
l i t h o l o g y  on left ( i n  t h i s  
example, clayey peat and mud) 

Varve Count 

Varve counts are made from r a d i o g r a p h s  and are r epo r t ed  f o r  i n d i c a t e d  

intervals. 

Structure 

graded bedding . . . . . . . . 
l o a d  c a s t  v 

earthquake-induced s t r u c t u r e *  IJ 
f a u l t *  (possibly due to sampling procedure) & 

1 
interval in which structure occurs* 

I 



i n d i s t i n c t  s t r u c t u r e *  

Sedimentat  i on  Rate 

Sed imenta t ion  rates a r e  given f o r  i n d i c a t e d  i n t e r v a l s  and a r e  computed 

from varve  c o u n t s  w i t h i n  t h e  given i n t e r v a l .  

F o s s i l s  

f i s h  s c a l e *  

f i s h  bone* 

gast ropod* 

c  1 am* 

wood o r i e n t e d  p a r a l l e l  t o  bedding p l a n e  

wood n o t  p a r a l l e l  t o  bedding p l a n e  

p l a n t  fragment p a r a l l e l  t o  bedding p l a n e  

p l a n t  fragment n o t  p a r a l l e l  t o  bedding p l a n e  

Radiographic  

Th is  column c o n t a i n s  supplementary i n f o r m a t i o n  d e r i v e d  from a n  a n a l y s i s  

of i n f o r m a t i o n  t a k e n  from X-ray rad iographs .  The n o t a t i o n s  used i n  t h i s  

column are a  combination of those  marked by (*) under t h e  headings  L i tho logy ,  

Bedding P l a n e  S t r u c t u r e ,  and F o s s i l s ,  p l u s  some a d d i t i o n a l  s p e c i a l  symbols 

n o t  p r e v i o u s l y  used ( l i s t  below): 

g r a n u l e  - an X-ray opaque s m a l l  body < 1 mm i n  d iamete r .  

g r a n u l e  c l u s t e r  - a  r e g u l a r l y  t o  i r r e g u l a r l y  shaped mass of g r a n u l e s .  

pebble(@) - a  l a r g e  ( >  3 mrn d i a m e t e r )  X-ray opaque body. 

m o t t l e ( s )  - a r e a ( s )  of low X-ray t r a n s p a r e n c y  o f  i r r e g u l a r  shape and 
unknown o r i g i n .  

b i o t u r b a t i o n  - animal burrows. The degree  of sediment d i s t u r b a n c e  
g e n e r a l l y  accompanies t h i s  n o t e  such  as: heavy, s l i g h t ,  
e t .  



A 6  - a d i f f e r e n c e  i n  X-ray t r a n s p a r e n c y  between s t r a t i g r a p h i c  s u b u n i t s  
due t o  c o m p o s i t i o n a l ,  g r a i n  s i z e  o r  o t h e r  physiochemical  d i f f e r -  
e n c e s .  

f r a c t u r e d  - p h y s i c a l  b r e a k i n g  o f  the i n d i c a t e d  p a r t  of t h e  sediment  
s l i c e  t h a t  u s u a l l y  o c c u r r e d  d u r i n g  sample p r e p a r a t i o n  p r i o r  
t o  X-ray i n s p e c t i o n .  

Sample Number 

Sample numbers i d e n t i f y  samples t aken  f o r  s p e c i f i c  t e s t s  o r  supplementary  

d a t a .  Numbers a r e  r e s e r v e d  f o r  bu lk  minera logy,  f i n e  g r a i n  s i z e  a n a l y s i s  

( f r a c t i o n  < 1 2 5 ~ 1  diameter), and p a l y n o l o g i c a l  examinat ion.  Samples taken f o r  

o t h e r  purposes  a r e  s o  i n d i c a t e d .  
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APPENDIX 



L A K E  SUMMIT 

CORE 75-1 DEPTH O c m .  t o c m .  32.5 

LITH. ~5 
L K 3  <o 

cm. > u  
STRUCT. SED. 

RATE 
RADI 0 - 

GRAPHIC 
REMARKS SPL. 

# 

A 6  
--granules 

yv I 
7 

cemented 
zonq 

--(ash?) 

--(ash?) 

small fracture 
due t o  samplin:; 

I 
. 22 cm - TD 

h igh  organic - 
1 

( p l a n t )  
- A d  - 

b 

content  

I T 

- 



L A K E  SUMMIT 

CORE ''-* 3 5 DEPTH L c m .  to--cm. 

y 5  J - 
LITH. SED. m 

STRUCT. UJ 
RADIO- 

4 0  0 REMARKS 
cm. >U 

RATE 
LL 

GRAPHIC 
SPL. 
# 



+ .  
4 L A K E  UPPER TRAIL 

CORE 75- 1 DEPTH Z c m .  t o c m .  84 

'J'S =I LITH. SED. V) & STRVCT. V) 
RADIO- 

4 0 RATE 0 GRAPHIC 
REMARKS 

cm. > (J LL 

SPL. 
# 

0-66 c m  d i s r u p t e d  
p o s s i b l y  d u r i n g  
t r a n s p o r t a t i o n  
from Alaska t o  
C a l i f o r n i a .  

A l l  of t h i s  c o r e  
d r i e d  b e f o r e  expo 
X-radia t ion.  



L A K E  SKI= 

CORE 75-1 DEPTH O c m .  t o c m .  7 9 

cm. > C J  

SED. RADIO- 
GRAPHIC RATE 

mm/yr 

2.2 

3 . 1  

- 

6.5 
5 . 3  

7.1 

4.0 

5.0 

4.8 

5.8 

- 

REMARKS 
SPL. 
# 

, 

color of mud afte 
drying is light 
gray (5Y7/1) 

47 1 (SEM) 
470(SEM) 

ash at 45.5 cm is 
. light gray 
(10YR712) in colo 

ash at 58.0 cm is 
grayish ,orange p i  
( 1OYR8/,2) 

ash at 72.0 cm is 
. pinkish white 
(5YR812) in color 



a .  
a L A KE 

CORE 75-2 DEPTH L c m .  t o 2 c m .  



L A K E SKILAK 

CORE - DEPTH ~ c m .  t o ~ c m .  



v 
4 

.4  L A K E  SKILAK 

CORE - 66.5  DEPTH L c m .  t o c m .  



4 

p: - L A K E  
CORE 75-5 DEPTH 2-cm. t o - c m .  2 9 


