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INTRODUCTION 

Observations of the  Gulf o f  Alaska c o a s t l i n e  i n  Glacier  Bay National Monu- 

ment w e r e  conducted between June 1975 and Ju ly  1977 to: (1) character ize  t h e  

beach environment, and ( 2 )  assess  the  e f f e c t s  of  an o i l  s p i l l  ( f ig .  1). These 

included o v e r f l i g h t s  i n  June 1975, June 1976, J u l y  1976, January 1977, May 1977, 

and Ju ly  1977 when photographic observations were made from small fixed-wing 

a i r c r a f t  and f i e l d  observations i n  June 1975, Ju ly  1976, January 1977, and Ju ly  

1977. Fie ld  observations cons is ted  of measuring beach morphology, sediment dis- 

t r i b u t i o n ,  and vegetat ion type,  and charac te r i za t ion  of beach dynamics between 

Fairweather Glacier  and La Perouse Glacier.  

Ninety sediment samples were co l l ec ted  and analyzed f o r  g r a i n  s i z e  i n  the  

Menlo Park USGS sediment laboratory.  Beach morphology a t  s e l e c t e d  sites was 

determined by p r o f i l i n g  from the  l i m i t  of  storm deposi ted debr is  (mostly wood) 

to the  s u r f  zone. I n  1976, 30 p r o f i l e s  were made, ten  o f  which were r e v i s i t e d  

i n  1977. I n  a l l  55 p r o f i l e s  were measured. 

A q u a l i t a t i v e  es t imate  of the  e f f e c t s  of  an o i l  s p i l l  f o r  the  Monument 

coas t l ine  between Sea Ot te r  Creek and Icy  Point  a s  well  a s  each o f  the  p r o f i l e  

s t a t i o n s  has been made based on f i e l d  observations and a s u s c e p t i b i l i t y  scheme 

by Hayes and Owens (Hayes e t  a l . ,  1976; Owens, 1977). 
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<;EOIX)GY OF THE COASTAL AREA, 
GLACIER BAY NATIONAL MONUMENT 

The Coas ta l  and Fairweather  provinces,  two o f  f i v e  geo log ica l ly  d i s t i n c t  

provinces  in Glac i e r  Bay National  Monument (MacKevett e t  al., 1971) comprise 

almost  one- th i rd  of t h e  a r e a  of  the monument ( f i g .  2 ) .  

The Coas ta l  p rovince  extends northwest from I c y  P o i n t  t o  t h e  nor thern  bound- 

a r y  o f  t h e  mnument, a d i s t a n c e  of approximately 75 km. The e a s t e r n  boundary 

of  t h e  Coastal  province i s  t h e  long,  narrow, northwest-trending v a l l e y  t h a t  i s  

t h e  su r f ace  express ion  o f  t h e  Fairweather  f a u l t .  A t e r r a c e d  lowland r i s e s  gen t ly  

from t h e  c o a s t l i n e  t o  t h e  600 t o  1,000 m high Coast Range. This  b e l t  o f  low - - 
mountains i nc reases  i n  e l e v a t i o n  and width t o  t h e  northwest.  L i tuya  Bay, a T- 

shaped i n l e t  from t h e  P a c i f i c  Ocean, d iv ides  t h e  Coas ta l  province. The upper 

end of  t h e  bay, a f jo rd - l i ke  p a s s  through t h e  Coast Range, ends i n  t h e  Fairweather  

f a u l t  t rench  and is bounded t o  t h e  no r th  by Li tuya  Glac i e r  and t o  t h e  south  by 

North C r i  l l o n  Glac ier .  

The Fairweather  province l i e s  e a s t  o f  t h e  Fairweather  f a u l t ,  extends e a s t  

t o  t h e  Brady Glac i e r ,  and spans ove r  100 km from Cape Spencer, a t  t h e  sou theas t  

end of  t he  province,  northwest  t o  the  nor thern  boundary of  t h e  monument. The 

land s u r f a c e  n o r t h e a s t  o f  t h e  Fairweather  f a u l t  t rench  r i s e s  s t e e p l y  i n t o  the  

rugged mountainous a r e a  o f  t h e  Fairweather  province.  The p r e c i p i t o u s  peaks o f  

t h e  Fairweather  Range commonly r i s e  t o  e l e v a t i o n s  over  3,000 m, and culminate 

t o  t h e  northwest  a t  t h e  4,600 m Mount Fairweather .  

Valley g l a c i e r s  o r i g i n a t i n g  i n  t h e  Fairweather  Range descend east t o  t h e  

Brady Glac i e r  and o t h e r  g l a c i e r s  i n  t h e  Geikie  province and wes t  t o  the  Coas ta l  

province. Here they  flow through p a r t s  of  t h e  Fairweather  f a u l t  t r e n c h  and fonn 

broad piedmont lobes  t h a t  flow through t h e  Coast Range on to  t h e  t e r r a c e d  lowland. 



EST 

Figure 1. Map of Alaska showing the loca t ion  of Glacier  Bay National Monument. 



F~CUHE 2.-Index map showitlg Clrcicr Ray h'rtiot~;ll hlonun~cnt, Alaska, and gcolopic yrovit~ces within the monutnent. 



Geology o f  t h e  Coas ta l  and Fairweather  Provinces 

S t r a t i  qraphx 

The bedrock s t r a t i g r a p h i c  s e c t i o n  i n  t h e  Coas t a l  and Fairweather  provinces  

ranges i n  age from e a r l y  Mesozoic t o  middle o r  l a t e  P le i s tocene .  The o l d e s t  

rocks a r e  in a Mesozoic vo lcan ic  u n i t  of  unknown th ickness .  E a r l i e r  descr ibed  

as t h e  "s la te -greens tone  group" (Mertie,  19311, t h i s  u n i t  crops o u t  i n  a b e l t  

a long t h e  southwest s i d e  o f  t h e  Fairweather  f a u l t .  This  b e l t  extends from be- 

yond t h e  northwest boundary o f  t h e  Coas ta l  p rovince  to wi th in  1 2  km o f  t h e  south-  

e a s t e r n  end of  t he  province  and i s  approximately 2 to 8 km wide. The vo lcan ic  

u n i t  a l s o  crops o u t  on t h e  peninsula  wes t  of  Taylor Bay (Rossman, 1963b). 

The Mesozoic volcanic  sequence is  composed p r imar i ly  o f  dark gray t o  b l ack ,  

s l a t y  a r g i l l i t e  interbedded wi th  greenstone de r ived  from flows, vo lcan ic  brec- 

cias, t u f f s ,  and vo lcan ic  graywackes (Mi l le r ,  1961). Some i n t r u s i v e  greenstone 

may be present .  Minor amounts of  l imestone,  dolomite,  and c h e r t  a l s o  occur  i n  

t h e  bedded sequence. Much o f  t h e  rock has  been i n t e n s e l y  deformed and mildly 

t o  moderately metamorphosed. Based on l i t h o l o g i c  s i m i l a r i t i e s  t o  rocks on s t r i k e  

to the  sou theas t  on Yakobi and Chichagof I s l a n d s ,  t h i s  u n i t  i s  be l i eved  t o  be 

of  e a r l y  t o  mid-Mesozoic age (Kennedy and Walton, 1946; Rossman, 1963a).  

On t h e  n o r t h e a s t  s i d e  o f  t h e  Fairweather  f a u l t ,  i n  f a u l t  c o n t a c t  wi th  t h e  

volcanic  u n i t ,  is  a group of  h ighly  metamorphosed Mesozoic rocks. This group 

occupies  a 6 t o  18 h wide b e l t  extending northwest  beyond t h e  Glac i e r  Bay 

National  Monument boundary and sou theas t  t o  t h e  Torch Bay and Graves Harbor 

a r ea .  These a r e  predominantly amphibole and b i o t i t e  s c h i s t s  and a r e  be l i eved  

t o  be the  metamorphic equ iva l en t s  o f  t h e  vo lcan ic  u n i t .  The amphibole s c h i s t  

i s  t y p i c a l l y  dark green o r  gray  i n  outcrop.  The b i o t i t e  s c h i s t  v a r i e s  i n  out- 

crop from a l i g h t  gray t o  a s t a i n e d ,  r u s t y  r e d  appearance. Both rock types  

a r e  medium- to f ine-gra ined  and a r e  be l i eved  t o  be o f  Mesozoic age  on t h e  b a s i s  

of  s i m i l a r i t i e s  t o  rocks on C h i  chagof I s l a n d  (Rossman, 1963a). 



A sequence o f  T e r t i a r y  s t r a t a  unconformably overlies t h e  Mesozoic vo lcan ic  

u n i t  in the Coas ta l  province.  T h i s  sequence has been d iv ided  i n t o  t h r e e  d i s -  

t i n c t  u n i t s  by Miller (1961) and P l a f k e r  (1967). The T e r t i a r y  Cenotaph Volanics  

unit (Formation "B" o f  M i l l e r ,  1961) c o n s i s t s  of  about  380 m (1,250 f t . )  o f  un- 

f o s s i l i f e r o u s  green,  r ed ,  and pu rp le  a n d e s i t e  b r e c c i a ,  t u f f ,  and flows interbedded 

wi th  green  and r e d  tu f f aceous  s i l t s t o n e ,  g l a u c o n i t i c  sandstone,  green pebble- 

cobble conglomerate, and minor coa l .  The type s e c t i o n  is designated along t h e  

south  shore  of  Cenotaph I s l a n d  i n  Li tuya  Bay (P lafker ,  1967).  

The T e r t i a r y  Topsy Formation (Formation "A" o f  Mi l l e r ,  1961) i s  a s p a r s e l y  

f o s s i l i f e r o u s  marine u n i t  which in t e r tongues  wi th ,  and i n  p a r t  unconformably 

o v e r l i e s ,  t h e  Cenotaph Volcanics Formation. I t  c o n s i s t s  o f  approximately 365 

rn (1,200 f t . )  o f  gray,  hard ,  ca lcareous  s i l t s t o n e  and sandstone. The type  

l o c a l i t y  i s  des igna ted  a long  upper Topsy Creek, 11 km sou theas t  o f  t h e  mouth 

of  L i tuya  Bay (P lafker ,  1967).  

The Tert iary-Quaternary Yakataga Formation was geographical ly  extended 

by P l a f k e r  in 1967 t o  inc lude  l i t h o g e n e t i c a l l y  equ iva l en t  rocks i n  t h e  Li tuya 

d i s t r i c t  (Formation "C" of Mi l l e r ,  1961).  A t  l e a s t  2,050 m (10,000 f t . )  o f  t h e  

Yakataga Formation a r e  exposed i n  nea r ly  cont inuous outcrops nea r  t h e  C r i l l o n  

River and i n  an  a r e a  j u s t  south  of  Fairweather  Glac ier .  Comprising most of  

t h i s  th ickness  a r e  in te rbedded  l i g h t  ol ive-gray t o  dark-gray s i l t s t o n e  and l i g h t -  

gray t o  greenish-gray sandstone. Interbedded wi th  t h e  s i l t s t o n e  and sandstone 

in t h e  upper 2,400 m (8,000 ft. ) i s  a gray t o  greenish-gray conglomeratic sandy 

mudstone (Mi l l e r ,  1961).  Marine i n v e r t e b r a t e  f o s s i l s ,  c h i e f l y  mollusks,  have 

been found throughout t h e  Yakataga Formation ( P l a f k e r  and Addicot, 1976) . 
The Cenotaph Volcanics  Formation unconformably o v e r l i e s  t h e  Mesozoic vol-  

can ic  u n i t ;  t h e  base o f  t h e  Topsy Formation i s  n o t  exposed. The Yakataga 

Formation unconformably o v e r l i e s  t h e  Mesozoic vo lcan ic  u n i t  i n  t h e  a r e a  j u s t  



sou th  o f  Fairweather  Glac ier ,  I n  t h e  sou theas t e rn  part o f  t h e  L i tuya  district 

t h e  Yakataga Formation appears  t o  conformably o v e r l i e  t h e  Topsy and Cenotaph 

Formations. Based on f o s s i l  evidence, t h e  age of  t h e  Yakataga Formation i s  

be l i eved  to range from e a r l y  Miocene t o  Holocene. The Topsy and Cenotaph 

Volcanics Formations a r e  t e n t a t i v e l y  ass igned  a pos t -ear ly  Oligocene t o  pre-  

middle Miocene age (P la fke r ,  1967; Pla£ker  and Addicot t ,  1976).  

Most of  t h e  Quaternary depos i t s  occur  i n  t h e  Coas ta l  province and a r e  p r i -  

mar i ly  P l e i s tocene  and Holocene morainal d e b r i s  and beach sands. Other s u r f i c i a l  

depos i t s  inc lude  lagoonal  and t i d a l - e s t u a r y  depos i t s ,  s t ream alluvium, and t a l u s .  

Comparison of onshore samples of t he ' yaka taga  Formation wi th  t h e  Holocene 

sediment c o l l e c t e d  i n  cores and grabs  from t h e  o f f sho re  shows a d i s t i n c t i v e  

s i m i l a r i t y  i n  mineralogy of c l ay  f r a c t i o n ,  gross  phys i ca l  appearance and l i k e l y  

mode o f  depos i t ion .  Clay mineral  assemblages a r e  i d e n t i c a l ,  w i t h  s i m i l a r  per- 

centage ranges f o r  each c l ay  mineral  p re sen t .  The samples conta in  predominantly 

c h l o r i t e ,  i l l i t e ,  and k a o l i n i t e  wi th  minor montmori l loni te .  The Chugach, St. 

E l i a s ,  and Fairweather  Mountains a r e  t h e  major source a r e a s  f o r  t hese  sediments,  

which e n t e r  the  gul f  mainly as rock f l o u r  and a r e  d i s t r i b u t e d  by s u r f a c e  cur- 

r e n t s  from e a s t  t o  west  (Molnia and F u l l e r ,  1977). 

Sediment samples from Li tuya  Bay a r e  very  s i m i l a r  t o  those  from o f f sho re  

and f u r t h e r  exemplify t h e  uniformity of n o n - t e r r e s t r i a l  depos i t ion  i n  t h e  region. 

I n t r u s i v e s  

Three l a r g e ,  l ayered  gabbroic  p lu tons  occur  i n  a northwest-trending zone 

i n  t h e  Fairweather  province.  Severa l  sma l l e r  bodies  o f  composi t ional ly s i m i l a r  

gabbroic  rock occur  i n  a southeastward ex tens ion  o f  t h i s  zone on western Chichagof 

I s l and .  A l l  o f  t hese  s tocks  a r e  o f  approximately the same age, probably pos t -  

e a r l y  Cretaceous, and are be l i eved  t o  be g e n e t i c a l l y  r e l a t e d  (Rossman, 1963a).  



The l a r g e s t  of t h e  p l u t o n s  i n  the Fairweather  province  is  t h e  Cr i l l on -  

La Perouse p lu ton ,  l o c a t e d  i n  the Mount C r i l l o n  and Mount La Perouse area. 

E l l i p t i c a l  i n  p l a n ,  it is abou t  27 km long  and 11 t o  1 3  km wide; i t s  long  a x i s  

t r e n d s  northwest.  The total  exposed th i cknes s  is  almost  9,750 m (32,000 f t . )  

and it is probable  t h a t  "many more thousands o f  feet of l aye red  rock e x i s t  below 

the l o w e s t  l a y e r s  exposed" (Rossman, 1963a).  

The northernmost p l u t o n  u n d e r l i e s  an a r e a  a loqg  t h e  southwest  f l a n k  o f  

Mount Fairweather .  The extreme northwestern end o f  t h e  Fairweather  p l u t o n  ex- 

tends  j u s t  beyond t h e  boundary of  t h e  monument. The p lu ton  is almost  10  km long  

i 

and 6 km wide, wi th  t h e  long a x i s  t r end ing  northwest.  

The Astrolabe-De Langle p lu ton ,  the southernmost o f  t h e  t h r e e ,  makes up 

t h e  sou the rn  part of Mount De Langle and t h e  As t ro labe  Peninsula .  Most o f  t h e  

p lu ton  i s  concealed by t h e  s ea .  The exposed s tock  i s  about  8 km long  and 3 km 

wide, and up t o  600 m (2,000 f t . )  t h i ck .  The known o u t l i n e  of  t h e  Astrolabe-De 

Langle p lu ton  sugges t s  an e l l i p t i c a l  shape s i m i l a r  t o  t h e  o t h e r  two p l u t o n s  i n  

t h e  Fairweather  province  (Rossman, 1963a) .  

The rocks o f  a l l  t h r e e  p lu tons  a r e  most ly  gabbroic.  The pr imary rock- 

forming minera l s  are v i r t u a l l y  una l t e r ed  p l a g i o c l a s e ,  c l inopyroxene,  orthopy- 

roxene, and o l i v i n e .  Accessory c o n s t i t u e n t s  i nc lude  i l m e n i t e ,  magnet i te ,  s u l -  

f i d e s ,  spinel-group mine ra l s ,  hornblende, chromite ,  and t r a c e s  o f  r u t i l e ,  a p a t i t e ,  

and g raph i t e .  I h e n i t e  i s  common i n  t h e  Cri l lon-La Perouse p lu ton  and magnet i te  

and i l m e n i t e  make up as much as 10  t o  1 5  p e r c e n t  o f  some l a y e r s  i n  t h e  Astrolabe-  

De Langle and Fai rweather  p lu tons .  Some u l t r a m a f i c  rocks occur ,  mainly i n  t h e  

nor thern  part o f  t h e  Fa i rweather  p lu ton  and i n  t h e  Cri l lon-La Perouse p lu ton  

near  Brady Glac ie r .  These are p r i m a r i l y  pyroxeni te ,  w e h r l i t e ,  and d u n i t e ,  and 

con ta in  concen t r a t i ons  o f  up t o  15  p e r c e n t  s u l f i d e s  and a few p e r c e n t  o f  chromite 

(Rossman, 1963a; P l a f k e r  and MacKevett, 1970).  



Well-developed l a y e r i n g  i s  p r e s e n t  i n  a l l  t h r e e  p lu tons .  These l a y e r s  

are commonly 5 an to 1.5 m t h i c k  and are formed by v a r i a t i o n s  i n  t e x t u r e  and 

minera l  p ropor t ions .  These v a r i a t i o n s  were produced dur ing  f r a c t i o n a l  c r y s t a l -  

l i z a t i o n  and crystal s e t t l i n g  i n  t h e  magma chamber. 

Layering i n  both t h e  Crillon-La Perouse and Astrolabe-De Langle p lu tons  

seems t o  form nor thwes t -s t r ik ing ,  gen t ly  t o  moderately d ipping  s y n c l i n a l  b a s i n s  

(Rossman, 1963a).  Layering i n  t h e  Fairweather  p lu ton  along t h e  southwest f l ank  

of Mount Fairweather  appears  to  d i p  moderately t o  t h e  no r theas t .  The no r theas t e rn  

c o n t a c t  of  t h e  p lu ton  i s  concealed beneath snow and i c e  (P l a fke r  and MacKevett, 

1970) .  Thus, t he  o v e r a l l  p a t t e r n  of  l a y e r i n g  i n  t h e  Fairweather  p lu ton  is  n o t  

known, b u t  may be i n f e r r e d  t o  be s i m i l a r  t o  those  i n  t h e  o t h e r  two p lu tons .  

The h o s t  rocks f o r  t h e s e  p lu tons  a r e  t h e  Mesozoic amphibole and b i o t i t e  

s c h i s t s ,  which have been thoroughly r e c r y s t a l l i z e d  i n  t h e  con tac t  a r eas .  The 

minera ls  i n  t h e  r e c r y s t a l l i z e d  rocks inc lude  alamandine ga rne t ,  a n d a l u s i t e ,  

s t a u r o l i t e ,  hornblende, b i o t i t e ,  kyan i t e ,  magnet i te ,  i l m e n i t e ,  and s u l f i d e s  

(Rossman, 1963a) . 
A s i m i l a r  gabbroic  p lu ton  on Chichagof I s l a n d  i n t r u d e s  a  graywacke u n i t  

of probable e a r l y  Cretaceous age. Rossman (1963a) t hus  b e l i e v e s  t h a t  t h e  p lu-  

tons  i n  t h e  Fairweather  province were in t ruded  sometime dur ing  o r  a f t e r  t h e  

e a r l y  Cretaceous. 

Severa l  smal l  bodies  of  Cretaceous o r  younger d i o r i t e  and q u a r t z  d i o r i t e  

occur  no r theas t  o f  Palma Bay. Quartz  d i o r i t e  crops o u t  n o r t h e a s t  o f  Graves 

Harbor near  Taylor  Bay. D i o r i t e  a l s o  occurs  j u s t  southwest o f  t h e  Fairweather  

f a u l t  near  t he  head o f  Li tuya  Bay and i n  s e v e r a l  a r e a s  i n  t h e  e a s t e r n  p a r t  of 

t h e  Fairweather  province.  Both t h e  q u a r t z  d i o r i t e  and d i o r i t e  a r e  f a i r l y  wide- 

spread i n  sou theas t e rn  Alaska, and may be g e n e t i c a l l y  r e l a t e d  i n  some a reas .  

I n  genera l ,  t h e  q u a r t z  d i o r i t e  appears  t o  be i n t r u s i v e  and t h e  d i o r i t e  seems 

t o  be mainly metamorphic (Rossman, 1963a) . 



Regional S t r u c t u r e  

A northwest  t r e n d  is  c h a r a c t e r i s t i c  o f  most s t r u c t u r a l  f e a t u r e s  i n  t h e  

Coas t a l  and Fa i rweather  provinces.  Outcrop p a t t e r n s ,  f a u l t s ,  and t h e  s t r i k e  

o f  bedded rocks gene ra l ly  fol low t h i s  northwest  t rend .  

The bedding in t h e  Mesozoic s c h i s t s  gene ra l ly  s t r i k e s  northwest.  Close 

t o  t h e  Fa i rweather  f a u l t ,  t h e  bedding d i p s  s t e e p l y  to t h e  no r theas t ,  except  

towards t h e  sou theas t  nea r  Palma Bay, where it d ips  s t e e p l y  t o  t h e  southwest 

(Mi l le r ,  1961; Rossman, 1963a).  Near Brady Glac ier ,  n o r t h  of  Mount De Langle,  

t h e  s c h i s t s  form a n  a n t i c l i n e  and sync l ine  which s t r i k e  approximately northwest  

(Rossman, 1963a). 

Rossman (1963a) be l i eved  t h a t  emplacement o f  t h e  layered  gabbro caused 

t h e  ove r ly ing  s c h i s t s  t o  be pushed up and subsequently eroded. The d i o r i t i c  

s tocks ,  however, do no t  appear t o  have s i g n i f i c a n t l y  d i sp l aced  o r  s t r u c t u r a l l y  

deformed t h e  bedded rocks which they in t rude .  These s tocks  seem t o  have been 

formed p a r t l y  by magmatic i n t r u s i o n  and p a r t l y  by r e c r y s t a l l i z a t i o n  o f  t h e  ad- 

j acen t  bedded rocks. 

The Astrolabe-De Langle p lu ton  i s  o f f s e t  by s e v e r a l  r i g h t - l a t e r a l  f a u l t s  

which t r end  n o r t h e a s t ,  n o m l  t o  t h e  r e g i o n a l  t r end .  These f a u l t s  show s t rong  

s t r i k e - s l i p  displacement (Rossman, 1963a). 

The T e r t i a r y  s t r a t a  a r e  gene ra l ly  gen t ly  t o  moderately fo lded ,  except  i n  

some a r e a s ,  where they a r e  overturned.  A northwest-trending sync l ine  occurs  

in these  s t r a t a  j u s t  s o u t h e a s t  o f  Fairweather  Glac ier .  I n  t h e  a r e a  between 

Li tuya  Bay and C r i l l o n  Lake, T e r t i a r y  s t r a t a  form a sync l ine  and an  a n t i c l i n e  

wi th  northwest-trending axes. The a n t i c l i n e  is  d i sp l aced  v e r t i c a l l y  near  i t s  

a x i s  by a  t h r u s t  f a u l t .  This  f a u l t  extends approximately 8 km sou theas t  from 

an a r e a  near  t h e  m u t h  of Li tuya  Bay, where it i s  concealed by g l a c i a l  deb r i s .  

The n o r t h e a s t  s i d e  o f  t h e  f a u l t  is t h e  upper p l a t e .  



Another northwest-trending t h r u s t  f a u l t  d i s p l a c e s  t h e  o f f sho re  T e r t i a r y  

strata from Lituya Bay s o u t h e a s t  t o  j u s t  beyond I c y  Poin t ,  a d i s t a n c e  o f  approx- 

ima te ly  40 km. The upper p l a t e  is  t h e  no r theas t  s i d e  (P lafker ,  1967).  The 

T e r t i a r y  beds onshore on t h e  upper p l a t e  dip s t e e p l y  t o  t h e  southwest,  and a r e  

over turned  f o r  s e v e r a l  k i lometers  n e a r  Icy P o i n t  and between m p s y  Creek and 

t h e  C r i l l o n  River. 

The Cenotaph Volcanics  Formation and t h e  ove r ly ing  Yakataga Formation form 

a homoclinal sequence on Cenotaph I s l and .  The s t r i k e  o f  t hese  beds i s  N 50" 

t o  60' W and t h e  d i p  v a r i e s  from 20° to 30' SW on t h e  sou th  s i d e  o f  t h e  i s l a n d  

to 50° to 60° SW on t h e  no r th  end ( ~ e r t i e - ;  1931; Mi l l e r ,  1961) . 
L i t t l e  is  known of  t h e  s t r u c t u r e  o f  t h e  Mesozoic vo lcan ic  u n i t .  Northwest 

o f  Li tuya  Bay and f o r  s e v e r a l  k i lometers  sou theas t  o f  t h e  bay and on Middle 

Dome near  La Perouse Glac i e r ,  t h e  rocks o f  t h i s  u n i t  a r e  moderately fo lded  and 

s t r i k e  to t h e  northwest.  I n  an a r e a  j u s t  wes t  o f  C r i l l o n  Lake, however, t h e s e  

rocks s t r i k e  t o  the  west and d i p  s t e e p l y  t o  t h e  nor th  (Mi l le r ,  1961).  

The most prominent s t r u c t u r a l  f e a t u r e  o f  t h e  region i s  the  Fairweather  

f a u l t ,  which s e p a r a t e s  t h e  Coastal  and Fairweather  provinces.  Onshore, t h i s  

northwest-trending, s t r i k e - s l i p  f a u l t  extends f o r  about  280 km from I c y  Po in t  

to  the  upper Seward Glac i e r  -a rea ,  n o r t h  o f  Yakutat Bay (P la fke r  and o t h e r s ,  

1977).  The f a u l t  t r ench ,  r e a d i l y  v i s i b l e  on land ,  extends f o r  most o f  t h i s  

d i s t a n c e  and i s  f i l l e d  wi th  g l a c i a l  i c e  and water.  This  t r ench  i s  one t o  two 

k i lometers  wide f o r  most of  i t s  70 km onshore l eng th  i n  G lac i e r  Bay National  

Monument . 
The Fairweather  f a u l t  l i e s  i n  an a rcua te  network o f  f a u l t s  t h a t  t r e n d  par -  

a l l e l  to t h e  c o a s t a l  mountain ranges o f  sou theas t e rn  Alaska, and i s  t e c t o n i c a l l y  

as a c t i v e  as t h e  San Andreas f a u l t  i n  C a l i f o r n i a  (Page, 1969b) . 
To the  northwest,  t h e  Fairweather  f a u l t  j o i n s  a s e r i e s  o f  e a s t  t o  southeas t -  

t rending  t h r u s t  f a u l t s ,  inc luding  t h e  Coal G lac i e r  f a u l t  and t h e  Chugach-Saint 



E l i a s  f a u l t ,  To t h e  sou theas t ,  t h e  Fairweather  f a u l t  runs  o f f s h o r e  and appar- 

e n t l y  j o i n s  t h e  Queen Char lo t t e  t ransform f a u l t  and t h e  P e r i l  S t r a i t  f a u l t  

(P la fker  and o t h e r s ,  1977)-  

Tec tonics  and Related Phenomena 

The most r e c e n t  major movement a long  t h e  Fairweather  f a u l t  occur red  dur ing  

t h e  July 10,  1958 ear thquake (Richter  magnitude 7.9). Movement probably occurred 

a long  mch o r  a l l  of  t h e  onshore l eng th  o f  t h e  f a u l t .  The maximum obsexved d i s -  

placement,  measured j u s t  e a s t  of  t h e  nor th  end of  C r i l l o n  Lake, was 6.5 m d e x t r a l  

s l i p  and 1 m d i p  s l i p ,  w i t h  t h e  southwestern s i d e  up (Tocher, 1960b) . The f a u l t  
- 
L 

plane  is v e r t i c a l  o r  d i p s  s t e e p l y  t o  t he  nor theas t .  The e p i c e n t e r  w a s  l oca t ed  

a t  58O 20' N, 136O 55'  W, j u s t  o f fshore  from Astrolabe Po in t  (Stauder ,  1960).  

The 1958 ear thquake caused moderate p rope r ty  damage a t  Yakutat, 210 km t o  

the  northwest  and was r e a d i l y  f e l t  wi th in  650 km o f  t h e  e p i c e n t e r  (Davis and 

6 
Sanders,  1960).  The macroseismic a rea  was es t imated  t o  be a t  l e a s t  10 square  

k i lometers .  The mst d i s t a n t  p o i n t  a t  which t h e  ear thquake was repor ted ly  f e l t  

was in S e a t t l e ,  Washington (Brazee and Jordan,  1958).  It was t h e  l a r g e s t  shock 

"an o r  near  United S t a t e s  t e r r i t o r y  s i n c e  t h e  Aleut ian  I s l a n d s  shock of March 

9, 1957, and t h e  l a r g e s t  wi th  ex tens ive  f a u l t  breakage on l and  i n  t h e  United 

S t a t e s  s i n c e  the California earthquake of A p r i l  18, 1906" (Tocher, 1960a).  

A well-defined sequence of a f t e r shocks  was t r i g g e r e d  by t h e  1958 ear thquake,  

of  which over  200 were recorded (Brazee and Jordan, 1958). Microearthquake ac- 

t i v i t y  recorded nea r  C r i l l o n  Lake i n  1968 w a s  a t  l e a s t  equal  t o  and poss ib ly  

g r e a t e r  than  t h a t  r epo r t ed  f o r  a c t i v e  s i t e s  on t h e  Denal i  and San Andreas f a u l t s .  

It is not  known, however, i f  a l l  of t h e  observed s e i s m i c i t y  near  C r i l l o n  Lake 

can be a t t r i b u t e d  to a f t e r shock  a c t i v i t y  o f  t h e  1958 ear thquake (Page, 1969a). 

Phenomena r e l a t e d  t o  t h e  1958 ear thquake included rock, s o i l ,  snow, and 

i c e  avalanches,  e a r t h  l u rches ,  r o c k s l i d e s ,  e a r t h  flows, e a r t h  slumps, sandblows, 



and minor f i s s u r i n g ,  Because t h e  reg ion  nea r  t h e  Fairweather  f a u l t  i s  s p a r s e l y  

s e t t l e d ,  on ly  f i v e  persons  were k i l l e d .  A beach on Khantaak I s l and ,  nea r  Yakutat,  

plunged i n t o  Monti Bay, c a r r y i n g  t h r e e  persons wi th  it. The o t h e r  two were l o s t  

when t h e i r  f i s h i n g  v e s s e l  was sunk by a ca tac lysmic  wave i n  Li tuya  Bay. 

The most s p e c t a c u l a r  event  r e l a t e d  t o  t h e  1958 earthquake w a s  t h e  gene ra t ion  

o f  t h i s  cataclysmic wave by a rocks l ide  a t  t h e  head o f  Li tuya  Bay. About 30 

m i l l i o n  cub ic  meters o f  rock,  loosened by t h e  ear thquake,  plunged i n t o  G i l b e r t  

I n l e t ,  t h e  nor thern  arm of t h e  bay,  from e l e v a t i o n s  up t o  900 m on t h e  s t e e p  

n o r t h e a s t  w a l l  (Mi l l e r ,  1960al. This  caused a su rge  o f  water t o  sweep ove r  t h e  

oppos i t e  wa l l  o f  t h e  i n l e t ,  reaching a maximum a l t i t u d e  o f  520 m, and genera ted  

a g r a v i t y  wave t h a t  t r a v e l e d  towards t h e  mouth of  t h e  bay. Moving a t  a speed 

probably between 155 and 210 km p e r  hour,  t h i s  wave sank two o f  t h e  t h r e e  f i s h i n g  

boa t s  t h a t  had been anchored i n  t h e  o u t e r  p a r t  o f  t h e  bay, k i l l i n g  two persons. 

Vegetat ion a long  t h e  shores  was destroyed ove r  a t o t a l  a r e a  o f  more than  10 square 

ki lometers .  The a r e a  o f  d e s t r u c t i o n  on t h e  no r th  and south shores  a long  a 1.6 

km d i s t a n c e  midway between t h e  head and mouth o f  t h e  bay averaged 360 m i n  width 

and reached an  average a l t i t u d e  o f  33 m. The maximum h o r i z o n t a l  d i s t ance  of  

t h e  t r i m l i n e  from t h e  h igh- t ide  s h o r e l i n e  i n  t h e  bay was about 1,080 m near  

Fish Lake, nor th  of t h e  west  end of t h e  bay (Mi l l e r ,  1960b). 

A t  l e a s t  f o u r  g i a n t  .waves s i m i l a r  t o  t h e  one i n  1958 a r e  be l i eved  t o  have 

occurred s i n c e  1853 i n  Li tuya  Bay. These were a l s o  probably caused by rocks l ides  

' O r  avalanches from t h e  s t e e p  s lopes  a long  the  head of  Li tuya  Bay b u t  on ly  one 

o r  two were l i k e l y  t o  have been ear thquake-tr iggered.  The d a t e s  o f  occurrence 

and t h e  maximum a l t i t u d e s  of t h e  t r i m l i n e s  of t h e s e  waves a r e  given by M i l l e r  

(1960a) as: October 27, 1936--about 147 m;  1-899 (?)--about 60 m; 1874 (?)--about 

24 m; and 1853 or 1854--about 120 m. 

The r e l a t i v e l y  f r equen t  occurrence of t h e s e  g i a n t  waves i n  L i tuya  Bay, 



as mupared  t o  o t h e r  seemingly s i m i l a r  bays may be  due t o  a combination o f  t h e  

fol lowing f a c t o r s :  (a) presence  o f  an a c t i v e  f a u l t  under water  a t  t h e  head o f  

t h e  bay; (b) presence o f  r e c e n t l y  g l a c i a t e d ,  s t e e p  s l o p e s  on h igh ly  f r a c t u r e d  

and sheared  rocks a long  t h e  f a u l t  zone; ( c )  presence o f  deep wa te r  immediately 

below t h e  s t e e p  s l o p e s  i n  and near  t h e  f a u l t  zone; and (d)  heavy r a i n f a l l  and 

f r equen t  f r eez ing  and thawing (Miller, 1960b). M i l l e r  (1960b), as does t h e  

au tho r ,  b e l i e v e s  t h a t  t hese  waves should be taken i n t o  account i n  any f u t u r e  
. 

use of Li tuya  Bay s i n c e  they  a r e  l i k e l y  t o  reoccur.  

The 1958 ear thquake i n  t h e  Li tuya  Bay a r e a  i s  t h e  only h i s t o r i c  ear thquake 

known t o  have caused mvement on t h e  Fairweather  f a u l t .  A s e r i e s  o f  ear thquakes 

occurred  in t h e  Yakutat Bay a r e a  i n  1899 and 1900 causing l o c a l  u p l i f t s  o f  as 

much as 14  m. These ear thquakes were f e l t  throughout a l a r g e  a r e a  i n  southern  

Alaska and ad jacen t  Canada, and may have involved some movement on the  nor thern  

p a r t  of t h e  Fairweather  f a u l t .  They a l s o  may have t r i g g e r e d  a ca tac lysmic  wave 

i n  Li tuya Bay be l ieved  t o  have occurred dur ing  1899. A cons iderable  amount 

of  d r i f t  t imber and muddy water  was r epo r t ed  i n  t h e  ocean between Cape Fairweather  

and Yakutat 2 days a f t e r  t h e  l a r g e s t  o f  t h e  ear thquake shocks, bu t  no r e p o r t s  

were rece ived  concerning t h e  Li tuya  Bay a r e a  (Ta r r  and Martin,  1912).  

Rates of  mvement a long  t h e  Fairweather  f a u l t  have been es t imated  from 

o f f s e t  moraines and drainages.  Dextral  displacements  wi th  maximum o f f s e t  o f  

about  55 m were measured on t h r e e  s t reams flowing on g l a c i a l  till and bedrock 

near  C r i l l o n  Lake. A d e x t r a l  o f f s e t  o f  a t  l e a s t  50 m was measured on a l a t e r a l  

moraine of  F inger  Glac ier .  Radiocarbon-dated wood from l a t e r a l  moraines a t  

t h e s e  l o c a l i t i e s  i n d i c a t e s  t h a t  t h e  average s l i p  r a t e  dur ing  t h e  l a s t  millenium 

has been a t  l e a s t  4.8 cm/year and probably as much as 5 .8  cm/year (Pla£ker and 

o t h e r s ,  1977) . 



A similar rate of  approximately 4 an/year f o r  dex t ra l  s l i p  on t h e  Fair-  

weather f a u l t  f o r  t h e  l a s t  millenium was obtained by Page (1969b) from measure- 

ments along a f a u l t  sca rp  on the  nor theas tern  shore of  Cr i l lon  Lake. He assumed 

a constant  r a t i o  o f  6 : l  o r  7:l  s t r i k e - s l i p  t o  d ip-s l ip  motion, such as t h a t  

observed f o r  the  1958 earthquake. Also assumed was t h a t  formation of t h e  6 m 

high sca rp  occurred during t h e  l a s t  1,000 years ,  before which time t h e  a rea  was 

bel ieved to  have been glac ia ted .  

Tota l  l a t e  Cenozoic d e x t r a l  displacement along t h e  Fairweather f a u l t  i s  

bel ieved to  be on the  order  o f  5.5 km, based on t h e  o f f s e t  o f  major va l l eys  

t h a t  d ra in  across  the  t r a c e  of  the  f a u l t .  These g l a c i a l  va l l eys  probably s t a r t e d  

forming during t h e  Miocene, when u p l i f t  of  the  S a i n t  E l i a s  Mountains i s  bel ieved 

t o  have begun. The f i t  across  t h e  f a u l t  of  almost a l l  of these  g l a c i a l  drain-  

ages is  improved with removal of about 5.5 km of dex t ra l  displacement. Theoret- 

i c a l l y ,  Lituya Bay would have o r i g i n a l l y  been connected t o  North and South 

Cr i l lon  Glaciers  (Plafker  and o t h e r s ,  1977). 

The est imated r a t e s  of 4.0 t o  5.8 cm/year f o r  r ecen t  dex t ra l  displacement 

on the  Fairweather f a u l t  a r e  very c lose  t o  estimated r a t e s  of  5 (Page, 1969b) 

t o  5.4 cm/year (Plafker  and o t h e r s ,  1977) displacement along the  P a c i f i c  and 

North American c r u s t a l  p l a t e s  i n  t h e  region of  the  f a u l t .  This suggests  t h a t  

most o r  a l l  of  t h e  r e l a t i v e  motion between t h e  P a c i f i c  and North American p l a t e s  

i n  the  region p resen t ly  occurs along the  Fairweather f a u l t  (Plafker  and o the r s ,  

1977). The r a t e s  o f  movement between t h e  p l a t e s  probably have been nearly con- 

s t a n t  s i n c e  a t  l e a s t  the  e a r l y  Pliocene (Page, 1969b). Since t o t a l  l a t e  Cenozoic 

displacement of  5.5 km on the  Fairweather f a u l t  would requi re  l e s s  than 10,000 

years a t  the  displacement r a t e s  est imated from the  l a t e  Holocene o f f s e t s ,  the  

Fairweather f a u l t  may have been a major transform boundary between the  P a c i f i c  

and North American p l a t e s  only s ince  t h e  l a t e  Pleistocene.  Before t h a t  t ime, 



r e l a t i v e  motion between t h e  p l a t e s  probably occurred along one or more offshore  

f a u l t s  (Plafker  and o t h e r s ,  1977) . 
Marine Terraces 

A series of r a i sed  marine t e r r a c e s  occurs along most of  t h e  length of the  

c o a s t a l  province. These t e r r a c e s  a r e  well  developed and bes t  defined south of  

Li tuya  Bay and nor th  of  Cr i l lon  River. Northwest of  Lituya Bay and southeas t  

of  Cr i l lon  River, these  t e r r a c e s  a r e  n o t  as wel l  developed and a re  more obscured 

by eros ion and overlying sediments. 

Four d i s t i n c t  t e r r a c e s  have been recognized i n  t h e  a r e a  between Lituya Bay 

and t h e  Cr i l lon  River which p a r a l l e l  t h e  coast  and increase  i n  both average width 

and age with mean height.  The e leva t ions  and maximum widths of these  four  t e r -  

races were given by Derksen (1974, 197513) : ( a )  13 m, 150 m; (b) 30.5 m, 250 m; 

(c) 85 t o  100 m, 1.6 km; and (d)  170 t o  245 m, 2.3 km. A f i f t h  t e r r a c e ,  400 

t o  510 m above s e a  l e v e l  and up t o  600 m wide, was a l s o  recognized by Derksen 

(1974). However, t h i s  t e r r a c e  i s  n o t  well  developed o r  preserved and i s  l imi ted  

a rea l ly .  According t o  Hudson ( o r a l  commun., 1977), t h e  r e l a t i o n  of  t h e  f i f t h  

t e r r a c e  t o  t h e  o the r s  i s  not  well  understood; it may n o t  be of marine o r ig in .  

The o l d e r  t e r r a c e s  a r e  general ly more deformed due t o  d i f f e r e n t i a l  t e c t o n i c  

u p l i f t ,  and thus  have g r e a t e r  v a r i a t i o n s  i n  elevation.  Terrace e l eva t ions  gen- 

e r a l l y  reach a maximum between La Perouse Glacier  and t h e  Cr i l lon  River a rea  

and diminish gradually to  t h e  northwest and southeas t  (Hudson, o r a l  commun., 

1977) . 
Derksen (1974, 1975b) be l i eves  t h a t  the  young 13  m t e r r a c e  formed during 

Neoglacial i s o s t a t i c  depression of the  e n t i r e  Glacier  Bay region, which climaxed 

about 1750 A.D. (Q225 yrs .  B.P.), and t h a t  the  t e r r a c e  reached i t s  p resen t  eleva- 

t i o n  with recovery o f  t h e  area.  The 30.5 m t e r r a c e  developed about 11,000 B.P. 

i n  response to  e u s t a t i c a l l y  r i s i n g  s e a  l e v e l  following t h e  recession o f  l a t e  



Wisconsin ice. Simi la r ly ,  the t h r e e  higher t e r r a c e s  were cu t  by r i s i n g  s e a  

l e v e l  during former i n t e r g l a c i a l  periods.  According t o  Derksen (1974, 1975b) , 

t hese  hypotheses f o r  t e r r a c e  formation requi re  a r e l a t i v e l y  slow r a t e  of  t e c t o n i c  

u p l i f t  in t h e  area. "Correlat ion between modem t e r r a c e  e l eva t ions  and dated 

marine t ransgress ions  i n  t h e  Bering Sea a rea  ind ica te  t h e  r a t e  of t e c t o n i c  up- 

l i f t  nea r  Steelhead Creek averages 0.1 cm/year over t h e  p a s t  175,000 years" 

(Derksen, 1975b). 

Hudson and o the r s  (1976) be l ieve  t h a t  diastrophism was responsible i n  

l a rge  p a r t  f o r  t h e  development of t h e  r a i s e d  t e r races .  They note  t h a t  i n  t h e  

Lituya Bay a r e a  and i n  two o t h e r  a reas  where marine t e r r a c e  sequences occur,  

Middleton I s l a n d  and between Cape Yakataga and Icy Bay, documented h i s t o r i c a l  

earthquakes have always been accompanied by v e r t i c a l  displacements. "The ex i s t -  

ence of t h e  t e r r a c e s  alone ind ica tes  t h a t  u p l i f t  over t h e  s h o r t  term i s  somewhat 

spasmodic" (Hudson and o t h e r s ,  1976) . On the  bas i s  of  radiocarbon dat ing  of  

p e a t  accumulations and wood on t h e  t e r r a c e s  i n  t h e  Lituya Bay area ,  Hudson and 

o the r s  (1976) determined the  average r a t e  of  u p l i f t  t o  be approximately .9 cm/ 

year. Also, this r a t e  appears t o  have been r e l a t i v e l y  constant  f o r  the  p a s t  

seve ra l  thousand years.  Figure 3 shows a p l o t  of t h e i r  da ta .  

The area  immediately adjacent  t o  Lituya Bay represents  an apparent anomaly 

i n  t h e  u p l i f t  regime of  the  coas ta l  province. Several  l e v e l s  of buried f o r e s t  

j u s t  a few meters above t h e  high t i d e  l i n e  a t  two po in t s  on t h e  nor th  and south 

shores of  Lituya Bay give radiometric  ages of about 9,000 and about 6,000 years ,  

r e spec t ive ly  (Goldthwait and o the r s ,  1963). Thus, u p l i f t ,  a t  r a t e s  indica ted  

by radiometric  da t ing  of nearby r a i s e d  t e r r a c e s ,  has no t  occurred a t  these  po in t s  

on t h e  shores of Lituya Bay. 

Another s e r i e s  of  r a i s e d  marine t e r r a c e s  occurs t o  t h e  southeas t  i n  t h e  

region between Icy Poin t  and Cape Spencer, but  has no t  been s tud ied  o r  described 



Figure 3. Preliminary r e s u l t s  o f  radiocarbon dating o f  marine terrace  sequences 
between Cape Yakataga and Icy Bay (01, in t h e  v i c i n i t y  of Lituya Bay 
( A ) ,  and on Middleton Island (0). Figure from Plafker,  Hudson, and 
Rubin (19 76)  . 



i n  as much d e t a i l  as t h e  sequence sou theas t  of Li tuya  Bay. The best developed, 

most ex t ens ive ,  and h i g h e s t  of t h e s e  t e r r a c e s ,  at an e l e v a t i o n  of about  36 m, 

i s  found a t  Icy Po in t ,  around the mouths of Dixon Harbor, Torch Bay, and Graves 

Harbor, and extends around Cape Spencer i n t o  Taylor  Bay. Segments o f  marine 

t e r r a c e s  occur  a t  e l e v a t i o n s  of  about  13.5 m on both s i d e s  of Boussole Head, 

east of Palma Bay, a t  e l e v a t i o n s  of about  10.5 m and 16.5 m i n  Dixon Harbor, 

and a t  e l e v a t i o n s  of  about  7.5 m and 13.5 t o  16.5 m around t h e  m u t h  of  Torch 

Bay (Derksen, 1975a) . 
The 36 m t e r r a c e  and t h e  t e r r a c e s  a t  about  13.5 m may c o r r e l a t e  wi th  t h e  

30.5 m and t h e  1 3  m t e r r a c e s ,  r e spec t ive ly ,  i n  t h e  Li tuya  Bay area .  I f  s o ,  - 
Derksen (1975a) a s s e r t s  t h a t  t h e  occurrence o f  t e r r a c e s  a t  s i m i l a r  e l eva t ions  

on both s i d e s  of  t h e  Fairweather  f a u l t  i n d i c a t e s  t h a t  t h e  development of t h e s e  

s u r f a c e s  w a s  p r i m a r i l y  due t o  post-Wisconsin s e a  l e v e l  r i s e  and post-Neoglacial 

i s o s t a t i c  u p l i f t ,  r a t h e r  t han  tectonism. P l a t e  1 shows t h e  l o c a t i o n  o f  t h e  

marine t e r r a c e s  betweeen Sea O t t e r  Creek and I c y  Poin t .  

G lac i a t ion  

Major v a l l e y s  i n  t h e  Coas ta l  and Fairweather  provinces probably contained 

g l a c i e r s  extending t o  o r  n e a r  t i dewa te r  as e a r l y  as t h e  l a t e  Miocene, during 

much of t h e  P l iocene ,  and throughout much o r  a l l  o f  Quaternary time (P la fke r  

and others, 1977).  The glacial regimes of t h e  area dur ing  t h e  last  few c e n t u r i e s  

a r e  f a i r l y  we l l  known from f i e l d  observa t ions  and more r e c e n t l y  from air photo 

i n t e r p r e t a t i o n s .  Some Holocene advances have been documented based on radio-  

carbon d a t i n g  and f i e l d  r e l a t i o n s  o f  moraine systems. P l e i s tocene  and e a r l i e r  

regimes a r e  n o t  as wel l  documented due t o  o b l i t e r a t i o n  of d r i f t  by g l a c i a l  re- 

advances and i n t e r g l a c i a l  marine t r a n s g r e s s i o n s  and weathering o f  remaining 

d r i f t .  

During t h e  l a t e  P l e i s tocene ,  North C r i l l o n  and L i tuya  Glac i e r s  merged t o  



form a l a r g e  piedmont g l a c i e r  t h a t  covered t h e  inunediate Li tuya  Bay a r e a  and 

d ischarged  d i r e c t l y  o n t o  t h e  p r e s e n t  c o n t i n e n t a l  s h e l f ,  a l though t h e  r e l a t i o n -  

s h i p  w i t h  t h e  s e a  l e v e l  of  t h a t  t ime i s  n o t  clear. Huge boulders  are strewn 

a long  11 km o f  t h e  modern c o a s t ,  from Whale Creek t o  1 km northwest  of Portage 

Creek. Low moraines and outwash i n  t h e  woods a long  this d i s t a n c e  o f  c o a s t l i n e  

a r e  be l i eved  t o  record  t h e  e a r l i e s t  and g r e a t e s t  spread  o f  Wisconsin d r i f t  from 

North C r i l l o n  and Lituya Glac i e r s  (Goldthwait and o t h e r s ,  1963).  A l a t e r  s t a n d  

of  Wisconsin i c e  i s  rep resen ted  by t h e  l o w  end moraine forming La Chaussee S p i t  

and Harbor P o i n t  a t  t h e  m u t h  o f  Li tuya  Bay. A t h i r d ,  l a t e  Wisconsin s t a n d  i s  

recorded by immense l a t e r a l  moraines beginning nea r  t h e  head o f  Li tuya  Bay and 

ex tending  through t h e  "Paps" east of  t h e  Bay mouth. These l a t e r a l  moraines a r e  

be l i eved  t o  be a composite of  l a t e  Wisconsin and L i t t l e  I c e  Age depos i t ion  and 

a r e  part of  a prominent l a t e r a l - end  moraine system a t t r i b u t e d  t o  L i t t l e  I c e  Age 

advances. This  bulbous, nea r ly  cont inuous,  moraine system en la rges  l a t e r a l l y  

from about  3 km along t h e  pas s  through t h e  s t e e p  w a l l s  near  t h e  head o f  Li tuya  

Bay, where the  h ighes t  d r i f t  i s  a t  an e l e v a t i o n  o f  about  400 m, t o  about  8 km 

near  t he  southwestern end o f  t h e  bay (Goldthwait and o t h e r s ,  1963).  A s  t h e  

nor thern  arm of  t h e  moraine system i s  s t r i k i n g l y  r e g u l a r  and resembles a l a r g e  

r a i l r o a d  grade,  it i s  known as Solomon's Rai l road.  The southern  arm is l e s s  

r egu la r .  

Outcrops of  f o r e s t  bu r i ed  i n  a l l u v i a l  and l a c u s t r i n e  sediments on t h e  sho res  

of  Li tuya Bay g ive  radiocarbon d a t e s  between about  3000 and 9000 y e a r s  B.P. 

Underlying these  l e v e l s  of  bur ied  f o r e s t  a r e  Wisconsin outwash g r a v e l s  and till. 

North C r i l l o n  and Li tuya  Glac i e r s  probably r e t r e a t e d  from t h e i r  l a t e  Wisconsin 

s t and  about  9000 t o  10,000 y e a r s  B.P., and f l u c t u a t e d  about  o r  behind t h e i r  

c u r r e n t  r e l a t i v e  t e rmin i  p o s i t i o n s  dur ing  Hypsi thermal t ime. Radiocarbon d a t i n g  

of l ogs ,  bu r i ed  i n  g l a c i a l  outwash g r a v e l s  and o v e r l a i n  by till on e a s t  Cenotaph 



I s l a n d  and on t h e  south  shore  of L i tuya  Bay, i n d i c a t e s  t h a t  t h e  beginning o f  t h e  

first L i t t l e  Ice Age advance o f  North C r i l l o n  and L i tuya  Glac i e r s  i n t o  Li tuya  

Bay occurred  a t  least 1800 yea r s  ago. By about  1000 yea r s  B.P. t h e  advancing 

ice had reached i ts  seaward l i m i t ,  topping Solomon's Rai l road and extending sea-  

ward t o  t h e  Paps, n e a r  t h e  mouth of t h e  bay. The ice f i e l d  probably remained 

ex tens ive  u n t i l  about  400 t o  600 yea r s  ago when t h e  South C r i l l o n  Glac i e r  reached 

its maximum s t a n d  as i n d i c a t e d  by radiocarbon d a t i n g  of  morainal wood. Also, 

f o r e s t  composition and t r e e  s i z e  wi th in  Solomon's Rai l road  Moraine sugges t  f o r e s t  

growth f o r  on ly  a few c e n t u r i e s  (Goldthwait and o t h e r s ,  1963).  The f o r e s t  grow- 

i n g  o u t s i d e  of  t h e  moraine i s  not iceably  more mature. 

A prominent continuous moraine system on t h e  s l o p e s  above C r i l l o n  Lake and 

blocking its extens ion  sou th  r eco rds  t h e  m a x i m u m  L i t t l e  I c e  Age s t a n d ,  and prob- 

ab ly  t h e  maximum e x t e n t  eve r  of  South C r i l l o n  Glacier .  No g l a c i a l  d r i f t  has  

been observed beyond t h i s  l i m i t  (Goldthwait and o t h e r s ,  1963) . 
The moraine system of  F inger  G lac i e r  i s  comparable t o  t h a t  of  South C r i l l o n  

Glac ier ;  it extends ac ros s  t h e  t e r r a c e d  c o a s t a l  lowland from the  Fairweather  

Range t o  wi th in  a few k i lometers  o f  t h e  p r e s e n t  c o a s t l i n e .  However, t h e  modem 

terminus of F inger  G lac i e r  i s  only  1 t o  2 km from i t s  maximum Holocene s t and ,  

whereas t h e  modern terminus o f  .South C r i l l o n  i s  about  10  )an from i t s  maximum 

Holocene s tand.  

Based on radiocarbon d a t i n g  and f i e l d  r e l a t i o n s  o f  l a t e r a l  moraines of 

South C r i l l o n  and Finger  G lac i e r s ,  P l a f k e r  and o t h e r s  (1977) b e l i e v e  t h e r e  were 

t h r e e  genera l  advances o f  t h e s e  two g l a c i e r s  dur ing  the IIolocene: (1) about  

1000 y e a r s  B.P., (2) about  2600 yea r s  B.P., and (3)  about 6000 yea r s  B.P. The 

youngest of  t h e s e  advances co inc ides  gene ra l ly  w i th  t h e  L i t t l e  I c e  Age advances 

i n  t h e  C r i l l o n  Glac ier  system as determined by Goldthwait and o t h e r s  (1963). 

Any advances i n t o  L i tuya  Bay by North C r i l l o n  and L i tuya  Glac i e r s  concurren t  



wi# t h e  two earlier Holocene advances of South C r i l l o n  and Finger  G lac i e r s  have 

n o t  been documented. 

I n  1786 t h e  p o s i t i o n s  o f  Li tuya  and North and South C r i l l o n  G l a c i e r s  were 

mapped by La Perouse (map reproduced i n  Klotz ,  1899).  North and South C r i l l o n  

Glac i e r s  had r e t r e a t e d  enough to  have s e p a r a t e  t e rmin i  i n  t h e  southern  arm o f  

Li tuya  Bay. S imi l a r ly ,  L i tuya  Glac i e r  and t h e  southern arm o f  Desolat ion Glac ier  

had s e p a r a t e  t e rmin i  i n  t h e  nor thern  arm of Li tuya  Bay. By 1893, Li tuya  Glac i e r  

had un i t ed  w i t h  t h e  southern  ex tens ion  of  Desolat ion Glac ier  and advanced about  

4.8 km i n t o  t h e  nor thern  arm of  Li tuya  Bay and North C r i l l o n  Glac ier  had merged 

wi th  South C r i l l o n  Glac ier  and advanced about  4 krn i n t o  t h e  southern  arm of t h e  

bay (Klotz ,  1899) .  L i tuya  Glac ier  advanced about  .8 km between 1895 and 1906 

(Wright and Wright, 1908),  and by 1961 had gained an  a d d i t i o n a l  .5 k m  (Mi l l e r ,  

1964).  North C r i l l o n  Glac ier  has  advanced more than  1 km s i n c e  1894. South 

C r i l l o n  Glac i e r  advanced i n t o  C r i l l o n  Lake a t  an  average r a t e  o f  10 m/year be- 

tween 1924 and 1961 (Goldthwait and o t h e r s ,  1963).  

Cascade Glac i e r ,  t h e  medium-sized c i rque  g l a c i e r  a t  t h e  head of  Li tuya  Bay, 

was observed a t  o r  near t idewater  l e v e l  by La Perouse i n  1786. By 1907, t h e  

terminus had receded t o  an  e l e v a t i o n  of about  300 m (Mi l l e r ,  1964).  I n  1934 it 

had advanced t o  reach t i dewa te r ,  and was observed a t  t h i s  p o s i t i o n  aga in  i n  1943 

(Kennedy, 1943, unpublished r e p o r t  i n  f i l e s  of  Alaska Technical  Data Unit ,  U.S. 

Geological Survey) .  Thus, wh i l e  nearby Li tuya  and North C r i l l o n  Glac i e r s  were 

expanding, Cascade Glac i e r  underwent a pe r iod  o f  shr inkage  before  i t s  r e c e n t  ex- 

/ / 
pansion. This c o n t r a s t i n g  behavior  is probably a function of a lower neve ele- 

va t ion  and of t h e  d i f f e r e n t  geometr ies  t h e  g l a c i e r s  have i n  t h e i r  r e l a t i o n s h i p s  

I I 
to s e a  l e v e l .  Cascade's neve e l e v a t i o n  i s  much lower, l y i n g  between 900 m and 

1,200 m (Miller, 1964).  The 1977 p o s i t i o n  of  Cascade Glac i e r  i s  a t  t idewater .  



La Perouse Glac i e r  i s  t h e  o n l y  North American t i dewa te r  g l a c i e r  ca lv ing  

bergs d i r e c t l y  i n t o  open ocean. It c u r r e n t l y  d e p o s i t s  coarse  clasts from t h e  

Cri l lon-La Perouse p l u t o n  a t  t h e  sho re l ine ,  where they  are d i spe r sed  toward t h e  

nor thwes t  by p r e v a i l i n g  ocean cu r ren t s .  The presence o f  pebble and cobble hor- 

i z o n s  in t h e  Yakataga Formation of t h e  Li tuya  Bay reg ion  sugges ts  t h a t  g l a c i e r s  

of t h i s  reg ion  have been ca lv ing  i cebe rgs  i n t o  t h e  ocean s i n c e  a t  least e a r l y  

P l iocene  t ime (P la fke r  and o t h e r s ,  1977) . 
A s  mapped by Miller (1961),  La Perouse Glac i e r  a t  i ts  maximum Holocene 

s t a n d  was about  6 km wide, on ly  about  1 km wider t han  a t  p re sen t .  A f o r e s t  

t r i m l i n e  wi th in  t h e  outermost  t r i m l i n e  wak e s t a b l i s h e d  dur ing  an advance cul-  

minat ing i n  1895. S ince  then ,  La Perouse Glac i e r  has  o s c i l l a t e d  wi th in  about  

100 m of t h e  t r i m l i n e  (Miller, 1964) . 
La Perouse, who w a s  a r a t h e r  a s t u t e  observer ,  made no mention o f  a 1786 

marine terminus f o r  t h e  g l a c i e r  which now bears his name. Perhaps La Perouse 

Glac ier  had receeded back from i t s  p r e s e n t  s h o r e l i n e  p o s i t i o n ,  and resembled 

many o f  t h e  o t h e r  v a l l e y  g l a c i e r s  i n  t h e  a r e a  o r  perhaps La Perouse d id  n o t  make 

any d e t a i l e d  observa t ions  south  of  t h e  t e rmina l  moraine a t  L i tuya  Bay mouth. 

The sma l l e r ,  unnamed piedmont g l a c i e r  west of  La Perouse Glac i e r  on t h e  e a s t  

s i d e  of  Middle Dome is p r e s e n t l y  about 1 k m  from its maximum Holocene s t and ,  

which i s  about  3 km from t h e  p r e s e n t  s h o r e l i n e  (Mi l l e r ,  1961) . 
The Fairweather  G lac i e r  was about  2.5 km wider  i n  t h e  c o a s t a l  lowlands 

dur ing  e a r l i e r  Holocene t ime than at  p re sen t .  Two d i f f e r e n t  Holocene s t a g e s  

a r e  recorded by l a t e r a l  moraines nor th  of  t h e  g l a c i e r  i n  t h e  Coas ta l  province,  

b u t  t h e r e  i s  only  one prominent Holocene moraine south  of  t h e  g l a c i e r  (Mi l le r ,  

1961). The l a t e r a l  moraines no r th  o f  t h e  g l a c i e r  t r e n d  d i r e c t l y  toward t h e  

ocean, i n d i c a t i n g  t h a t  t h e  Fairweather  G lac i e r  w a s  an open coas t  t i d e w a t e r  

g l a c i e r  f o r  a pe r iod  of  time dur ing  t h e  Holocene, most l i k e l y  dur ing  the  L i t t l e  



Ice Age. Comparison of 1895 and 1961 topographic maps i n d i c a t e  as much as 5 km 

of r e t r e a t  of Fairweather  Glac ier  during t h e  in t e rven ing  68 years .  However, 

t h e  r e l i a b i l i t y  of t h e  1893 map must be  quest ioned.  I n  1786 when La Perouse 

first explored  t h i s  a r e a  he  named t h i s  g l a c i e r  (Fa i rweather ) ,  the Grand P la t eau  

Glac i e r  (La Perouse, 1793) . 
No evidence o f  g l a c i a t i o n  has been found i n  t h e  areas between t h e  p o s i t i o n s  

be l i eved  b be occupied by t h e  P le i s tocene  and Holocene piedmont g l a c i e r s  i n  

t h e  Coastal province (Miller, 1961; Goj i thwai t  and o t h e r s ,  1963).  These drift- 

less areas "cons t i t u t ed  important  r e f u g i a  f o r  p l a n t s  and animals a l l  through 

?a t e  P l e i s tocene  time. The age o f  f o r e s t s  i s  l i m i t e d  only  by P le i s tocene  i n t e r -  - 
g l a c i a l  h igher  s e a  l e v e l s "  (Goldthwait and o t h e r s ,  1963).  

Z 
The 300 km Brady Glac i e r ,  t h e  l a r g e s t  g l a c i e r  i n  Glac ier  Bay National 

Monument, l ies i n  t h e  Fairweather  and Geikie provinces.  M o s t  o f  t h i s  piedmont 

g l a c i e r  f lows southward and te rmina tes  i n  outwash above t i dewa te r  i n  Taylor Bay. 

During t h e  P le i s tocene ,  probably as r e c e n t l y  as l a t e  Wisconsin, Brady Glac ier  

covered most o f  t h e  sou theas t e rn  end of  t h e  Fairweather  province. The upper 

p a r t s  of  De Langle Wunta in ,  Astrolabe Peninsula ,  and Horn Mountain p ro j ec t ed  

above t h e  i c e  as nunataks. " Ice  flowed down Palma, Boussole, and Dixon Valleys 

to  probably coa lesce  i n t o  a broad peidmont l obe  s t r e t c h i n g  from Icy Poin t  t o  

Cape Spencer on t h e  c o a s t a l  lowlands exposed by e u s t a t i c a l l y  lowered s e a  l e v e l "  

(Derksen, 1975a).  A l a t e r a l  moraine on t h e  southwest f l ank  o f  De Langle Mountain 

i n d i c a t e s  t h a t  l a t e  Wisconsin g l a c i a t i o n  i n  t h e  a r e a  reached an  e l e v a t i o n  of 

a t  l e a s t  615 m (Derksen, 1975a).  

An ex t ens ive  Neoglacial  advance o f  t h e  Brady Glac i e r  depos i ted  moraines 

i n  P a l m  Valley,  upper Boussole Valley, and nea r  t h e  mouth o f  t h e  Dixon River. 

Radiocarbon d a t i n g  i n d i c a t e s  t h a t  t h i s  advance probably occurred  between 1740 

and 1440 yea r s  B.P. A pe r iod  of r eces s ion  followed t h i s  advance, and t h e  i c e  



was probably nea r  p r e s e n t  margins. E q a n s i o n  of t h e  Brady Glac i e r  dur ing  t h e  

L i t t l e  Ice Age may have s t a r t e d  as e a r l y  as 650 t o  600 yea r s  B.P. and reached 

a maximum i n  1876, more than  a century a f t e r  ice i n  nearby Glac i e r  Bay reached 

its L i t t l e  I c e  Age maximum (Derksen, 1975a).  The Brady Glac i e r  is c u r r e n t l y  

s l i g h t l y  sma l l e r  t han  its L i t t l e  Ice Age maximum and is e s s e n t i a l l y  in equilib- 

rium (Bengston, 1962) . 
Mineral Resources 

The mineral  resources  in t h e  Coas ta l  and Fairweather  provinces  have been 

descr ibed  and summarized by MacKevett and o t h e r s  (1971) i n  a reconnaissance 

s tudy of  t h e  minera l  r e sou rces  i n  Glac ier  Bay National  Monument. Information 

on mineral  d e p o s i t s  from previous  i n v e s t i g a t i o n s  w a s  complemented by f i e l d  

s t u d i e s  and geochemical sampling. 

The t h r e e  l aye red  gabbro ic  p lu tons  i n  t h e  Fairweather  province  conta in  

l a r g e  amounts o f  l o w  grade concent ra t ions  of  i lmen i t e  and magnetite.  Smaller  

amounts of  s u l f i d e s ,  chromite,  and plat inum have a l s o  been reported.  Mineral- 

i z a t i o n  i n  t h e s e  p lu tons  has been descr ibed  by Kennedy and Walton (1946),  

Rossman (1963a) , and P l a f k e r  and MacKevett (1970). 

A nickel-copper p rospec t  i n  t h e  easternmost  p a r t  o f  t h e  Crillon-La Perouse 

p lu ton ,  l oca t ed  i n  two small nunataks i n  Brady Glac ier ,  has  r e c e n t l y  been ex- 

p lo red  by diamond d r i l l i n g  and may be economically s i g n i f i c a n t  (MacKevett and 

o t h e r s ,  1971).  

"The l i t t l e - e x p l o r e d  and prospected layered  i n t r u s i v e  rocks o f  t h e  Fa i r -  

weather Range a r e  p o t e n t i a l l y  important  because they  con ta in  known resources  

and a r e  favorable  h o s t s  f o r  a v a r i e t y  o f  mineral  depos i t s .  However, they  occur  

l a r g e l y  in remote and rugged t e r r a i n e  where p rospec t ing ,  exp lo ra t ion ,  and mining 

a r e  d i f f i c u l t  and cos t ly"  (MacKevett and o t h e r s ,  1971).  

The beaches a long  t h e  e n t i r e  l eng th  o f  t h e  Coas ta l  p rovince  con ta in  con- 



c e n t r a t i o n s  o f  heavy minera l s  der ived  p r i m a r i l y  from t h e  l aye red  i n t r u s i v e s  i n  

. t h e  Fairweather  province.  These i r r e g u l a r l y  d i s t r i b u t e d  p l a c e r  d e p o s i t s  c o n s i s t  

o f  beach sands  con ta in ing  5 to 40 pe rcen t  heavy minera ls  and occur i n  t h e  modern 

bare beaches and i n  o l d e r ,  vege ta ted ,  beaches (Rossman, 1957). Concentrat ions 

o f  ove r  95 pe rcen t  heavy minera ls  i n  t h e  modern beaches have been observed by 

t h e  au thor .  The p l a c e r s  range i n  s i z e  from a few meters  wide and a few meters  

long  to over  100 m wide and over  3 km long. The th i cknesses  o f  t h e  p l a c e r s  a r e  

n o t  known (Rossman, 1957). Those o f  primary economic i n t e r e s t  a r e  t h e  concentra-  

t i o n s  o f  i lmen i t e ,  magnet i te ,  go ld ,  and platinum. 

The beach depos i t s  have been s t u d i e d  by Mert ie  (1931),  Rossman (1957), 

Thomas and B e r r y h i l l  (1962),  and Cook (1969). According t o  MacKevett and o t h e r s  

(1971) , t h e s e  d e p o s i t s  "could be worked under f avo rab le  economic cond i t i ons  f o r  

gold,  and they  a l s o  c o n s t i t u t e  a p o t e n t i a l  resource  o f  t i t an ium,  and p o s s i b l y  

i ron .  " 

The p l a c e r s  were mined s p o r a d i c a l l y  f o r  gold by Russians be fo re  1867 when 

Alaska was purchased by t h e  United S t a t e s ,  and s i n c e  1894 by Americans. The 

b e s t  yea r  of  mining r epor t ed  was 1896, due t o  p a r t i c u l a r l y  heavy and f requent  

s torm a c t i v i t y .  During 1896, between 150 and 200 men were mining along t h e  

beach. Gold valued a t  about  $75,000 (1931 p r i c e s  approximately $20/oz.) w a s  

recovered from these  d e p o s i t s  between 1894 and 1917. No s u b s t a n t i a l  product ion 

has  been recorded s i n c e  1917. Aur i fe rous  sands occur  from 3 t o  26 k m  northwest 

and 6 t o  15  km sou theas t  o f  Li tuya  Bay. The b e s t  pay sands were found between 

11 and 14 km s o u t h e a s t  o f  t he  bay. The beach sands on t h e  r a i s e d  t e r r a c e s  have 

been mined to a smal l  e x t e n t ,  b u t  l i t t l e  i s  known o f  t h e  r e s u l t s  (Mertie,  1931).  

The beach depos i t s  between Li tuya  Bay and Fairweather  G lac i e r  a r e  covered by 

160 s tandard  p l a c e r  c la ims ,  t h e  d e p o s i t s  between Li tuya  Bay and La Perouse 

Glac i e r s  a r e  h e l d  with 14 p l a c e r  c laims (Thomas and B e r r y h i l l ,  1962).  



COMPARISON OF 1893 AND 1961 173POGRAPHY-- 
CAPE FAIRWEATHER TO LITUYA BAY 

The most s t r i k i n g  d i f f e r e n c e s  between t h e  1893 topographic map ( f i g .  4) 

and t h e  1961 map ( f i g .  5) are t h e  morphology of  t h e  s h o r e l i n e  near  Cape Fa i r -  

weather  and t h e  drainage p a t t e r n  between J u s t i c e  Creek and Portage Creek. 

The maps a l s o  show a s h o r e l i n e  d i f f e r e n c e  a t  Eagle (Portage)  Creek mouth which 

wnf i rms  t h e  ongoing e r o s i o n  near  t h e  creek o u t l e t .  

The morphology of  t h e  Cape Fairweather  a r e a  on t h e  1893 map i n d i c a t e s  a 

s t r a i g h t  c o a s t l i n e  p r o j e c t i n g  over  4.5 k m  f u r t h e r  o u t  t o  s e a  than  t h e  1961 

topographic map. I n  a d d i t i o n ,  a l a k e  over  1.5 km i n  l eng th  i s  shown i n  an a r e a  

which is  part of t h e  c o n t i n e n t a l  s h e l f  on t h e  1961 map. The water  depth i n  1961 

i s  abou t  10 m. The l a r g e  meltwater  l a k e  a t  t h e  terminus o f  Fairweather  G lac i e r  

i s  not shown a t  all. Two hypotheses are presented  he re  t o  exp la in  t h e  Cape F a i r -  

weather  morphology d i f f e rences :  (1) The accuracy o f  t h e  1893 map i s  s o  poor t h a t  

t h e  l a k e  shown i s  a c t u a l l y  t h e  terminus meltwater  l a k e ,  b u t  it i s  mislocated by 

over  3.5 km, whi le  t h e  d i f f e r e n c e s  i n  s h o r e l i n e  p o s i t i o n  a r e  t h e  r e s u l t  of inac-  

c u r a t e  p l o t t i n g  of d a t a  and t h e  s h o r e l i n e s  a r e  a c t u a l l y  s i m i l a r .  ( 2 )  The d i f -  

fe rences  a r e  t h e  r e s u l t  of t h e  r e t r e a t  o f  Fairweather  Glac ier  dur ing  the  68 year  

per iod  between maps, and consequent ly r ep re sen t  a c t u a l  changes i n  s h o r e l i n e  

morphology. S imi l a r  changes i n  morphology have been observed a t  I c y  Bay and a t  

S i t k a g i  B lu f f s  i n  f r o n t  of  Malaspina Glac i e r  (Molnia, 1977a, b ) .  The r e l i a b i l i t y  

of  t h e  map between J u s t i c e  Creek and Li tuya  Bay mouth i s  very high and tends t o  

s t r eng then  t h e  second a l t e r n a t i v e .  

The dra inage  between J u s t i c e  Creek and Portage Creek on t h e  1893 map has  

only  one o u t l e t ,  Por tage  Creek. I n  1917, t h e  s i t u a t i o n  was t h e  same (Mert ie ,  

1931). However, by 1961, J u s t i c e ,  Echo, and Portage Creeks a l l  had s e p a r a t e  out -  

lets. This s i t u a t i o n  can  be  explained by t h e  fo l lowing  hypothesis .  P r i o r  t o  

1893 a major storm o r  s torms,  a n  ear thquake r e l a t e d  u p l i f t ,  o r  r i v e r  mouth 
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Figure 4. Tracing o f  t h e  1893 Alaskan-British Boundary Commission topographic 
map of t he  a rea  between Fairweather Glacier  and Lituya Bay. Note the 
ponding o f  drainage and t h e  s o l e  o u t l e t  a t  Portage Creek. 
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spit  growth ponded a l l  o f  t h e  major dra inages  between Fairweather  G lac i e r  and 

Li tuya  Bay behind a l a r g e  beach f r o n t  r idge .  I n  t h e  case  of  s torms  t h e  d i v e r t -  

i n g  d e p o s i t  would be  a series o f  coa lesc ing  wash-over f a n s ,  w i th  a n  ear thquake,  

t h e  c a s e  would be  an u p l i f t e d  beach r i d g e  or o f f s h o r e  bar. Subsequent e ros ion  

(pos t  1917) and perhaps a few l a r g e  meltwater f loods  would be r equ i r ed  to breech 

t h e  ponding barrier. This  would have t o  be completed by 1929 as air  photography 

i n  t h e  c o l l e c t i o n  o f  Bradford Washburn shows d i s c r e t e  s t ream mouths. The major 

system o f  t r i b u t a r i e s  which d r a i n s  through J u s t i c e  Creek still shows t h i s  par- 

a l l e l  to beach ponding. The western t r i b u t a r i e s  a r e  o f f s e t  as much as 5 km t o  

#e east be fo re  they  d r a i n  i n t o  t h e  g u l f . .  J u s t i c e  Creek mouth i s  p r e s e n t l y  

o f f s e t  over  a k i lome te r  t o  t h e  west,  t h e  modern d i r e c t i o n  o f  longshore t r a n s p o r t .  

I doubt t h a t  t h e  eastward o f f s e t  o f  t h e  s t reams (1893-1940's) is  t h e  r e s u l t  o f  

longshore t r a n s p o r t  as (1) t h e  rrodern d i r e c t i o n  is 180" o u t  of  phase, and ( 2 )  

t h e r e  i s  110 evidence of a counter  c u r r e n t  i n  t h e  nearshore. 

The s h o r e l i n e  a t  Portage (Eagle) Creek mouth has  receded (been eroded) 200 

t o  300 m during t h e  6 8  years  between maps. This d i s t a n c e  corresponds very we l l  

with t h e  observed 3 t o  4 m o f  r e t r e a t  between t h e  summers of  1976 and 1977. 

Based on f i e l d  obse rva t ions  t h i s  s t r e t c h  of c o a s t l i n e  appears  t o  be  t h e  most 

a c t i v e l y  r e t r e a t i n g  between Cape Fairweather  and I c y  Poin t .  

DESCRIPTION OF THE BEACH ENVIRONMENT 

A t o t a l  of 55 s e p a r a t e  beach p r o f i l e s  were measured and 98  sediment samples 

c o l l e c t e d  and analyzed. I n  a d d i t i o n ,  many pages o f  f i e l d  no te s  and obse rva t ions  

were recorded. Rather than  bombarding t h e  reader  w i th  volumes o f  d a t a ,  a g raph ic  

( P l a t e  1) and t a b u l a r  (Table 1) s y n t h e s i s  of  t h e  d a t a  has  been made t o  a i d  i n  

s i m p l i f i c a t i o n  o f  p re sen ta t ion .  However, a w r i t t e n  d e s c r i p t i o n  w i t h  s e l e c t e d  

p r o f i l e s  is  a l s o  presented .  D a t a  on g r a i n  s i z e  of  t h e  beach m a t e r i a l  i s  presented  

i n  a l a t e r  s e c t i o n  on sedimentology. The summary t a b l e  (Table 1) a l s o  lists t h e  



Plate I is an oversized, folded map which accompanies 

the text. It is separate from the page-sized text. 



*'able 1. Summary of major data. 

Elev. 
Elev. of of 
Storm Lowest h - high tide berm 

Evidence Vegetation 1 - l o w  t ide berm 
Station (m) (m) s - storm berm 

- 
- 
- 

1 present 

Washover fan 

O i l  
Erasional Spi l l  

Scarp Suscep Cusps Height t i b i l i t y  
Period/Heiqht Bedforms (m) Rating 

- Sand waves - AF 

- - 5.2 ACE 

1 s e t  Imbricated - CE 
cobbles 

2 se ts  - 5.7 ACE 

2 se ts  - 6.2 AEF 

1 s e t  - 5.0 AG 

6.5 ACF 



T: 3 1 continued 

S77-3 >9.4 

577-10 B7.8 

9.0 Washover Fan 

7.0 Washover Fan 

ACF 

ACF 

7.3 1 p r e s e n t  

7.3 1 presen t  

ACF 

ACF Wind-rippled 
sand 

ACF 7.3 1 presen t  

7.6 2 p r e s e n t  

AEF 

AEF 

1 s e t  - 
1 s e t  - 

ACF 6.6 5, 1 o t h e r  - Sand waves; 
r i p p l e s  1.0 

ACF 

ACF 

6.6 2 p r e s e n t  

6.6 S, 1 o t h e r  

AEF 

AEF 

5.5 1 p r e s e n t  

5.5 1 presen t  

1 set - - 
1 set Wind-rippled - 

sand 

AEF 

1 set - 



TaLl.e 1 continued 

S77-1 > 7 . 6  

377-15A >8.5 

AE 

E 

ACG 

ACG 

ACG s ,  h; r idge  and 
runnel 

1 present; r idge  
and runnel Wind-rippled - 

sand 
1 present;  r idge  

and runnel Wind-rand water- - 
r ippled  sand 

Berm a t  
cusp c r e s t s  1 s e t  

- 
1 set 

- 

ACEF 

ABF 

ABF 

AB 



T l e  1 continued 

76-22 6.7 4.7 1 s e t ,  
50-60 rn 
period 

2 berms a t  
cusp cres ts  

Imbricated - 
pebbles 

ABE 3 se t s ,  70 m, 30 m 
and 25 m periods 

1 present; small 
ridge and runnel 

Wind- and water- 
rippled sand 1.1 

1 present 1 s e t  

1 s e t ,  20 m, 15 cm Wind- and water- 
rippled sand 2 .O 

1 present 

2 berms a t  cusp 
c res t s  - 

1 se t ,  20 m period AEF 

AEF 

Multiple berms 2 se ts ,  10 m, 30 cm ACEF 

AF 1 present 2 s e t s ,  34 m, 20 cm 
and 10 m, 5 cm 

sand waves; wind- - 
and water-rippled 
sand 

Multiple berms 1 s e t ,  80 m, 20 cm AEF 

* Ocean beach 
** Bay Beach 

*** i n  s o f t  sediment 
**** Pn Yakataga Formation 



oi l  s p i l l  suscept ibi l i ty  of each of the 55 prof i le  loca l i t ies .  Maximum height 

of storm evidence a t  each location i s  also noted. Profiles are  shown i n  

Appendix I. 

.Sea Otter Creek area to  Fairweather 
Glacier Neoglacial Moraine 

The beach between Sea Otter Creek and the western coastal l i m i t  of the 

Neoglacial Fairweather Glacier mraine was examined by small plane fly-overs 

and with ae r i a l  photography. No ground level  f i e ld  observations were made. 

This coastal  segment appears t o  be a combination of cobble and sand beaches 

with widths tha t  vary from about 30 rn t o  250 rn. 1948, 1958, and 1975 aerial  - 

photography a l l  show westward stream mouth o f f se t  of 1.2 t o  1.4 km t o  the mouth 

of Sea Otter Creek. Beginning a t  Sea Otter Creek and continuing t o  the west 

for about the next 15 km i s  a low elevation uplifted beach ridge system fronted 

by a generally sandy beach. !tho large unnamed streams drain t h i s  coastal seg- 

ment and both show westward stream mouth o f f se t  of up t o  4 km. 

Fairweather Glacier t o  La Perouse Glacier 

Profi le  76-1, located in the large cove west of the coastal l i m i t  of the 

Fairweather moraine i s  characteristic of the segment of coastline t o  the west. 

It is  a broad sandy beach with sand waves in the in te r t ida l  area and cobbles 

in the upper back-beach zone. The profi le  measures over 170 m in length and 

shows a gentle fore-beach and much steeper back-beach. A s  with most profi le  

locations, the upper portion of the back-beach i s  vegetated and storm deposited 

debris extends to  the upper l i m i t  of the profi le .  

Profi les  76-2 and 76-3 are character is t ic  of the rocky moraine near Fair- 

weather Glacier. They are steep, unvegetated and composed of boulders and 

cobbles. 

Profi les  76-4, 76-5, and 76-6 are located in  what is  probably an  eroding 

uplifted outwash o r  beach plain between Fairweather Slough and Moraine. Each 



is c h a r a c t e r i z e d  by scarps o v e r  4 m i n  h e i g h t  a t  t h e  upper end o f  t h e  beach. 

A l l  a r e  g e n e r a l l y  sandy wi th  some cobbles .  The l e n g t h  o f  t h e  beach segment 

below t h e  s c a r p  i n c r e a s e s  t o  t h e  east. 

P r o f i l e  76-7 is loca t ed  a t  t h e  e a s t e r n  edge o f  Fairweather  Slough and con- 

sists o f  cobbles  and pebbles .  It is unvegetated,  broad and probably completely 

washed over  during seve re  s torms.  

P r o f i l e  S77-5 r e p r e s e n t s  one of  t h e  h i g h e s t  energy environments of t h e  

e n t i r e  Outer  Coast. Evidence of s torm depos i t i on  w a s  found 1 5  rn above mean 

s e a  l e v e l .  It i s  an  unvegetated cobble and boulder  beach wi th  good cusp devel- 

~ p m e n  t . 
P r o f i l e s  S77-6, S77-7, 76-8, S77-4, and 76-9 a r e  l o c a t e d  east o f  Fairweather  

Slough and w e s t  o f  J u s t i c e  Creek. A l l  show upper s c a r p s  and roughly t h e  same 

s l o p e  f o r  t h e i r  lower segments. S77-4 and 76-9 measured a t  t h e  same l o c a t i o n  

one year  a p a r t  show minor e ros ion  o f  t h e  upper beach below t h e  s c a r p  and l i t t l e  

change i n  t h e  lower beach. 

P r o f i l e s  76-10, 77-10, and S77-3 a r e  l o c a t e d  near each o t h e r  a t  t h e  mouth 

o f  J u s t i c e  Creek. The s c a r p  behind t h e  Creek appears  t o  have been eroded back 

about  4 m between observa t ions .  The vege ta t ion  on t h e  p l a i n  above t h e  sca rp  

was observed draped over  t h e  s c a r p  i n d i c a t i n g  undercut t ing.  Washover f a n s  had 

sea l ed  o f f  t he  s t ream mouth a t  both summer observa t ions .  Storm d e b r i s  i s  de- 

p o s i t e d  on t o p  of t h e  s c a r p  a t  a n  e l e v a t i o n  o f  a t  l e a s t  8 m above mean s e a  l e v e l .  

. P r o f i l e s  76-11, 77-11 and S77-2 a l l  l o c a t e d  a t  t h e  e a s t  end o f  J u s t i c e  

Creek, show a s i g n i f i c a n t  n e t  e ros ion  between 1976 and 1977. The 1977 summer 

beach has  recovered from win te r  e ros ion  b u t  i s  n o t  a t  a l l  l i k e  t h e  1976 beach. 

E a s t  o f  J u s t i c e  Creek t h e  back-beach meadow broadens b u t  s torm d e b r i s  i s  

found a t  t h e  f o r e s t  edge a t  e l e v a t i o n s  o f  over  8 m. P r o f i l e s  76-12, 77-31, and 

S77-8 a r e  c h a r a c t e r i s t i c  of  t h i s  s t r e t c h  o f  c o a s t l i n e .  



P r o f i l e s  76-13, 77-13, and S77-9 a r e  a l l  l o c a t e d  j u s t  wes t  o f  Echo Creek. 

The upper beach shows very  l i t t l e  change dur ing  t h e  pe r iod  o f  observa t ion .  The 

lower beach shows a s i g n i f i c a n t  n e t  accumulation o f  sand between observa t ions .  

The summer 1977 beach is  abou t  2 m t h i c k e r  t han  1976. 

P r o f i l e s  76-14, 77-14, and 577-10 a r e  a l l  l o c a t e d  a t  t h e  p l a c e r  mining 

camp east o f  Echo Creek. The two summer p r o f i l e s  are similar b u t  77-14, t h e  

win te r  p r o f i l e ,  is  much s t e e p e r  and s h o r t e r .  Grain s i z e  d i d  n o t  appear t o  

change dur ing  win ter .  

P r o f i l e s  S77-1, 76-15, and 77-15A a r e  c h a r a c t e r i s t i c  o f  t h e  c o a s t a l  seg- 

ment between t h e  p l a c e r  mining camp and the  eroding c o a s t l i n e  wes t  o f  Por tage  

Creek. Each p r o f i l e  has  a r e l a t i v e l y  f l a t  vege ta ted  upper beach meadow and a 

s t e e p  beach face.  The composition o f  t h e  beach f a c e  i s  coarse  sand and cobbles .  

P r o f i l e  S77-1 has  a sand f l a t  i n  t h e  foreshore .  

P r o f i l e s  76-16, 77-16, and S77-11 a r e  a l l  l o c a t e d  east o f  Portage Creek 

and show very l i t t l e  change dur ing  observa t ion .  J u s t  west  o f  Portage Creek 

m u t h  an a r e a  of s i g n i f i c a n t  a c t i v e  e ros ion  and s h o r e l i n e  r e t r e a t  e x i s t s .  This 

a r e a  i s  cha rac t e r i zed  by eros ion  of  up t o  2 t o  4 m/year and extends f o r  over  

1.5 km t o  t h e  west.  The e r o s i o n a l  s c a r p  is capped by washover sand depos i t s .  

During win te r  1977 and summer 1977, obse rva t ions  i n d i c a t e d  l a r g e  q u a n t i t i e s  of 

washover sand and s torm &urge water  passed through t h e  f o r e s t  a r ea  above t h e  

beach. 

P r o f i l e s  76-17 and 76-18 a r e  l oca t ed  i n  t h e  bay mouth moraine. P r o f i l e  

76-17 ex tends  from Li tuya  Bay t o  t he  Gulf of Alaska a c r o s s  La Chaussee S p i t .  

The e n t i r e  s p i t  a r e a  appears  t o  be  washed over  during severe  s torms.  Vegetat ion 

was r e s t r i c t e d  to a smal l  a r e a  above 3 m i n  e l e v a t i o n  on t h e  bay s i d e  o f  t h e  

s p i t .  

P r o f i l e s  76-19, S77-12, S77-13, 76-20, and S77-14 a r e  c h a r a c t e r i s t i c  o f  



t h e  sandy beach between t h e  bay mouth moraine and t h e  Yakataga ou tc rop  t o  t h e  

east. Typica l  of t h e s e  a r e a s  a r e  r i dge  and runnel  topography and smal l  e roding  

s c a r p s  a t  t h e  back o f  t h e  beach. S i g n i f i c a n t  depos i t i on  i n  t h e  back-beach area 

can  be s e e n  on p r o f i l e s  76-19 and S77-12. A l a r g e  washover supp l i ed  fore-beach 

e x i s t s  at 76-20. 

P r o f i l e s  76-21, 577-18, S 77-17, and 76-22 a r e  cha rac t e r i zed  by Yakataga 

Formation outcrops i n  t h e  foreshore .  From wes t  t o  east t h e  cha rac t e r  of  t h e  

back-beach sediment changes from sand t o  g rave l  and sand  s i z e d  Yakataga fragments 

and f i n a l l y  t o  nothing between t h e  vegeta ted  meadow o r  f o r e s t  and t h e  Yakataga 

outcrop.  Much of  t h e  Yakataga ou tc rop  has  t i d a l  poo l s  eroded i n t o  t h e  rocky 

outcrop .  

Between t h e  Yakataga ou tc rop  and C r i l l o n  Stream, the  beach broadens and 

becomes sandy. Cusps a r e  o f t e n  p r e s e n t  and g a r n e t  sand l a g  depos i t s  a r e  f r e -  

quen t ly  found on t h e  back-beach. P r o f i l e s  76-23, S77-15, S77-16, and 76-24 a r e  

t y p i c a l  of t h i s  segment. 

P r o f i l e s  76-25 and 76-26 near  Dagelet River a r e  s h o r t e r  and s t e e p e r  than 

those  to  the  east. The beaches a r e  coa r se r  and have we l l  developed cusps. I n  

both in s t ances ,  s torm depos i ted  d e b r i s  extends t o  t h e  upper l i m i t  o f  t h e  p r o f i l e .  

P r o f i l e  76-27 i s  loca t ed  i n  " the  Cusp", a semi-circular  i nden ta t ion  i n  t he  

s h o r e l i n e  east o f  Dagelet  River. Th i s  i nden ta t ion  may r ep resen t  a weakness i n  

t h e  underlying bedrock, perhaps a small  f a u l t  branching o f f  t he  nearby Fairweather  

system. The p r o f i l e  shows almost 200 m o f  beach wi th  a s t ream pass ing  through 

i t s  middle. Storm d e b r i s  ex tends  almost  180 m i n l and  from t h e  sho re l ine .  The 

fore-beach is a l a r g e  washover d e p o s i t  reaching a h e i g h t  o f  over  5 m above mean 

s e a  l e v e l .  The stream i n  t h e  cusp  was ponded when observed by a smal l  washover 

depos i t .  

P r o f i l e s  76-28 and 76-29 a r e  l o c a t e d  between t h e  Cusp and La Perouse Glac i e r  



where t h e  beach broadens to a maximum width o f  about a kilometer. P r o f i l e  76-28 

extends from an u p l i f t e d  marine t e r r a c e  (e levat ion  50 m above s e a  l e v e l )  to  t h e  

shore l ine ,  a d i s t ance  of  over 400 m. Storm d e b r i s  extended over 290 rn inland.  

Profile 76-29, 309 m i n  length ,  had storm d e b r i s  over 200 m inland.  Both beaches 

are l o w  angle,  broad and sandy. 

P r o f i l e  76-30 i n  f r o n t  of  La Perouse Glacier  was made on a beach underlain 

by ice. A s m a l l  push moraine i s  located  a g a i n s t  the  t o e  of  t h e  g l a c i e r  and t h e  

beach draped upon t h i s  i c e .  The p r o f i l e  runs through sand and gravel  bu t  t o  the  

e a s t  t h e  beach coarsens. 

Eas t  of La Perouse Glacier  t h e  beach i s  genera l ly  sand and gravel .  Cobbles 

a r e  found a t  stream mouths. About 850 m e a s t  o f  Finger Glacier  the  beach changes 

charac ter  to rocky outcrop with sandy pocket beaches behind. The rocky outcrop 

continues e a s t  t o  I cy  Point .  

SUSCEPTIBILITY TO OIL 

Hayes e t  al. (1976) and Owens (1977) d iscuss  the  impact of o i l  on d i f f e r e n t  

types o f  beach environments. I n  order  to provide a b a s i s  f o r  assess ing  which 

coas ta l  segments would show the  g r e a t e s t  v u l n e r a b i l i t y  t o  s p i l l e d  o i l ,  I have 

adopted an environmental v u l n e r a b i l i t y  s c a l e  s l i g h t l y  modified from t h a t  of 

Hayes. Vulnerabi l i ty  o r  s u s c e p t i b i l i t y  i s  here defined t o  mean the  r e t a i n a b i l i t y  

of  the  o i l  i n  the  environment. The longer the  r e t en t ion  the  higher t h e  r a t ing .  

Biologica l  damage is  not  considered i n  t h i s  c l a s s i f i c a t i o n  o the r  than t o  s i g n a l  

o u t  rocky t i d a l  pools  a s  a s h e l t e r e d  micro-environment. 

Two major f a c t o r s  which complicate t h e  s i t u a t i o n  and increase  t h e  vulner- 

a b i l i t y  t o  damage f o r  the  e n t i r e  Glacier  Bay National Monument, Gulf of  Alaska 

c o a s t a l  segment are: (1) t h e  tremendous quan t i ty  of  storm deposi ted wood and 

debr i s ,  m s t l y  complete t r e e s  with r o o t  systems, which have accumulated a t  t h e  

upper l i m i t s  of t h e  back-beach along t h e  e n t i r e  coas ta l  segment, and ( 2 )  t h e  



vegeta ted  meadows behind most a c t i v e  beach segments b u t  below t h e  l i m i t s  o f  

storm depos i t s .  The t r e e s  and o t h e r  wooden d e b r i s  could a c t  as depos i t i ona l  

si tes f o r  f l o a t i n g  o i l  and hence g r e a t l y  i n c r e a s e  t h e  du ra t ion  f o r  o i l  r e s idence  

and o i l  r e l a t e d  damage. Regardless o f  t h e  c h a r a c t e r  o f  t h e  beach, t h e  presence 

o f  t h e  beach meadows and t h e  wood and logs  on  the  upper beach provides deposi- 

t i o n a l  sites which could l a t e r  l e a k  o i l  down t h e  beach o r  a t  l e a s t  p rovide  a 

very  d i f f i c u l t  clean-up problem. 

A l l  o f  t h e  c o a s t a l  environments considered by Hayes e t  al. (1976) do n o t  

occur  i n  t he  c o a s t a l  s e c t i o n  o f  t h e  Monument, whi le  o t h e r s  no t  mentioned a r e  

p re sen t .  However, i n  o r d e r  to  show t h e  r e l a t i v e  s u s c e p t i b i l i t y  of  t h e  environ- 

ments which do occur ,  a l l  of  Hayes 10  beach c a t e g o r i e s  p l u s  one a d d i t i o n a l  

ca tegory  cons t ruc t ed  by t h e  au tho r  a r e  inc luded  i n  t h e  fol lowing s u s c e p t i b i l i t y  

scheme. The c o a s t a l  environments a r e  presented  i n  o r d e r  of increased  suscep- 

t i b i l i t y  t o  o i l  s p i l l s .  Those environments which do occur  i n  t he  c o a s t a l  seg-  

ment o f  t h e  Monument a r e  shown by a s t e r i s k s .  P l a t e  1, t h e  environmental map 

of  t h e  c o a s t a l  segment, shows t h e  s u s c e p t i b i l i t y  of  each p r o f i l e  l o c a t i o n  us ing  

a modified ve r s ion  of  t h i s  scheme. The h igher  t h e  number, t h e  g r e a t e r  t h e  sus-  

c e p t i b i l i t y .  Hayes' c l a s s i f i c a t i o n  i s  designed f o r  a much l a r g e r  a r e a  and much 

l e s s  i n t e n s e  s tudy  of  t h e  beach components. Where we have over  55 obse rva t iona l  

s t a t i o n s  and almost 100 samples, he may have 3 p r o f i l e s  and 6 samples. Hence, 

when applying Hayes' c l a s s i f i c a t i o n s  t o  such an  i n t e n s e l y  s t u d i e d  a r e a ,  t he  

c l a s s i f i c a t i o n  breaks  down. A l l  o f  t h e  micro-var ia t ions  i n  s u s c e p t i b i l i t y  from 

our  d e t a i l e d  f i e l d  s t u d i e s  a r e  shown on P l a t e  1 and Table 1. However as a 

gene ra l  s ta tement ,  t h e  e n t i r e  c o a s t a l  segment would f i t  i n t o  Hayes' h i g h e s t  2 

r i s k  ca t egor i e s .  

1. _ S t r a i g h t ,  rocky headlands: 

These a r e  a r e a s  o f  maximum wave energy where waves r e f l e c t  o f f  rocky s c a r p s  



readily dispersing the  o i l .  No section of the  coastline between Icy Point and 

Sea Otter Creek f a l l s  i n t o  t h i s  type. 

*2. Eroding wave-cut platforms : 

Generally, these areas are swept clean by wave erosion. However, i n  the 

Monument where bedrock is Yakataga, the platforms have numerous depressions 

which serve as centers for  biological communities. These t i d a l  pools are very 

vulnerable t o  o i l  accumulation and because of the high productivity, may suffer  

severe biological damage. In essence, the  t i d a l  pools are a miniature sheltered 

rocky headland and I therefore ra te  them as having a suscept ibi l i ty  of 8. 

- 3. Fla t ,  fine-grained sandy beaches: 

These beaches are generally f l a t  and hard-packed. O i l  t h a t  reaches these 

beaches does not penetrate the fine sand. Clean-up i s  easy and involves only 

scraping the upper layer of sand. Unfortunately, t h i s  type beach does not occur 

i n  the monument. 

*4. Steeper, medium- t o  coarse-grained sandy beaches: 

Rates of burial  of o i l  can be high (50 to  100 cm i n  a few days) and depth 

of penetration would be only a few centimeters on these beaches. Removal of 

o i l  is a major problem and invclves destruction of the beach. Beach erosion 

releases o i l  a t  l a t e r  times a f t e r  burial. Burial often prevents degradation 

of o i l  and hence the natural  beach cycle assures long-term pollution of the 

environment. T h i s  type beach is common in  the Monument. 

*5. Impermeable muddy t i d a l  f l a t s :  

These do not occur in the area of the outer Coast. Small areas of muddy 

f l a t s  occur i n  Lituya Bay near both North Crillon and Lituya Glaciers. 

*6. Mixed sand and gravel beaches: 

O i l  on these beaches may penetrate several centimeters and be rapidly 

buried. The longevity of o i l  on t h i s  type beach i s  high, especially on berm 



t o p  areas and low-tide t e r r a c e s .  This  t y p e  beach is  c o m n  i n  t h e  Monument. 

*7. Gravel beaches: 

Very l a r g e  amounts of p e n e t r a t i o n  and h igh  rates o f  b u r i a l  are t y p i c a l  

of this type of beach. Clean-up i s  n e a r l y  impossible.  This type  of beach is  

very abundant i n  t h e  e n t i r e  c o a s t a l  a r e a .  Such beaches e x i s t  a t  Li tuya  Bay 

Mouth, nea r  Fairweather  G lac i e r ,  between Echo and Portage Creeks and west o f  

J u s t i c e  Creek and near  Fairweather  Slough. 

*8. She1 t e r e d  rocky headlands : 

Hayes et al. (1976) r e p o r t  t h a t  o i l  t ends  t o  s t i c k  t o  rough rocky s u r f a c e s  

i 

and remain f o r  extended p e r i o d s  o f  time. This  type  o f  environment, e s p e c i a l l y  

i n  t h e  I c y  Po in t  a r e a ,  is common. I have added t h e  smal l  t i d a l  pools  and ponds 

of t h e  Yakataga ou tc rop  a r e a s  t o  t h i s  category s i n c e  they  a r e  a sma l l e r  analog 

o f  t h e  l a r g e r  s h e l t e r e d  headlands. 

*9. Pro tec t ed  e s t u a r i n e  t i d a l  f l a t s :  

None e x i s t s  i n  t h e  a r e a  of  s tudy ,  b u t  c e r t a i n  reaches of  s t reams such as 

J u s t i c e  Creek, Echo Creek, and Fairweather  Slough have p ro t ec t ed  reaches  where 

o i l  could be very  long l a s t i n g .  

10. Pro tec ted  e s t u a r i n e  s a l t  marshes: 

None e x i s t  i n  t h e  s tudy  a rea .  

*11. Vegetated beach'meadows and f o r e s t s :  

Behind almost every  a c t i v e  beach segment t h e r e  a r e  a r e a s  o f  vege ta ted  beach 

meadows and f o r e s t s ,  many o f  which show r e c e n t  evidence o f  s torm surge  deposi- 

t i on .  O i l  depos i ted  dur ing  h ighe r  water  cond i t i ons  could have a devas t a t ing  

e f f e c t  on the  vege ta t ion ,  and n i g h t  impact b i r d  h a b i t a t s  and small  mammal ecology. 



OIL SPILL SUSCEPTIBILITY RATINGS 

A Vegetated Beach Meadows and Forests 

B Rocky Platforms with Tidal Pools 

C Sloughs, Backwater Channels and Ponds 

D Sheltered Rocky Headlands 

E Gravel Beaches 

F Mixed Sand and Gravel Beaches 

G Medium-Coarse Sandy Beaches 

H F l a t  Fine-Grained Sandy Beaches 

I Eroding, Wave Cut Platforms - (No Tidal  Pools) 

The above sequence shows a r e l a t i ve  ra t ing  of the suscep t ib i l i ty  of various 

beach environments found in the coastal  section of the Monument. Vegetated 

beach meadows and fo re s t s  have the highest suscep t ib i l i ty  while eroding wave 

cut  platforms without t i d a l  pools have the  lowest. This sequence d i f f e r s  from 

t h a t  of Hayes e t  a l .  (1976) by the  inclusion of environments not found i n  h i s  

study area but present on the  Outer Coast, and by the elimination of low energy 

environemnts which do not occur here. Multiple component beaches such as  a 

gravel beach with an upper vegetated beach meadow would have a suscep t ib i l i ty  

designated as  AE. This ' indicates the complexity of the  beach segment and informs 

the user of the d i f f e r en t  types of problems t h a t  w i l l  be encountered a t  t h a t  

'beach segment. The reason t h a t  the higher l eve l  vegetated beach meadows and 

fores t s  a re  included i n  t h i s  c l a s s i f i ca t i on ,  is t h a t  a t  almost a l l  of the  pro- 

f i l e  s t a t i ons  where vegetation was present,  the height of the  maximum observable 

storm evidence was greater  than the lowest abundant vegetation. Hence, i f  a 

s p i l l  were to  occur during a storm, perhaps the  most probable time of occurrence, 

then storm conditions and possible storm surge could ea s i l y  deposit  o i l  well  



above t h e  limit of t h e  modern ac t ive  beach. Maximum observed heights  of storm 

surge  depos i t s  were over  12 m above mean l o w  water. Spray c a r r i e d  by wind could 

e a s i l y  deposi t  o i l  i n  t h e  f o r e s t  or on t h e  s u p r a t i d a l  meadows even i f  s p i l l s  

occurred during lower t i d a l  condit ions.  

SEDIMENTQLOGY OF GLACIER BAY NATIONAL 
MONUMENT BEACH SAMPLES 

Analyses of  95 sediment samples were made. W i t h  few exceptions the  samples 

were e i t h e r  coarse sand o r  coarse sand and gravel  mixtures. Complete s i z e  an- 

a lyses  f o r  a l l  samples analyzed appear a t  t h e  end o f  t h i s  sec t ion .  Generally, 

g ra in  s i z e  changed only s l i g h t l y  o r  n o t  a t  a l l  a t  s t a t i o n s  where samples were 

w l l e c t e d  during d i f f e r e n t  seasons. Table I1 summarizes the  major sediment 

da ta ,  while Appendix I1 presen t s  d e t a i l e d  g ra in  s i z e  information. 

Mineralogical ly most samples appear t o  contain quar t z ,  f e ldspar ,  l i t h i c s  

and ch lo r i t e .  However, no d e t a i l e d  study of  mineralogic components was made. 

The major sources of sediment i n  the  study a r e a  a r e  Fairweather Slough, 

Cr i l lon  River, Dagelet River, and t h e  streams which d ra in  La Perouse Glacier.  

Lituya Bay a c t s  as a sediment s ink  w i t h  only minor q u a n t i t i e s  of suspended f i n e s  

en te r ing  the Gulf. Cr i l lon  Lake a c t s  as a s e t t i n g  bas in  f o r  much of t h e  coarse 

mater ia l  from South Cr i l lon  Glacier;  hence, Cr i l lon  River c a r r i e s  most of its 

load i n  suspension. West of  Cr i l lon  River t h e  sediment covering Yakataga out- 

crop becomes sparse  and the  beach segment from about 2 km west of  Cr i l lon  River 

t o  about 2 km west of  Steelhead Creek can be charac ter ized  a s  sediment s tarved.  

The bay mouth moraine complex and the  beach t o  the  west of t h e  bay i s  a l s o  

sediment s tarved.  Much of t h e  sand now making up the  beach between Portage and 

J u s t i c e  Creeks may be r e l i c t  from t h e  Neoglacial advance of  the  Lituya and 

Cr i l lon  Glacier  system which f i l l e d  the  bay a s  r ecen t ly  a s  400-500 years  B.P. 

Estimates of  the  suspended sediment load of  Fairweather Slough a r e  a s  high as 

4 g / l  o f  suspended s o l i d s .  



TABLE 11 

Major Sediment Data 

SAMPLE # 

76-1 

76-2 

76-3 

76-4 

76-5 

76-6 

76-7 

76-8 

76-9 

76-10 

S77-8 

S 77-9 

S 77-10 

76-11 

76-12 

76-13 

76-14 

76-15 

76-16 

S77-6 

S77-7 

76-17 

76718 

76-19 

% SILT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0 

0 

s GRAVEL 

31.8 

-2 

4.4 

41 -6 

0 

0 

1.5 

57.4 

12.3 

66 -6 

0.6 

61.4 

0 

0.2 

2.8 

29.9 

0 

0 

0 

. 26.8 

100 

0 

0 

100 

% SAND 

68.2 

99.8 

95 -6 

58.4 

100 

100 

98.5 

42.6 

87.6 

33.4 

99.4 

38.6 

100 

99.8 

97.1 

70.1 

99.7 

100 

100 

73.2 

0 

100 

100 

0 

SORTING 

1.3 

0.3 

-6 

-7 

-4 

-9 

-5 

-7 

1.2 

1.2 

0.4 

1.1 

0.3 

0.5 

0.6 

1.8 

0.5 

0.6 

0.7 

1.4 

1.4 

0.8 

0-4 

0.5 

s CLAY 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0.1 

0 

0.2 

0 

0 

0 

0 

0 

0 

0 

MEDIAN (6) 

-0.5 

0.5 

0.4 

-0.9 

1.4 

1.0 

0.6 

-1.1 

0.6 

-1.6 

1.0 

-1.1 

1.6 

1.0 

1.3 

1.4 

2 .O 

1.6 

1.8 

0.6 

-4.2 

1.1 

2.2 

-2.6 

(8) 

-1.2 

0 -4 

0.4 

-0.9 

1.4 

1.0 

0.6 

-1.1 

0.5 

-1.6 

1.0 

-1.1 

1.6 

1.0 

1.3 

0 -6 

2.0 

1.7 

1.8 

0.2 

-4.1 

1.1 

2.3 

-2.6 



TABLE I1 (cont) 

Major Sediment Data 

- 

SAMPLE # 

76 - 20 
S77-4 

S77-5 

76-21 

76-22 

76-23 

577-6 

J77-5 

577-1 

S77,-2 

577-3 

76-24 

76-25 

76-26 

76-27A 

76-28 

76-29 

76- 30 

76-31 

577-3 

577-4 

S77-13 

S77-14 

S77-11 

% C L A Y  

0 

0 -  

0 

0 

0 

0 

0 

0 

0 

0.9 

0 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

b GRAVEL 

23.8 

3.9 

46.2 

0 

30.9 

66.3 

0 

65.3 

0 

6.8 

50.1 

0 

25.2 

39 -6 

0 

0 

0 

28.4 

12.6 

1.9 

7.5 

0 

74.8 

1.6 

MEDIAN (8)  

0.8 

0.5 

-0.9 

1.4 

-0.7 

-1.1 

1.0 

-1.3 

1.4 

1.2 

-1 .O 

1.1 

-0.1 

-0.9 

1.5 

1.1 

1.0 

-0.2 

0.3 

0.8 

0.9 

1.9 

-5.1 

1.0 

b SAND 

76.2 

96 -1 

53.8 

100 

69 -1 

33.7 

100 

34.7 

100 

92.1 

49 -9 

97.7 

74.8 

60.4 

100 

100 

100 

71.6 

87.4 

98.1 

92.5 

100 

25.2 

98.4 

%SILT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

0 

2 .O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

(8)  

9.5 

0.6 

-0.2 

1.4 

-0.8 

-1 .O 

1.0 

-1.1 

1.4 

1.2 

-0 -9 

1.1 

-0.4 

-0.9 

1.5 

1.1 

1.1 

-1.1 

0.5 

0.7 

0.7 

1.9 

-3.2 

1.0 

SORTING 

1.6 

0.9 

1.4 

0.6 

1.0 

0.3 

0.6 

0.7 

0 .B 

1.0 

0.5 

0.7 

0.9 

0.3 

0.6 

0.5 

0.6 

1.6 

1.3 

0.9 

0.9 

0.5 

2.8 

0.7 



TABLE I1 (~0nt) 

Major Sediment Data 

MEAN ( 8 )  

-2.8 

2.1 

2.0 

2.3 

1.8 

1.5 

1.8 

-1.6 

-1.3 

1.5 

0.8 

1.8 

0.5 

1.2 

1.6 

1.1 

1.7 

2.0 

1.1 

-0.3 

0.4 

-2.3 

0.0 

2.1 

SORTING 

2 -2 

0.5 

0.5 

0.4 

0.5 

0.5 

0.5 

1.2 

0.6 

0.7 

0.8 

0.4 

0.6 

0.7 

0.5 

0.5 

0.5 

0.4 

0.7 

0.6 

0.7 

0.6 

0.5 

0.6 

% SAND 

31;8 

99.8 

100 

100 

100 

99.9 

100 

37.0 

33.8 

100 

98.6 

100 

99.1 

95.3 

99.2 

99 -0 

100 

100 

94.7 

84.5 

97.4 

2.3 

96.7 

99.8 

% SILT 

0 

0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0 

0.1 

0 

0.1 

1 
SAMPLE # 

S77-12 

76-32 

76-33 

76-34 

577-2 

577-1 ; 
L 

S77-15 

76-35 

76- 36 

76-37 

76-38 

76- 39 

S77-17 

S77-18 

S77-19 

S77-20 

76-40 

76-41 

76-42 

76-4 3 

76-44 

76-46 

S77-25 

76-48 

GRAVEL 

68.2 

0 

0 

0 

0 

0.1 

0 

63.0 

66.2 

0 

1.4 

0 

0 -9 

4.5 

0.2 

1.0 

0 

0 

5.3 

15.5 

2.6 

97.6 

3.1 

0 

% CLAY 

0 

0.1 

0 

0 

0 

-0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0.5 

0 

0 

0 

0 

0 

0 

0 

0.1 

0.1 

MEDIAN (6) 

-2.1 

2.1 

2.0 

2.3 

1.8 

1.4 

1.8 

-1.3 

-1.2 

1.5 

1.0 

1.7 

0.5 

1.2 

1.6 

1.1 

1.7 

2.0 

1.1 

-0.3 

0 -4 

-2.2 

0.0 

2.1 



TABLE 11 (cont) 

Major Sediment Data 

SAMPLE # 

76-49 

76-50 

577-21 

S77-22 

S77-23 
i 

S77-24 

76751 

76-52 

76-53 

76z54 

76-55 

76 56 

76-57 

76-58 

76-60 

76-61 1 

76-62 

76-63 - 

76-64 

76-65 

76-66 

76-67 

. 
GRAVEL 

2.2 

3.9 

0 

8.7 

0.2 

82.9 

0 

0 

0 

48.3 

0 

5-9 

0 

99.7 
t 

0.7 

1.9 

0 

0 

0 

10.0 

0.2 

0 

0 SAND 

92.1 

96.1 

100 

91.3 

99.7 

17.1 

87.4 

100 

99.9 

51.7 

100 

94.1 

100 

0.3 

99.3 

98.1 

100 

100 

100 

90.0 

99.8 

99.4 

% SILT 

5.0 

0 

0 

0 

0 

0 

11.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.3 

% CLAY 

0.8 

0 

0 

0 

0.1 

0 

1.5 

0 

0-1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.3 

MEDIAN (8)  

0.3 

0.2 

2.2 

0.5 

1.1 

-2 .O 

2.0 

2.3 

2.1 

1.2 

1.8 

0.4 

1.9 

-2.2 

1.0 

0.9 

0.4 

1.4 

1.6 

0.9 

0.8 

1.9 

mm-~ 8)  

0.5 

0.3 

2.3 

0.6 

1.0 

-3.0 

2.1 

2.3 

2.1 

-0.2 

1.8 

0.4 

1.9 

-2.4 

1.1 

0.9 

0.5 

1.4 

1.5 

0.8 

0.9 

1:9 

SORTING 

1.3 

0.8 

0.4 

1.1 

0.9 

2 .O 

1.0 

0.4 

0.3 

2.7 

0.4 

0.7 

0.5 

0.8 

0.5 

0.6 

0.8 

0.5 

0.6 

1.3 

0.9 

0.6 



SUMMARY 

The G u l f  of  Alaska c o a s t a l  a r e a  o f  Glacier  Bay National Monument i s  char- 

a c t e r i z e d  by coarse sand and gravel  beaches backed by vegetated s u p r a t i d a l  

meadows and f o r e s t s .  1Jo fine-grained beaches e x i s t  anywhere i n  t h e  s tud ied  

area .  I n  add i t ion  t o  the  coarse sediment beaches, the  a r e a  e a s t  o f  Lituya Bay 

has  s t r e t c h e s  where sediment cover i s  very t h i n  and bedrock outcrops a t  t h e  

beach surface .  West o f  Lituya Bay no bedrock outcrops occur. 

The beaches i n  the  Monument a r e  broad and genera l ly  have low slopes.  Ex- 

cep t ions  t o  this a r e  beaches on g l a c i a l  moraine. Many beaches a r e  over 100 m 

i n  width. Some i n  the  eas te rn  end of t h e  s tudy a rea  a r e  200 m o r  more i n  width. 

Many beaches have vegetat ion only a t  t h e i r  upper ends and most have storm 

deposi ted debr is  a t  t h e i r  uppermost ends. Storm deposi ted d e b r i s  was found a t  

e l eva t ions  of as much a s  1 5  m above mean sea  l e v e l ,  and d i s t ances  over 290 m 

from shore. 

Because o f  t h e  presence o f  r e l a t i v e l y  f l a t ,  heavi ly  vegetated supra t ida l  

madows a t  t h e  upper end of most beach a reas ,  t h e  s u s c e p t i b i l i t y  t o  damage from 

s p i l l e d  o i l  is very high. I f  an o i l  s p i l l  were t o  occur during a per iod  of 

storm surge, o i l  would be deposi ted not  only on the  a c t i v e  sediment a reas  of 

t h e  beaches bu t  a l s o  on the  heavi ly  vegetated s u p r a t i d a l  beach meadows and f o r e s t s .  

Many of  the  beaches s tud ied  showed evidence of eros ion i n  t h e  upper p a r t  

of  the  beach. Scarps, many over 3 m i n  he ight  a r e  found behind about one-half 

o f  t h e  a r e a s  p ro f i l ed .  Wo a reas ,  J u s t i c e  Creek and the  a r e a  west of Portage 

(Eagle) Creek, a r e  undergoing rapid  scarp  r e t r e a t .  During the  period of s tudy,  

it appears t h a t  both a r e a s  had between 3 t o  4 m of r e t r e a t .  

EXPLANATION OF THE ENVIRONMENTAL aOLOGIC MAP--GULF 
OF ALASKA COASTAL AREA OF GLACIER BAY NATIONAL MOIJUMENT (Pla te  1) 

The environmental geologic map d e p i c t s  g l a c i a l  moraines, marine t e r r a c e s ,  

and sca rp  he igh t s  and loca t ions  by a s e r i e s  o f  symbols on t h e  shoreward s i d e  



o f  t h e  c o a s t l i n e ,  Offshore  a series o f  f o u r  bands a r e  used t o  d e p i c t  t h e  loca-  

t i o n  o f  beach p r o f i l e  s t a t i o n s  and samples (Band l), s p e c i a l  d e t a i l s  abou t  

s p e c i f i c  areas of t h e  beach (Band 21, g r a i n  s i z e  (Band 3 ) ,  and o i l  s p i l l  sus- 

c e p t i b i l i t y  (Band 4)  . 
D e t a i l s  dep ic t ed  i n  Band 2 inc lude  l o c a t i o n  of  cusps,  heavy minera l  de- 

p o s i t s ,  a r e a s  o f  a c t i v e  e r o s i o n ,  ice-cored beaches, s torm d e b r i s ,  e s k e r s ,  areas 

s u b j e c t  t o  g l a c i a l  l a k e  breakout ,  areas o f  onshore i c e  cored moraine, areas o f  

washover d e p o s i t s  and f ans ,  and the d i r e c t i o n  and amount o f  s t ream o f f s e t .  
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APPENDIX I 

Beach Prof i les  (1976 and 1977) showing location 

of sediment samples 
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APPENDIX I1 

Analyses of g r a i n  size d a t a  for beach samples 



6 j ~ ~ j ~ ~ ~ r . o o o  
w t 

W 4 
N a u u  1111  a 



/, 

SEDIMENT S I Z E  ANALYSIS: GLACIER B A Y  EEACH SAMPLES--1976 

> SAMPLE NO* 2 GLACIER B A Y  76 
- -- 

1 
OATA SPECIFICATION INPUT: 

#OF FRCtCSz 8,fN=OIWTStCS= 0.0 tFN= 0.0 ,PAN=. O e O  ;PHI L I M S C S z  0.0 eFNn. 0 e 0  

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S) l  
S U L E A M L  ,MUL1QR---- 

- 2.0000-  0a1770MM SIEVES . - 

PARTICLE S I Z E  DISTRIBUTION: 
CUM 

. 
,el-- ,, MM Pf8CEYx 2EK.EU 
-1 ,0000 2.0000 0 234 0 234 

_ -0 .4854 1.4000 1.639 1 . 8 7 4 .  - - 

0.0 1 0 0 0 0 0  12.178 14.052 
0.5002 0,7070 40.749 54 ,801  
1.0000 Om5000 3 9 0 1 1 0  93 ,911 
1,4982 0,3540 5.621 99.532 
2aOOOO 0.2500 0.234 99,766 
2.4982 0,1770 0 , 2 3 4  l O O * O O O  - 

SIZE CLASS R A T I O S !  
GRAVEL= 0.234PCT GRAVEL/SAND= 0.002 
SAND 99e766PCT SANO/SILT = 0.0 
S I L T  = 0.0 PCT S ILT /CLAY = 0 . O 
C L A Y  = 0.0 PCT SAND/CLAY = 0.0 . . - 

MUD = 0.0 PCT SAND/MUD 0.0 
GRAVEL/MUD = 0.0 





SEDIMENT S I Z E  ANALYSIS:  GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO* 4 GLACIER BAY 76 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S) t  
SUL!&l9liL , M E D S Z I ) -  

- -. - 4 , 0 0 0 0 -  0a1770MM SIEVES 

PARTICLE S I Z E  D ISTRIBUTIONr  
CUM 

S I Z E  CLASS RATIOS1 - GRAVEL= 41 .590PCT GRAVEL/SANO= C.712 
- - SAND = S8e410PCT SANDIS ILT  = . C O O  -. .--- - .- -.-...- - -. 

SILT = O , O  PCT SILT/CLAY = e , o  
CLAY = 0 1 0  PCT SANDICLAY 3 0 1 0  

- - . MUD = 0.0 PCT SANO/MUD =; . 0,O - - - 
CRAVEL/MUD .= 0.0 





SEDIMENT S I Z E  ANALYSIS: GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO. 6 GLACIER BAY 76 

DATA S P E C T F I C A T I O N  I N P U T !  
#OF FRCICS=lOvFN=OIWTS:CS= 0.0 ,FN= 0.0 ,PAN= 0.3 :PHI LIM~CSZ 0.0 ~ F N s  0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHODtS) :  
S L Z L P A Y 5 F -  ',METHeg--- 
1.4000- 0.0630MM S I E V E S  

P A R T I C L E  S I Z E  D I S T R I B U T I O N :  
CUM 

f 2 E Q G U  
2.439 
loo061 
28,659 
50.000 
70.427 
85.671 
94.817 
98.781 
99 695 
100~000 

S I Z E  CLASS R A T I O S :  
GRAVEL=  0.0 P C 1  GHAVEL/SANO= 

-. SAND = '100.000P~T SAND/SILT  = 
SILT = 0.0 PCT S I L T / C L A Y  = 
CLAY = ' 0.0 PCT SAND/CLAY 
MUD o: 0.0 PCT SAND/MUD = 

GRAVEL/MUD J 



SEDIMENT S I Z E  ANALYSIS! GLACIER BAY REACH SAMPLES*-1976 

SAMPLE NO. 7 GLACIER R A Y  76 
- - 

D A T A  SPECIF ICATION INPUT: 
#OF FRCtCS= 9+FN=OIWTS:CS= 0,O ,FN= O a O  ,PAN= 0.0 iPH1 LIM:CS= 0.0 rFN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOO(S): 
S U L R A U L  ,YUY B L - -  

. . 2,0000- 0a0880MM S I E V E S  

PARTICLE S I Z E  DISTRIBUTION: 
CUM 

S I Z E  CLASS RATIOS: 
GRAVEL= 10512PCT GRAVEL/SAND= 0,015 

1 .  S A N D  = 98.488PCT SAND/SILT =: 0.0 
. - S I L T  = 0.0 PCT SILT/CLAY = 0.0 

C L A Y  s 0.0 PCT SAND/CLAY = 0.0 
I MUD 3 0.0 PCT SAND/MUD = 3 O 

GRAVEL/MUD a 0.0 



I 

SEDIMENT S I Z E  ANALYSIS: GLACIER BAY BEACH SAMPLES--1976 

I SAMPLE NO, 9 GLACIER BAY 76 

D A T A  SPECIFICATION INPUT; 
I #OF FRCtCS=lO,FN=OIWTStCS= 0 , O  ,FN= 0,O tPAN= 0.0 IPHI L IMtCSz  0.0 rFN= 0.0 

SAMPLE ANALYZED B Y  THE FOLLONING METHOD(S)t 
2uLaUEL -- 7 

4,00001 011770MM S I E V E S  

PARTICLE SIZE DISTRIBUTION: 
CUM 

eE.EiG5uI 
11.282 
26,107 
57  389 
79,674 
91,422 
97,203 
99,441 
99,907 
99,953 

100*000 

S I Z E  CLASS RATIOS3 
GRAVEL= 57,389PCT GRAVEL/SAND= 
SAND = 42e611PCT SAND/SILT = 
SILT = 0.0 PCT SILT/CLAY = 
CLAY a 0e0 PCT SAND/CLAY = 

. . MUD = 0.0 PcT SAND/MUD = 
GRAVELIMUD :a 



SEDIMENT S I Z E  ANALYSIS8 GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO. 9 GLACIER 8A.Y  76 

DATA SPECIF ICATION INPUT: 
#OF fRC1CS=l l ,FN=OtWTSICS= 0.0 ,FN= 0.0 ,PAN=. 0,OOSlPHI L I M r C S =  0.0 rFN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOO!S): 
d U L D Y l i L  ,METHQR--- 

2,0000-  000630MM SIEVES 
0.0630-  O o O O O l M M  PAN 

PARTICLE S I Z E  DISTRIBUTION:  
CUM 

EEQS3EU 
12,253 
20.652 . 
31,719 . 
4s.  9 4 9  
63,933 
79.941 
8 9  0 2 2 9  
94.565 
97,925 
9 9  3 0 8  
99 9 0  1 

100.000 
- - - -  - - 

SIZE CLASS RATIOS: 
G R A V E L =  12.253PCT GRAVEL/SAND= 0 1 4 0  

- . SAND = 87.648PCT SAND/SILT = 2062.522 
S I L T  = 0o042PCT SILT/CLAY CI 757 
CLAY = 01056PCT SANDICLAY = 1561.327 

- MUD = Oe099PCT SANDIMUO 8RE.633 . - -  . - 
GRAVEL/MUD = 121.228 



b 
SEDIMENT S I Z E  ANALYSIS: GLACIER B A Y  BEACH SAMPLES--1976 

b SAMPLE NO1 1 0  GLACIER BAY 76 

DATA SPECIF ICATION INPUT: 
#OF FRC~CS=~OIFN=OIWTS!CS= 0.0 I 0.0 *PAN=. 0.0 ;PHI LIMICSz 0.0 .FN= 0.0 

b 
SAMPLE ANALYZED BY THE FOLLOWING METHOD(S)t  

S I Z L ~ L  -4 M F U a n  
8.0000- 0,2SOOMM SIEVES 

cuw 
P H I - -  --- 1-4 M PERCEYI E E B E U  
-3 .0000 8*OOOO 14.348 14.348 
-2.0000 4 * 0 0 0 0  26.238 40 ,586  
-1 .500R 2.8300 11.673 52.259 
-1.0000 2.0000 14.348 66.607 
-0.4854 1 a4000 12.143 78.750 

0 • 0 1.0000 12.902 91.552 
0 * 5 0 0 2  0 l 7070  6 0 9 7 5  98,627 
1,0000 0 * 5 0 0 0  1.265 99.892 
1.4982 0.3540 0 1 0 7 2  99.944 
2 1 0 0 0 0  0,2500 0,036 1001000  

S I Z E  CLASS RATIOSl 
GRAVEL= 661606PCT GRAVEL/SAND= 1.995 

. .. SAND e 330394PCT SAND/SILT = 0.0 
S I L T  = 010 PCT SILT/CLAY = 0 , 0 
C L A Y  r 0 1 0  PCT SAND/CLAY :a 0.0 
MUD rr 0.0 PCT SAND/MUD 0.0 

GRAVEL/MUD 3 0.0 
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3. 
SEDIMENT S I Z E  ANALYSIS: GLACIER B A Y  BlEACH SAMPLES--1976 

> SAMPLE NO* 13 GLACIER B A Y  76 
- - -  - 

DATA SPECIFICATION INPUT: 
3 #OF FRCtCS=13,FN=OlWTS$CS= 0.0 DFN= 3,0 ,PANS 0900SfPHI  L1M:CSs 0.0 9FNs OIO 

SAMPLE ANALYZED B Y  THE FOLLOWING METHOD(S) t  
3 S.IZEUUL- -- Mum 

4,0000- 0a0630MM SIEVES 
0,0630- Oa0001MM PAN 

3 
a 

.- PARTICLE SIZE DISTRIBUTIONr 
CUM 

0 2 U . L -  -F1Y P T K E U  K E C S U  
,.,-- - - -2aOOOO 4,0000 14.708 14.708 - - -. - 

-1  .SO08 2,8300 8.340 23.048 
m -1 . O O O O  Z a O O O O  6.823 29,871 
- -0.4854 1.4000 1,668 3 1 ~ ~ 3 9  ?hp& 76-8 

0E 010 1*0000 0,910 32,449 
015002 0,7070 1.668 34,117 
1 , O O O O  015000 6,368 40,485 - - 
1,4982 0,3540 151011 55,497 

0 , 
2,0000 0a2500 18.347 73,844 

- - 2,4982 0,1770 150921  89,765 76-13 
3,0000 011250 8,795 98.559 

Q - 3,5063 0,0880 1,061 99,621 
3,9885 0 0630 0,303 99.924 - - - - - . . - - . . - - -  - .  . --- 

13,2877 0,0001 0.076 100,000 
0 

- S IZE  CLASS R A T I O S :  
GRAVEL= 29,871PCT GRAVEL/SAND= 0 ,426 

0 SAND r 70,053PCT SAND/SICT = 2148,341 
- - -  - - - S I L T  .r 01033PCT SILT/CLAY G. 0.756 - .-. . 

CLAY = 06043PCT SANO/CLAY = 1623,410 
9 MUD r: 0,076PCT SANO/MUD = . 924.674 

. - GRAVEL/MUO 394.286 



f - a m f i  
s L n C 0 -  

o a r c m f  0 * * * * . *  
o r - o m 9 0  

N NU) 
a* 



SEDIMENT S I Z E  ANALYSIS: GLACIER BAY BEACH S A M P L E S - ~ 1 9 7 6  

9 SAMPLE NO* 15 GLACIER BAY 76 
. 

DATA SPECIF ICATION INPUT! 
S #OF FRCICS= ~ , F N = O I W T S I C S =  Op0 ,FN= 3 . 0  'PAN= 0.0 :PH I  L I M t C S s  0.0 9FNa 0e0  

SAMPLE ANALYZED BY THE FOLLOWING METHOO(S)t  
1 - SULE1484L - k ! E U L  

- --. 1,0000- 000880MM SIEVES 

5 PARTICLE S I Z E  D ISTRIBUTIONI  8 

- - .- CUM 

b 
Jk!L- ,L PEKEYI E B E N 1  

0.0 1 ,0000 0 ,962 0 .962 - 
- -  -- 0 ,5002  Oa7070 1 .442 2 ,404 . - -  .. - . . - . - - - 

l*OOOO 0,5000 11,538 13.942 
P 1 ,4982  0 .3540 27 ,404  41,346 
Z - 200000  0 ,2500 27,404 68.750 

2 , 4 9 8 2  0.1770 20.913 89.663 
fhf&Q~ 7 6 - 4  

9 * 3 ,0000  0.1250 9 .135 98.798 
3,5063 o 0880 l a 2 0 2  100.000 - 76 - 15- 

b S I Z E  CLASS RATIOS: 
GRAVEL=  0.0 PCT GRAVEL/SAND= 

. SAND = 100.000PCT SAND/SILT  = 
!!l - S I L T  r 010 PCT SILT/CLAY = 

. - - -  CLAY r 0.0 PCT . SAND/CLAY 3 

D 
MUD = 0.01' PCT SANO/MUD e 

GRAVEt/MUD = 



I 

SEDIMENT S I Z E  ANALYSISt  G L A C I E R  BAY BEACH SAMPLES-1976 

I SAMPLE NO. 1 6  GLACIER BAY 76 
- ..- 

DATA S P E C I F I C A T I O N  I N P U T t  
#OF FRC:CS= 7,FN=OIWTStCS= 0.0 ,FN= C.0 ,PAN= 0.0 tPH1 L I M r C S =  0.0 rFNs 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOO(S) I  
I L U L 5 E l i L  -METHQQ-- 

0.7070- 010880MM S I E V E S  

1 PARTICLE SIZE D I S T R I B U T I O N :  e 

CUM 
-Ex--, --- MM PJS.CE!U i?EfUB.I  

1 0 .5002  0 ,7070  1,630 1.630 
- 1.0000 0 ,5000  10,326 11.957 - .  

1.4982 0 ,3540  2 5 o O O O  3 6 , 9 5 7  
b 2 , 0 0 0 0  0 ,2500  24.185 6 1 . 1 4 1  

.--- 
2 . 4 9 8 2  0 .1770 23.370 84.511 

. -.I- 3 .0000  0.1250 14.130 9 8 . 6 4 1  

- .- 

S I Z E  CLASS R A T I O S :  
B GRAVEL= 0.0 PCT GRAVEL/SANDx 0.0 

SAND = 1OOoOOOPCT SAND/SILT 0.0 

L- 
S I L T  = 0 1 0  PCT S I L T / C L A Y  :E: O a O 

'CLAY rr 010  P C 1  SANO/CLAY = 0.0 
. . - -  MUD EI 0.0 PCT SAND/MUD .s- ,0 . 0 . - 

1 
GRAVEL/MUD -as 3 0 0 
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SEDIMENT S I Z E  ANALYSIS! GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NOe 1 7  GLACIER BAY 76 
- 

DATA SPECIFICATION INPUT: 
#OF FRC:CS=lOvFN=OIWTSZCS= 0.0 ,FN= 0 , O  ,PAN% 010 ;PHI LIMtCSs 0.0 ,FNa 0.0 

- - 
SAMPLE ANALYZED R Y  THE FOLLOWING METHOO(S)t 

S L Z L U & E  - u r n  
- -- - 1,4000- 0e0630MM SIEVES - 

PARTICLE S I Z E  DISTRIBUTION:  
CUM * 

I 
&iLY ,,ML, P L K E E I  E m m  
-0 I 4 8 5 4  1.4000 1.010 1,010 

- 0.0 1,0000 6.397 7,407 
01SO02 0 e 7 0 7 0  1 3 e 4 6 8  2 0 e 8 7 5  

I l r O O 0 0  OeSOOO 23.906 44,781 
- . 1,4982 0,3540 24,242 69,024 10 . .- 

2eOOOO 0,2500 17.508 86,532 
1 - 
c3 

2.4982 0,1770 1 0 1 1 0 1  96,633 

0 - 
3 e O O O O  0,1250 2,357 98,990 
3,5063 0,0880 0,673 99,663 

.~~ aQ 76-17 
b 3,9885 0 0 6 3 0  0.337 1 O O e O O O  

- - 
SIZE CLASS RATIOS1 

B - GRAVEL= O a O  PCT GRAVEL/SAND= 0.0 
. . - - SAhD = lOO*OOOPCT SAND/SILT = 0.0 . , . - . . v  . - .  

b 
S I L T  = 0 - 0  PCT SILT/CLAY 0 . 0 
C L A Y  = 0,O PcT SAND/CLAY = 0 . 0  

. - MUD r 0 e 0  PCT SAND/MUD s 0.0 

b 
GRAVEL/MUO s- 0, 0 



I 
SEDIMENT SIZE ANALYSIS: GLACIER B A Y  8EACH S A M P L E S - - ~ Q ~ ~  

t SAMPLE NO. 18 GLACIER BAY 76 

DATA SPECIF ICATION INPUT: 
#OF Ff?CtCS= ~ v F N = O I W T S I C S =  0 .0  tFN= 0.0 #PAN= 0.0 ;PHI LIM:CS= 0.0 cFN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING M E T H O D ( S ) t  . 

t 2 U L R s U G L  -EUQR--- 
1 .0000 -  000630MM SIEVES 

PARTICLE S I Z E  OISTHIBUTION: 
CUM 

S I Z E  CLASS RATIOSt  
G R A V E L =  0 .0  PCT GRAVEL/S4ND= 
SAND = 100~000PCT SAND/SILT = 

- S I L T  = 0 1 0  PcT . SILT/CLAY a 
CLAY r 0.0 PC7 SAND/CLAY 5 
MU0 u 0.0 PCT SAND/MUD 

GAAVEL/MUD = 



y o m r -  
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w p y c o  
b- 
3 
m 

0 0 0  
000 
o o m  

z 1;;; 
W 
N 
w 

" I O O Q  
000 

W 0 0 0  
O O V ,  

u 
b- 1 8 1  
a 
a 
a 



1 SEDIMENT S I Z E  ANALYSIS: GLACIER B A Y  BEACH SAMPLES--1976 

SAMPLE NO. 2 0  GLACIER B A Y  7 6  
- 

4 
D A T A  SPECIFICATION INPUT:  

#OF FRC:CS=12rFN=OIWTS:CS= 0 .0  ,FN= 0,O *PAN= 0,O #PHI LIMtCSs 0.0 vFN= 0.0 
. .. . 

1 
SAMPLE ANALYZED BY THE fOLLOWING M E T H O D ( : ; ) t  

~LZL&!%L --A -M.EUHQR--- 
-. -. 4 , 0 0 0 0 -  000880MM S I E V E S  

1 

P A R T I C L E  SIZE DISTRIBUlIONt 
CUM 

. S I Z E  CLASS R A T I O S t  
GRAVEL=  23.842PCT GRAVEL/SAND= 0 , 3 1 3  
SAND = 761158PCT SAND/SILT = 010  
S I L T  = 0.0 PCT SILT/CLAY = 0.0 
CLAY =: 0.0 PCT SAND/CLAY = 0 1 0  
MUD r 0 1 0  PCT SAND/MUD e 0  0  

- .. - -- GRAVEL/MUD 3 0.0 







D 
SEDIMENT S I Z E  ANALYSIS; GLACIER BAY BEACH S~MPL€s-*1976 

SAMPLE NO* 2 1  GLACIER B A Y  76 
- --. - 

DATA SPECIFICATION INPUT: 
b #OF FF?CICS=lO,FN=OIWTS:CS= 0 .0  rFN= C.0 ,PAN= 0.0 :PHI L I M t C S =  0.0 9 f N ~  0.0 

SAMPLE ANALYZED B Y  THE FOLLOWING M E T H O D ( S ) r  
Q S K L R r l Y G E  -mm--- 

- - 1 ,4000 -  0,0630MM S I E V E S  

CUM 
eE;BaY.I 

0 e 223 
0,891 '. .... 
6,682  

27 , 394 
57 45 1 
79 955 
93,987 
99.332 .. 

99,777 
1 0 0 , 0 0 0  

S I Z E  CLASS R A T I O S 1  
GRAVEL= 0.0 PCT GRAVEL/SANO= 

- . -- SAND = 100*000PCT SAND/SltT = 
S I L T  r 0,O PCT SILT/CLAY 
CLAY = 0.0 PCT SAND/CLAY = 

. . MUD .rr 0.0 P C 1  SAND/MUO = 
GRAVELIMUO a 



," Is; 
L 

W 

" I ooCl204 r u O ~ O N O  
o o o o m  ooaJoa30 

5 4 0000al  00u'0fJ'o 
o o m o f o m o f o * o  

u 1 ~ 0 ~ 0 * 0 0 0 0 0 0 *  

H a l m N d d 0 0 0 d d N N m  
c- l b l l t l  
a 
4 
a ! 



a 
SEDIMENT S I Z E  ANALYSIS:  GLACIER B A Y  BEACH SAMPLES-1976 

b SAMPLE NO. 23 GLACIER B A Y  76 
- . - 

B 
DA.TA S P E C I F I C A T I O N  INPUT8 

#OF FRC!CS=~OIFN=OIWTS:CS= 0.0 1FN= 0.0 *PAN= 0.0 ;PHI LIMlCS= 0.0 , ~ N P  0.0 

b 
SAMPLE ANALYZED BY THE fOLLOWING M E T H O D ( S ) t  

SlZEWE -wQ!2 - -  
2.8300- 0e1250MM S I E V E S  

P A R T I C L E  S I Z E  D I S T R I B U t I O N a  
CUM 

e a a f g  
5,976 

66 9 289 .. . 
95 .710  
99.173 
99.510 
9 9  632 
99 .755  
99.908 
99.970 

1 0 0 ~ 0 0 0  

SIZE CLASS R A T I O S :  
GRAVELS 66e288PCT GRAVEL/SAND= 1 a966 

- SAND a: 3 3 e 7 1 2 P C T  SAND/SILT  
+ r: 0.0 

S I L T  = 0.0 PCT S I L T / C L A Y  = 0.0 
CLAY =- 0.0 PCT SAND/CLAY = 6.0 
MUD 3 0.0 PCT SAND/MUD r 0.0 

GRAVEL/MUD 3 CI * 0 
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SEOIMENT SIZE ANALYSIS: GLACIER B A Y  BEACH SAMPLES--1976 

SAMPLE NO, 24 GLACIER B A Y  76 

D A T A  SPECIFICATION INPUT: 
#OF FRCtCS=lO~FN=91WTStCS= 0,O rFN= J O 1 2 S , P A N ~  0.0 tPH I  LIMtCS= 0.0 ,fN= 0.0 

SAMPLE ANALYZED B Y  THE FOLLOWING M E T H O D ( S ) t  , 

. S U L & a 3 G L  ---. ~ F ~ W -  
1,4000- 0*0630MM S I E V E S  
0,0442- 0100OlMM HYDROPHOTOMETER 

PARTICLE S I Z E  DISTRIBUTION: 
CUM 

SIZE CLASS R A T I O S :  
GRAVEL=  0.0 PCT GRAVEL/SAND= 0 0 O 
SAND 97.664PC'I SAND/SILT = ' 47,999 
SILT  n 2a035PCT SILT/CLAY = 6e750 

- . CLAY = 0,301PCT SANO/CLAY .= 3 2 4 r 0 1 0  
MUD r 2a336PCT SAND/MUD = 41,806 

GRAVEL/MUD = '  0.0 



I 00209 N O N O N  
o o o m  ooa)o* 
oooa3 OObOU' : oLno~oV)odo=t w e . . .  0 . O W .  

w N r r ~ o O O ~ ~ N N  
c- I I I V I  
a 
a 
a 



I 

SEDIMENT S I Z E  A N A L Y S I S :  GLACIER BAY BEACH SAMPLES*-1976 

SAMPLE NO* 26 GLACIER BAY 76 

. DATA S P E C I F I C A T I O N  INPUT!  
#OF F R C I C S =  6,FN=O;WTS:CS= 0,O ,FN= 0.0 .,PANS 0.0 ;PHI LIMtCS= 0.0 *FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING M E T H O D ( S ) #  ' 

! -5lZERbNF: wmR--- --.. 
2 . 8 0 0 0 -  0 * 5 0 0 0 M M  S I E V E S  

P A R T I C L E  SIZE  O I S T R I B U T I O N I  
CUM 

P!L- - -  MM P f G E U  EE9C.€E.I 
- 1  a 4 8 5 4  2 * 8 0 0 O  3.974 3,974 
~ l , O O O O  2 a 0 0 0 0  3 5 0 6 2 8  39.603 
-0.4854 1 a 4 0 0 0  55.926 9 5 , 5 2 9  

O 0  I*OOOO 3,974 9 9 . 5 0 3  
0 , 5 0 0 2  0 ,7070  0.426 9 9 . 9 2 9  
1 ,0000  OaSOOO 0,071 1 0 0 , 0 0 0  

S I Z E  CLASS R A T I O S :  
GRAVEL= 39.602PCT GRAVEL/SAND= 0 , 656 
SAND = 60,398PCT S A N D / S I L T  = O 0  
S I L T  = 0.0 PCT S I L T / C L A Y  4 0  0  
CLAY r 0,O PCT SAND/CLAY = 0 1 0  
MUD t 0.0 PCT SAND/MUD * =  0.0 

- GRAVEL/MUD 3 . 0.0 . 



SEDIMENT S I Z E  ANALYSIS! GLACIER BAY BEACH SAMPLES--1976 

SAMPLE N O *  27pt GLACIER B A Y  76 

DATA SPECIF ICATION INPUT: 
#OF FRC~CS=l0 tFN=OtWTS:CS=  0.0 ,FN= 0.0 uPAN= 0.0 ;PHI  L I M t C S =  0.0 vFN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S): 
l U L R r \ M L  -_ METHQQ - 

1 , 4 0 0 0 -  000630MM SIEVES 

PARTICLE S I Z E  D ISTRIRUTIONt  
CUM 

mS1w 
00351  
2 , 6 9 0  . . . 
7 . 6 0 2  

21.871 
5 2  749 
81,754 
96 374 
99 649 
99 r 883 

1 0 0 , 0 0 0  

SIZE C L A S S  RAT IOS;  
GRAVEL=  0.0 PCT GRAVEL/SANDr 

. .- - SAND 100.000PCT SAND/SILT z 
S I L T  = 0 0 0  PC1  SILT/CLAY = 
CLAY = 0 . 0  PCT SAND/CLAY 

. MUD = 0 1 0  PCT SAND/MUD = 
GRAVELJMUD ,= 



0 r j . 4 Q b r - c O m O  z 2 N C I d  r-b-bb-b 
U V U U U  

3 a a a a a  
0 

J O C O O O O O  0 
o+oaofcLn 0 0 0 0 0  

t r o 0 o L n m r - N  - - * * *  
ln o r - m m ~ , - d  t n o o o o o  

0 ,I 1fdE.dddd :: 4 

+ * 
W 4 
N a II II II n n 



SEDIMENT S I Z E  A N A L Y S I S !  G L A C I E R  B A Y  BEACH SAMPLES-1976 

SAMPLE NO. 2 9  G L A C I E R  B A Y  76  
- - 

DATA S P E C I F I C A T I O N  I N P U T :  
I #OF F R C t C S =  9,FN=OIWTStCS= 0,O ,FN= 0.0 ,PAN= 0.0 ;PHI LIM:CS= 0.0 *FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S)r  
1 . d U L & l % i L  MEZY M -- 

1,4000- 000880MM S I E V E S  

I PARTICLE SIZE OISTRIBUTIONa 
CUM a 

t 
-!?EL- -MY- PE!?LENI 9UE!!!.I 
-0.4854 l r 4 0 0 0  01102 00102 

1.0000 1.628 1.729 ' . -- 0.0 - . . -  
0 0 5 0 0 2  Oo707O 121614 14.344 

b 1.0000 0 ~ 5 0 0 0  32e553 46,897 
1,4982 0.3540 29.908 76.806 
2.0000 0 0 2 5 0 0  13e428 90,234 

t - 2.4982 0,1770 
Ld 

7.121 97.355 
3 0 0 0 0 0  0.1250 2.442 990797  a 3,5063 0.0880 0.203 1 0 0 ~ 0 0 0  

P 
S I Z E  CLASS RATIOSt 

GRAVEL= 0.0 PCT GRAVEt /SANDc C h  • 0 
b - SAND 1000000PCT SAND/SILT  = 0 . 0 

S I L T  r 0.0 PCT S I L T / C L A Y  = 0 0 -- -. --  - .  
C L A Y  I 0.0 PCT SAND/CLAY = 0.0 

76-24 
b MUD P 0 . 0  PCT SAND/MUD z C.0 

GRAVEL/MUD a 0.0 

1 

1 

1 



t - I - + + +  
U U U U O  
a a a a a  
u'cr 
r c N  
m C J 3 0 0  

u . * . . *  
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0 NfC 
W 

fi 
4 
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cnw 
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SEDIMENT SIZE ANALYSIS: GLACIER BAY BEACH S A M P L E S - W ~ ~ ~ ~  

I SAMPLE NO* 3 1  GLACIER BAY 76 

DATA SPECIFICATION INPUT! 
#OF FRC~CS=~~,FN=OIWTSICS= 0,O ,FN= 3,0 ,PAN= 0 .0  :PHI LIMtCSs 0.0 tFN= O e O  

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S)t 
S U L U U L  -EEum,-- 

. . 4,0000- 010630MM . SIEVES . . 

PARTICLE SIZE DISTRIBUTION: 
CUM 

. - -  . -1,5008 2,8300 3,224 6,447 
o l , O O O O  2,0000 6.184 12,632 
-0,4854 1,4000 12.303 24.934 

0 0 1 e O O O O  13.487 38,421 
0,5002 0,7070 17,237 55.658 
1,0000 0,5000 14,276 69.934 
1,4982 0 ,3540 8.684 78,618 
2,0000 0,2500 7,566 86,184 
2,4982 0,1770 9,276 95,460 
3,0000 0,1250 4,145 99,605 

.3,5063 0,0880 00329 99.934 
v 3,9885 0,0630 00066  100eOOO 

S I Z E  CLASS RATIOS: 
G R A V E L =  12,632PCT GRAVEL/SAND= 
SAND = 87,368PCT SAND/SILT = 
S ILT  = 0.0 P C T  SILT/CLAY = 
CLAY = O e O  PCT SAND/CLAY = 
MUD = 0 0 0  PCT SAND/MUD = 

GRAVEL/MUD = 



SEDIMENT SIZE ANALYSIS: G L A C I E R  B A Y  REACH SAMPLES--1977 

DATA SPECIFICATION INPUT: 
#OF FRC:CS=lO,FN=OiWTS:CS= 0.0 ,FN= 0.0 ,PAN= 0.0 ;!'HI LIM$CS= 0.0 vfN= 0.0 

SAMPLE ARALYZED BY THE FOLLOi4ING METHOD(S1: 
- L Z F R h E G E  ,-ME BQQ,--- 

2.0000- 0*0880MM SIEVES 

PARTICLE SIZE DISTHIBUTIOY: 

SIZE'CLQSS RATIOS: 
GRAVEL= 1.897PCT GRAVEL/SAND= 0.019 
SAND = 98.103PCT SAND/SILT = 0 r 0 
S I L T  = 0.0 PC7 S I L T / C L A Y  = CI . O 
C L A Y  = 0.0 PcT SAND/CLAY = 0.0 
MU0 = 0.0 PCT SANO/MUD = 0.0 

GRAVEL/MUO = 0 . 0 
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SEDIMENT SIZE ANALYSIS: GLACIER B A Y  RE:ACH SAMPLES--1976 

1 SAMPLE NOe 32 GLACIER R A Y  76 

DATA SPECIFICATION INPUT: 
1 #OF FRCtCS= 9,FN=OIWTS:CS= 0.0 ,FN= 3.0 ,PAN=. 0,010tPHI LIM:CS= 0 .0  *FN= 0.0 

* 
SAMPLE ANALYZE0 BY THE FOLLOWING METHOD(S)t 

1 S U L R I \ & F  -- MFUrn,--- 
1,0000- 0e0630MM SIEVES 
0,0630- OeO001MM . PAN 

\ 

PARTICLE SIZE DISTRIBUTION: 

dt - SIZE CLASS RATIOS1 
GRAVEL= 0e0 PCT 
SAND = 99,793PCT 

J SILT = 0 089PCT 
CLAY = 0.118PCT 
MU0 = 0.207PCT 

d 

d 

CUM 
eEQl;E!iI 

0.415 I - 
1 142 
4 258 
15.057 
41 0 4 3 3  
77 362 
97,300 
99,377 
99 792 
100,000 



SEDIMENT S I Z E  ANALYSIS:  GLACIER BAY BEACH S A M P L E S - ~ ~ ~ ? ~  

SAMPLE NO. 33 GLACIER BAY 76 

D A T A  SPECIFICATION INPUT: 
#OF FRCtCS= B,FN=OlWTStCS= 0.0 ,FN= 0.0 *PAN= 0.0 ;PHI L I M t C S s  0.0 rFN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING M E T H O D ( S ) t  
-- 2 U L f i N L  --- M U % Q Q  - 

1,0000- 0a0880MM S I E V E S  

PARTICLE S I Z E  D I S T R I B U T I O N :  
CUM 

P E E E E I  E ~ E Y I  
8 

J L  ,,r?Y- 
0.0 l o 0 0 0 0  0.237 0 2 3 7  
0.5002 Oe7070 0 9 4 9  1,186 . . --- 
1 ,0000 0.5000 2.610 3 7 9 6  

P+ 76-14 
1,4982 0.3540 14.947 18.743 
2.0000 0,2500 28.351 4 7 * 0 9 4  16-33 
2.49132 0,1770 33.215 80.308 

I 3 ,0000 0.1250 17.556 97.865 
3.5063 0,0880 2.135 100.000 - 

I S I Z E  CLASS R A T I O S :  

GRAVEL= 0.0 PZT GRAVEL/SANDs C 0 
SAND r 100.000PCT S A N D / S I L T  = C .O 

I :  . S I L T  = 0.0 PCT S I L T / C L A Y  = C e O  
- - - - - - _ -  CLAY = 0.0 PCT SAND/CLAY = Cl . O . -- - . 

MUD 3 0.0 PCT SAND/MUD = 0 • 0 
I GRAVEL/MUD = 0.0 
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3 
S E D I M E N T  S I Z E  ANALYSIS:  G L A C I E R  B A Y  REACH SAMPLES-1976 

3 SAMPLE NOe 36 GLACIER BAY 76 

DATA S P E C T F I C A T I O N  I N P U T $  
3 #OF FRC:CS= 6gFN=OIWTS:CS= 0.0 ,FN= 0 . 0  ,PAN= 0.0 lPH1 LIMtCS=:O.O e f N s  0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S) r 
2ULB9QGL -MEIY2Q--- 
4,0000- 0.7070MM SIEVES 

P A R T I C L E  S I Z E  D I S T R I B U T I O N t  
ClJM w 

-&J.-- -- M M  P E ~ ~ ~ ~  e E W 2 U  
-2,0000 4,0000 13.423 13,423 

2,8300 20,929 34.353 -1,5008 . . 
-1 r0000 2.0000 31.851 66,203 
-0.4854 1*4000 26,886 93,090 
0.0 la0000 6.791 99,881 
0,5002 0.7070 0,119 1 O O e O O O  

SIZE CLASS RATIOS1 
GRAVEL= 660203PCT GRAVEL/SANDI 
SAND 33.797PCT S A N D / S I L T  
S I L T  = 0.0 P i T  S I L T / C L A Y  o 
CLAY = 0.0 PCf SAND/CLAY 

. MUD 0.0 PCT SAND/MUD .= 
- - . - GRAVEL/MUD = 



SEDIMENT SIZE ANALYSIS: GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO. 3 7  GLACIER B A Y  76 

D A T A  SPECIFICATION INPUT1 
#OF FRC:CS= ~ P F N = O I W T S ~ C S =  0.0 *FN= 0.0 ~ P A N w  0.0 ;PHI LIMICS. 0.0 .FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOdING METHOD(S)t. 
-SIZf,RuEL E.1.EUU--- 

- 1.0000- OoO88OMM SIEVES 

PARTICLE SIZE DISTRIBUTIONz 
CUM 

_PHI- -M PPERCEU m w  
0 0 1,0000 2.111 2.111 
Oq5002 0.7070 7 652 9.763 . . 

1.0000 Oo5000 14.248 24.011 
76-17 - 

1 .4982 0.3540 23.219 47.230 
200000  0.2500 32.718 79.947 
2,4982 0,1770 17.150 97.098 

76-37 

SIZE CLASS RATIOS: 
G R A V E L =  0 0 0  PCT GKAVEL/SANDr 

'1 
SAND = 1OOoOOOPCT SAND/SILT 2 

SILT = 010 PCT SILT/CLAY = 
. C L A Y  s 0.0 PC7 SAND/CLAY = . 

MUD o 0.0  PCT SAND/MUD , = 
GRAVEL/MUD = 

0 . 0 
C1 0 
0 . 0 
0 0 - - - . . . . .. 
C) , 0 
C O O  
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SEDIMENT S I Z E  ANALYSISt GLACIER BAY l3EACH SAMPLES--1976 

SAMPLE NO, 39 GLACIER B A Y  76 

DATA SPECIFICATION INPUT: 
#OF FRCICS= 7qFN=OIWTS:CS= 0.0 ,FN= 0.0 ,PAN= 0.0 $PHI LIMtCSz 0.0 r F N o  010 

SAMPLE ANALYZED R Y  THE FOLLOWING MEYHOD(S1 I . 
- U L & Y G E L  -C?EIH!XI---+ 

0 .7070 -  0.0880MM SIEVES 

PARTICLE S I Z E  DISTRIBUTION:  
CUM 

. . . . - 

S I Z E  CLASS R A T I O S :  
b GRAVEL= 0.0 PCT GRAVEL/SAND= 0.0 

SAND = 1OOeOOOPCT SAND/SILT = 0 10  
S I L T  = 0,O PCT SILT/CLAY t 0.0 

b I CLAY = 0.0 PC1  SAND/CLAY = 0.0  
MUD 1 0.0 PC7 SANO/MUD = 0.0 

GRAVELIMUD = 
@ 

0.0 
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SEDIMENT S I Z E  ANALYSIS:  GLACIER RAY BEACH SAMPLES--1976 

SAMPLE NO* 40 GLACIER BAY 76 

DATA SPECIFICATION I N P U T :  
#OF FRC:CS= B,FN=OIWTS:CS= 0,O oFN= 0,O ,PAN= 

SAMPLE ANALYZED BY THE FOLLOWING M E T H O D ( S ) #  
L U L R h G G L  ,t?Ell!QR, - 
0,7070- Oe0630MM SIEVES 

PARTICLE SIZE D I S T R I B U T I O N :  
CUM 

SIZE CLASS RATIOS: 
GRAVEL= O e O  PCT GRAVEL/SAND= 0 @ 0 
SAND r lOOeOOOPCT SANO/SILT .= 0 , 0 
S I L T  = 0.0 PCT S I L T I C L A Y  0 0 

- CLAY r 010 PCT S A N D I C L A Y  , = 0 , 0 
MUD P 0 . 0  PCT SAND/MUD = 0.0 

GRAVEL/MUD = 0 a 0 



SEDIMENT S I Z E  ANALYSIS: G L A C I E R  B A Y  BEACH SAMPLES--1976 

SAMPLE NO. 41 G L A C I E R  BAY 76 

DATA SPECIF ICATION INPUT! 
#OF FRCICS= 7,FN=OlWTS:CS= 0.0 ,FN= 0.0 ,PAN= 016 ;PHI LIMtCSs 0.0 #FN= O e O  

SAMPLE ANALYZED BY THE FOLLOWING METHOD(SI8 
I .-LZE-PANGFI- -FEU!U? - 

OoSOOO- 000630MM S I E V E S  

PARTICLE S I Z E   DISTRIBUTION^ 
CUM 

PEE- - 
0,917 

1 3 , 7 6 1  
5 2 , 1 1 0  
9 0 , 4 5 9  
99,450 
9 9 , 8 1 7  

1 0 0 , 0 0 0  

S I Z E  CLASS RATIOSt  
GRAVEL= 0 0 0  PCT GRAVEL/SAND= 
SAND 100,000PCT SAND/SILT = 
S I L T  E. 0.0 PC1 S I L T / C L & Y  = 
CLAY = 0.0 P C 7  SAND/CLAY = 
MUD = 0.0 PCT SAND/MUD .= 

GRAVEL/MUD = 
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SEDIMENT S I Z E  ANALYSIS!  GLACIER BA Y BEACH SAMPLES--1976 

1 SAMPLE NO* 44  GLACIER BAY 76 
- -  - 

DATA S P E C I F I C A T I O N  INPUT:  
#OF FRC:CS=lO*FN=OiWTS:CS= 0,O rFN= 0 . 0  ,PAN= 0.0 $PHI LIM:CS= 0.0 ,FN= -0.0 

SAMPLE ANALYZED B Y  THE FOLLOWING METHOD(S1t  - SUT_R.n.Y.GL, -%Urn- 
2 e 0 0 0 0 -  0e0880MM S I E V E S  

P A R T I C L E  S I Z E  D I S T R I B U T I O N :  
CUM 

S I Z E  CLASS R A T I O S $  
G R A V E L =  2 .570PCT GRAVEL/SAND= 
SAND = 9 7 , 4 3 0 P C T  SAND/SILT  = 
S I L T  = 0,O P C 1  S I L T I C L A Y  = 
CLAY = 0 . 0  P C 1  SAND/CLAY = 
M U D  = 0 .0  PCT SAND/MUD = 

G R A V E L I M U D  = 



SEDIMENT S I Z E  ANALYSIS: GLACIER B A Y  BEACH S~~PL€s--1976 

SAMPLE NO. 46 GLACIER R A Y  7 6  
. ,  - 

DATA S P E C I F I C A T I O N  INPUT:  
#OF FRCICS=l4vFN=91WTS:CS= 0.0 1FN= O.l60,PAN= 0.0 ;PHI LIM:CSa 0.0 rFN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S):  
~ 1 1 Z f ; U Y G L -  ,%~dQQ-.-- 

8 0 0 0 0 0 -  000630MM SIEVES 
0 0 4 4 2 -  0.0001MM HYDROPHOTOMETER 

P A R T I C L E  SIZE D I S T R I B U T I O N :  
Pi lU 

SIZE CLASS R A T I O S :  
G R A V E L =  97.602PCT GRAVEL/SAND= 42.129 
SAND = 2.317PCT SAND/SILT  = 31.415 
S I L T  3 Oo074PCT S ILY /CLAY = S.724 
en A V  - n n n ~ ~ r t  ~ d ~ n l r l  b y  = 3 n r ; - t ~ 1  
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3 
SEOIMENT S I Z E  ANALYSIS:  GLACIER BAY BEACH SAMPLES--1976 

b SAMPLE NO* 5 0  GLACIER BAY 76 

DATA S P E C I F I C A T I O N  INPUT:  I 

#OF F R C 1 C S = l l * F N = O I W T S : C S =  0.0 9FN= 0 * 0  ,PAN= 0.0 ;PHI LIM:CS= 0.0 ,fN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING M E T H O D ( S ) t  
B ,,AIZERh_NGE -- METHlZa---- 

2 , 0 0 0 0 -  0.0630MM S I E V E S  

CUM 
EEQCEU 

3 ,855  
1 3 . 2 5 3  
3 9 . 0 3 6  
62 ,051  
78 e 7 9 5  
9 0 . 1 2 1  
9 6  . 386 
98c795 
9 9 . 5 1 0  
99 ,759  

100 .000  

p - S I Z E  CLASS RATIOS$ 
GRAVEL= 3.85SPCT GRAVEL/SANDz 0,040 . .  . 

SAND = 96.145PCT S A N D / S I L T  = 
D 

3 0 
S I L T  = 0.0 PCT S I L T / C L A Y  = 0.0 
CLAY = 0.0 PCT SAND/CLAY 0.0 

b 
MUD 3 0.0 PCT SAND/MUD = 3 r 0  

GRAVEL/MUD = 3 0  
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SEOIWENT S I Z E  ANALYSIS: GLACIER B A Y  BEACH SAMPLES-1976 

SAMPLE N O *  51 GLACIER BAY 76 

DATA S P E C I F I C A T I O N  INPUT:  
#OF FRCtCS= 9,FN=9ZWTS:CS= 0.0 pFN= 0@750+PAN= 0.0 ;PHI LIMICSP 0.0 ,FNx 0.0 

SAMPLE ANALYZED B Y  THE FOLLOWING METHOD(S):  
51ZL&U\l l iEL r- -%IHrn--- 
1.0000- 0e0630MM SIEVES 
0,0442- 0e0001MM HYDROPHOTOMETER 

PARTICLE S I Z E  D I S T R I B U T I O N t  
CUM 

EER,Cj!hl.I 
0,169 
1,017 
4,915 
18,475 
46,271 
73,390 
85,424 
86,949 
87.288 
91.277 
93,482 
94,546 
95,942. 
96,459 
97.152 
97,732 
98.521 
100,000 

SIZE CLASS R A T I O S 1  
GRAVEL= 0,O PCT GRAVELISAND= 0 • 0 
SAND = 87.378PCT SAl\iO/SILT = ' 7*844 
S I L T  = 1 1 e 1 3 9 P C T  S I L T / C L A Y  7,511 
CLAY = 1.483PCT SANDkCLAY = 5 8 . 9 2 1  
MUD r 1 2 r 6 2 2 P C T  SAND/MUD = 6 923 

GRAVEL/MUD 3 0.0 



.) 

C1 

2 3  
UIV) 
3 c i w  
OW, 
-1 rl w s: Is; 
Lr. 

U h  0 
4 0  

"YO 
Y 1; 
a 
I 
-2 
V) 

O I S r c o d f O '  

-- l A f W F ? O d \ D O N  

c l o r r n m r u o  
ALnN 

3 
m 

0000000 
o * o r c l n d 3 m  + ~ O L n L C r c N n 3 9  

V) ~ ) t n m ~ c r ~ o o  
a*..... ;; 10000000 



SEDIMENT SIZE ANALYSIS; GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO, 53 GLACIER BAY 76 

DATA SPECTFICATION INPUT! 
#OF FRCICS= 7*FN=OIWTS:CS= 0.0 1FN= 0.0 *PAN= O.GO5IPHI LIMICSE 0.0 rFN= 0.0 

- 
SAMPLE ANALYZE0 BY THE FOLLOWING METHOD(S) 1 

S U L R I I & E  -!!EI,Hrn, 
, - 0,5000- 0,0630MM SIEVES 

0,0630- O e O O O l M M  PAN 

PARTICLE SIZE DISTRIBUTION: 
CUM 

2fEc;ENr . 
0.227 
2.497 

33,144 
95.573 
97,616 
99.660 
99.807 
100.000 

SIZE CLASS R A T I O S :  
GRAVEL= c O c O  PCT GRAVEL/SAND= 0 0 
SAND = 99e887P~T SAND/SILT -= 2046.318 

.---..---.--.SILT z Oe049PCT SILT/CLAY = 0,756 - - - . -  
CLAY z 0e065PCT SAND/CLAY = 1547.924 
MU D  = O1113pCT SAND/MUO = 881r283 

GRAVEL/MUD 'a 0,o 
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SEDIMENT SIZE ANALYSIS:  GLACIER B A Y  BEACH SAMPLES-1976 

SAMPLE NO. 57 GLACIER B A Y  76 

D A T A  S P E C I F I C A T I O N  INPUT;  
#OF FRC:CS= 7,FN=OlWTS:CS= 0.0 ,FN= 0.0 ,PAN=, O a O  lPH1 LIMtCSz 0.0 ,FNa 0a0 

SAMPLE ANALYZED BY T H E  FOLLOWING M E T H O D ( S 1 8 .  
S1ZE.WL - % m H -  

. . 0.7070- 0.0880MM SIEVES -. - .  . 

P A R T I C L E  S I Z E  D I S T H I B U T I O N z  
CUM 

PwL- --- t4 M P E X E Y X  EKk3L.I 
0.5002 0,7070 0,513 0,513 

- - 1 * 0 0 0 0  0.5000 2,821 3,333 . - - . . . - -  - 
1 ,4982  0,3540 17.436 20,769 
2e0000  0.2500 37.949 58,710 
2,4982 0.1770 32.564 91,282 
3.0000 0.1250 8.462 990744 

-5 3,5063 0.0880 0.256 1 0 0 ~ 0 0 0  
QQ - - 

S I Z E  C L A S S  RATIOS:  - 
G R A V E L =  0.0 P C 1  GHAVEL/SAND= C o o  

SAND 1 0 0 ~ 0 0 0 P S T  SAND/SILT = 0.0 
S I L T  r 0.0 PCT S I L T / C L A Y  = 

2 
0.0 

CLAY I 0.0 PCT SAND/CLAY = 0.0 
. - - - 1  MUD t~ O r 0  PCT SAND/MUD = . 0.0 - - - .  

GRAVEL/MUD .= 0.0 

/ 
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P 
SEDIMENT S I Z E  ANALYSIS !  GLACIER BAY OEACH SAMPLES--1976 

b SAMPLE NO* 61  GLACIER B A Y  76  

DATA S P E C I F I C A T I O N  I N P U T t  
b #OF FRC:CS=lOtFN=OiWTS:CS= 0.0 ,FN= 0.0 (PAN= 0.0 )PHI LIM:CS= 0.0 #FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHODtS) !  
b A L U U L -  - -- 

2,0000-  0e0880MM SIEVES 

b P A R T I C L E  S I Z E  D I S T R I B U T I O N :  
CUM 

EE sC1JJ 
1 , 8 7 5  
2 0 7 0 8 .  
7 ,500  

2 5 , 4 1 7  
5 8 , 4 3 8  
8 3 9 7 5 0  
9 4 , 7 9 2  
9 8 , 7 5 0  
99 ,792  

1 0 0 , 0 0 0  

S I Z E  CLASS RATIOS:  
6 GRAVEL= 1,875PCT GRAVEL/SAND= 0 0 0 1 9  

SAND = 9 8 0 1 2 5 P C T  S A N D / S I L T  . = 0.0 
S I L T  r: 0.0 PCT S I L T / C L A Y  = 0  9 0 

b CLAY = O e O  PCT SANO/CLAY = O e O  

MUD a 0 e 0  PCT SAND/MUO = 0.0 
GRAVEL/MUD n 0.0 

a 





SEDIMENT S I Z E  ANALYSIS1 GLACIER B A Y  EEACH SAMPLES-71976 

SAVPLE NO. 63 GLACIER B A Y  76 

DATA SPECIFIC4TION INPUT! 
#OF FRC:CS= 9rFN=OIWTS:CS= 0.0 *FN= 0.0 ,PAN= O m 0  ;PHI LIMtCSl 0.0 ~ F N c  0.0 

SAMPLE ANALYZED BY THE FOLLOL4ING METHOD(SI1 
S U L U % L  _-EElEW -I 

1,0000- 000630MM SIEVES 

P A R T I C L E  S I Z E  D I S T R I B U T I O N r  
CUM * 

SIZE CLASS RATIOS: 
GRAVEL= 0.0 PCT GRAVEL/SANO= 0 0 
SAND t LO0,OOOPCT SANO/SILT  = C o o  
S I L T  z O o O  PCT S I L T / C L A Y  . -=  0 0 
CLAY = 0.0 PCT SANO/CLAY = 0.0 
MUD = 0.0 PCT SAND/MUD = 0.0 

GRAVEL/MUO = 0.0 



SEDIMENT S I Z E  ANALYSIS: GLACIER B A Y  BEACH SAMPLES--1976 

SAMPLE NO* 64 G L A C I E R  RAY 76 

DATA SPECIF ICATION INPUTt 
#OF FRCtCS= 9,FN=OIWTStCS= 0.0 p f N =  O c O  (PANO 0.0 ;PHI .LIMtCSa 0.0 (FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S)t  
SULRhUL --- MEUOI1 

1.4000- 0e0880MM S I E V E S  

PARTICLE S I Z E  DISTRIBUTION:  
CUM 

S I Z E  CLASS R A T I O S 1  
G R A V E L =  0.0 PCT GRAVEL/SAND= 0.0 
SAND = lOO*OOOPCT SAND/SILT = 0.0 
S I L T  3 0.0 PCT SILT/CLAY ' 0.0 
C L A Y  = 0.0 PCT SAkD/CLAY = 0.0 
MUD s 0.0 PCT SAND/MUO = 0.0 

GRAVEL/MUD e 0.0 



SEDIMENT S I Z E  ANALYSIS: GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO1 65 GLACIER BAY 76 

DATA SPECIFICATlON INPUTr 
#OF FRC:CS=1l*FN=OlWTStCS= 010 ,FN= 0 1 0  ,PAN=' 0.0 #PHI LIMtCSl 0.0 ,FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S)t 
- S U L e r \ Y G E  - -  M 'IHOn 

7 210000- 000630MM S I E V E S  

PARTICLE S I Z E  DISTRIBUTIONt 
CUM 

EEECEU 
10.037 
19.691 
32,117 
42,883  
52.007 
62.409 
77.920 
9 3  248 
991270 
99.818 

1001000 

S I Z E  CLASS RATIOS1 
GRAVEL=  10,037PCT GRAVEL/SAND= 00112 
SAND = 89a963PCT SAkD/SILT = 0.0 
SILT 3 010 PCT SILT/CLAY = 0.0 
C L A Y  = 010 P C T  SAND/CLAY = 0.0 
MUD rr 010 PCT SAND/MUD = 0.0 

I GRAVELJMUD a 0.0 



SEDIMENT S I Z E  ANALYSIS: GLACIER BAY BEACH SAMPLES--1976 

SAMPLE NO. 66 GLACIER BAY 76 

DATA S P E C I F I C 4 T I O N  INPUT:  
#OF FRCtCS=lO,FN=OiWTS:CS= 0.0 9FN= O o O  #PAN= 0.0 ;PHI LIM1CSz 0.0 #FN= 0.0 

SAMPLE ANALYZED BY THE FOLLOWING METHOD(S) :  
- U t ; w E  - ma---- 
2.0000- 0.0880MM S I E V E S  

P A R T I C L E  S I Z E  D I S T R I B U T I O N t  

SIZE CLASS R A T I O S t  
GRAVEL= 0 , 2 1 6 P C T  GRAVEL/SAND= 0 4 , 0 0 2  
SAND = 99a784PCT SAND/SILT  *= 0 4, O 
S I L T  = 0.0 PCT S!LT/CLAY = 0 '1 O 
CLAY s: Om0 PCT SANOjCLAY ,=. 0  ,, 0  
MUD = 0.0 PCT SAND/MUD = 0 ,, O 

GRAVEL/MUD '= 0 ,, O 



1 
SEDIMENT S I Z E  ANALYSIS8 GLACIER B A Y  BIIACH SAMPLES--1976 

1 SAMPLE NO. 67 GLACIER B A Y  76 
- .  

DATA S P E C I F I C A T I O N  I N P U T 1  
#OF F R C : C S = ~ ~ V F N = O ; W T S : C S =  0 . 0  t F N =  0 . 0  ,PAN= O 0 0 3 0 1 P H I  LIMICS. 0 .0  1FN. 0.0 

SAMPLE ANALYZED BY THE FOLLOWING M E T H O D ( S l 1  , 

- s u L & % E -  - =HOD 
1 , 4 0 0 0 -  Oe0630MM S I E V E S  
0 , 0 6 3 0 -  0 0 0 0 0 1 M M  P4N 

P A R T I C L E  S I Z E  D I S T R I B U T I O N t  
CUM 

-SIZE CLASS R A T I O S :  - .- 
G R A V E L =  0 . 0  PCT GRAVEL/SAND= 0 0 0  
SAND = 9 9 . 4 1 1 P C T  SAND/SILY .= 392.117 
S I L T  a Oe254PCT S I L T / C L A Y  = 3.754 
CLAY 0 e 3 3 5 P C T  SANO/CLAY 296*595 
MU0 r: 0 e 5 8 9 P C T  SANO/MUD .J 168,866 



TABLE 11 

Major Sediment Data 

% SAND 

68.2 

99.8 

95.6 

58.4 

100 

100 

98.5 

42.6 

87.6 

33.4 

99.4 

38.6 

100 

99.8 

97.1 

70.1 

99.7 

10 0 

100 

73.2 

0 

100 

100 

0 

% SILT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0 

0 

SAMPLE # 

76-1 

76-2 

76- 3 

76-4 

76-5 

76-6 

76-7 

76-8 

76-9 

76-10 

S77-8 

S 77-9 

S77-10 

76-11 

76-12 

76-13 

76-14 

76-15 

76-16 

S 7 7-6 

S77-7 

76-17 

76-18 

76-19 

% GRAVEL 

31.8 

- 2  

4.4 

41 -6 

0 

0 

1.5 

57.4 

12.3 

66 -6 

0.6 

61.4 

0 

0.2 

2.8 

29.9 

0 

0 

0 

26.8 

100 

0 

0 

10 0 

% CLAY 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0.1 

0 

0.2 

0 

0 

0 

0 

0 

0 

0 

MEDIAN (8) 

-0.5 

0.5 

0.4 

-0.9 

1.4 

1.0 

0.6 

-1.1 

0.6 

-1.6 

1.0 

-1.1 

1.6 

1.0 

1.3 

1.4 

2 .O 

1.6 

1.8 

0.6 

-4.2 

1.1 

2.2 

-2.6 

MEAN (8)  

-1.2 

0.4 

0.4 

-0.9 

1.4 

1.0 

0.6 

-1.1 

0.5 

-1.6 

1.0 

-1.1 

1.6 

1.0 

1.3 

0.6 

2.0 

1.7 

1.8 

0.2 

-4.1 

1.1 

2.3 

-2 -6 

SORTING 

1.3 

0.3 

.6 

.7 

.4 

.9 

-5 

-7 

1.2 

1.2 

0.4 

1.1 

0.3 

0.5 

0.6 

1.8 

0.5 

0.6 

0.7 

1.4 

1.4 

0.8 

0-4 

0.5 



TABLE I1 (cont) 

Major Sediment Data 

/ 

SAMPLE # 

76-20 

S77-4 

S 77-5 

76-21 

76-22 

76-23 

577-6 

J77-5 

S 77-1 

S77-2 

577-3 

76- 24 

76-25 

76-26 

76-27A 

76-28 

76 - 29 

76- 30 

76-31 

577-3 

J77-4 

S77-13 

S77-14 

S77-11 

%CLAY 

0 

0 -  

0 

0 

0 

9 

0 

0 

0 

0.9 

0 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

% GRAVEL 

23.8 

3.9 

46.2 

0 

30.9 

66.3 

0 

65.3 

0 

6.8 

50.1 

0 

25.2 

39.6 

0 

0 

0 

28.4 

12.6 

1.9 

7.5 

0 

74.8 

1.6 

% SAND 

76.2 

96.1 

53.8 

100 

69.1 

33.7 

100 

34.7 

100 

92.1 

49.9 

97.7 

74.8 

60.4 

100 

100 

100 

71.6 

87.4 

98.1 

92.5 

100 

25.2 

98.4 

% S I L T  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

0 

2 -0  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MEDIAN ($1 

0.8 

0.5 

-0.9 

1.4 

-0.7 

-1.1 

1 .O 

-1.3 

1.4 

1.2 

-1 .O 

1.1 

-0.1 

-0.9 

1.5 

1.1 

1.0 

-0.2 

0.3 

0.8 

0.9 

1.9 

-5.1 

1.0 

MEAN (8) 

30.5 

0.6 

-0.2 

1.4 

-0.8 

-1.0 

1.0 

-1.1 

1.4 

1.2 

-0.9 

1.1 

-0.4 

-0.9 

1.5 

1.1 

1.1 

-1.1 

0.5 

0.7 

0.7 

1.9 

-3.2 

1 .0  

SORTING 

1.6  

0.9 

1.4 

0.6 

1.0 

0.3 

0.6 

0.7 

0.6 

1.0 

0.5 

0.7 

0.9 

0.3 

0.6 

0.5 

0.6 

1.6 

1 .3  

0.9 

0.9 

0.5 

2.8 

0.7 



TABLE I1 (~0nt) 

mjor Sediment Data 

SAMPLE # 

577-12 

76- 32 

76-33 

76- 34 

J77-2 

577-1 1 - 
577-15 

76-35 

76- 36 

76-37 

76-38 

76- 39 

S77-17 

S77-18 

S77-19 

S77-20 

76-40 

76-41 

76-42 

76-4 3 

76-44 

76-46 

S77-25 

76-48 

% SAND 

31;8 

99.8 

100 

100 

100 

99 -9 

100 

37.0 

33.8 

100 

98.6 

100 

99.1 

95.3 

99.2 

99 -0 

100 

100 

94.7 

84.5 

97.4 

2.3 

96.7 

99.8 

1 
% GRAVEL 

68.2 

0 

0 

0 

0 

0.1 

0 

63.0 

66.2 

0 

1.4 

0 

0.9 

4.5 

0.2 

1.0 

0 

0 

5.3 

15.5 

2.6 

97.6 

3.1 

0 

% SILT 

0 

0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0 

0.1 

0 

0.1 

% CLAY 

0 

0.1 

0 

0 

0 

- 0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0.5 

0 

0 

0 

0 

0 

0 

0 

0.1 

0.1 

MEDIAN ( 8 )  

-2.1 

2.1 

2.0 

2.3 

1.8 

1.4 

1.8 

-1.3 

-1.2 

1.5 

1.0 

1.7 

0.5 

1.2 

1.6 

1.1 

1.7 

2.0 

1.1 

-0.3 

0 -1 

-2.2 

0.0 

2.1 

MEAN ( 8 )  

-2.8 

2.1 

2 .O 

2.3 

1.8 

1.5 

1.8 

-1.6 

-1.3 

1.5 

0.8 

1.8 

0.5 

1.2 

1.6 

1.1 

1.7 

2.0 

1.1 

-0.3 

0.4 

-2.3 

0.0 

2.1 

SORTING 

2.2 

0.5 

0.5 

0.4 

0.5 

0.5 

0.5 

1.2 

0.6 

0.7 

0.8 

0.4 

0.6 

0.7 

0.5 

0.5 

0.5 

0.4 

0.7 

0.6 

0.7 

0.6 

0.5 

0.6 



TABLE I1 (cont) 

Major Sediment D a t a  

% SILT 

5.0 

0 

0 

0 

0 

0 

11.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.3 

% SAND 

92.1 

96.1 

100 

91.3 

99.7 

17.1 

87.4 

100 

99.9 

51.7 

100 

94.1 

100 

0.3 

99.3 

98.1 

100 

100 

100 

90.0 

99.8 

99.4 

I 

SAMPLE # 

76-49 

76-50 

577-21 

S77-22 

S77-23 
z 

577-24 

76-51 

76-5 2 

76-53 

76-54 

76-55 

76 56 

76-57 

76-58 

76-60 

76-61 

76-62 

76-63 

76-64 

76-65 

76-66 

76-67 

% GRAVEL 

2.2 

3.9 

0 

8.7 

0.2 

82.9 

0 

0 

0 

48.3 

0 

5-9 

0 

99.7 

0.7 

1.9 

0 

0 

0 

10.0 

0.2 

0 

% CLAY 

0.8 

0 

0 

0 

0.1 

0 

1.5 

0 

0-1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.3 

SORTING 

1.3 

0.8 

0.4 

1.1 

0.9 

2.0 

1.0 

0.4 

0.3 

2.7 

0.4 

0.7 

0.5 

0.8 

0.5 

0.6 

0.8 

0.5 

0.6 

1.3 

0.9 

0.6 

MEDIAN (6) 

0.3 

0.2 

2.2 

0.5 

1.1 

-2 .O 

2.0 

2.3 

2.1 

1.2 

1.8 

0.4 

1.9 

-2.2 

1.0 

0.9 

0.4 

1.4 

1.6 

0.9 

0.8 

1.9 

MEAN Ib)  

0.5 

0.3 

2- 3 

0.6 

1.0 

-3.0 

2.1 

2.3 

2.1 

-0.2 

1.8 

0.4 

1.9 

-2.4 

1.1 

0.9 

0.5 

1.4 

1.5 

0.8 

0.9 

1.9 
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