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PRELIMINARY REPORT ON THE RECONNAISSANCE ENGINEERING GEOLOGY OF THE 

YAKUTAT AREA, ALASKA, WITH EMPHASIS ON EVALUATION OF 

EARTHQUAKE AND OTHER GEOLOGIC HAZARDS 

By LYNN A. YEHLE 

ABSTRACT 

Yakutat, s i t u a t e d  about 225 m i l e s  nor thwest  o f  Juneau, Alaska, 

near t h e  shores o f  t h e  Gulf of Alaska, has a s e t t i n g  t h a t  c a l l s  f o r  

supe r la t i ves .  W i t h i n  t h e  Yakutat reg ion  a r e  some o f  t he  t a l l e s t  

mountains, some o f  t h e  heav ies t  snowfal ls ,  and the  l a r g e s t  g l a c i e r  i n  

North America. Between t h e  abrupt  mountain f r o n t  and t h e  G u l f  o f  Alaska 

l i e s  a very g e n t l y  s l o p i n g  p l a i n  of  outwash der ived from repeated 

cycles o f  advance fo l l owed  by me1 t and r e t r e a t  of g l a c i e r s  d u r i n g  the  

Quaternary Period. The l a t e s t  m e l t i n g  probably took p lace 500 t o  600 

years  ago. Yakutat i s  b u i l t  upon t h e  moderately steep moraine t h a t  i s  

the product  of  m e l t i n g  of one of these g l a c i e r s .  Near Yakutat, s u r f i -  

c i a 1  depos i ts  a r e  as much as 700 fee t  t h i c k  and probably o v e r l i e  

s i l t s t o n e ,  sandstone, and mudstone. The e i g h t  general ca tegor ies  o f  

mapped s u r f i c i a l  depos i ts  i nc lude  a r t i f i c i a l  fill, organic, eo l ian ,  

beach, de l ta -es tuar ine ,  a l l u v i a l ,  and outwash deposits,  and depos i ts  of  

the outer Yakutat Bay moraine complex. 



The Yakutat reg ion  i s  p a r t  o f  an a c t i v e  t e c t o n i c  b e l t  t h a t  r ims 

most o f  t h e  North P a c i f i c  Ocean. The la tes t  p e r i o d  o f  a c t i v i t y  

probably began i n  Late Mesozoic and T e r t i a r y  t ime.  Many f a u l t s  are  

a c t i v e  as i nd i ca ted  by numerous earthquakes i n  t h e  area. A few o f  

them are known t o  have broken the  ground surface i n  h i s t o r i c  t ime, 

no tab ly  t h e  nea r l y  vert ical  Fai w e a t h e r  fau? t, whose c loses t  segnient 

i s  about 33 mi les  nor theast  o f  Yakutat. Movement a l o n g  t h i s  f a u l t  

caused the  major earthquake o f  July 10, 1958 (magnitude 7.9 t o  8.0). 

The g rea t  earthquake o f  September 10, 1899 (magnitude 8.5 t o  8.6), 

probably was caused by t e c t o n i c  u p l i f t  w i t h i n  a broad area centered 

about 30 m i les  no r th  o f  Yakutat. U p l i f t  averaged between 5 and 10 fee t ;  

one small area shows u p l i f t  o f  about 47 fee t .  t h e  g rea tes t  u p l i f t  ever 

measured f o r  an earthquake sequence. A sequence o f  earthquakes i n  

J u l y  1973, centered o f fshore ,  southwest o f  Yakutat,  has been r e l a t e d  

t o  a pos tu la ted  f a u l t .  



Many earthquakes have been f e l t  a t  Yakutat since written h is tor ic  

records were f i r s t  kept. F i v e  very large earthquakes (magnitude 7.0 

to  8.6) occurred within a radius o f  80 miles from Yakutat in the period 

from 1893 through 1974. O f  these earthquakes, those of September 10, 

1899, and July 70, 1958, were the strongest,  causing some damage t o  

buildings a t  Yakutat. Earthquakes o f  equally large s i ze  undoubtedly 

will  shake the Yakutat area in the future.  

Several geologic effects  that  have characterized large earthquakes 

i n  the past  may be expected t o  accompany large earthquakes i n  the 

future. These effects  include (1) tectonic upl i f t ;  ( 2 )  severe ground 

shaking; (3)  1 iquefaction of some del ta-estuarine, a1 1 uvial , and 

fine-grained outwash deposits; ( 4 )  ejection of water and sand as 

fountains from individual c ra te rs ;  (5 )  compaction and different ial  

subsidence o f  some materials, especial l y  young and intermediate delta- 

estuarine deposits and some a r t i f i c i a l  f i l l  s ;  and (6 )  lands1 ides,  

where t e r ra in  i s  steep or where beach sp i t s  and delta-estuarine 

deposits a re  newly deposited and poorly consol i da t ed .  



Large w a t e r  waves commonly a r e  formed d u r i n g  l a r g e  coas ta l  earth- 

quakes. Tsunami ( se i sm ic  sea)  waves a r r i v i n g  from 1  arge ear thquakes-  

a t  g r e a t  d i s t ances  can be f o recas t ,  b u t  advanced warnings of l o c a l l y  

formed waves cannot be p rov ided .  To date,  t h e  h ighes t  recorded  earth- 

quake- re la ted  waves a t  Yakutat  were about 15 f ee t  h igh and occu r red  

d u r i n g  t h e  l a r g e s t  earthquake o f  the  sequence d u r i n g  September 10, 1899. 

Geologic hazards i n  the  Yakutat  r e g i o n  not n e c e s s a r i l y  assoc ia ted  

wi th  earthquakes i n c l u d e  ( 1  ) s u b a e r i a l  and submarine lands1 i d i n g ,  

( 2 )  stream f l o o d i n g  and e r o s i o n  o f  s u r f i c i a l  depos i t s ,  ( 3 )  h i g h  waves, 

and ( 4 )  g l a c i e r  advances and b reakou t  o f  g l a c i e r  dammed l a k e s .  



Recomnended f u t u r e  geologic  and geophysical s tud ies  i n  t h e  

Yakutat a r e a  and surrounding reg ion  could provide add i t i ona l  i n f o r -  

mation needed f o r  land-use pl'anning. Expansion o f  general and d e t a i l e d  

geologic  mapping and c o l l e c t i o n  o f  d a t a  on geologic  m a t e r i a l s ,  j o i n t s ,  

faults, and s t a b i l i t y  o f  s l o p e s  a r e  s t r o n g l y  recommended t o  he lp  

- d e l i n e a t e  a r e a s  o f  economic mineral d e p o s i t s ,  t o  i d e n t i f y  hazardous 

s l o p e s ,  and t o  l o c a t e  s u i t a b l e  a r e a s  for cons t ruc t ion .  There should 

be expansion o f  t h e  s t u d i e s  of ear thquakes i n  t h e  region. 

Such work might l e ad  t o  p r e d i c t i o n  of t h e  l o c a t i o n  o f  f u t u r e  l a r g e  

ear thquakes .  I n s t a l l a t i o n  o f  a d d i t i o n a l  se i smologica l  ins t ruments  

would provide information on t h e  l o c a t i o n  o f  any unknown a c t i v e  f a u l t s  

I and an index o f  t h e  o v e r a l l  t e c t o n i c  a c t i v i t y  o f  t h e  reg ion ,  

Addit ional  o f f s h o r e  geophysical s t u d i e s  a r e  needed t o  determine t h e  

n a t u r e  and p o s i t i o n  o f  f a u l t s  and t h e i r  r e l a t i o n s h i p  t o  the s t a b i l i t y  

o f  sediments on t h e  s e a  f l o o r .  Determination o f  t h e  natural  per iods  

o f  o s c i l l a t i o n  o f  Yakutat Bay and ad jo in ing  f i o r d s  a s  well as  the  nearby 

Continental  She l f  would a s s i s t  i n  t h e  p r e d i c t i o n  o f  he ights  o f  tsunami 

- and o t h e r  water  waves t h a t  might be a s s o c i a t e d  wi th  se i smic  shaking.  
a 

Other  s t u d i e s  might  c o n c e n t r a t e  on a n a l y s i s  o f  s lopes  t h a t  appear  
.". 

uns t ab l e  and poss ib ly  s u b j e c t  t o  l a n d s l i d i n g .  F i n a l l y ,  g l a c i e r s  
n 

- tha t  are (1 ) advancing r a p i d l y ,  ( 2 )  appear  1 i  ke ly  t o  form g l a c i e r -  

- dammed lakes, o r  ( 3 )  appear  s u s c e p t i b l e .  t o  sudden breakage should be 

s tud i ed .  



INTRODUCTION 

Soon a f t e r  t he  great  Alaska earthquake o f  1964, the  U.S. 

Geological Survey s t a r t e d  a program o f  geo log ic  s tudy and eva lua t i on  

of  earthquake-damaged c i t i e s  i n  Alaska. Subsequently, t h e  Federal 

Reconstruct ion and Development Planning Commission f o r  A1 aska recom- 

mended t h a t  t he  program be extended t o  o t h e r  communities i n  Alaska 

t h a t  had a h i s t o r y  o f  earthquakes, e s p e c i a l l y  those near t idewater .  

As a r e s u l t ,  Yakutat and e i g h t  o the r  communities i n  southeastern 

Alaska were selected f o r  reconnaissance i n v e s t i g a t i o n ,  Reports were 

p rev ious l y  completed f o r  the communities o f  Haines (Lemke and Yehle, 

1972a), Juneau ( M i l l e r ,  1972),  Ketchikan (Lemke, 1975), S i  t k a  (Yehle, 

1974), Skagway (Yehle and Lemke, 1972), and Wrangell (Lemke, 1974); a 

general ized reg iona l  r e p o r t  was prepared f o r  southeastern Alaska 

(Lemke and Yehle, 1972b). 

This  p re l im ina ry  r e p o r t  concerning the  Yakutat  area describes 

h i g h l i g h t s  o f  the geology and emphasizes the  e v a l u a t i o n  o f  hazards 

associated w i t h  l a r g e  earthquakes and of  o t h e r  geologic  hazards, 

i n c l u d i n g  subaer ia l  l a n d s l i d i n g ,  submarine l a n d s l i d i n g ,  and h+gh 

water waves o f  several types. These d e s c r i p t i o n s  and eva lua t ions ,  

even though intended o n l y  as p r e l i m i n a r y  and t e n t a t i v e ,  should be 

he1 p f u l  i n  some measure t o  land-use planning. 

lCompl e te  data on t i t l e s  o f  repo r t s  mentianed i n  t h e  t e x t  a r e  

g iven i n  the sec t i on  "References c i t e d . "  

6 



Values for  length, area, and volume used in the report a r e  

given i n  English u n i t s .  To convert to  metric units,  the following 

conversions may be used: . 

Multiply EnqTish u n i t s  By To obtain metric units 

fee t  ( f t )  0.3048 metres ( in)  

miles (mi) 1 .609 kilometres (km) 

square miles (mi 2, 2.590 ' square kilometres ( k m 2 j  

cubic fee t  ( f t3)  0.0283 cubic metres ( m 3 )  

cubic mile (mi3) 4.168 cubic kilometres (km3) 

Several U.S. Geological Survey col l  eagues gave assistance during 

different phases of t h e  study: R .  W .  Lemke gathered data during the 

i n i t i a l  phase o f  the work; George P l a f k e r  and A u s t i n  Post ,  and 

W e  H.  Gawthrop and R. A. Page, contributed information on regional 

geology and seismicity,  respectively; R .  C .  Trumbly, E .  E. McGregor, 

and P. S. Powers analyzed samples; Meyer Rubin dated wood and shell  

samples by radiocarbon methods; R .  P. Maley and B. L .  S i lverstein 

furnished information on earthquake-detection instruments; and 

V .  K. Berwick and S .  t- Obernyer prepared d a t a  on water wells and 

t e s t  borings. Infomation also was obtained through interviews and 

through correspondence with residents o f  Yakutat and with Federal, 

State,  and c i ty  o f f i c i a l s  who were familiar with the Yakutat area. 

Especially acknowledged i s  the help of Byron Mal lo t t  and John Williams, 

former Mayors o f  Yakutat; personnel of the Alaska Departments o f  

Highways and Game and Fish; the U.S.  Forest Service; and the U.S. 

Bureau of Pub1 i c  Roads. 



GEOGRAPHY 

Yakutat l i e s  a t  59'33' N. l a t  and 13g044' W .  long; i t  i s  s i t u a t e d  

on t h e  shore o f  Monti Bay, a long an o u t e r  p a r t  o f  Yakutat Bay, about 

225 m i l es  northwest o f  Juneau, Alaska ( f i g s .  1; 2, in pocket).  For 

purposes o f  d i scuss ion  i n  thi ;  r epo r t ,  the  Yakutat reg ion  i s  defined 

as extending t o  the  boundaries shown i n  f igure 3, and t h e  Yakutat area 

i s  defined as extending t o  t h e  boundaries shown i n  f i g u r e  2, encompass- 

i n g  most o f  *the 8-5 and C-5 quadrangles. Four p r i n c i p a l  concent ra t ions  

of popu la t ion  e x i s t  i n  t h e  area: (1) a t  Upper Yakutat, centered near 

the head o f  Monti Bay and con ta in ing  the  c i v i c  center  o f  Yakutat; 

( 2 )  a t  Lower Yakutat o r  Old V i l l a g e ,  centered about 1 m i l e  t o  the 

northwest; (3 )  near the  a i r p o r t ;  and ( 4 )  near Ocean Cape (McCabe, 1971; 

Sealaska Corporat ion, 1973). Landscape i n  the reg ion  near Yakutat i s  

charac ter ized by the  spectacular  peaks o f  the Sa in t  E l i a s  Mountains, 

which rise above l a r g e  g l a c i e r s  and i c e f i e l d s ,  and by Yakutat Bay 

and i t s  connect ing waterways. Close t o  the c i t y  t he  major geographic 

features i nc lude  (1 ) t he  low h i 1  1s and smal l  lakes  o f  t h e  end and 

recess iona l  moraines t h a t  r i m  o u t e r  o r  lower Yakutat Bay; and ( 2 )  the  

nea r l y  f l a t  p l a i n  of outwash deposi ts  and shal low-water  marine deposits, 

p a r t  of t he  Yakutat Foreland, extending f rom the c i t y  t o  the  Gulf  o f  

Alaska where the re  a re  several  types o f  shore fea tu res .  



Figure 1 .--Index map o f  southeastern Alaska and adjacent  Canada 
showing location of Yakutat.  



Land near  Yakutat  has been s u b a e r i a l l y  exposed f o r  o n l y  a rela- 

t i v e l y  s h o r t  p e r i o d  of  t i m e  ( B i l l i n g s ,  1970, p.  7 ) .  Land formed 

d i r e c t l y  f rom g l a c i e r s  p robab ly  i s  no o l d e r  t han  about  500 t o  600 

years .  Some l a n d  has emerged above t i d a l  l e v e l s  w i t h i n  o n l y  t h e  last 

severa l  hundred years ,wh i le  o t h e r  areas, n o t a b l y  t h e  o l d e r  beaches 

and d e l t a s ,  m igh t  have had t h e i r  beginn ings as l o n g  ago as severa l  

thousands o f  years. 
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GLACIATION AND ASSOCIATED LAND- AND SEA-LEVEL CHANGES 

Glaciers i n  the  Yakutat region were vast ly  expanded on several  

occasions du r ing  t he  Pleistocene Epoch; during the Holocene Epoch 

they were moderately expanded a t  l e a s t  several times. Most evidence 

of glacia l  erosion and deposition i s  ob l i t e ra ted  by l a t e r  g lacia l  

advances, especia l ly  i n  lowland areas .  In a few places along mountain 

vall  eys and mountain f r o n t s ,  however, evidence i s  preserved t ha t  i s  

thought t o  be a record o f  glacia l  events ra ther  than other  processes, 

such as tec ton ic  u p l i f t .  Such places a r e  the  prominent, r e l a t i ve ly  

gently sloping topographic surfaces a t  about 1,600 t o  2,000 f ee t  a l t i -  

1 
tude along the s teep mun ta in  f ron t  between Yakutat Bay and Russell 

1 Fiord and a t  about 1,200 t o  1,500 f e e t  a1 t i  tude southeast  of Russell 

Fiord. These surfaces probably a t t e s t  t o  the  importance of g lacia l  

erosion in sculpt ing the mountains northeast of Yakutat. Surfaces a t  

I lower a l t i t udes  'along t h e  mountain f ron t  may owe t h e i r  o r ig in  t o  

glacia l  erosion, g lac ia l  deposit ion,  or wave act ion.  
1 



Glac ia l  d r i f t  d e p o s i t s  are abundant on t h e  f l o o r  o f  Yakutat Bay 

and a long  a d j a c e n t  low7and a r e a s  and have been s t u d i e d  by several 

i n v e s t i g a t o r s  (Ta r r ,  1909; Pl afker and Mi 11 er, 1958; Mil 1 er, 1961 ; 

Plafker, 1967; Wright, 1972) .  A t  least  t h r e e  groups o f  moraines,  and 

poss ib ly  a f o u r t h ,  have been recognized.  The group of moraines looping 

a long  t h e  s o u t h e a s t  side o f  t h e  o u t e r  p a r t  o f  Yakutat Bay i s  subaer-  

i a l  l y  t h e  most prominent o f  t he  groups. I t  probably was depos i t ed  

about  500 t o  600 y e a r s  ago, accord ing  t o  i n t e r p r e t a t i o n s  o f  several 

radiocarbon d a t e s .  (See d i s cus s ion  of o u t e r  Yakutat Bay moraine 

complex i n  s e c t i o n  c a l l e d  "Descr ip t ion  of geologic  map units.") 

The most r e c e n t  major g l a c i a l  even t  i n  t h e  r eg ion  was the sudden 

breakup o r  r e t r e a t  i n  the mid-1800's of a g l a c i e r  i n  sou the rn  Russell 

Fiord t h a t  fronted southward i n t o  a l a r g e  l a k e  abou t  20 m i 2  i n  size 

and having a maximum depth  of about  1,000 feet. The lake appa ren t ly  

drained suddenly as t h e  g l a c i e r  r e t r e a t e d .  These combined e v e n t s  

d r a s t i c a l l y  reduced t h e  f low of t h e  S i t u k  River  ( f i g .  2 )  (de  Laguna, 

1964, p. 17) .  Before t h e s e  e v e n t s ,  t h e  r i v e r  c a r r i e d  the ou t f lo*  o f  

t h e  dammed 1 ake. 

Numerous g l a c i e r s  and i c e f i e l d s  s t i l l  e x i s t  i n  the region. 

Although most of these f e a t u r e s  a r e  i n  a s t a t e  of nea r  equi l ibr ium 

or a r e  mel t ing  o r  o the rwi se  r e t r e a t i n g ,  s eve ra l  g l a c i e r s  a r e  advancing. 
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G - = ? r y * -  - expansion and contraction of which affects sea level through: 

A -  - -  
6dt the world a; we1 1 as locally; other causes are considered below. 

. - - - - -  

~ R I  ksiiht o f  thick glaCial i c e  depress6s land; 500 feet of ice, 
A 0 $ ' $ - - ^ -  

- - -  - .  
tRei3retically, is capable o f  causing a land depression o f  136 f e e t  
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(iOi6ii)EFij; i&i ; 6 .  1;i). ~ 6 1  ting of it8 &use; land to slowly 
- -  - - - .  

w88bfid: however; i n  most areas there i s  a €ime lag bitwein me1 ting ind 
.. ,- - ? -  7 ,.- . -  - - -  - . . A  

F r  - - +  - - A ~866diid; and thus marine waters temporarily may occupy low areai. € i ch  
- .  - - - -  - > 

. . - - * . -  - - -  
a '- u i i e  of ~ l i i i a i  advance and retreat, theoretically, i s  accompanied by 

.- - . -  
a relitive subsidence and then an emergence o f  land. 



Other poss ib le  causes f o r  the  r e l a t i v e  emergence of land near 

Yakutat a re  n o t  r e l a t e d  t o  d e g l a c i a t i o n  b u t  are related t o  a c t i v e  

t e c t o n i c  movements, presumably n o s t l y  u p l i f t ,  which r e s u l t  from 

re lease o f  s t resses deep w i t h i n  t h e  western p a r t  o f  t h e  North American 
I 

Cont inent  and t h e  ad jacen t  P a c i f i c  Ocean. 

The most recent  sudden t e c t o n i c  up1 i f t  i n  the reg ion  r e s u l t e d  i n  

a l a r g e  zone o f  emergence having an average u p l i f t  of about 5 t o  10 

f e e t  and maximum u p l i f t  a t  t he  sur face o f  about 47 f ee t .  Th is  va lue was 

recorded about 32 m i les  no r th  of Yakutat  a f t e r  the earthquakes o f  

September 1899 (Ta r r  and Mar l in ,  1912; P la fker ,  1974). Tectonic up1 i f t  

probably i s  t h e  cause o f  most o f  t he  r e l a t i v e  emergence o f  the promi- 

nent  surfaces mapped by M i l l e r  (1961 ) a long t h e  mountain f r o n t  east- 

nor theast  and east  o f  Yakutat. 

Measurements o f  t he  r e l a t i v e  emergence o f  l a n d  a t  Yakutat i n d i c a t e  

an average emergence o f  0.21*0.02 i nch  per  year, on t h e  bas i s  o f  readings 

o f  t he  Yakutat t i d a l  gage du r ing  the  pe r iod  1940 through 1972 (Hicks 

and Crosby, 1974). Using t h a t  value and p r o j e c t i n g  i t  t o  a  50-year 

period, t he re  i s ,  i n  theory, a poss ib le  emergence o f  10.5 inches, which 

could r e s u l t  i n  50 f e e t  o f  new land where shore areas s lope very  

g e n t l y  (1  O, 1.75 percent ) .  



DESCRIPTIVE GEOLOGY 

Regional s e t t i n g  

I Several reconnaissance as w e l l  as detailed studies have been 

9 
completed t h a t  deal w i t h  various aspects o f  the geology o f  the Yakutat 

J region. Of primary importance are repor ts  by Tar r  ( 1 9 0 9 ) ,  Tarr  and 

1 B u t l e r  (1909), Plafker and M i l l e r  (1957, 1958), M i l l e r  (1961), 
d 

P l a f k e r  (1967, 1971), Stoneley (1967), and MacKevett and P la fker  

I (1970). D i s t r i b u t i o n  o f  major groupings o f  bedrock and general ized 

loca t ions  o f  major f au l t s  i n  the region, as shown i n  f i g u r e  3, are  
7 
.,I based on these reports.  Consideration o f  s t ruc tu re  i s  given i n  the 

1 section "S t ruc tu ra l  geology. " 



Figure 3.--(See following page for caption.)  - 
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DESCRIPTION OF MAP U N I T S  

Qh HOLOCENE DEPOSITS--Alluvial, glacial, lacustrine, swamp, 
landslide, and beach deposits .  

uT UPPER TERTIARY ROCKS--Mostly siltstone, sandstone, and 
conglomeratic sandy mudstone (marine tillite). 

1T LOWER TERTIARY ROCKS--Probably chiefly arkose, siltstone, 
coal, and some sandstone. 

uMz, CRETACEOUS AND UPPER JURASSIC(?) ROCKS--1nterbedded graywacke, 
siltstone, conglomeratic sandstone, conglomerate, and 
greenstone. 

I PP PERMIAN AND PENNSYLVANIAN ROCKS--Probably chiefly slate, 
phyllite, mica schist, migmatite, amphibolite, greenschist, 
and marble. 

I Pz PALEOZOIC ROCKS--Mostly marble, metavolcanics, and mica schist. 

Tg TERTIARY G R A N I T I C  ROCKS--Mainly quartz diorite, granodiorite, 
and quartz monzonite. 

' um ULTRAMAFIC ROCKS OF UNCERTAIN AGE--Probably mostly dunite, 
serpentinized dunite, and peridotite. 

SYMBOLS 

- Contact between map units. 

I . .  Major fault, approximately l o c a t e d ;  d o t t e d  where 
concealed, inferred,  o r  p o s t u l a t e d .  

.. .... Glacier 

EA Lake 

--*--- Stream 

Figure 3.--General geologic map of Yakuta t  region, Alaska. (Modified 
from R i c h t e r ,  1958, p .  5 9 9 ;  Plafker ,  1967,  1974;  MacKevett and 
Plafker, 1970; Beikman, 1 9 7 4 :  and Page, 1 9 7 5 ) .  



The known bedrock exposures c loses t  t o  Yakutat a re  a t  the abrupt  

mountain f r o n t ,  about 15 m i les  nor theast  o f  t he  c i t y .  These rocks are  

p a r t  of t h e  Yakutat Group o f  Cretaceous and Upper Jurass ic (?)  age that  

inc ludes several  types o f  i nterbedded , hard, general ly metamorphosed 

sedimentary and vo lcan ic  rocks ; namely, graywacke, s i  1 tstone, conglom- 

e r a t i c  s i l t s t o n e ,  conglomerate, and greenstone. Beneath the t h i c k  

unconsolidated'Ho1ocene deposi ts  forming the Yakutat Foreland a re  

T e r t i a r y  sedimentary rocks penetrated by exp lo ra to ry  t e s t  w e l l s  dur ing  

o i l  exp lo ra t i on  (P la fker ,  1967). These rocks probably are  s i m i l a r  t o  

rocks exposed west o f  Yakutat Bay, where the re  a r e  moderately s o f t  

s i l  t s tone  and sandstone, and var ious types o f  mudstone. The thickness of 

s u r f i c i a l  depos i ts  and depth t o  bedrock a t  Yakutat probably average 

more than 335 f e e t ,  because t h e  c i t y  water we l l  d r i l l e d  t o  t h a t  depth 

d i d  n o t  reach bedrock ( V .  K. Berwick, w r i t t e n  comun., 1965); depth t o  

bedrock near t h e  a i r p o r t  may be more than 700 f e e t  ( 0 .  L. S i l v e r s t e i n ,  

w r i t t e n  commun. , 1975). 



Local geologic setting 

The reconnaissance geologic map (fig. 4, in pocket) prepared for 

this report shows the distribution o f  geologic materials in the Yakutat 

area. Materials were examined in reconnaissance near roads, along some 

trails ,  along the Gulf of Alaska or outer coast, and along the northern 

and southern ends o f  Khantaak Island. Elsewhere, information was 

obtained largely by interpretation of airphotos, supplemented by data 

from borings for water wells and highway locations (U.S. Army Corps of 

Engineers, 1959; Franklet, 1970; U.S. Bureau of Pub1 ic Roads, written 

commun., 1962). Seventeen types of geologic materials in eight cate- 

gories of map units were recognized and mapped. Units are artificial 

fill, two types of organic deposits, eolian sand deposits, three types 

o f  beach deposits, four types of delta-estuarine deposits, three types 

of alluvial deposits, two types of outwash deposits, and deposits o f  

the outer Yakutat Bay moraine complex. Detailed descriptions of the 

geologic materials composing the map units follow. Information on 

selected characteristics and physical properties of deposits is given 

in table 1. These include slopes, permeability, surface drainage, 

ground-water level, compactness, and frost susceptibility. Table 2 

1 ists the sui tabi 1 i ty of deposits for selected construction purposes; 

namely, as construction aggregate, as fill, and as foundations for 

roads and large structures. 
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Table 1. --Characterist ics of  geologic map unf ts--dent inued 

Permeability; surface 
Geologic u n i t  drainage Frost sus- 
and map symbol Slopes ground water l eve l  Compactness cep t ib i l  ity 

ta' 
Young Gentle t o  nearly f l a t .  
beach 
deposits 

b,i 
i n t e r -  
mediate 
beach 
deposits 

f! 

Lo 
old 
beach 
deposits  

young 
de l t a -  
estuarine 
deposits  

a 
intermediate 
de l t a -  
estuarine 
deposits 

Gentle t o  local ly  
moderate, espe- 
c i a l l y  i n  d i -  
rec t ion  perpen- 
d icu la r  t o  
shore. 

Gentle t o  moderate. 

Very gen t l e  t o  
nearly f l a t .  

Very gentle except 
along stream 
banks where 
gentle t o  moderate- 
l y  steep. 

Excellent; drainage excel lent ,  Moderately firm Not applicable. 
dependent upon t i d a l  s tage.  t o  loose, ex- 

cept very loose 
where newly de- 
posited, as near 

' ends o f  l eng th -  
e n i n g  sp i t s .  

Excellent; drainage excel lent ;  Moderately firm. Very low. 
water table  probably a t  
depth of 5-10 f t .  

Excellent; drainage excel lent ;  Moderately firm. Very l o w .  
water tab le  probably a t  
depth of 5-15 f t .  

Fa i r ;  drainage f a i r  t o  good Very loose. Not applicable.  
dependent upon stage of 
t i d e .  

Fair  t o  good; drainage 
f a i r ;  water t ab le  
w i t h i n  several  inches 
t o  a few f ee t  of 
surf  ace, 

Loose. Very high. 



Table  1 . - -Charac ter i s t ics  of geologic  map units--Continued - 
Permeabi l i ty ;  s u r f a c e  

F ros t  sus-  Geologic unit dra inage  
and map symbol Slopes  ground water  l e v e l  Compactness c e p t i b i l i  t y  

-- 

do - 
o l d  d e l t a -  Gentle. 
e s t u a r i n e  d e p o s i t s  

Probably good t o  f a i r ;  d ra inage  Probably v a r i e s  Moderate t o  
probably good; ground water  from somewhat low, 
probably more than  5 f t  l o o s e  t o  
b e n e a t h  s u r f a c e ,  except  shal- moderately 
lower near  margin of f i r m .  
d e p o s i t s .  

ds - 
- clayey silt General ly  exposed Extremely low; o t h e r  a s p e c t s  Dense. Not a p p l i c a b l e .  

d e l t a - e s  t u a r i n e  o n l y  i n  s t ream no t  a p p l i c a b l e  because of 
d e p o s i t s  cu t s ,  most of i n t e r t i d a l  p o s i t i o n .  

N 
ru which are mod- 

e r a t e l y  s t e e p .  

a c  - 
coarse-  
grained 
alluvial 
d e p o s i t s  

a f - 
f i n e -  
gra ined  
a l l u v i a l  
deposits 

Mostly g e n t l e ;  l o c a l l y ,  Moderately good; d ra inage  most- Loose. 
moderately s teep ly good except in some former 
along margfna of stream channels  where poor; 
some s t reams and be- water  t a b l e  w i t h i n  a  f e w  f e e t  
tween s t ream channels .  of s u r f a c e .  
Steep a long  shores 
of Yakutat Bay. 

Mostly g e n t l e ;  mod- Probably f a i r  t o  good; d ra inage  Mostly l oose .  
e r a t e l y  s t e e p  a long  f a i r ,  except  poor along f l o o r s  
some streambanks of abandoned stream channels  ; 
and between some water  t a b l e  within a few 
stream channels  of i nches  t o  a few f e e t  of sur- 
d i f f e r e n t  ages.  S teep  f ace .  
a long s h o r e s  of 
Yakutet Bay. 

Moderately h igh .  

High. 
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Table 1. --Characterist ics of geologic map uni t s - - ~ o n t f  nued' 

Permeability; surface 
Geologic un i t  drainage Frost sus- 
and map symbol Slopes ground water level Compactness ceptibility 

. as 
old  
a1 luvial  
deposits  

02 
coarse 
outwash 

O,f 
f i n e  
outwash 

m_ 
outer 
Yakutat Bay 
moraine 
complex 

Gentle t o  very gent le .  Probably f a i r ;  drainage f a i r ;  Loose t o  somewhat Moderately 
water t ab le  within a few , firm. high. 
inches t o  a few f ee t  of 
surf ace. 

Gentle t o  moderately Excellent; drainage very good Loose. 
steep a long  margins except local ly  where minor 
of active swales poorly drained (much 
and a~andoned drainage i s  subsurface) ; 
channels. ground-water level  within 

several feet t o  15 fee t  
of surface.  

Gentle. 

Low, but lo- 
cal ly  mod- 
erate, 
close t o  
moraine 
where some 
s i l t  
probably 
present. 

Probably good t o  excel lent ;  Generally loose. Low t o  
drainage good; ground-water moderate. 
level  probably within a few 
t o  several  f e e t  of surface. 

Possibly averages Probably averages moderate, Varies widely Moderate, lo-  
moderately but var ies  widely from poor, from deposit ca l ly  high.  
steep, but  (where s i l t - r i c h )  t o  very t o  deposit ,  
widely variable, good {where sandy till and ranging from 
ranging from ice-contact deposits  abun- firm t o  
gentle t o  lo- d a n t ) ;  drainage var iable  loose. 
cal ly  very steep. from good t o  poor; water 

t ab le  var iable  and within 
a few fee t  of surface i n  
many places.  



Table 2.--Suitability -- of geologic map units for certain construction purposes __ ____- ____-_-- 

Geologic unit Construction Foundat ion for roads 
and map s p b o l  aggregate Fi 11 and large structures 

I - 
artificial 
fill 

WC 
organic 
deposits 
underlain 
by coarse- 
grained 
deposits 

wf 
organic 
deposits 
underlain 

2 by f ine-  
grained 
deposits 

B 
eolian sand 
deposits 

Not app 1 icab le . Not applicable. Not applicable.  

Unsuited. Unsuited. 

Unsuited. 

Limited suit- 
ability be- 
cause of 
lack of 
coarse-sized rock 
fragments. 

Unsuited. 

Fair. 

~ e n e r a l  ly unsuited unless 
overlain by f i l t e r  
blanket and several 
feet of granular fill. 

Unsuited unless overlain 
by filter blanket and 
many feet of granular 
fill. 

Excellent where thick, 
shore position 
probably not appro- 
priate for some 
uses I 



Table 2.--Suitability _ _ _ ._ of geoloxic _ _ _  - _ _ _ -  map units for _ certain _ _  construction purposes --Continued 

Geologic unit Construction Foundat ion for roads 
and map symbol aggregate Fill and large structures 

dl! 
young delta- 
estuarine 
deposits 

d l  
intermediate 
delta- 
estuarine 
d e p o s i t s  

IU dl! 
old delta- 
estuarine ' 

deposits 

Unsuited. 

Generally poorly 
suited because 
of relative 
lack  of coarse- 
grained rock 
fragments and 
abundance of 
fines . 

Probably poorly 
suited because 
of probable 
low content of 
coarse-sized 
m a t e r i a l .  

General ly 
unsuited. 

Poor. 

Poor. 

Unsuited. 

poor to fair. 

Good t o  fa ir .  



Table 2. --Suitability pf g e o l s i c  ?lap- _ulli_t_s f o r  construction purposes --Continued I 

Geologic u n i t  Construction Foundat ion for roads 
and map symbol 

~ 
aggregate F i l l  and large structures 

hY 
young 
beach 
deposits 

& 
inter- 
mediate 
beach 
deposits 

b9 
old 
beach 
depos'i ts 

Limited 
suitability 
depending 
upon %,of 
appropriate 
grain s i z e s  

Limited s u i t -  
ability be- 
cause of 
general 
lack of 
coarse-sized 
rock 
fragments .  

Limited suit- 
ability be- 
cause of 
genera 1 
lack of 
coarse-sized 
rock 
fragments. 

Generally good, 
very good 
where full 
range of rock- 
fragment 
sizes 
present. 

Good. 

Fair to good. 

Excellent, but shore 
position not appro- 
priate for some 
uses. 

Limited suitability 
where less than 
5 ft thick; excel lent  
where thicker. Posi- 
t i o n  along outer 
coast not appropriate 
for some uses.  

Generally excellent. 



Table 

Geologic unit Construction Foundation for roads 
and map symbol aggregate Fill and large structures 

d_s 
clayey silt 
delta- 
estuarine 
deposits 

coarse- 
grained 
alluvial 
deposits 

a_f , fine- - grained 
alluvial 
deposits 

a_o 
old 
a1 luvial 
deposits 

Unsuited. 

Good to 
excel lent. 

General ly 
poor, 
locally 
good. 

Probably 
good. 

Unsuited. 

Excellent. 

Poor to good. 

Excellent. - 

Poorly suited because 
of exposure to sea 
and very high % of 
fine-grained 
constituents. 

Generally good, poor 
where water table 
high and wet 
abandoned stream 
channels e x i s t .  

Fair to poor. 

Fair to good. 



Table 2.--Suitability - -  ofgeologic map units for certain ~construct~i~on~~rpoOs~s--Continued - - - - - - - 

Geologic unit Construction Foundation for roads 
and map symbol aggregate Fill and large structures 

% - .  02 

coarse 
outwash 

of 
f ine  
outwash 

m - 
outer 
Yakutat Bay 
moraine 
complex 

Generally 
excellent 
after re- 
moval of 
cobbles . 

Good t o  
locally ex- 
cellent where 
some pebbles 
present in 
the sand. 

Generally poor ; 
locally, 
exce 1 1 ent 
when screened. 

Excellent. 

Excellent. 

Very good. 

Excellent. 

Good to excellent 
where water table 
at least several 
feet deep. . 

Very good except 
where drainage 
poor and directly 
exposed to sea. 



Description of geologic units 

Artificial fill 

This unit, designated - f on the qeologic map, includes the larger 

areas of fill and also most o f  the areas o f  ground extensively modified 

during construction. Materials chiefly consist o f  pebble gravel and 

sand,.some silty, pebbly sand, and cobbles. The thickness ranges from 

2 to 30 feet. Many of the active and abandoned borrow pits used as 

sources o f  fill and construction aggregate are shown on the map, 

Locally, materials probably have been obtained from intertidal areas, 

but evidence of such exploitation is quickly obliterated by the action 

o f  longshore currents and waves. 



Organic depos i ts  

Areas t h a t  were i n t e r p r e t e d  us ing  a i rphotos  as being wet and 

con ta in ing  considerable amounts o f  o rgan ic  m a t e r i a l s  a r e  placed i n  , 

t h i s  map u n i t .  Ma te r i a l s  probably a r e  der ived f rom the  decomposit ion 

o f  small woody p lan ts ,  mosses, and sedges and other w a t e r  p lan ts .  

Areas denoted as marshes and swamps on t h e  publ ished topographic map 

de l i nea te  o n l y  a p a r t  o f  the  t o t a l  area o f  mapped organic deposi ts .  

Thickness o f  deposi ts  probably i s  between 2 and 5 f e e t .  The area 

covered by organic deposi ts  has been broken down i n t o  two subuni ts  

t h a t  i n t e r p r e t  the  type o f  under l y ing  m a t e r i a l ,  Mapped subun i t  wc 
i s  thought t o  be under la in  c h i e f l y  by coarse rock  fragments; namely, 

sandy pebble gravel or s i l t y ,  sandy pebble grave l  deposited by streams. 

Cobbles form a p a r t  o f  t he  cons t i t uen ts  near the ou te r  Yakutat Bay 

moraine. Near the a i r p o r t  and northeastward, t h e  subun i t  merges 

w i t h  mapped subuni t  - w f .  This  l a t t e r  subun i t  i s  de f i ned  as organic 

depos i ts  under1 a i  n  by f i ne- grained, stream-deposi t ed  ma te r ia l s  , 

c h i e f l y  sand and s i l t y  sand, l o c a l l y  i n c l u d i n g  s i l t .  The s i l t  

probably owes i t s  o r i g i n  t o  wind and subsequent depos i t i on  i n  q u i e t  

waters o f  ponds, small lakes, and former t i d a l  lagoons. 



Eo l ian  sand deposi ts  

The eo1 i a n  deposits,  designated g on t h e  geologic map, are  

composed o f  windblown sand, most ly  i n  t h e  form o f  dunes. P r i n c i p a l  

l oca t ions  a r e  near the  es tuary  o f  t h e  S i t u k  River .  Deposits probably 

range from 5 f e e t  t o  as much as 20 fee t  t h i c k .  The under ly ing  

ma te r ia l s  may inc lude  a t  l e a s t  two types of  de l ta -es tuar ine  deposi ts .  

Eo l i an  sand merges l a t e r a l l y  v i t h  mapped young beach and d e l t a -  

es tuar ine  depos i t s  . 

Beach deposi t s  

Three subuni ts  o f  beaches a re  shown on the  geologic map on t h e  

bas is  o f  d i f f e rences  i n  age. The f i r s t  subuni t ,  young beach deposi ts ,  

designated &, includes m a t e r i a l s  between t h e  1 i n e  of mean lower low 

water and t h e  berm o f  the storm beach. Along most o f  t he  ou te r  coast  

near the  Gu l f  o f  Alaska, these young deposi ts  cons is t  o f  sand and some 

pebbly sand, w h i l e  a long t h e  remainder of t h e  g u l f  and among t h e  

is lands,  bays, and coves of Yakutat Bay, deposi ts  consist ,  o v e r a l l ,  o f  

mixtures of sandy, pebbly cobk.le gravel  w i t h  some boulders and d r i f t -  
.. - . . 

wood. Areas t h a t  c o n s i s t  most ly  of sand are  symbolized '- ., , and areas 

t h a t  cons is t  of abundant cobbles, boulders, and pebbles and some d r i f t -  

wood are  symbolized w $ ,  . Ttiickness o f  t he  deposi ts  probably averages 
J 

7 f e e t  and ranges from a few f e e t  t o  10 feet.  These depos i ts  c h i e f l y  

o v e r l i e  deposi ts  of t h e  ou te r  Yakutat Bay moraine complex and, i n  p a r t ,  

t h e  c layey s i l t  subun i t  o f  d c l  ta -es tuar ine  deposi ts .  



The second subuni t  o f  beach deposi ts ,  designated - b i  on t h e  

geologic map, i s  in termedia te  i n  age. I t  cons is ts  o f  sand and same ' ?  

pebbly sand; deposi ts  extend along t h e  coast of the  Gulf of Alaska. 

Thickness o f  t he  deposi ts  probably averages 15 f e e t  and ranges f rom ' 

5 t o  20 fee t .  General ly,  moraine deposi ts  o r  c layey s i l t  o f  t h e  de l ta -  

es tuar ine  depos i ts  under1 i e  these beaches, b u t  near Aka and Sumni t 

Lakes they probably a re  under la in  by in termedia te  o r  o l d e r  d e l t a -  

es tuar ine  deposi ts .  A t imbered mound area charac ter izes  most o f  t he  

deposits;  more prominent l i n e a r  r i dges  on the  mound are  symbolizedA..+.-+, 

and some c r e s t s  are  as much as 15 f e e t  above adjacent  pa r t s  o f  the 

deposits.  O r i g i n  and emergence o f  t he  in termedia te  beaches probably 

occurred most ly  f o l l o w i n g  format ion o f  t he  ou te r  Yakutat Bay moraine. 

The t h i r d  subuni t  of beaches t h a t  has been recognized and mapped i s  the 

o l d  beach deposits,  designated - bo on t h e  geologic map. The deposi ts  are 

composed o f  sand and pebbly sand; th ickness probably averages 15 f e e t  

and ranges from 5 t o  20 feet.  These form a  se r ies  of low, g e n t l y  slop- 

ing ,  t imbered r i dges  t h a t  a re  i n l a n d  from in termedia te  beaches near 

Tawah Creek and Lost  and S i tuk  Rivers.  The more pronounced i n d i v i d u a l  

r i dges  a re  symbol i zed  . .... . . Crests of some r i dges  probably r i s e  t o  

as much as 20 f e e t  above adjacent p a r t s  o f  t he  deposi ts .  The underly- 

i n g  geologic m a t e r i a l s  a re  poss ib l y  t h e  c layey s i l t  subuni t  o f  the 

del ta -es tuar ine  deposi ts .  Formation o f  the o l d  beach deposi ts  probably 

was l a r g e l y  completed a few thousand years before  development of t h e  

beach deposi ts  of in te rmedia te  age. 



Del ta-estuarine deposits 

Four subunits of de l ta  and estuarine deposits are  recognized and 

shown on the geologic map on the basis of apparent differences in age. 

The - f i r s t  subunit, Q on the geologic map, i s  the young deposits. I t  

comprises the active de l t a s  and estuaries  of L o s t ,  Situk, and Ahrnklin 

Rivers. Geologic materials a re  chiefly s i l t y  sand o r  f ine  sand; these 

a r e  symbol i ted t .  . Thickness of the deposits possibly averages 

20 feet ,  ranging from 15 t o  50 feet.  Merging with these deposits a re  

young beach and intermediate delta-estuarine deposits; underlying the 

deposits are  sediments o f  older cycles of delta-estuarine deposition. 

The second subunit i s  the intermediate delta-estuarine deposits, 

designated - di .  They form a small, low-relief plain inland from deposits 

o f  the f i r s t  subunit and generally are  located near Tawah Creek and 

Lost, S i  t u k ,  and Ahrnkl i n  Rivers. Geologic materials a re  1 argely sand 

and include some s i l t  and small pebbles. Thickness of the deposits 

possibly averages 20 f e e t  and ranges from 10 to 40 f ee t .  Most mapped 

deposits are  timbered. Organic deposits wf local ly  overlie intermediate 

del ta-estuarine material s t o  thicknesses exceeding 2 fee t .  Several such 

areas a re  near the airport .  Toward the outer shore intermediate 

deposits merge with young delta-estuarine deposits, and landward they 

merge very gradually with a l luvia l  and some outwash deposits. The  

origin and emergence of these intermediate del ta-estuarine deposits 

probably followed development of the outer Yakutat Bay moraine complex. 



The t h i r d  subuni t ,  o l d  de l ta -es tua r ine  deposits,  designated - do, 

occurs near Ophir Creek and the  S i t u k  River .  Const i tuents  probably a re  

most ly  sand and inc lude  some pebbles and s i l t .  To ta l  th ickness 

poss ib l y  i s  30 f e e t .  The depos i ts  appear t o  form low mounds r e l a t e d  

topographical l y  t o  the  in termedia te  del ta -es tuar ine  deposi ts ,  Some 

l i n e a r  r i dges  a r e  present w i t h i n  the  area o f  the deposits. These a r e  

symbolized .--.-...: . The deposi ts  a re  o l d e r  than t h e  in termedia te  deposi ts  

and probably o r i g i n a t e d  a few thousand years ago from l i m i t e d  wave 

a c t i o n  on coarse-grained de l  t a  deposits.  

The f o u r t h  subuni t  o f  de l  ta -es tuar ine  deposits, designated - ds on 

t h e  geologic map, i s  composed of f i r m  c layey s i l t  exposed on the  i n t e r -  

t i d a l  shore area between mean lower low water and several fee t  above 

mean h igh  water i n  the  estuary of Los t  R ive r  and southeastward. The 

g rea tes t  observed thickness of t h e  depos i t  i s  about 7 feet.  In t h e  

upper p a r t  o f  one exposure of t he  deposi t ,  lenses o f  pebbly s i l t  

inc luded marine mol lusk s h e l l s  and some fragments of wood. Although 

the  r e l a t i o n s h i p  of t he  f o u r t h  subun i t  t o  o the r  depos i ts  i s  n o t  c lear ,  

i t  i s  speculated t h a t  t h e  subun i t  under l i es  much o f  t h e  southern p a r t  

o f  t he  map area a t  a  depth of from 50 t o  a few hundred f e e t  and i s  

s i m i l a r  t o  marine deposi ts  t h a t  probably u n d e r l i e  much of t he  ou te r  

Yakutat Bay moraine complex. The age o f  a t  l e a s t  a  p a r t  of t h e  c layey 

s i l t , a s  i n t e r p r e t e d  from a radiocarbon date  on marine s h e l l s  (loc. 0 

on the  geologic map), i s  about 2,180k250 years before the  present  (U .S.  

Geol . Survey sample W-2598; Meyer Rubin, w r i t t e n  cornmun., 1971 ). 



A1 1 uvi a1 deposits 

Geologic materials ~ ~ o s i n 9  the alluvial  deposits a re  located 

chiefly near the Situk River; they consist  of pebble gravel, sand, and 

some cobble gravel, the percentage of sand increasing toward the south.  

Deposits a re  i n  beds a s  much as  several feet  thick. Thickness o f  the 

deposits may average 25 feet b u t  varies greatly;  the maximum probably 

i s  as much as 100 fee t .  Organic materials locally overlie alluvial  

deposits. A1 1 uuial deposits probably over1 i e  del ta-estuarine deposits. 

Larger a l luvia l  deposits merge toward the present shore of the Gulf of 

A1 aska w i t h  del ts-estuar i  ne deposits and merge very gradual l y  away 

from shore w i t h  outwash deposits.  A1 luvial sediments originate by 

deposition from streams; most sediments are n o t  direct ly  related to 

glacier  melting but do include large quantit ies of reworked glacial  

outwash. Three s u b u n i t s  of al luvial  deposits a re  recognized on the 

basis o f  differences i n  grain s i ze  and age. The f i r s t  subunit i s  

coarse grained and designated ac on the geologic map. I t  i s  composed 

mostly of pebble gravel and includes some sand, cobbles, and s i l t y  

sand in abandoned stream channels. The materials of the subunit merge 

gradually with those of the second subunit, which i s  f ine  grained and 

designated af on the map. Geologic materials of th i s  subunit are  

mostly sand and include some pebble gravel and s i l t .  A few small 

deposits a re  mapped near the shores o f  Yakutat Bay. The third subunit, 

the oldest ,  i s  designated s; i t  probably i s  composed of sand and 

s i l t y  sand tha t  includes sandy pebble gravel near i t s  base. The deposits 
a re  related mostly to streams draining f rom the glacier-dammed lake t h a t  
existed in the southern p a r t  of present Russell Fiord until the mid(?)-1800's. 

35 



Outwash depos i ts  

M e l t i n g  and r e t r e a t  o f  t he  g l a c i e r  t h a t  deposited t h e  ou te r  

Yakutat Bay moraine about 500 t o  600 years ago re leased vas t  q u a n t i t i e s  

o f  f r ozen - in  rock  fragments termed, c o l l e c t i v e l y ,  outwash, which was 

c a r r i e d  outward from t h e  g l a c i e r  by numerous streams. I n d i v i d u a l  

streams developed, s h i f t e d ,  and were abandoned as the  var ious  sec tors  

of t h e  g lac ie r ,me l ted .  Some o f  t h e  abandoned stream channels a r e  sym- 

bo l  i zed  by-,a+ *Two subuni ts  of outwash t h a t  gradual l y  merge i n t o  one 

another a r e  shown on t h e  geologic  map. The f i r s t ,  h e a v i l y  t imbered, i s  

t he  coarse-grained subun i t  o f  t he  depos i t ,  s i t u a t e d  w i t h i n  a few m i les  

o f  t h e  ou te r  Yakutat Bay moraine and c o n s i s t i n g  most ly  of sandy pebble 

grave l .  I t  i s  designated - oc on t h e  geo log ic  map. Close t o  t h e  

moraine, cobble gravel  i s  a major c o n s t i t u e n t  of t h e  outwash, and some 

s i l t y ,  sandy grave l  i s  present,  der ived from d i r e c t  m e l t i n g  o f  t h e  

g l a c i e r  i c e  t o  form kame and o the r  types o f  i ce -con tac t  depos i t s  t oo  

smal l  t o  show on t h e  geo log ic  map. Deposits of t he  subun i t  a r e  bedded 

and moderately w e l l  sor ted  w i t h i n  i n d i v i d u a l  beds. Coarse rock  f r a g -  

ments a t  many places a r e  s i l t  coated. The o v e r a l l  th ickness o f  the 

coarse-grained outwash subun i t  may average 20 f e e t  and range f rom 

3 f e e t  t o  as much as 50 f e e t .  Deposi ts  a r e  thought  t o  o v e r l i e  d e l t a -  

es tua r ine  and probably some depos i ts  r e l a t e d  t o  bu r ied  p a r t s  o f  the  

moraine complex. In many places organ ic  depos i ts  cover t h e  coarse 
I 

outwash. 



The second subunit ,  designated of on t h e  geologic map, i s  t h e  

f i n e - g r a i n e d  outwash deposits, These deposi ts  a re  c h i e f l y  sand, 

vary ing  from pebbly sand t o  s i l t y  sand. The th ickness of t h e  subuni t  

may average 20 f e e t  and range from a few t o  as much as 40 f e e t .  Under- 
a 

l y i n g  t h e  f i n e -  gra ined outwash a re  in termedia te  and o l d  d e l t a -  

es tuar ine  deposi ts  and, l o c a l l y ,  coarse-gra ined outwash. Commonly, 

small t o  very l a r g e  s i z e d  organic depos i ts  cover the  f i n e -  gra ined 

outwash deposi ts  - I n  many places organic ma te r ia l s  cover t h e  deposi t .  

The outwash depos i ts  a r e  contemporaneous w i t h  the  outer  Yakutat 

Bay g l a c i e r  from which the deposi ts  issued. Th is  i s  corroborated by 

I a general ized study o f  the ages of t rees  rooted on the  sur face o f  the  

1. 
outwash; these averaged 550 years o l d  (P la fke r  and M i l l e r ,  1958). 



Outer Yakutat Bay nora ine  complex 

The map area i s  t opograph ica l l y  dominated by t h e  l a r g e  group o f  '. 

crude morainal loops near t he  shores o f  Yakutat Bay. These a r e  p a r t  

o f  an o u t e r  Yakutat Bay moraine complex, w h i l e  a  group o f  cross-bay 

probable moraines about 20 m i les  t o  t h e  n ~ r t h  a r e  considered an i nne r  

complex. The most p reva len t  type o f  depos i t  w i t h i n  the  l a r g e l y  t im-  

bered moraine complex i s  a heterogeneous m ix tu re  c a l l e d  diamicton, o r  

till. This m ix tu re  cons is ts  most ly  of granule- and pebble-laden s i l t  

o r  sand, i n  va ry ing  propor t ions ;  subord ina te ly ,  the m ix tu re  inc ludes  

cobbles, c lay ,  some boulders, and, rarely, o rgan ic  m a t e r i a l ,  The l e s s  

p reva len t  depos i ts  a r e  q u i t e  v a r i a b l e  i n  g r a i n  s i r e ;  they  range f rom 

sandy pebble gravel  o r  sandy cobble grave l  t o  s i l t y ,  f i n e  sand. Lacally, 

s o r t i n g  i s  very  good, i n  beds t h a t  may be as much as 10 f e e t  t h i c k .  

Although depos i ts  genera l l y  a r e  f i r m ,  i n  many p laces they a r e  l o o s e l y  

consol idated.  Groups o f  c u r v i l i n e a r  r idges  t h a t  a r e  o r i e n t e d  perpen- 

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

f e a t u r e  of t he  moraine complex. These may represent  sequent ia l  t h r u s t -  

i n g  du r ing  advance of t he  g l a c i e r .  A d i f f e r i n g  o r i e n t a t i o n  t o  some 

r i dges  may i n d i c a t e  a  minor readvance o f  t h e  g l a c i e r ,  as i s  true 

nor theast  o f  Red f i e ld  Cove. The more prominent r i dges  a re  symbolized 

+---*-; c r e s t s  o f  some r i dges  a r e  as much as 30 fee t  above adjacent  p a r t s  

o f  deposi ts .  I n t e r r i d g e  areas commonly con ta in  organ ic  ma te r i a l s .  

Loca77y, t he  organics may o v e r l i e  deposi ts  o f  former ponds or small 

lakes, as i n d i c a t e d  by deposi ts  con ta in ing  more s i l t  o r  sand than 

those i n  t h e  r idges.  38 



I Subordinate landforms i n  t h e  moraine complex a re  mos t l y  kames, 

eskers, crevasse f i l l i n g s ,  and some outwash. These forms may con ta in  

1 most l y  pebble grave l ,  sand, and s i  1 t; s i l t y ,  sandy pebble gravel  corn- 

monly i s  conta ined i n  kames. Small areas o f  l i n e a r ,  f l u t e d  landforms, 

most ly  p a r a l l e l  t o  t h e  d i r e c t i o n  of movement o f  t he  g lac ie r ,  are sym- 

bo l  i z e d  .... +....+ on the geo log ic  map. They a r e  r e l a t i v e l y  common on 

Khantaak Is land.  Most forms probably con ta in  sandy o r  s i l t y  pebble 

gravel .  The th ickness o f  the  depos i ts  o f  the  moraine complex, as 

i n t e r p r e t e d  by me f rom a few logs  of d r i l l  holes (prov ided by 

V. K. Berwick, written commun., 1965), may average 75 fee t  and be a 

maximum o f  as much as 200 feet.  The base o f  t h e  moraine over1 i e s  

former marine sediments o f  sand, s i l t ,  c l ay ,  and organic m a t e r i a l .  

A l a r g e  p a r t  o f  t h e  moraine was formed about 500 t o  600 years ago, 

on t h e  bas is  o f  i n t e r p r e t a t i o n  o f  radiocarbon dates o f  samples o f  wood 

from th ree  l o c a t i o n s  ( A A, B, C on geologic  map). The sample from 

A was dated as 560+75 years be fore  t h e  present  (1-439; M i l l e r ,  1966): 

i t  was c o l l e c t e d  f rom a stump t h a t  was most ly  sheared o f f  by the  

g l a c i e r  t h a t  deposi ted the  ou te r  Yakutat Bay moraine. The o the r  dates 

a r e  B, 830+160 years be fore  t h e  present  (U. S. Geol . Survey 

sample W-559; Hartshorn, 1960), and C, 500+250 years be fore  the pres- 

e n t  (U.S. Geol. Survey sample W-2167; Meyer Rubin, w r i t t e n  commun., 

1968). 



STRUCTURAL GEOLOGY 

Regional se t t ing  

The Yakutat reg ion  i s  p a r t  o f  an a c t i v e  t e c t o n i c  b e l t  t h a t  rims 

t he  Gu l f  o f  Alaska and much of t he  r e s t  o f  the  Morth P a c i f i c  Ocean. 

Since e a r l y  Paleozoic t ime, profound t e c t o n i c  deformation, p l u t o n i c  

i n t r u s i o n ,  and widespread metamorphism have occurred i n  t h i s  be1 t. 

The l a t e s t  major events i n  the  Yakutat reg ion  probably began i n  l a t e  

Mesozoic and T e r t i a r y  t i m e  and have con t inued  t o  t h e  present, as evidenced 

by frequent earthquakes t h a t  have produced u p l i f t  as w e l l  as lateral 

o f f s e t s  along f a u l t s  i n  the  reg ion  (Tarr and B u t l e r ,  1909; Stoneley, 

1967; P la f ke r ,  1967, 1971 , 1974; MacKevett and P la f ke r ,  1970). 



The areas t h a t  con ta in  the  most prominent zones o f  f a u l t s  i n  t h e  

region are shown i n  f i g u r e  3. Most o f  t h e  i n d i c a t e d  f a u l t s  c o n s i s t  o f  

groups o f  c l o s e l y  spaced subpara l l e l  zones o f  f r a c t u r e d  bedrock t h a t  

extend t o  g rea t  depth and may t o t a l  as much as several  m i l e s  i n  width.  

Areas o f  prominent f a u l t s  a re  (1 )  genera l l y  nor theas t  o f  Yakutat Bay, 

where the group inc ludes  the  nor thwest- t rending,  nea r l y  v e r t i c a l  

Boundary and Fairweather f a u l t s ,  and, f a r t h e r  t o  t he  nor theast ,  a  

lineament, poss ib l y  a f a u l t ,  t h a t  i s  a l i n e d  a long a major g l a c i e r ;  

( 2 )  nor thwest  o f  Yakutat Bay, t he  Chugach-St. E l  i a s  and o t h e r  genera l l y  

west t r e n d i n g  t h r u s t  f a u l t s ,  most o f  which d i p  g e n t l y  northward 

(P la fker ,  1971, 1972a, b ) .  The broad area o f  up1 ift, probably r e l a t e d  

t o  the  second o f  t h e  two l a r g e  earthquakes o f  September 10, 1899, i s  

about 18 by 30 m i les  i n  s i z e  and centers about 30 m i les  n o r t h  o f  

Yakutat (P la f ke r ,  1974). Up1 i f t  averages between 5 and 10 f e e t ,  a l -  

though one smal l  area, presumably bounded by f a u l t s ,  shows g rea te r  up- 

l i f t  and a maximum o f  about 47 f e e t ,  t he  g rea tes t  u p l i f t  ever measured 

f o r  an earthquake sequence (Ta r r  and Mart in ,  1912) ; and ( 3 )  o f f s h o r e  

southwest o f  Yakutat and beneath t h e  f l o o r  of t he  G u l f  o f  Alaska, a 

pos tu la ted  t h r u s t  f a u l t  t h a t  i s  northward d ipp ing  (Gawthrop and others,  

1973; Chandra, 1974; Page, 1975). I n  the  same general reg ion  o f  t h e  

G u l f  o f  Alaska, Naugler and Wageman (1973, p. 1577) i d e n t i f i e d  an 

area rough ly  para1 l e l  t o  t h e  f a u l t  where t h e  magnetic . f i e l d  i s  a b r u p t l y  

d i f f e r e n t  from the  magnetic f i e l d  t o  the  southwest. 



A c t i v e  f a u l t s  c lose  t o  Yakutat 

Many o f  the  prominent f a u l t s  i n  the Yakutat Region are thought 

t o  be a c t i v e .  An a c t i v e  f a u l t ,  i n  general, i s  considered t o  be a type 

o f  f a u l t  a long which continuous o r  i n t e r m i t t e n t  movement i s  t a k i n g  

p lace;  mot ion may be abrupt or ,  i n  some cases, may be very s low.  The 

a c t i v e  f a u l t  nearest  t o  Yakutat  on which h i s t o r i c  sur face  displacements 

have been measured i s  t he  Fairweather f a u l t ,  whose c loses t  segment i s  

about 33 m i les  t o  the  nor theas t .  From t h e  h i s t o r i c  record  o f  ear th -  

quakes, o ther  a c t i v e  f a u l t s ,  i n c l u d i n g  those t h a t  moved du r ing  the 

September 1899 earthquakes, are i n f e r r e d  t o  exist,but they have not  

as y e t  been loca ted and,possibly,either have n o t  rup tured t h e  sur face 

o r  a re  concealed by g l a c i e r s  o r  l a r g e  bodies o f  wa te r .  



The type o f  movement a long t h e  Fairweather f a u l t  i s  known t o  be 

s i m i l a r  t o  t he  movement a long the  San Andreas f a u l t  system i n  

Cal i f o r n i a ;  namely, r i g h t - l a t e r a l  , s t r i  ke-s l  i p  f a u l t i n g ,  w i t h  nor th -  

westward movement of t h a t  p a r t  o f  t h e  e a r t h ' s  c r u s t  l y i n g  on t h e  

southwest s i d e  o f  the  f a u l t  r e l a t i v e  t o  p o i n t s  on t h e  o the r  s i d e  o f  

the f a u l t .  Both f a u l t  systems a r e  thought  t o  be p a r t  o f  t h e  same 

t e c t o n i c  movement o f  a l a r g e  b lock,  termed t h e  P a c i f i c  p l a t e ,  pas t  an 

adjacent p la te ,  termed the  North American p l a t e  ( I sacks  and others,  

1968; Atwater, 1970; P la f ke r ,  1972a). (A popu lar ized account of  these 

p l a t e  movements i s  presented by Yanev, 1974, p .  26.) Northwest o f  

Yakutat Bay, mot ion between these p l a t e s  changes from l a t e r a l  s ide-by- 

s i d e  t o  an ob l i que  under th rus t i ng  where the  Fairweather f a u l t  merges 

w i t h  t h e  Chugach-St. E l  i a s  group of f a u l t s  on the  P a c i f i c  p l a t e  

beneath t h e  North American p l a t e .  Theore t ica l  c a l c u l a t i o n s  i n d i c a t e  

t ha t  the  r a t e  o f  h o r i z o n t a l  motion a long the  Fairweather f a u l t  and 

associated connections t o  the  southeast may average, 2.25 inches per  

year.  To ta l  d is tance o f  movement a long the  Fairweather f a u l t  may be 

as much as 150 m i les  (P la f ke r ,  l972b, 1973; Berg and others,  1972, 

p. 018). 



3 - fau l t  was a t  a loca l i ty  about 110 miles southeast of Yakutat, where,' 

1 I The surface of fse t  reported in the  geologic l i t e ra tu re  

i following the earthquake o f  July 10, 1958, u . t . l ,  21.5 f e e t  of right- 1 
I 

5- 1 l a te ra l  movement was measured. Plafker (1972b), however, suggested t h  t 
I d I 1 

2 

6 ' during th i s  earthquake movement occurred along much o f  the Fairweathe 1 

 o ocher, 1960, p. 289) as  c losest  t o  Yakutat along the  airw weather 

7 f au l t  northwestward to Yakutat Bay; he reports (oral commun., 1975) an rea 
I 

about 36 miles north-northeast of Yakutat t h a t  i s  3 miles long and 
I 

1 indicative of about 5 fee t  of r ight- la teral  offset during the earth- 1 
I 

10- quake. The ground cracks along the Fairweather f au l t  near 139' W .  i 
I 1  1 longitude tha t  were reported by Tarr and Martin (1912) as act ive 1 

I 
l 2  / surface fau l t s  a re  now considered t o  be massive landslides of bedrock 

' (Plafker,  1974). 

23 I l ~ h e  dates of a l l  earthquakes in t h i s  repar t  are given *in 

I universal time whenever possible; for  the Yakutat area, universal I 
25 - / time i s ' l oca l  standard time plus 9 hours. 

-.--- --.- .. - ..-.- . ... 



destructive earthquakes i s  not yet possible. However, broad regions 

can be outlined by geologists,  geophysicists, and seismologists where 

damaging earthquakes probably will occur i n  the future.  One such 

region i s  the wide be l t  that  roughly para1 l e l s  the coast of the Gulf 

of Alaska. For the Yakutat a rea ,  an evaluation of earthquake probabil- 

i t y  i s  based on two factors:  (1 ) the local seismicity as  determined 

largely from his tor ic  records of earthquakes, and ( 2 )  the local geologic 

and tectonic se t t ing .  

Seismicity 

The Yakutat area l i e s  within the earthquake region along the Gulf 

o f  Alaska and outer coast  of southeastern Alaska .  Unfortunately, 

the written record o f  earthquakes i n  this region i s  meager. There are  

three reasons: (1) the re la t ive ly  short time that  written records 

have been kept, ( 2 )  the sparse population, and ( 3 )  the absence 

of permanent seismograph s tat ions in the region prior to  1973. 

The earthquakes that  have been instrumentally recorded and located 

by seismologists during the period 1899 through 1974 are  shown in fig- 

ure 5. Because detection and recording techniques have improved over 

EARTHQUAKE PROBABILITY 

Accurate prediction of the place and time o f  occurrence o f  
I 



I M i n i m u m  - about 70 miles 

Figure 5. --(See fo l l  owing page fo r  caption. ) 



Dates and magnitudes of some earthquakes o f  magnitude 26 

Des igna t i on  Date 
on map ( u n i v e r s a l  t ime )  

Magnitude 

September 4 ,  1899 
September 10, 1899 
September 10, 1899 
October 9, 1900 
May 15, 1908 

J u l y  7, 1920 
A p r i l  10, 1921 
October 24, 1927 
February 3, 1944 
August 3, 1945 

February 28, 1948 
August 22, 1949 
October 31, 1949 
March 9, 1952 
November 17, 1956 

J u l y  10, 1958 
. J u l y  30, 1972 

J u l y  1 , 1973 
J u l y  3, 1973 

F i g u r e  5.--Map showing l o c a t i o n s  o f  ep i cen te rs  and approximate magnitude 

I o f  earthquakes i n  sou theas te rn  Alaska and ad jacen t  areas, 1899-1974. 
Data f rom Canada Department of  Energy, Mines and Resources Seismologica l  
Serv ice  (1 953,1955, 1956, 1961 -1 963, 1966, 1969- 1974), Davis  and Echo1 s 

1 (1962), I n t e r n a t i o n a l  Se ismo log ica l  Centre (1967-1973), M i l n e  (1963),  
Tobin and Sykes (1968), U .  S .  Coast and Geodetic Survey (1930-1970), 
Wood ( 1  966), U. S. Na t i ona l  Geophysical  and Sol a r - T e r r e s t r i a l  Data Center 

I (1969, 1973, 1975), U .  S .  Nat i ona l  Oceanic and Atmospheric A d m i n i s t r a t i o n  
(1971 -1975), Lander ( 1  973), Page and Gawthrop (1973; w r i t t e n  commun., 1973), 
and W .  H. Gawthrop (oral  commun., 1975).  



t he  years, i t  i s  probable t h a t  the  record  i s  complete i n  t h e  Yakutat 

reg ion  fo r  a l l  magnitude 5 and g rea te r  earthquakes s ince  A p r i l  1964, 

f o r  a l l  magnitude 6 and greater  earthquakes s i n c e  the  e a r l y  19301s, 

and f o r  a l l  magnitude 7 314 and g rea te r  earthquakes s ince  1899 (Page, 

1975). The earthquakes shown i n  f i g u r e  5 are thought  t o  be o f  shal low 

o r i g i n  ( t y p i c a l l y  l e s s  than 18 m i l e s )  and t o  have s i m i l a r  p r o p e r t i e s  

t o  shal low-focus earthquakes occu r r i ng  elsewhere. F igure  5 i nd i ca tes  

t h a t  w i t h i n  about 80 mi les  o f  Yakutat a t  l e a s t  13 earthquakes o f  

magnitude 5 o r  g rea ter  are  known t o  have occurred since 1899, and t h a t  

earthquakes o f  l esse r  o r  unknown magnitudes are widespread. Consider- 

i n g  the  same-sized earthquakes w i t h i n  a rad ius  o f  130 m i les ,  t h e  t o t a l  

i s  26, o n l y  4 o f  which a re  west o f  142" long and which are, thus, n o t  

shown i n  f i g u r e  5. More than one earthquake o f  magnitude 5 o r  l a r g e r  

have occurred, on an average, each year  w i t h i n  about t h e  l a s t  10 years 

o f  record. 

Extremely small  earthquakes, o r  microearthquakes, though n o t  

shown i n  f i g u r e  5 because o f  t h e  d i f f i c u l t y  o f  de tec t ion ,  a re  never- 

the less  very important,  because they  may i n d i c a t e  t h e  l o c a t i o n  o f  

unknown a c t i v e  f a u l t s  t h a t  may be capable o f  causing l a r g e  earthquakes 

sometime i n  the  fu tu re .  



Permanent seismograph stations, some of which have been operating 

intermittently and some of which have been operating continuously in 

the region west, north, and east of the Yakutat area since 1973, 

should provide extensive data  on many sizes of earthquakes after a few 

years of continuous recordings. Other types of seismological instru- 

ments, namely, a strong-motion accelerograph and s i x  seismoscopes, 

were installed in the Yakutat area in 1965 (fig. 2; B. L. Silverstein, 

written commun., 1975). These seven instruments respond only to 

earthquake ground motions of relatively large s ize  or of certain 

frequencies. Two of the seismoscopes are on deposits of the outer 

Yakutat Bay moraine complex at Upper Yakutat; two other seismoscopes 

are on intermediate beach deposits; and the remaining two are on 

sandy, small-pebble gravel at the airport. The strong-motion accel- 

erograph also is housed at the airport. At all locations the surficial 

deposits probably are at least I00 feet thick. 



A l i s t  o f  earthquakes t h a t  were f e l t  o r  were l a r g e  enough t o  be 

f e l t  a t  Yakutat  f rom 1893 through 1974 i s  given i n  t a b l e  3 .  The l i s t  

was compi led and i n t e r p r e t e d  from the  more r e a d i l y  a v a i l a b l e  pub1 ished 

r epor t s  and from i ns t rumen ta l  records  f r om se i smo log i ca l  s t a t i o n s .  

Among the major  earthquakes l i s t e d  a r e  t h e  earthquakes o f  September 

1899, October 1900, May 1908, J u l y  1958, and March 1964. Other 

earthquakes, mos t l y  smal l ,  undoubtedly c o u l d  be added t o  t h e  l i s t  i f  

t h e  p o p u l a t i o n  of  t he  r e g i o n  were more widespread and t hus  a b l e  t o  

r e p o r t  earthquakes ove r  a l a r g e r  area. 
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Table3 . - -Par t ia l  l i s t  o f  earthquakes f e l t  or large enough t o  be f e l t  a t  Yakutat,  Alaska,  1893-1974--Continued 

.., Sep 24, 1958 
Nov 26, 1958 
Jan 9, 1959 

Feb 4,  1959 

Oct 17, 1959 
Oct 14, 1960 

Mar  26, 1962 

3un 17,  1963 
J u n  27 ,  1963 
Nov 79, 1963 
Yar 28, 1964 

V1 
P 

Apr 1 ,  1964 
Apr 3, 1964 
Apr 8, 1964 
Apr 13, 1964 
Apr 28, 1964 

Yay 17,  1964 
May 18, 1964 
May 23, 1964 
Jul 18, 1964 
Sep 4, 1964 
Apr 26, 1965 

Felt?-------------------------- 
Felt, V-- - - - - - - - - - - - - - - - - - - - - - -  
Fel t,  IV, trembl i ng and 

swaying motion. 
F e l t ,  IV, t rembl ing  motion fol- 

lowed by sharp jar .  
F e l t ?  ------------ - ---- -- ---- --- 
Fe l t ,  moderate ear th  noises 

heard  by a few persons b e f o r e  
shock. 

Fe l t ,  IV, strong j o l t ,  abrupt  ' 

onset .  
Fe l t? - - - - - - - - - - - - - - - - - - - - - - - - - -  

----do------------------------- 
F e l t ,  IV-VI, east-west r o l l i n g  

or swaying motion, 521 min. 

Felt?-------------------------- 
----do------------------------- 
- - - -do----- - - - - - - - - - - - - - - - - - - -  
----do------------------------- 
---- d,-J-- - ---- - ----- ----- -- ------ 
F e l  t .  Moderate tremor--------- 

75 NW 
7 5  NW 
40 WNW 

300 NW 
(not on 
f i g .  5) 

' 75 NW 
85 NW 
80 NW 

120 tl 
55 S E  
50 SE 
50 SE 
95 NW 

705 WSW 
105 W 

55 WSW 
55 N 
50 SE 

115 SW 
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Table 4.--Description of Modified Merca l l i  i n t e n s i t y  s c a l e  of ear thquakes ( a )  and 
approximate d i s t a n c e  of p e r c e p t i b i l i t y  of ear thquakes of va r ious  magnitudes (b) . 

-- 

I - Detected only by s e n s i t i v e  instruments .  

-If - F e l t  by a few persons  a t  r e s t ,  e s p e c i a l l y  on upper f l o o r s ;  d e l i c a t e  
suspended o b j e c t s  may swing, 

111 Felt n o t i c e a b l y  indoors ,  but not always recognized a s  a quake; 
s t a n d i n g  a u t o s  rock s l i g h t l y ,  v i b r a t i o n  l i k e  pas s ing  t r u c k .  

I V  F e l t  indoors  by many, outdoors  by a  few; a t  n igh t  some awaken; d i shes ,  
windows, doors  d i s tu rbed ;  motor c a r s  rock not iceably .  

V F e l t  by most people; some breakage of d i s h e s ,  windows, and p l a s t e r ;  
d i s t u r b a n c e  of t a l l  o b j e c t s  . 

V I Felt by all; many f r i gh tened  and run  outdoors;  f a l l i n g  p l a s t e r  and 
chimneys; damage small. 

VII Everybody runs  outdoors ;  damage t o  bu i ld ings  v a r i e s ,  depending on 
qual i ty  of  c o n s t r u c t i o n ;  no t i ced  by d r i v e r s  of c a r s .  

3 
i 

VIII Panel  w a l l s  thrown out  of frames; f a l l  of walls, monuments, chimneys; 
sand and mud e j e c t e d ;  d r i v e r s  of au tos  d i s tu rbed .  

t 

I X  Bui ld ings  s h i f t e d  o f f  foundat ions ,  cracked, thrown o u t  of plumb; 
ground cracked; underground pipes  broken. 

X Most masonry and frame s t r u c t u r e s  destroyed; ground cracked;  r a i l s  
bent ; l a n d s l i d e s  . 

X I  Few s t r u c t u r e s  remain standing; br idges  destroyed;  f i s s u r e s  i n  
ground; p ipes  broken; l a n d s l i d e s  ; r a i l s  bent .  

XI1 Damage t o t a l ;  waves seen  on ground su r f ace ;  l i n e s  of s i g h t  and l e v e l  
d i s t o r t e d ;  o b j e c t s  thrown up i n t o  a i r .  

(a) 

(abr idged  from Wood and Neumann, 1931) 

d i s  rance ( m i )  

magnitude 

(b 

(Gutenberg and R ich te r  1956, p .  141 ;  Hodgson, 1966, p. 11-9) 

5 7 



Among t h e  group o f  most severe earthquakes, on l y  t he  1899, 1958, 

and 1964 earthquakes w i l l  be considered here, because data on the  1900 

and 1908 earthquakes are  too  l i m i t e d .  The group occu r r i ng  i n  September 

1899 inc luded one o f  the  l a r g e s t  earthquakes known t o  have happened 

i n  the  wor ld.  Despite the  s e v e r i t y  o f  t h e  earthquakes, very  l i t t l e  

damage was done t o  the  few b u i l d i n g s  a t  Yakutat .  

Shaking from t h e  earthquake o f  September 4, 1899 (desig.  A, f i g .  S), 

l a s t e d  about 2 t o  5 minutes; t he  magnitude o f  t h e  earthquake i s  

est imated as 8.2-8.3 (Ta r r  and Mar t in ,  1912; Wood, 1966). T a r r  and 

M a r t i n  (1912) repor ted  t h a t  one in formant  noted ground mot ion con- 

s i s t i n g  o f  a general " sh i ve r i ng "  t h a t  ended w i t h  a " j e r k "  f rom west 

t o  east .  Another observer noted the v i o l e n t  r o c k i n g  and shaking o f  

bu i l d ings ,  w i t h  ea r th  v i b r a t i o n s  being 2 t o  3 seconds i n  d u r a t i o n  and 

t r a v e l i n g  from northwest t o  southeast. 

Shaking from t h e  f i r s t  o f  t he  l a r g e  earthquakes t h a t  occurred on , 

September 10, 1899 (desig.  B, f i g .  5), l a s t e d  about 3 seconds, w i t h  

several long af tershocks.  The main earthquake had a magnitude es t ima t -  

c.! as 7.8. Tarr and Mar t i n  (1912) repo r ted  one observer as n o t i n g  

t h a t  ground movement i n i t i a l l y  was nor th -south  b u t  t h a t ,  as mot ion 

continued, movement swung around t o  west-east-  Dur ing ground shaking, 

b u i l d i n g s  creaked and groaned. 



The second earthquake of September 10, 1899 (desig. C ,  f i g .  5)  

was the most severe f e l t  earthquake o f  the group and presumably 

was the one responsible fo r  most of the earthquake ef fec ts  reported 

a t  l a t e r  dates by observers and presented by Tarr and Martin (1912). 

Reports of the duration of the earthquake varied, depending on the 

observer, w i t h  estimates ranging from 5 seconds to  5 minutes. The 

earthquake had a magnitude estimated as 8.5-8.6. Figure 2 shows 

areas along the shores of Yakutat Bay having u p l i f t  or subsidence; 

extremes were 3 f ee t  of u p l i f t  and 4 f ee t  of subsidence, both of which 

were measured on Otmeloi Island. O f  special note were two possible 

submarine lands1 ides (?)-- one along the south end of Khantaak Island, 

where 25 acres o f  land subsided 20 f e e t  (desig. A ,  f ig .  2 ;  

Tarr and Martin, 1912), and the other along the northern end o f  the 

island (desig. B, f i g .  2 ) .  i t  seems l ike ly  tha t  both s l ide  areas are 

tones o f  rapid d.eposition o f  loose beach spit  sediments of pebbly 

sand and, as such, are  not f i nn and are  eas i ly  disturbed by earthquake 

shaking. In the same general areas,  s l iding apparently also occurred 

during the Ju ly  10, 1958, earthquake. Another earthquake e f fec t ,  

namely, fountaining and ground fissuring o r  fracturing, was inferred 

from the presence of c r a t e r s  and l ines  o f  ground cracks on (1 )  Black- 

sand Island (southeastern part of the map area,  f i g .  2 ) ,  where a crack 

a t  an unspecified local i t!y developed that  was 400 f e e t  long in a 

north-south direct ion,  10 f e e t  wide, and 10 f ee t  deep; and (2)  near 

The Ankau on Phipps Peninsula, where f i ssures  and sand fountains 



occurred ( f i g .  2 )  (Tar r  and Mar t in ,  1912). Emit ted sand covered 

several acres t o  a depth o f  112 f o o t ;  c r a t e r s  were 4 t o  5 f e e t  deep. 

F issures i n  t h i s  v i c i n i t y  a f f e c t e d  about 10 acres; cracks were about 

4 t o  5 f e e t  deep and about 4 f e e t  apa r t  (Mar t in ,  1910, p .  362-363). 

F issures a l s o  were repor ted  a t  a few places near Lower Yakutat 

(de Laguna, 1972, p. 288). 

High waves' and g rea t  f l u c t u a t i o n s  i n  l e v e l  o f  water were observed 

i n  Mont i  Bay i n  response t o  the  earthquake (Ta r r  and Mar t in .  1912). 

Apparent ly t he re  was a heavy f l o w  o f  water ou t  o f  Monti  Bay du r ing  

the  earthquake, but  t he  water re tu rned  i n  a sho r t  t ime as a s t rong 

c u r r e n t  and b i g  swel l  t h a t  washed around (some of?)  t h e  houses a t  

Lower Yakutat. Most houses probably were s i t u a t e d  about 5 f e e t  t o  

poss ib l y  as much as 10 f e e t  (my es t imate)  above present  h i g h  t i d e .  

There were th ree  l a r g e  waves i n  Monti  Bay a t  i n t e r v a l s  o f  about 5 

minutes. The t o t a l  r i s e  was about 15 f e e t ,  extending from near o r  

somewhat below low t i d e  t o  about 1 f o o t  above h ighes t  t i d e .  Wave 

a c t i o n  t o r e  away a sawmil l  chute; t rees ,  d r i f twood ,  and lumber were 

r a p i d l y  churned and w h i r l e d  around i n  the  bay. 



The earthquake o f  J u l y  10, 1958 (desig.  P, f i g .  5) ,  had a  magni- 

tude o f  between 7.9 and 8.0 and, a l though s t r o n g l y  f e l t  i n  t h e  Yakutat 

area, s t r u c t u r a l  damage t o  b u i l d i n g s  was genera l l y  s l i g h t .  The 

Mod i f i ed  M e r c a l l i  i n t e n s i t y  was Pm-IX, al though some est imates were 

X I  ( t a b l e  3).  

The most p r e v a l e n t  permanent e f f e c t s  were formation o f  founta ins  

and f r a c t u r e s .  The most complete account o f  earthquake e f f e c t s  i n  the  

area was by Tocher (1960), much of  which i s  abs t rac ted  here. Ground 

shaking l a s t e d  f o r  3 t o  4 112 minutes a t  Yakutat, t he  most i n tense  

shaking being f e l t  f o r  a t  l e a s t  112 minute near t he  mouth o f  the  S i t u k  

R iver .  Fountains ("sand blows") o f  sand and water were e s p e c i a l l y  

common on t h e  Yakutat Fore land area, where genera l l y  f i n e  gra ined 

sediments a r e  abundant. Most areas i n  which fountains formed a l so  

experienced some ground f r a c t u r i n g .  The erupt ions  o f  sand and water 

from c r a t e r s  and f r a c t u r e s  were r e s t r i c t e d  main ly  t o  lower l y i n g  ground 

where t h e  water  t a b l e  was high;  some founta ins  were l oca ted  i n  stream 

va l l eys .  Sand cones remain ing a f t e r  f oun ta in ing  ceased had volumes o f  

between a few and severa l  hundred cub ic  f e e t .  Some foun ta ins  commenced 

a t  t he  same t i m e  as t h e  beginning o f  earthquake ground motion, w h i l e  o thers  

s t a r t e d  1  t o  2  minutes a f t e r  mot ion had begun. There were two p r i n c i p a l  

s i z e  groupings of c r a t e r s  formed by t h e  founta ins .  The f i r s t  group 

conta ined randomly spaced c r a t e r s  from a few inches t o  several  f ee t  i n  

diameter, whereas the  second inc luded c r a t e r s  from 10 t o  20 f e e t  i n  

diameter, f r e q u e n t l y  i n  l i n e a r  o r  nea r - l i nea r  con f i gu ra t i ons .  F igure  2 



shows areas near the outer coast tha t  are  thought to  have developed 

fountains as determined from inspection of airphotos taken about 

1 m o n t h  a f t e r  the earthquake. One o f  the principal areas of occurrence 

was near the mouth of the Situk River, 

Ground motion and various earthquake e f fec t s  a t  several locations 

i n  the map area were reported by observers: 

1 .  Descriptions o f  the ac tua l  ground shaking near the mouth o f  the 

Situk River varied s l ight ly .  One account described the motion 

as beginning with a s l ight  shaking tha t  increased i n  intensi ty ,  

the duration o f  intense shaking last ing about 30 seconds. 

Another observer estimated the duration of intense shaking t o  be 

30 t o  45 seconds. 

2 .  One person noted tha t  the f i r s t  earthquake tremors near the r a i l -  

road t r e s t l e  over the Situk River appeared t o  be vert ical  and 

lasted fo r  about half a minute; they were followed without' letup 

by what appeared t o  be horizontal motion with possibly some 

vertica 

thought 

movement. Another observer in the same general area 

tha t  the f i r s t  motion was vert ical  and t h a t  i t  was followed 1 
2 or 3 seconds l a t e r  by violent horizontal movement. Water waves 

seen moving in the Situk River caused d i r t y  water t o  ro l l  several 

fee t  up the steep riverbanks. The water became generally muddy, 

and mounds of sand were bu i l t  u p  from the r ive r  bottom t o  above 

the water level.  Water waver continued t o  travel along the 

the r iver  with decreasing amplitudes f o r  some minutes a f te r  

ground motion had ceased. 
6 2 



3.  Ground shaking near t h e  in te rmed ia te  beach and Summit Lake was 

repo r ted  t o  be m a i n l y  i n  an east-west d i r e c t i o n ,  t h e  e a r t h  

p u l s a t i n g  l i k e  ground swe l l s  i n  t he  ocean. I n  a water w e l l  

- thought  t o  be approximate ly  100 f e e t  deep, t he  water remained 

murky f o r  36 hours a f t e r  the  earthquake. 

4. Small ponds i n  t h e  general  v i c i n i t y  between Ocean Cape and the  

a i r p o r t  showed evidence o f  se ich ing,  where some water sloshed 

up banks f o r  seve ra l  f e e t .  

5. A t  t h e  a i r p o r t  t h e  onset o f  t he  earthquake was repor ted  by one 

person as being v e r y  abrupt  and developing w i t h i n  4 seconds t o  

f u l l  i n t e n s i t y ,  which cont inued f o r  about 4 minutes. The a i r p o r t  

i s  b u i l t  most ly  on sandy pebble gravel ,  except f o r  t h e  southwest- 

e r n  p a r t  o f  t he  northeast-southwest runway, which i s  b u i l t  most ly  

on sand but con ta ins  i n c r e a s i n g l y  l a r g e  amounts o f  s i l t  toward 

t h e  southwest end- The ramp i n  f r o n t  o f  t h e  a i r p o r t  hanger, near 

t h e  j u n c t j a n  o f  the runways, undulated d u r i n g  ground shaking, 

i n d i v i d u a l  concre te  s labs r i s i n g  and f a l l i n g  i n  a wavel ike motion. 

The hanger, a l a r g e  s t e e l  b u i l d i n g ,  swayed v i o l e n t l y ,  t he  huge 

doors r o l l i n g  back and fo r th .  Wal ls o f  t h e  hanger buckled, and - 
many windaws cracked. Another observer thought t h a t  t he  g rea tes t  

i n t e n s i t y  o f  shaking was a t t a i n e d  i n  approximately 6 t o  10 seconds 

and l a s t e d  4 112 minutes.  Another person observed ground waves. 

Frame b u i l d i n g s  near  t h e  a i r p o r t  su f fe red  minor c rack ing  o f  p a i n t  

seals and plasterboard. 
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The most severe damage t o  t h e  a i r p o r t  area was t o  t h e  south- 

western 2,000 f e e t  o f  the  northeast-southwest runway, where sand 

and s i l t y  sand a r e  present.  That runway, t h e  northwest-southeast 

runway, and the  a i r c r a f t  park ing  area were a l l  cons t ruc ted  w i t h  

12-foot-square concrete s labs 7 inches t h i c k .  I n d i v i d u a l  slabs . 

were separated by a s p h a l t - f i l l e d  cracks 1 /2  i nch  wide, and l a r g e r  

a s p h a l t - f i l l e d  cracks 1 i nch  wide were spaced 8 b locks (96  f e e t )  

apa r t .  R e l a t i v e  movement occurred between a l l  b locks on t h e  

1- inch j o i n t s ,  b u t  o n l y  those i n  t h e  southwestern 2,000 f e e t  o f  the 

northeast-southwest runway acqui red permanent o f f s e t s  greater  

than 1/2 inch; maximum ne t  displacement on any j o i n t  was 3 inches. 

The compacted s o i l  near t he  a i r p o r t  d i d  no t  crack; however, 

slumping d i d  occur i n  t h e  reworked gravel  near a small ( l umber ) ,  

m i l l pond  several  hundred yards nor theas t  o f  t he  northwest- 

southeast runway. Seiches i n  t he  pond tossed some logs 4 fee t  

up t h e  n o r t h  bank. The U.S. Coast and ~ e o d e t i c  Survey (1960) 

repo r ted  numerous small ground cracks a t  some places near t h e  

a i r p o r t ;  cracks trended west-northwest. 



6. A t  Upper Yakutat t he  most i n tense  ground motion was est imated 

by observers as having l a s t e d  3 o r  more minutes. The U.S. 

Coast and Geodetic Survey (1 960) repor ted  surface f i s s u r e s  t h a t  

trended west-northwest. Damage t o  most cormerc ia l  and r e s i d e n t i a l  

b u i l d i n g s  was s l i g h t ;  many of the b u i l d i n g s  were small frame 

s t r u c t u r e s  w i t h o u t  p l a s t e r  and were w e l l  ab le  t o  w i ths tand 

f a i r l y  severe ground motion. I n  t h e  general s t o r e  of t he  former 

cannery, almost a1 1 canned goods and o the r  merchandise on the  

t h i r d  s t o r y  f e l l  t o  t he  f l o o r .  On the  f i r s t  f l o o r  o f  t he  o the r  

general s t o r e  i n  Yakutat, t h e r e  was 1 i t t l e  damage t o  merchandise 

and the s t r u c t u r e  was not damaged. However, on t h e  second f l o o r  

- lamps crashed t o  the  f l o o r  and ha1 f the  water i n  a l a r g e  f i s h  

tank s p i l l e d  ou t .  

Near t h e  head o f  Mont i  Bay, a 1 arge wooden water tank col lapsed;  

the tank was 12 f e e t  h igh  by 15 f e e t  i n  diameter and b u i l t  on a 

p l a t f o r m  40 f e e t  above the  ground surface. 

The 3-foot-h igh waves repor ted  i n  Monti Bay probably were due 

t o  the submarine l a n d s l i d e  on the  south end of Khantaak I s land .  

However, the  t i d a l  gage recorded a 2/3- foot  wave a t  the  t ime of 

t he  earthquake, p lus  a 1 - f o o t  wave a t  an unspeci f ied t ime 

( t a b l e  7 ) .  



7. Khantaak I s l a n d  experienced two l a r g e  submarine l ands l i des .  Both 

apparent ly  were i n  areas of r a p i d  depos i t i on  and loose sediments 

and perhaps occurred i n  t h e  same areas t h a t  s l i d  d u r i n g  t h e  

earthquakes o f  1899. The s l i d e  a t  t h e  southern end o f  t h e  i s l a n d  

(desig.  C, f i g .  2 )  encompassed an area about 150 f e e t  wide and 

1,000 f e e t  long, and invo lved most of P o i n t  Turner, t h e  southern- 

most end of the  i s l and .  The s l i d e  caused a wave est imated t o  be 

a t  l e a s t  15 t o  20 feet  h igh  as seen by an observer a t  Lower 

Yakutat; however, by t h e  t ime t h e  wave reached upper(?) Monti  

Bay i t  was repor ted  as only 3 feet  h igh.  Two l a t e r  waves a l s o  

were repo r ted  as about 3 f e e t  high. To ta l  amount o f  m a t e r i a l  

invo lved i n  t h e  submarine l a n d s l i d e  was est imated t o  be a t  l e a s t  

500,000 cubic yards;  the  n e a r l y  v e r t i c a l  c l i f f  l e f t  by t h e  

s l i d e  was approximately 12 f e e t  h igh  and trended about p a r a l l e l  

t o  the  former shore l ine .  Behind t h e  c l i f f  t h e r e  were several  

cracks subpara l l e l  t o  t he  shore and several  grabens, some as 

deep as 4 f e e t .  Other cracks were as much as 6 f ee t  deep and 

1 foo t  wide. 

Near t h e  s l i d e  two o ther  areas were h e a v i l y  f i ssured.  One .was 

a t  t he  easternmost p a r t  o f  P o i n t  Turner and the  o the r  was approx- 

ima te l y  200 yards t o  the  northwest.  The northwest area conta ined 

i n d i v i d u a l  f i ssu res  t h a t  reached depths of 3 f ee t  and i n d i c a t e d  

a r e l a t i v e  downward mot ion t o  the  west. 



The other area o f  submarine lands1 ides  was on the nor thern  end 

of Khantaak I s l a n d  (desig. D, f i g .  2 ) .  There, an unknown amount o f  

subsidence l e f t  a c l i f f  est imated t o  have been 10 t o  15 f e e t  high. 

Many small f i s s u r e s  were i n  evidence back from the  c l i f f  and on t h e  

northeasternmost 112 m i l e  of the  i s land .  In add i t i on ,  an area near 

t h e  southern end o f  G i l b e r t  S p i t  was ex tens ive l y  f i ssured,  most ly  i n  

a northeast-southwest d i r e c t i o n ;  a graben t h a t  developed was 15 feet  

wide and 3 fee t  deep. 



The great  Alaska earthquake o f  1964 ( t h e  March 28 o r  Good Fr iday  

earthquake), w i t h  an ep i cen te r  about 300 m i l e s  west-northwest o f  Yakutat, 

was f e l t  s t r o n g l y  i n  p a r t s  of the  Yakutat area, e s p e c i a l l y  on t h e  Yakutat 

Foreland. Est imates o f  t h e  Mod i f ied  M e r c a l l i  i n t e n s i t y  ranged from 

I V  t o  V I  ( t a b l e  3 ) .  The earthquake shaking lasted between 4 and 6 

minutes depending on the  observer ( P l a f k e r  and others,  1969, p .  G35). 

One observer '  repor ted  an east-west r o l l  i n g  o r  swaying mot ion t h a t  

b u i l t  t o  a  peak i n  about 1 /2  minute and l a s t e d  a t o t a l  o f  6 minutes 

( t imed).  Damage i n  t h e  area a s  a  whole general  l y  was ve ry  minor; 

no s t r u c t u r a l  damage t o  b u i l d i n g s  was repor ted,  a l though smal l  i tems 

were thrown from shelves i n  s to res 'and i n  some homes. I n  add i t i on ,  

i c e  on many lakes  was broken and some lakes  were dra ined (P la f ke r  and 

others,  1369, p. G35). 

A t  the  a i r f i e l d  the re  was some damage t o  the  park ing  ramp and '  

runways b u i l t  of concrete slabs; ground motion was s t rong  enough t o  

cause parked t r u c k s  on the  ramp t o  r o l l  back and f o r t h  as much as 10 

f e e t .  The damage t o  the  s labs apparent ly  was caused by d i f f e r e n t i a l  up- 

anddown movement o f  t he  s labs , resu l t i ng  i n  c rack ing  of some of. them. 

Damage t o  the  ramp and runways was considered somewhat g rea te r  than t h e  

damage t h a t  occurred du r ing  t h e  J u l y  10, 1958, earthquake. 



Several earthquake-related water waves affected shore areas during 

and after t k e  1964 Alaska earthquake; none o f  the waves reached above 

extreme high  water level or caused damage in the vicinity of Yakutat 

(Plafker and others, 1969, p. G35). At Yakutat during the earthquake, 

a s ing le  wave was observed along the shore of Monti Bay. The churned, 

muddy water seen in the vicinity the next day indicated the possibility 

t h a t  the wave had been caused by a submarine slide near the southern 

end of  Khactaak Island ( P t .  Turner), probably close to where slides 

occurred during the July 10, 1958 (desig C. fig 2), and September 1899 

earthquakes (Pl afker and others, 1969,p.s39 Some sl urnping o f  a beach near 

Pt. Turner was observed (desig. E, fig. 2; U.S. Coast and Geodetic 

Survey, 1966, p. 56). About 1 hour and 25 minutes after the earthquake 

started, the far-reaching tsunami waves, generated by movement of the 

earth's crust near the earthquake epicenter, began arriving in Monti 

Bay. These waves were recorded on the tidal gage and were interpreted 

as showing a maximum wave height of about 7.6 feet (table 7) (Wilson 

and TBrum, 1968; Cox and Pararas-Carayannis, 1969). The series of 

tsunami waves continued for at least 7 hours, and erratic tides 

continued f o r  several days. 



The most recent  r e l a t i v e l y  l a r g e  earthquakes fe l t  a t  Yakutat were 7 

I 
L 

t h e  earthquakes o f  J u l y  30, 1972, and J u l y  1 and 3, 1973. The one o f  
- 

J u l y  30, 1972 (desig.  Q, f i g .  5 ) ,  w i t h  i t s  main shock o f  magnitude ! 
I 

between 7.1 and 7.6 and centered o f f s h o r e  from S i t k a ,  Alaska, was d i s -  
r 

t i n c t l y  f e l t  i n  the  Yakutat area and had a M o d i f i e d  M e r c a l l i  i n t e n s i t y  I 
L 

of  V - V I  ( t a b l e  3 )  ; damage was 1 i g h t .  Among the e f f e c t s  noted were t h e  r 
i 

f o l l ow ing :  water i n  some w e l l s  became muddy, t r e e s  swayed, hanging 

ob jec ts  swayed v i o l e n t l y ,  and p a r t  o f  a sewage f a c i l i t y  was damaged. 

Th is  earthquake probably was t h e  f i r s t  recorded by  t h e  seismoscopes 

and strong-motion accelerograph i n  the  Yakutat area ( f i g .  2). Only 

two o f  t h e  s i x  seismoscopes i n  ope ra t i on  had a measurable response t o  

t h e  earthquake, and those were on the  r e l a t i v e l y  Tess f i r m  foundat ions 

o f  water-saturated,  sandy, smal l-pebble grave l  a t  t h e  a i r p o r t .  

Seismoscopes on f i r m e r  ground o f  t h e  in te rmed ia te  beach depos i ts  and 

those on depos i ts  o f  t h e  ou te r  Yakutat Bay moraine complex a t  Upper 

Yakutat had responses t h a t  were t o o  smal l  t o  be measured accura te ly .  

O f  t h e  two seismoscopes a t  t he  a i r p o r t ,  one reg is te red  a r e l a t i v e  

displacement o f  0.19 i n c h  i n  t he  p r i n c i p a l  d i r e c t i o n  S .  75' W . ,  and 

t h e  o t h e r  r e g i s t e r e d  0.22 i nch  i n  t h e  p r i n c i p a l  d i r e c t i o n  S. 40' E. 

(Maley and S i l v e r s t e i n ,  1973). On t h e  component o r i e n t e d  N. 53' E., 

t he  strong-motion accelerograph r e g i s t e r e d  a value o f  1 percent  gravi ty  

and a per iod  o f  1.7 seconds (U.S. Nat iona l  Oceanic and Atmospheric 

Admini s t r a t i o n ,  1974) ; n e i t h e r  o f  t he  o t h e r  components had responses 

t h a t  were l a r g e  enough t o  measure accura te ly .  

This earthquake i nvo l ved  h o r i z o n t a l  s t r i k e - s l i p  f a u l t i n g  o f  the sea 

f l o o r  and d i d  no t  generate a tsunami s i g n i f i c a n t  enough t o  

r e g i s t e r  on the  t i d a l  gage a t  Yakutat .  



The earthquakes o f  J u l y  1 and 3, 1973 (desigs. R and S, respec- 

t i v e l y ,  f i g .  5), w i t h  magnitudes of 6.7 and 6.0, respec t i ve l y ,  were 

f e l t  i n  t h e  Yakutat area ( t a b l e 3 ) .  The e a r l i e r  shock had a Mod i f i ed  

Merca l l  i i n t e n s i t y  o f  V (U.S. Nat iona l  Oceanic and Atmospheric Admin- 

i s t r a t i o n  , 1975). There was r a t t l i n g  o f  doors, windows, and dishes, 
I 

I and . the re  were repor ts  o f  b u i l d i n g s  c reak ing  l o u d l y  and hanging ob jec ts  

swinging moderately ( U - S .  Geological Survey, 1975). The earthquake o f  

J u l y  3, 1973, had a Mod i f i ed  M e r c a l l i  i n t e n s i t y  o f  I V  (U .S .  Nat iona l  

Oceanic and Atmospheric Admin is t ra t ion ,  1975).  

Any tsunami wavei generated by  these earthquakes were n o t  prominent 

enough t o  be detected on the  Yakutat t i d a l  gage. 



Re la t i on  o f  earthquakes t o  known or i n f e r r e d  f a u l t s  

and recency o f  f a u l t  movement 

In some earthquake regions o f  t h e  world, a c lose  s p a t i a l  r e l a t i o n  

has been demonstrated between earthquakes and s p e c i f i c  f a u l t s .  In 

most o f  southeastern Alaska, however, such r e l a t i o n s h i p s  cannot y e t  

be es tab l ished f o r  two reasons: most earthquake ep icenters  a re  located,  

a t  best ,  w i t h  an accuracy o f  o n l y  10 t o  15 m i les ,  and exact  l o c a t i o n  

of many f a u l t s  i s  unknown because o f  concealment by water o r  s u r f i c i a l  

deposi ts .  There appears, however, t o  be a general r e l a t i o n s h i p  

between some extensive groups o f  earthquakes and c e r t a i n  zones o f  

f a u l t s .  Despite the  widespread d i s t r i b u t i o n  o f  earthquakes ( f i g .  5)  

i n  t h e  Yakutat region,  i t  i s  thought t h a t  many o f  t he  earthquakes 

probably a re  caused by f a u l t  movements w i t h i n  zones a few m i les  wide 

a long the Fairweather f a u l t  and zones many m i l e s  wide a long t h e  

Chugach-St. E l i a s  and associated f a u l t s .  Because of the  type o f  

f a u l t  movement (under th rus t i ng )  a t t r i b u t e d  t o  t h e  pos tu la ted  f a u l t  

of fshore from Yakutat, t h a t  f a u l t ,  too, p robab ly  would e x h i b i t  a 

broad zone of earthquakes i f  a d d i t i o n a l  da ta  on earthquakes were 

ava i l ab le .  



The Fairweather and Chugach-St. Elias f a u l t s  a r e  a c t i v e ,  and a t  

some l o c a l i t i e s  they rupture the  ground surface.  The  most recent 

known surface  breaks reported i n  the  geologic l i t e r a t u r e  (Tocher, 1960 

occurred a t  several  locat ions  along the  Fairweather f a u l t  during the 

earthquake of July  10, 1958. Plafker (1972a) suggested t ha t  during 

the  earthquake movement occurred along much of the f a u l t  northwestward 

t o  Yakutat Bay; he repor t s  (ora l  commun., 1975) an area about 36 miles I 
north-northeast of Yakutat t h a t  i s  3 miles long and indicat ive  of 

about 5 f e e t  of r i gh t - l a t e r i a l  o f f s e t  during the earthquake. Minor 

amounts of movement appear t o  be  continuing along the Fairweather 

- f a u l t , - a s  in terpreted from the occurrence of localized microearthquake 4 
during a few days i n  1968 (Page, 1969). As permanent earthquake- 

detect ion instruments a r e  i n s t a l l ed  and operated in the  region, move- 

ment along faults  wil l  be more c l ea r ly  defined. 



Assessment o f  seismic r i s k  i n  t he  Yakutat  area 

Only a general assessment of  se ismic r i s k  can be made f o r  t he  

Yakutat area, because in fo rmat ion  on many aspects of s e i s m i c i t y  i s  

1  i m i  ted.  De ta i l s  s t i  11 must be s tud ied  t h a t  concern geologic  s t r u c t u r e  

and t h e  t e c t o n i c  framework of much o f  t h e  r e g i o n  as i t  r e l a t e s  t o  

Yakutat, To po r t ray  the  seismic r i s k  f o r  an area, two bas ic  types 

of maps have been developed. One type considers o n l y  t h e  l i k e l i h o o d  

t h a t  earthquakes o f  a  c e r t a i n  s i z e  might  occur  sometime i n  the  fu tu re ;  

t h e  second type considers the  number o f  earthquakes o f  a c e r t a i n  s i z e  

t h a t  a r e  expected t o  occur du r ing  a s p e c i f i c  p e r i o d  o f  t ime. 

As noted, i n  southeastern A l a s k a  the  h i s t o r i c  record  i s  sho r t ,  

and geologic  and, espec ia l l y ,  t e c t o n i c  i n fo rma t ion  f o r  many areas 

i s  known only i n  general terms. As a r e s u l t ,  t he  risk maps here 

described ( f i g s .  6 through 8 )  a r e  based l a r g e l y  on the reco rd  o f  

i n s t r u m e n t a l l y  loca ted  earthquakes and secondar i l y  f o r  f i g u r e  7 on a 

general ized cons idera t ion  o f  geology and tec ton i cs .  



The Yakutat area i s  shown on two examples o f  t he  f i r s t  type o f  

seismic r i s k  map. These maps do no t  p r e d i c t  the  frequency o f  earth- 

quake occurre-nce. The f i r s t  example i s  a redrawn, enlarged r e n d i t i o n  

of the map inc luded i n  t h e  1973 e d i t i o n  o f  the Uniform B u i l d i n g  Code 

( f i g .  6; I n t e r n a t i o n a l  Conference o f  B u i l d i n g  O f f i c i a l s ,  1973). The 

map legend r e l a t e s  poss ib le  damage w i t h i n  a p a r t i c u l a r  zone t o  

Modi f ied  M e r c a l l i  i n t e n s i t i e s  o f  earthquakes and shows the  Yakutat 

area as be ing  i n  the h ighes t  zone, one i n  which the maximum probable 

earthquakes might have Modi f ied M e r c a l l i  i n t e n s i t i e s  o f  V I I I  o r  

h igher  ( t a b l e + ) .  Th is  map por t rays  the  area west o f  Yakutat as 

sub jec t  t o  l a r g e r  earthquakes and greater  poss ib le  damage than do 

maps of seismic p r o b a b i l i t y  t h a t  appeared i n  pub l i ca t i ons  by 

Johnson and Hartman (1969, p l  . 49) and Alaska Indus t ry  (1970). 





The second example i s  a  suggested p r e l i m i n a r y  seismic r i s k  map 

( f i g .  7 )  prepared by t h e  U.S. Army Corps o f  Engineers, Alaska D i s t r i c t ,  

i n  1973 (H. W .  H o l l  iday, w r i t t e n  comun., 1975) (Sel kregg, 1974). The 

map i s  a m o d i f i c a t i o n  o f  seismic r i s k  maps prepared i n  t h e  pas t  by t h e  

U.S. Amy Corps o f  Engineers, Alaska D i s t r i c t .  The newer map r e l a t e s  

poss ib le  damage du r ing  earthquakes t o  the  magnitude o f  t he  l a r g e s t  

probable earthquake and shows the  Yakutat area i n  the  h ighes t  zone, one 

i n  which major t o  very  severe damage i s  poss ib le  and maximum probable 

earthquakes would have magnitudes greater  than 6. The h ighes t  zone 

was developed a f t e r  a  general ized cons idera t ion  o f  c e r t a i n  geologic  

f ac to rs ,  most o f  which can be r e l a t e d  t o  reg iona l  pa t te rns  o f  ea r th  

movements and the  response o f  ground t o  shaking du r ing  earthquakes. 

Factors i nc lude  (1)  presence o f  ex tens ive  f a u l t s  i n  t he  reg ion ,  some o f  

which a r e  ac t i ve ,  ( 2 )  probable d u r a t i o n  o f  earthquake shaking, and 

( 3 )  presence of t h i c k  unconsol idated deposi ts ,  many o f  which a r e  

subject t o  l i q u e f a c t i o n .  



EXPLANATION 
Modified from description developed by E. L .  Long 

and G .  H. Greeley (H. W. Holliday, written 
commun., 1975). 

Possible max. damage ~a~nitude' of largest  
to structures probable earthquake 

Moderate Less than 6 . 0  
6 .0  or more 

14 Major to very  Severe 6.0 or more e 
have had magnitudes of 8 . 9  (Richter, 1958). 

'zone characterized by ( 1 )  frequent earthquakes 
of long duration, (2) cxtcnsive faults, some of 
which a r e  a c t i v e ,  and (3)  areas with thick 
surficisl deposits which  tend to increase 
ground shaking and which i n  many places arc 
s u s c r ~ ~ t i I ) l c  to l iqucfaction. 
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Figure 7.--Suggested preliminary s e f s m i c  r i s k  map of  Alaska provided by U.S. Army Corps of 
Engineers,  Alaska District. 



The. Yakutat a r e a  a l s o  i s  shown on t h e  second, o r  f requency,  t ype  

o f  seismic r i s k  map. T h e  example of such a map ( f i g .  8)  shows 

probable  peak a c c e l e r a t i o n  of ear thquakes  a s  a percent  o f  g r a v i t y  per  

100 years (Milne and Davenport, 1969; Klohn, 1972). For t h e  Yakutat 

area, the map i n d i c a t e s  t h a t  a peak a c c e l e r a t i o n  of a s  much as 100 

pe rcen t  g r a v i t y  might be expected wi th in  any 100-year per iod .  

For p a r t  o f  t h e  same area shown i n  f i g u r e  8 ,  , Stevens (1  974) and 

Stevens and Milne (1974) extended t h e  d a t a  t o  a 1 onger time per iod  

and used a s l i g h t l y  d i f f e r e n t  b a s i s  fo r  ana lys is  of ear thquakes .  
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Map is based upon the amount of energy  released by the larg- 
est earthquake (above magnitude 2.5) that occurred each year 
i n  a u n i t  area of  3,860 mi (10,000 km2) during the period 
from 1899 through 1960, projected to a 100-year interval. 

Figure 8.--One-hundred-year p r o b a b i l i t y  map showing distribution 
of peak earthquake accclcrations as p e r c e n t s  of g r a v i t y  f o r  
southeastern Alaska and part of adjacent Canada. Modified from 
Mi lne and Davenport (1969). 



Any eva lua t i on  of earthquake r i s k  f o r  s p e c i f i c  sectors o f  l and  

smaller than the  Yakutat area must awai t  expanded as w e l l  as more 

d e t a i l e d  geo log ic  and r e l a t e d  geophysical s tud ies  i n  t h e  region.  O f  

spec ia l  importance a r e  s tud ies  o f  (1 ) the degree of a c t i v i t y  a long the  

Fairweather f a u l t  and a long f a u l t s  of t he  Chugach-St. E l i a s  complex o f  

f a u l t s  (P la fker ,  1974), ( 2 )  t he  l a c k  of very  large earthquakes i n  t h e  

recent  p a s t  i n  t h e  area west o f  Yakutat (Sykes, 1971 ; Kel leher  and 

others, 1974; Plafker ,  1974; Page, 1975), and ( 3 )  the nature  of t h e  

postulated f a u l t  o f f s h o r e  f rom Yakutat, Concerning the l a s t ,  i t  i s  

fmportant t o  know t h e  f a u l t ' s  r e l a t i o n s h i p  t o  reg iona l  movement of the 

e a r t h ' s  c r u s t  and t o  know whether t he  pos tu la ted  f a u l t  can generate 

very l a r g e  earthquakes and tsunamis o r  o n l y  moderate t o  l a r g e  ear th -  

quakes, such as those of J u l y  1973 (Gawthrop and others,  1973). 



i 
INFERRED EFFECTS FROM FUTURE EARTHQUAKES 

C. 

The f o l l o w i n g  d iscuss ion  and eva lua t i on  of t h e  geologic  e f f e c t s  o f  1 
f u tu re  l a r g e  earthquakes i n  t h e  Yakutat area are based upon t h e  F 

assumption t h a t  l a r g e  earthquakes w i l l  con t i nue  t o  a f fec t  t h e  Yakutat L 
area. r 

L 

S p e c i f i c  eva lua t i on  o f  poss ib le  geo log ic  e f f e c t s  i n  t h e  Yakutat 

area i s  based p a r t l y  on observat ions by o the rs  du r ing  earthquakes f e l t  L 

i n  t h e  area and p a r t l y  on est imates of t h e  response o f  l o c a l  geologic  P 

mater ia ls ,  i n f e r r e d  from the  response o f  s i m i l a r  ma te r i a l s  du r ing  L 
earthquakes e l  sewhere. 

Evaluat ions are  given i n  tab les  5 and 6 f o r  several  geologic  f ac to rs .  
C 

i n c l u d i n g  (1 )  sudden t e c t o n i c  up1 i f t ,  ( 2 )  sudden t e c t o n i c  subsidence, 

( 3 )  ground shaking, ( 4 )  1  i que fac t i on ,  ( 5 )  ground f r a c t u r i n g  and water 

and s l u r r y  founta ins,  ( 6 )  compaction and r e l a t e d  subsidence, and ( 7 )  C 
l a n d s l i d i n g .  These f a c t o r s  and several  o the rs  a r e  discussed b r i e f l y  

be1 ow. 



Ef fec ts  from surface movements a long f a u l t s  and 

o the r  t e c t o n i c  l and - leve l  changes 

I n  southeastern Alaska and a long t h e  G u l f  o f  Alaska coast,rnove- 

ments o f  su r face  f a u l t s  k5113 been documented f o r  o n l y  a few of t h e  

considerable number o f  earthquakes i n  h i s t o r i c  t ime. Dur ing t h e  more 

numerous smal l  earthquakes,displacement along f a u l t s  occurs most ly  

a t  depth; however, du r ing  t h e  l e s s  f requent ly  occu r r i ng  moderate and 

large earthquakes, t he re  i s  movement a long f a u l t s  a t  depth as w e l l  as 

up to  the ground sur face.  A t  Yakutat t h e  l i k e l i h o o d  o f  f a u l t s  breaking 

the  surface d u r i n g  a nearby major  earthquake i s  unknown. 

Tectonic  land- leve l  changes such as sudden up1 i f t  o r  subsidence 

have happened i n f r e q u e n t l y  du r ing  h i s t o r i c  earthquakes, a l though the 

Yakutat reg ion  does bear ample evidence o f  t e c t o n i c  u p l i f t  having 

occurred as p a r t  of t he  l a r g e  earthquakes o f  September 1899. If a 

sudden, v e r t i c a l  change i n  l e v e l  o f  l and  o f  severa l  inches took p lace 
) 

t h e  change would cause no adverse e f fec ts  i n  the  Yakutat area; 

however, a change i n  l e v e l  o f  a few feet ,  i n  theory,  might  a f f e c t  t h e  

area greatly.  The e f f e c t  o f  such changes i n  l e v e l  on geologic 

depos i ts  i s  g iven i n  t a b l e  5. 
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Table 5 .  --Possible e f f e c t  o f  a sudden tectonic up1 i f t  o r  subsidence o f  a few f e e t  on .ge,ologic materials 
near Yakutat Bay o r  the outer coast--Continued 

Geologic u n i t  Sudden tectonic Sudden tectonic 
and map symbol up1 i f t  subs i dence 

ao 
a d  Probably none. 
a l l u v i a l  
deposits 

OC - 
coarse 
outwash 

of - 
f i n e  - 

m - 
outer Yakutat 
Bay moraine 
compl ex 

Probably none. 

Probably none. 

U p l i f t  o f  a few f e e t  
would disrupt some 
shore f a c i l i t i e s .  

Probably none. 

Probably none. 

Probably none. 

Subsidence would d isrupt  some 
shore faci l i t ies  and would 
cause increased wave erosion 
o f  many deposits. 



-- . .---- - --.-..-. -. ...-.---, I 
Ground s ha k i  ng I 

2 Ground shaking i s  recognized as causing most o f  t h e  damage t o  

3 ! b u i l d i n g s  and o the r  s t r u c t u r e s  du r ing  earthquakes. A t  a g iven 

4 1 l o c a l  ity, ground shaking i s  c o n t r o l  l e d  by several  f a c t o r s  (Page and 

10- / s e v e r i t y  o f  ground shaking du r ing  earthquakes 1  a rge l y  i s  determined 
I I 

5- 

6 

7 

B 

q 

' I  I by th ree  aspects o f  motion: ampl i tude, frequency content,  and durat ioni.  

l2 / Dur ing a  s i n g l e  l a r g e  earthquake occu r r i ng  outs ide,  b u t  near, 
I 

o thers,  1975, p .  601). Major f a c t o r s  a r e  ( 1  ) t he  earthquake energy 

released, (2 )  t he  d i s tance  of t h e  p a r t i c u l a r  l o c a l i t y  from the  I I 
causat ive  f a u l t ,  and (3) the  response o f  geo log ic  ma te r i a l s  t o  t he  I 
mot ion of the  bedrock beneath t h e  l o c a l i t y .  Other fac tors  o f  impor- 

i 

tance a r e  the  earthquake mechanism and type o f  f a u l t  motion. The 
I 
I 
I 

13 1 t he  Yakutat area, ground shaking probably would be most severe on i 
14 geologic  ma te r i a l s  t h a t  a re  l o o s e l y  consol idated,  f i n e  grained, water 

i 
I 

15- 1 sa turated,  and t h i c k .  Conversely, shaking probably would be l e s s  I 
I 

16 l severe on geologic  m a t e r i a l s  t h a t  a re  hard, f i rmly consol idated,  and , 
i I 

l 7  unf rac tured.  However, even f o r  a  moderate-si zed earthquake occu r r i ng  
i I I 

l8 I w i t h i n  the  area, d i s tance  from t h e  causat ive  f a u l t  may be an over- 

19 / r i d i n g  f a c t o r .  The p o s s i b l e  c h a r a c t e r i s t i c s  o f  ground shaking o f  
I 

0 -  mapped geo log ic  m a t e r i a l s  du r ing  l a r g e  earthquakes occu r r i ng  near t he  / 
2 / Y a k u t a t  area a r e  presented i n  t a b l e  6. 



Table 6.--Evaluation of map units for certain geo@gjg-effects during earthquakes 

Ground fracturing Compaction 
Geologic unit and water and and related 
and map symbol Ground shaking Liquefaction slurry fountains subsidence Landsliding 

f . - 
artificial High to moderate, Low; may 
fill especially respond to 

around periph- liquefaction 
ery of upper of under- 
part of fill lying 
if poorly deposits. 
compacted 
during em- 
placement 
and if water 
table very 
high.  

Low to moderate; Low to high; high 
may be affected where overlies 
by fracturing (at s h a l l o w  
of underlying depth) saturated 
material. silty sand or if 

fill is 
not compacted 
to optimum den- 
sity during 
emplacement. 

WC 
organic . Severe. 
deposits 
under1 ain 
by coarse- 
grained 
deposits . 

Generally low, Modernteto low; Low. 
moderate in fracturesmay 
some open where cer- 
l o c a l i t i e s .  t a i n  t ypes  of 

horizontally 
moving land- 
slides occur. 
Very low 
potential for 
fountaining. 

High along 
margins of 
fills; might 
be involved 
in movement 
of under- 
lying de- 
posits. 

LOW ; l o c a l l y  
some hori- 
zontally moving 
landsliding might 
be expected 
toward bodies 
of water. 



Table 6.--Evaluation - - - . - - - of map . - . - - u n i t s  for certain geologic e f f e c t s  during earthquakes --Continued 
. - . - - - - - - - - - . - - 

Ground fracturing Compaction 
Geologic unit and water and and related 
and'nap sp.bol Ground shaking Liquefaction slurry fountains subsidence Lands1 iding 

w,f 
organic Severe to  very High because of High because of Expected t o  a mod- Probably moderate 
deposits severe. general ly  high f ine-grained erate degree in with horizon- 
underlain water table s i z e  o f  under- underlying ma- tally moving 
by f ine- and the fine lying material  terial, This slides spread- 
grained grain size and relation action should ing toward 
deposits of underlying to high  water a f f e c t  these bodies of 

materials. table .  organic de- water. 
posits. 

e - 
eolian sand 
depos i t s  

3 

Probably moder- Very low; except Very low; Low. 
ate to severe,  high where t h i n  where t h i n ,  may 
locally. where and over l ies  bc fractured 
thin and olrer- saturated  de l ta -  along w i t h  
ly ing  satur-  estuarine unde: ' ;ing 
ated young deposits. ~ ~ P O S L C S .  

delta- 
e s t u a r i n e  
d e p o s i t s .  

Low; possibly 
moderate 
where newly 
deposited. 



Table  6.- -Evaluat ion - - - - - . - of . - . - - mapuni t s  - - - -. for - - - - - - certain~eologic - - - - - -. ef fec t s  - - - . - d u r i n g  - ea r thquakes  --Continued - -- - 

> - .  Ground fracturing Compaction 
Geologic unit and water and and related 
and map synbol Ground shaking Liquefaction s l u r r y  f o u n t a i n s  subs idence  Landsliding 

!?Y 
Young Moderate t o  Low t o  Low. 
beach seve re  depend- moderate. 
d e p o s i t s  i n g  upon stage 

of  t i d e  and 
degree  of 
saturation. 

I 
b_o 
o ld  beach Moderate. 
d e p o s i t s  

dY 
young d e l t a -  Very high .  
e s t u a r i n e  
deposit s 

Low t o  moderate;  Low ; 
probably  h i g h e r  l o c a l l y  very  
where newly de- high where 
p o s i t e d  ; how- newly 
e v e r ,  such de- d e p o s i t e d .  
p o s i t s  even 
more s u b j e c t  
t o  submarine 
l a n d s l i d i n g  . 

Low. Very low. Very low. Very  low. 

High, l o c a l l y  Very h i g h  ; High t o  moderate,  Very h i g h  because 
very high. emitted e s p e c i a l l y  near  of s a t u r a t i o n ,  

sediment e newly deposited looseness, and 
might materials, f i n e - g r a i n e d  na- 

cover  large t u r e  of d e p o s i t s ,  
areas I Submarine land-  

s l i d e s  probably  
common. 



Table 6.--Evaluation of map u n i t s  for certain geologic effects during earthquakes--Continued - -- - -- -- - - - .. - - . - - - - - - - - - 

Ground fracturing Compaction 
Geologic unit  and water and and re lated 
and map symbol Ground shaking Liquefaction slurry fountains subsidence Landsliding 

d i  
intermediate Very h i g h .  I l igh.  bloderate to Moderate to  Moderate to  low; 
de l ta  - high . high. some horizon- 
estuarihe t a l l y  moving 
deposits s l ides  may 

progress 
toward stream - 
banks. 

do 
old delta- Moderate to  
estuarine high. 
deposits 

L D  
W 

Low t o  moderate Probably low. Probably low Moderate at  mar- 
at  lower mar- t o  gins of some 
gins where moderate. deposits.  
thinnest and 
probably 
saturated. 

42 
clayey silt Probably mod- Low because tow because Low because 
del ta-  erate to  d e p o s i t  w e l l  deposit w e l l  deposit w e l l  
estuarine high. compacted. compacted. compacted . 
deposits 

Probably low 
t o  moderate. 



Table 6.--Evaluation - of map units for certain geologic e f fects  during earthquakes-Continued 
.- - - - - - - - - - - - - - - - - - - - - - - - - - - 

Ground fracturing Compaction 
Geologic unit and water and and related 
and map symbol Ground shaking Liquefaction slurry fountains subsidence Landsliding 

as 
coarse - High t o  moderate. Probably mod- Moderate. Low. 
grained erate to 
a1 luvial high. 
deposits 

a_f 
f ine  - 
grained 
a1 luvial 
deposits  

%I 
old alluvial 
deposits 

Very high.  High. High, especial ly  Moderate. 
near abandoned 
stream 
channels . 

Very high .  Probably high.  High, e spec ia l ly  Probably low. 
near channels 
o f  formerly 
act ive  streams . 

Probably low 
except along 
banks of 
streams. 

Low except along 
streambanks. 
  ass ive, 
h o r i z o n t a l l y  
moving s l ides  
are a 
possibility. 

Low except a1 ong 
streambanks . . 

w assive, 
haritontelly 
moving s l i d e s  
are a possibility, 



'Fable 6.--Evaluation of map units for certain gcol?gic effects during earthquakes-Continued -__ _ _ ---- 

Ground fracturing compaction 
Geologic unit and water and and related 
a114 map syntbol Ground shaking Liquefaction slurry fountains subsidence Landsliding 

02 
coarse 
outwash 

Low to 
moderate. 

Probably none. Probably very low. tow. Low. 

of 
fine Moderately high Probably mod- Moderate t o  low. Poss ib ly  Probably low, 
outwas11 because erate to moderate but hori- 

well high because to low. zontally 
saturated. of satura- moving 

t i o n  and slides might 
fineness occur. 
of 

ID deposit. 
Ln 

outer R e l a t i v e l y  low Very low; Low. 
Yakutat Bay to moderate. l o c a l l y  rnoder- 
moraine ate  where de- 
complex posits are 

s a t u r a t e d  and 
have a 
large content 
of fine sand, 

Generally low. Probably mod- 
erate to high, 
especially in 
steep-sloped 
areas of the 
deposits. 



- -- - - - -. --- . .---- - - 

1 L i q u e f a c t i o n  
I 

* I Ground shaking du r ing  major earthquakes i n  o t h e r  areas has caused 1 
I 1.1 ique fac t i on  o f  c e r t a i n  types of saturated,  unconsol i da ted  deposi ts  i -  I 
! 

p a r t i c l e s ,  l i k e  coarse s i l t  and f i n e  sand. A ma jor  consequence o f  i 
7 I l i q u e f a c t i o n  i s  t h a t  sediments t h a t  a re  - n o t  con f i ned  a t  the margin o f  

5 - 

I 

1 t he  body of sediment w i l l  tend t o  f l o w  o r  spread toward those uncon- 

I 
# f i n e d  margins and w i l l  cont inue t o  f l ow  o r  spread as l ong  as pore-water 

Espec ia l l y  suscept ib le  are those depos i ts  t h a t  c o n t a i n  ma te r i a l s  o f  

very low cohesion and uniform, we l l -sor ted ,  fine- t o  medium-grained 

pressures remain h igh  and shaking cont inues (Youd, 1973). I 
l 1  i I f  l i q u e f a c t i o n  occurs i n  sa tura ted  sediments t h a t  - are conf ined i 

l a t  t he  margin o f  t h e  body of sediment, the r e s u l t  i s  the f a m i l i a r  

,, ,quicksand cond i t ion .  A general ized eva lua t i on  o f  the  p o t e n t i a l  f o r  

,, l i q u e f a c t i o n  o f  the var ious geologic  depos i ts  i n  the  Yakutat area i s  I 
I 

 shown i n  t a b l e  6, based i n  p a r t  on ana lys i s  of e f f e c t s  d u r i n g  the  

l6 I J u l y  10, 1958, earthquake. To develop d e t a i l e d  naps showing l i q u e -  

,, / f a c t i o n  p o t e n t i a l  du r ing  l a r g e  earthquakes (Youd and others, 1975, 

/ p .  A70) ,  a d d i t i o n a l  data on phys ica l  p roper t ies ,  especia l  l y  on dens i t y  
I S  

! 

,, o f  geo log ic  mater ia ls ,  a re  requ i red  i n  t h e  Yakutat  area. 
I I 



Ground f r a c t u r i n g  and water-sediment e j e c t i o n  
.- - 

Ground f r a c t u r i n g  and e j e c t i o n  above t h e  ground sur face o f  water 

o r  s l u r r i e s  o f  water and sediments from c e r t a i n  depos i ts  a r e  common 

du r ing  t h e  s t rong  shaking t h a t  accompanies many l a r g e  earthquakes. 

The e j e c t i o n  process i s  c a l l e d  founta in ing ,  o r  spout ing; compaction 

and d i f f e r e n t i a l  subsidence o f  ground o f t e n  accompany e j e c t i o n .  

E j e c t i o n  takes p lace most o f t e n  where loose, sand-sized m a t e r i a l s  a r e  

dominant i n  a deposit and where t h e  water  t a b l e  i s  shal low and 

r e s t r i c t e d  by a c o n f i n i n g  layer- -which can even be seasonal ly  f rozen  

ground. Seismic shaking o f  conf ined ground water and sediment causes 

h y d r o s t a t i c  pressure t o  increase and l i q u e f a c t i o n  t o  occur.  I f  the 

c o n f i n i n g  l a y e r  rup tures ,  t he  water and sediment e rup t  from p o i n t  

sources o r  a long ground f rac tu res .  I n  t h e  Yakutat area, e jec ted  

ma te r ia l  d u r i n g  t h e  J u l y  10, 1958, earthquake covered some areas t o  

depths o f  a few f e e t  ( f i g .  2 ) ,  and the  c r a t e r s  and f r a c t u r e s  may have 

been many fee t  deep. Table 6 l i s t s  the  r e l a t i v e  s u s c e p t i b i l i t y  o f  

mapped depos i ts  i n  t he  Yakutat area t o  ground f r a c t u r i n g  and 

founta in ing.  



Compaction and r e l a t e d  subsidence 

Strong shaking o f  loose geologic  ma te r i a l s  d u r i n g  major ear th -  '. 

quakes may r e s u l t  i n  volume reduc t i on  and compaction o f  some deposi ts .  

Compaction o f ten  i s  accompanied.by e j e c t i o n  o f  water  o r  water-sediment 

mixtures,  sometimes i n  t h e  form o f  founta in ing  or spouting. As a 

r e s u l t  o f  such combined processes, the  surface o f  the  ground l o c a l l y  

may s e t t l e  d i f f e r e n t i a l l y  as much as a few f e e t .  The g rea tes t  

se t t lement  o f  ground probably w i l l  occur where (1 )  t he  ground-water 

t a b l e  i s  h igh  and some o f  the  water can be expel led,  ( 2 )  t h e  deposi ts  

are loose and t h i c k  and cons i s t  o f  s i l t  t o  smal l  pebble-sized mater ia ls ,  

and ( 3 )  s t rong  shaking p e r s i s t s  f o r  a t  l e a s t  a few minutes. The 

p o s s i b i l i t i e s  o f  compaction and subsidence o f  depos i ts  i n  t h e  

Yakutat area a r e  evaluated i n  t a b l e  6. 

Earthquake-induced subaer ia l  and 

underwater l a n d s l i d e s  

Dur ing earthquake-caused ground shaking, geologic  ma te r i a l s  may 

experience a v a r i e t y  of downslope mass movements termed, c o l l e c t i v e l y ,  

"lands1 ides .  " Movements may c o n s i s t  o f  s i n g l e  o r  mu1 t i p l e  s l i d i n g  events 

t h a t  i nc lude  f a i l u r e s  of a c t i v e  d e l t a  f r o n t s  o r  er tending s p i t s ,  land 

spreading, smal l -sca le  slumping, e a r t h  flowage, and minor creep 

(Eckel , 1970). Loose, water -sa tura ted  depos i ts  on steep s lopes a r e  

e s p e c i a l l y  prone t o  downslope movement. L ique fac t i on  may t r i g g e r  

s l i d i n g  and flowage o f  m a t e r i a l  even on very g e n t l e  slopes. 



Steep de l t a  f ronts ,  because of the i r  large content of loose 

material, are part icular ly susceptible to  s l iding during the strong 

shaking tha t  accompanies major earthquakes. Shaking during the 1964 

Alaska earthquake triggered 1 andsl idi  ng of del ta  fronts a t  numerous 

places in southern Alaska. Some of the s l ides ,  in turn,  triggered 

large waves t h a t  swept onto the land. Rapidly extending beach sp i t s  

are another geologic se t t ing  where submarine 1 andsl iding probably i s  

frequent during earthquakes. For the Yakutat area,  suscept ibi l i ty  o f  

mapped deposits t o  landsliding during earthquake shaking i s  shown in 

table 6. 

Effects o f  shaking on ground 

water and streamflow 

The flow o f  ground water may be a1 tered considerably by strong 

ground shaking during an earthquake and by any resul tant  permanent 

ground displacement. Examples o f  a1 terat ions reported by Wal l e r  (1966, 

1968) from south-central Alaska show that  the 1964 Alaska earthquake 

especially affected semiconfined ground water in alluvial  and del ta  

deposits..  After the earthquake, ground-water levels locally were 

raised because of (1)  subsidence of ground, ( 2 )  increase in hydrostatic 

pressure, o r  ( 3 )  compaction of sediments. Other ground-water levels 

local ly were lowered because of (1 ) pressure 1 osses , ( 2 )  rearrangement 

of sediment grains ,  (3 )  l a te ra l  spreading of deposits, or (4)  greater 

discharge of ground water a f t e r  s l iding of delta f ronts .  Waller 

reported t h a t  some changes in hydrostatic pressure and ground-water 

level were temporary, while others lasted for  a t  l eas t  a year; some 

changes may be permanent. 
99 



are very near the Surface in a17uvia7 and young and intermediate delta- 

estuarine deposits. Intense shaking and earthquake effects that would 

a1 ter ground-water flow include water-sediment ejection, ground 

compaction, and large-scale sliding or spreading of these deposits 

south and southwestward toward the outer coast.  

A1 terations to streamfl ow often are important consequences of 

major earthquakes. Streams flowing on alluvial and deltaic deposits 

can experience a temporarily diminished f l o w  because o f  water loss 

into fractures opened by ground shaking. The sediment load of streams 

often wi 11 be increased temporarily following a major earthquake. 

Streams may be dammed by earthquake-caused landslides and ,  if the dams 

break suddenly, downstream flooding can result. 

In t h e  Yakutat area, the ground-water tab1 e and ground-water flow 



I ~ f f e c ' t s  o f  earthquake shaking on g l a c i e r s  

Strong ground shaking and t e c t o n i c  change o f  l a n d  l e v e l s  d u r i n g  

1 earthquakes have caused sho r t -  and long- term changes i n  g l a c i e r s  and 

related drainage fea tu res  i n  t he  Yakutat reg ion  ( T a r r  and Mart in ,  

1 191 2, 1914; Post, 1967). However, t he  ex tens ive  advances o f  g l a c i e r s ,  

pos tu la ted  by T a r r  and M a r t i n  as having fo l l owed  the  September 1899 

earthquakes, a re  thought  more l i k e l y  t o  have been c o n t r o l l e d  by c l i m a t i c  

fac tors ,  even though l a r g e  amounts o f  snow, avalanches, and l a n d s l i d e  

deb r i s  were spread over ex tens ive  areas on g l a c i e r s  and i c e f i e l d s .  

Other r e s u l t s  o f  ground shaking a r e  massive i c e f a l l s  from hanging 

1 gl acie'rs and ex tens i ve  icebergs formed by breakage from f l o a t i n g  

g l a c i e r s .  In upper Yakutat  Bay and adjacent  f i o r d s  du r ing  t h e  September I 

1899 earthquakes, enough icebergs were produced t o  b lock  passage o f  I 
! 

1 
boats f o r  a cons iderab le  t ime i n  upper Yakutat Bay and the  western p a r t  

A o f  o u t e r  Yakutat Bay. Waves generated by i c e  breakage probably would 

1 be most ly  d i s s i p a t e d  b e f o r e  a r r i v i n g  a t  Yakutat. 



Tsunamis, seiches, and o ther  ear thquake-re lated 

water waves 

Earthquake-induced water waves of ten develop d u r i n g  major  ear th -  

quakes and may a f f e c t  shore areas, even a t  g r e a t  d is tances,  f o r  

several days t h e r e a f t e r .  Types o f  waves i n c l u d e  tsunamis (se ismic 

sea waves), seiches , waves generated by subaqueous and subaer ia l  land- 

s l i des ,  and waves generated by l o c a l  t e c t o n i c  displacement of land.  

The f o l l o w i n g  d iscussion considers each o f  these types of earthquake- 

induced waves and t h e  1 i ke l  i hood t h a t  they  may develop t o  he igh ts  t h a t  

might  a f f e c t  t he  Yakutat area. 

Tsunamis a r e  long-per iod water waves t h a t  are caused by sudden 

displacement o f  water. The l a r g e s t  tsunamis o r i g i n a t e  where widespread 

v e r t i c a l  o f f s e t s  o f  the  sea f l o o r  occur, such as those accompanying 

major under th rus t  earthquakes around t h e  r i m  of the P a c i f i c ,  I n  the 

deep ocean, groups o f  tsunami waves t r a v e l  l ong  d is tances  a t  g rea t  

speed and w i t h  low he igh t ,  b u t  as they  approach t h e  shal lower water o f  

t h e  Cont inenta l  She l f  and shore areas t h e i r  speed decreases g r e a t l y  

and t h e i r  h e i g h t  increases manyfold. I n  sha l low water,  wave he igh t  

and type a r e  c o n t r o l l e d  l a r g e l y  by t h e  i n i t i a l  s i z e  o f  the wave, t h e  

c o n f i g u r a t i o n  o f  the  ocean bottom, t h e  sho re l i ne  conf igura t ion ,  the  

na tu ra l  pe r iod  o f  o s c i l l a t i o n  o f  t he  water on t h e  s h e l f  or bay, and 

the  stage o f  t h e  t i d e  (Wilson and TBrurn, 1968). Wiegel (1970) noted 

t h a t  many waves t h a t  s t r i k e  P a c i f i c  Ocean coas ta l  areas have been as 

h igh  as 40 f e e t  and t h a t  a few waves have been as h i g h  as 100 feet .  



A t  Yakutat and' i n  Yakutat Bay and a d j o i n i n g  f i o r d s ,  several  

tsunamis and o ther  earthquake- and non-earthquake-induced waves have 

been experienced i n  the l a s t  about 130 years. Some o f  these events 

a r e  l i s t e d  i n  t a b l e  % a l o n g  w i t h  wave he igh ts  as noted by eyewitnesses 

or as i n t e r p r e t e d  f rom records  de r i ved  from t i d a l  gages mainta ined by * 

personnel o f  t h e  former U.S. Coast and Geodetic Survey, now t h e  

Nat iona l  Oceanic and Atmospheric Admin is t ra t ion .  There undoubtedly 

are many tsunami and o t h e r  waves t h a t  a re  n o t  inc luded.  A t  Yakutat 

the h ighest  ear thquake-re lated wave o r i g i n a t i n g  nearby was caused by 

t e c t o n i c  u p l i f t  i n  the upper Yakutat Bay area t h a t  occurred as p a r t  o f  

the earthquake o f  September 10, 1899. A1 though est imates var ied ,  t h e  

wave may have had a h e i g h t  o f  about 15 fee t .  The h ighes t  tsunami wave 

originating a t  a cons iderab le  d i s tance  from Yakutat i n  p a r t  o f  t h e  

P a c i f i c  Ocean was t h e  wave, about 7 f e e t  high, t h a t  a r r i v e d  March 27, 

1964 ( l o c a l  time!, as  one o f  t h e  group o f  tsunami waves r e s u l t i n g  from 

t he  1964 Alaska earthquake. 



Table 7.-- P a r t i a l  l i s t  o f  tscna!ni a n d  o_ther e a r t h y a k e  and non-ear thquake-re la ted 

K e s  t h a t  reached o r  p o s s i b l y  r ~ a e e d  Yakutat.  Alaska, o r  

elsewhere i n  the  reg ion ,  1 8 z t h r o u g h  1973' 

- -. . . . . - .. - - 
Max. ruriup he igh t  o r  a m p l i -  

Date. tude,' max. wave  h c i g h t , j  o r  General r e g i o n  of earthquake and 
l o c a l  t ime maw, r i s e  o r  f a l l  o f  waveY genera t ion  of tsunami ; comments 

( f e e t  ) 

1845 2 115 ------------ --------- Probably n o t  earthquake r e l a t e d ;  i c e f a l l  i n t o  
Yakutat Bay; 100 deaths. 

Mid-1800's Unknar:n--------------------- Probably not edrthquake r e l a t e d ;  breakup of g la -  
c i e r  damming very l a r g e  lake,  Russe l l  Fiord(?), 

Sep. l o ( ? ) .  ' 60 i n  upper Yakutat Bay; Uppcr Yakutat Bay and a d j o i n i n g  f i o r d s ;  many 
1899. l o c a l  wailes, 13  Yakutat.  waves czused by lands l ides .  

~ u l y  4. 1905 12 i n  f i o r d  a d j o i n i n g  Probably n o t  earthquake r e l a t e d ;  i c e f a l l .  
upper Yakutat Bay. 

((Nov. 10, 1938)) ((Z 213 a t  S i  tka.  230 m i l e s  Western G u l f  o f  Alaska near Alaska 7enlnsula.  
t o  southeast;  1 /3 a t  
Seward, 350 m i l e s  t o  
west . ) )  

Apr. 1, 1946 213 Yakutat--------------- Nor thern  N o r t h  P a c i f i c  Ocean near A l e u t i a n  
Is lands.  

Nov. 4. 1952 1 Yakutat; ' 1.8 Yakutat--  Nor thern N o r t h  P a c i f i c  Ocean near U.S.S.R. 

Mar. 9, 1957 1.3 Yakutat; ' 2.2 Nor thern Nor th  P a c i f i c  Ocean near A l e u t i a n  
Yakutat.  I s lands .  

Ju ly  9. 1958 3-1 Yakutat; 9 Yakutat;  Nor theastern G u l f  of Alaska, southeast  of 
probably  f rom l o c a l  waves L i t u y a  Bay. 
generated i n  Yakutat Bay. 

May 22, 1960 3 Yakutat; ' 5.2 Yakutat--  Southeastern South P a c i f i c  Ocean near  
Ch i le .  

Mar. 27. 1964 6.7 Yakutat; ' 7.6 Northwestern G u l f  o f  Alaska a long sou th  coast 
Yakutat. Seiche waves t o  o f  Alaska. 
about 0.5.' 

((Feb. 3, 1965)) i(' 0.5 a t  S i t ka ,  230 m i l e s  Nor thern N o r t h  P a c i f i c  Ocean near A l e u t i a n  
t o  southeast.  ) )  I s lands .  

((May 16. 1968)) ( ( '  0.2 a t  S i  t k a .  230 m i l e s  Northwestern Nor th  PacifSc Ocean near  Japan. 
t o  southeast. ) )  

'Other tsunami o r  spec ia l  waves ,  espec ia l  1 y those o f  1 ~ w  hc igh t ,  undoubtedly have occurred 
b u t  wcre n o t  l i s t e d  i n  p u b l i c a t i o n s  about tsunamis because o f  the  d i f f i c u l t y  o f  d e t e c t i n g  such 
events on t i d a l  records i n  neneral,  and because o f  the s c a r c i t y  o f  observers. 

2 C o ~  and P a r a r a s - C a  t-ayannis (1969). 
'Tarr and M a r t i n  (1912). 
'Spaeth and 6crk1nan (1967). 
'Tocher (1 960). 
' ~ c ~ a r r  and Vorh is  (1972). 
'U.S. Coast and Geodetic Survey (1967, 1970). 

( (  ) ) ~ a r - r c a c h i n  tsuna1.11 s a ~ p a r e n t l  y no! de tec ted  a t  Yakutat; however event was 
recorded a t  possi ! l y  s i i n i l a r  l o c a t i o n ( s )  rnd lcated.  



Seiches are water waves t h a t  a r e  set i n  motion as sympathetic 

o s c i l l a t i o n s  o r  s losh ings  of c losed o r  semiclosed bodies o f  water; 

they a re  caused by (1)  t h e  passage o f  a i r -p ressure  disturbances o r  

seismic waves, (2 )  the t i l t i n g  of enclos ing basins, o r  (3 )  t h e  impact 

of l a r g e  lands l i des  i n t o  bodies o f  water.  The n a t u r a l  per iod  o f  

o s c i l l a t i o n  o f  a water  body i s  c o n t r o l l e d  by t h e  c o n f i g u r a t i o n  o f  t h e  

enclosing basin. Although seiches o f t e n  are  small and masked by o the r  

types o f  waves, t h e r e  were repor t s  of seiches o r  poss ib le  seiches as 

much as 25 f e e t  h i g h  occu r r i ng  du r ing  t h e  1964 Alaska earthquake 

(McCul loch, 1966; McGarr and Vorhis, 1968; U .S. Geological Survey 

unpub.. f i e l d  data, 1964). A t  Yakutat, a seismical l y  induced seiche 

developed about 4 minutes a f t e r  t h e  i n i t i a l  shock and was about 

0.5 foo t  h i g h ,  as recorded on the  t i d a l  gage; i t  had a du ra t i on  o f  

14 minutes (McGarr and Vorhis, 1972). Another of t h e  s e t  of waves 

a f fec t ing  t h e  Yakutat t i d a l  gage was i n t e r p r e t e d  by Wilson and Tdrum 

(1968, p. 100) as having developed a maximum he ight  of 5 f e e t  w i t h  a 

per iod  of 30 minutes. Earthquakes o r i g i n a t i n g  i n  o ther  regions may 

generate d i f f e r e n t  seismic waves and thus cause h igher o r  lower 

o s c i l l a t i o n s  o f  water. 



Massive underwater and subaer ia l  l a n d s l  i d e s  r e l a t e d  t o  shaking 

du r ing  earthquakes have caused smal l  t o  very  l a r g e  waves i n  some bodies 

of water i n  Alaska. A1 though some waves were l o c a l  and d i s s i p a t e d  

w i t h i n  s h o r t  d is tances,  o thers  ' t r ave led  far .  D e l t a  f ron ts ,  espec ia l l y ,  

can respond t o  shaking by ex tens ive  l a n d s l  i d i n g  and genera t ion  o f  waves. 

Several d e l t a s  t h a t  f a i l e d  e l  sewhere du r ing  t h e  1964 Alaska earthquake 

generated waves as much as 30 f e e t  high, i n c l u d i n g  one wave t h a t  had a 

maximum v e r t i c a l  runup of 170 f e e t  (Kachadoorian, 1965; Coul t e r  and 

M i g l i a c c i o ,  1966; Lemke, 1967; Von Huene and Cox, 1972). Subaerial  

l a n d s l i d i n g  t r i g g e r e d  by earthquake shaking a l s o  generated h igh  waves. 

The wor ld ' s  record  he igh t  of wave runup i s  p robab ly  1 ,'740 f e e t ,  t r i g -  

gered by a l a n d s l i d e  i n  L i t u y a  Bay, southeast of Yakutat, du r ing  the  

J u l y  10, 1958, earthquake ( M i l l e r ,  1960). Along the steep w a l l s  o f  

upper Yakutat Bay and ad j o i n i n g  f i o r d s ,  numerous waves formed because 

o f  earthquake-generated l a n d s l i d i n g  and, undoubtedly, submarine land- 

s l i d i n g .  The highest  known waves occurred d u r i n g  the  earthquake of 

September l o ( ? ) ,  1899, and washed t o  he igh ts  of as much as 60 f e e t  

( t a b l e  7 )  (Ta r r  and Mar t in ,  1912). 



Some of the locally generated waves that caused damage in southern 

coastal Alaska during the 1964 Alaska earthquake apparently were 

triggered neither by earthquake-induced landslides nor by seiches or 

tsunamis. Instead, Plafker (1969) and Von Huene and Cox (1972) 

suggested that these local waves were generated by sudden, direct 

tec tonic  displacement of the land; wave height probably was controlled 

by bottom configuration, shore orientation, and the direction and 

amount o f  land displacement. In the Yakutat area, earthquake-induced 

waves o f  this type have not been recognized but may have been included 

as par t  o f  the complex o f  waves developed during the September 1899 

earthquakes. 

Damage to Yakutat from tsunamis and seiches is onz of the most 

likely consequences o f  earthquakes. The occurrence of such waves 

should be anticipated at Yakutat as at other coastal cities. 

Unfortunately, wave heights and amount of damage related to hypothetical 

waves cannot be predicted. If all tsunamis were of the nonbreaking type 

and o f  low height and occurred at low tide, no damage would result. 

On the other hand, if a group o f  moderately high, breaking-type waves 

were to strike at highest high tide, locally, intensive damage probably 

would resul t. 



One may speculate on several poss ib le  wave h e i g h t s  o f  tsunamis 

t h a t  might  s t r i k e  the  Yakutat area. When cons ide r ing  these heights,  t h e  . 
- reader must bear i n  mind t h a t  wave focus ing  and sympathet ic resonance 
I 

o f  l o c a l  waves i n  a p a r t i c u l a r  bay, cove, o r  f i o r d  cou ld  increase wave 
I 

he igh ts  by many f e e t .  - 
The U.S. Coast and Geodetic Survey (1965 ) caut ionedthat  a l l  land e 

l e s s  than 50 f e e t  above sea l e v e l  and w i t h i n  1 m i l e  of the  coast should I 

be considered p o t e n t i a l l y  suscept ib le  t o  tsunamis generated a t  consid- - 
erab le  distance. For tunate ly ,  most o f  Upper Yakutat 2nd much o f  t h e  

shore area along Monti  Bay are above an a l t i t u d e  o f  50 f e e t  and have 

steep slopes down t o  t idewater  ( f i g .  2 ) .  

I A somewhat l e s s  conserva t ive  approach i s  i n d i c a t e d  by the  da ta  I 

of  Wiegel (1970), who noted t h a t  many P a c i f i c  Ocean tsunamis have been - 
about 40 feet  high. I f  a 40- foot  wave (one i n  which ampl i tude i s  

20 f e e t )  spread i n t o  Monti  Bay a t  mid t ide , there  would be f l o o d i n g  

1 o f  some land (1) a t  Lower Yakutat, ( 2 )  a long p a r t s  of some nearby 

is lands ,  (3 )  a t  the smal l-boat harbor area, (4) a long a narrow s t r i p  

o f  t he  Monti  Bay shore, i n c l u d i n g  some harbor f a c i l i t i e s ,  and (5 )  along 

p a r t  o f  The Ankau on Phipps Peninsula. Along the ou te r  coast  o f  the 

I Gul f  o f  Alaska, and e s p e c i a l l y  near t he  e s t u a r i e s  o f  Lost ,  S i tuk ,  and 

Ahrnk l i n  Rivers,  waves poss ib l y  would spread i n l a n d  as much as 1 m i le .  
I 



Another eva lua t i on  o f  t he  he igh t  of tsunamis t h a t  cou ld  a f f e c t  

Yakutat i s  a v a i l a b l e  from a  study by Dames and Moore (1971, p. B5-B6) 

on p o t e n t i a l  damage t o  the  a i r p o r t  a t  S i t ka ,  Alaska, ( f i g .  1 )  from 

tsunamis generated i n  t h e  P a c i f i c  Ocean. Because of t h e  somewhat s i m i l a r  

p o s i t i o n s  o f  Yakutat and S i t k a  r e l a t i v e  t o  the  P a c i f i c  Ocean and because 

of t h e  use by Dames and Moore of s i m i l a r  data on tsunamis generated 

i n  t h e  P a c i f i c  Ocean, t h e i r  study i s  thought t o  be app l i cab le  i n  general 

t o  Yakutat. The p r i n c i p a l  conclus ion o f  Dames and Moore was t h a t  

"there i s  a 65-percent chance t h a t  a  tsunami w i l l  h i t  S i t k a  i n  a 

100-year i n t e r v a l  w i t h  a maximum wave he igh t  o f  a t  l e a s t  20 f e e t  * * *, 
a 25-percent chance t h a t  such [a] wave w i l l  occur i n  29 years, and a 

10-percent [chance] t h a t  such a  wave w i l l  h i t  * * * i n  10 years."  

Warnings t o  coas ta l  Alaska regard ing  the  a r r i v a l  t ime o f  poten- 

t i a l l y  damaging tsunamis a r e  issued by t h e  I n t e r n a t i o n a l  and t h e  Alaska 

Regional Tsunami Warning System o f  the Nat iona l  Oceanic and Atmospheric 

Admin i s t ra t i on  ( ~ u t l e r ,  1971 ; Cox and Stewart, 1972; Haas and Tra iner ,  

1974). For Yakutat, such warnings about tsunamis t h a t  are generated 

a t  grea t  d is tances  should a l l ow  s u f f i c i e n t  t ime t o  move ships and 

evacuate the  harbor and o ther  l ow- l y ing  areas. However, i t  i s  doub t fu l  

t h a t  t he  warning t ime would be s u f f i c i e n t  f o r  tsunamis o r  o t h e r  

p o t e n t i a l l y  d e s t r u c t i v e  waves t h a t  might  be generated i n  Yakutat Bay 

and a d j o i n i n g  f i o r d s  o r  generated r e l a t i v e l y  c lose  o f f sho re  i n  t h e  

P a c i f i c  Ocean. 



Wave damage t o  shore areas from ear thqua ky- xr iggered  subaerial 

and submarine l a n d s l i d e s  may occur  a t  s eve ra l  places i n  t h e  Yakutat 

reg ion .  The p o t e n t i a l  f o r  damage i s  high a long  the sho re s  o f  narrow 

upper Yakutat Bay and ad jo in ing  f i o r d s ,  where t h e r e  are steep slopes, 

deep water ,  and probably s teep- f ron ted  d e l t a s .  Most waves should 

d i s s i p a t e  a s  they  t r a v e l  i n t o  the much wider expanse of o u t e r  Yakutat 

Bay. 



INFERRED FUTURE EFFECTS FROM GEOLOGIC 

HAZARDS OTHER THAN EARTHQUAKES 

In addition to the hazards from earthquakes, a potential for 

damage in the Yakutat area from other geologic hazards exists. These 

include (1 ) subaerial and underwater lands1 ides, (2) stream floods and 

erosion of deposits by running water and sheet floods, and (3) high 

water waves not associated with local or distant earthquakes. 

Subaerial and underwater 1 andsl ides 

Numerous slopes i n  the Yakutat region are subject to various types 

of subaerial and underwater landsliding. Although many slope failures 

occur during earthquakes, as discussed previously, most occur at other 

times--on steep subaerial slopes during heavy rainfall, rapid snowmel t, 

and seasonal freezing and thawing, or as a result of man's alteration 

o f  slopes. The underwater slopes of active deltas and extending spits 

f a i l  during normal oversteepening by deposition. 

Subaerial landslides in t he  Yakutat area are rare, because most 

slopes are gentle; some shore areas of outer Yakutat Bay, where slopes 

are steep (table 1 ), are an exception. Such places that do slide prob- 

ably are characterized by loose, unconsolidated geologic materials 

that are saturated. Relative susceptibility sf various geologic 

deposits to general landsliding is presented in table 8. 
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Table 8;--Evaluation of geologic map units for degree of susceptibility to certain non-earthquake-related - - - - - - - - - - -. _ _ _  _-__ - _ . _ _ _ . _. ---- _- -- 
geologic hazards: landslidfng, erosfon by running water and sheet floods, and damage by high 
- - . - - - - - - - . - . - - - - - - -. - . - - -. - - - - - - . -. - .- - - -  . -- 

water waves--Cont inued 
-. - - - - - 

Geologic unit General susceptibility to Ease of erodibility 
and map symbol all types of landsliding by running water & 

sheet f l o o d s  
- - - - -- - -- - ---- - -. -- - 

young beach 
deposits 

g - intermediate 
beach 
deposits 

bo 
old beach 
deposits 

dx 
young delta- 
estuarine 
deposits 

Very low to very high; Not applicable, 
highest where newly de- 
posited, as at ends  of 
l e n g t h e n i n g  spi ts .  

Very low. Moderate. 

Very low. Moderate. 

Moderate to very high; Very high; major 
highest where newly de- changes can take 
posited. place in channel 

configuration 
within short 
time . 

Susceptibility to damage from 
high water waves 

Very high, 

High .  

Low. 

Very high; many deposits  
directly exposed t o  waves. 
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I n  much of t he  Yakutat  reg ion  n o r t h  and no r theas t  o f  Yakutat, 

s lopes commonly a r e  steep t o  very steep, e s p e c i a l l y  a long (1  ) t h e  

mountain f r o n t ,  ( 2 )  margins o f  most va l l eys ,  and (3 )  t h e  margins 

o f  upper Yakutat Bay and a d j o i n i n g  f i o r d s .  I n  t h i s  reg ion ,  subaer ia l  

l ands l i des  probably a re  r e l a t i v e l y  f requent .  Noteworthy a r e  t h e  massive 

s l i d e s  and f i s s u r e d  bedrock o f  t he  v a l l e y  s ides  o f  upper Beasley Creek 

v a l l e y ,  east  o f  t he  south end o f  Russel l  F io rd .  Some o f  t he  s l i d e s  

may have o r i g i n a t e d  because o f  the  l oss  o f  l a t e r a l  support  when 

Beasley ( o r  Fourth) G lac ie r ,  which feeds t h e  creek, me1 t ed  back r a p i d l y  

w i t h i n  the  l a s t  hundred ( ? )  years. 

Although earthquake shaking undoubtedly con t r i bu tes  t o  the r 
frequency of sl  i d i n5 ,  t h e  ex tens ive  research by M i  1  l e r  (1960) regard ing  L 
t he  h i s t o r y  o f  landsl ide-generated waves i n  L i t u y a  Bay s t r o n g l y  i n d i c a t e s  r 

L 
a h igh  degree o f  hazard from lands1 ides a long t h e  steep w a l l s  o f  f i o r d s ,  

r 
I 

even w i t h o u t  earthquakes. i 



Intenni t ten t ly  occurring submarine lands1 ides of various s izes  in 

Yakutat Bay probably characterize fronts  of (1)  actively growing 

del tas  and ( 2 )  extending beach s p i t s  that  a re  located in down-current 

directions from shore areas being rapidly eroded by wave action. Some 

o f  the more prominent s p i t s  in the Yakutat area a re  Point Carrew on 

Phipps Peninsula and the north and south ends of Khantaak Island. 

Large deltas a re  present only southeast of Yakutat, where Lost, Situk, 

and Ahrnklin Rivers enter  the Gulf of Alaska. Fronts o f  these del tas  

are continually being modified by the powerful longshore current of the 

gul f ;  thus, the i r  f ronts  rarely become oversteepened. In contrast ,  in 

upper Yakutat Bay and adjoining f iords and along the  west side of 

outer Yakutat Bay, the fronts  of the large deltas formed by predomi- 

nantly glacial  streams probably are  very susceptible to  submarine 

landslides. Some s l ides  might be capable of generating waves of mod- 

e ra te  size.  

Stream floods and erosion of deposits 

by running water 

Extensive marshland and a locally well developed and integrated 

system of small and large streams easi ly  accommodate or adequately 

carry most rainfal l  and melting snows in the Yakutat area; only occa- 

sionally will stream flooding occur. In a l ike  manner, because 

vege ta t i on  covers most o f  the ground, s'heet flooding w i l l  probably 

occur only locally during exceptionally heavy ra infa l l .  The suscepti- 

b i l i t y  of the various geologic map units t o  erosion by running water 

and sheet floods i s  given in table  8. 
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High water waves 

Non-earthquake-related water waves high enough to damage some 

harbor structures occasionally might s t r i k e  shores in the Yakutat area. 

Three types of waves a re  possible: (1 ) waves generated by underwater 

landslides or subaerial landslides into bays and f iords (noted above, 

in relation to  landslides themselves), ( 2 )  glacier-related waves, and 

(3)  storm and other waves originating in the Pacific Ocean. The 

suscept ibi l i ty  of parts of t he  Yakutat area to  high water waves i s  

given in table 8. 

Glacier-related high water waves in upper Yakutat Bay and connecting 

fiords have been caused by breakout of glacier-dammed lakes and by 

breakage and fa l l ing  of huge pieces of ice  from "hanging" glaciers  

perched along steep walls of f iords ( t ab le  7 ) .  In many places i n  the 

region, glaciers dam ice-free t r ibutary valleys. I f  drainage becomes 

blocked in the tributary valleys, large lakes can form and break out 

suddenly a t  regular or i r regular  intervals .  T h i s  s i tuat ion presumably 

has occurred in the past in several places in the region, notably in 

Russel l  Fiord. 

Breakage and sudden fa l l ing  of glacier  ice  in to  the deep waters 

o f  the fiords connecting t~ gpper Yakutat Bay caused local ly  high waves 

in 1905 and possibly in 1845 ( tab le  7) .  



Glac ie r  advances, development o f  glacier-dammed lakes, and l a r g e  

sca le  cracking o f  hanging g l a c i e r s  probably cou ld  be detected by 

mon i to r i ng  o f  se lec ted  g l a c i e r s  i n  t h e  Yakutat reg ion  (Post  and Mayo, 

1971). Resu l t ing  waves probably would d i s s i p a t e  t o  a l a r g e  ex ten t  

as they t rave led  i n t o  t h e  wide ou te r  p a r t  of Yakutat Bay. 

Waves from most storms i n  the  P a c i f i c  Ocean weaken somewhat a f t e r  

moving i n t o  Yakutat Bay. Even a f t e r  being weakened, however, waves 

from some storms cou ld  be very l a r g e  and cou ld  cause damage t o  the  

more exposed shore areas. One s e t  o f  d e s t r u c t i v e  storm waves was noted 

by Tarr  and Martin (1912, p. 47) as having occurred November 18, 1907. 

A study by Watts and Faul kner (1968) was c a r r i e d  o u t  t o  determine 

t h e  h e i g h t  o f  t h e  probable maximum 100-year storm waves i n  t h e  P a c i f i c  

Ocean west of B r i t i s h  Columbia. The value they determined was 70 f e e t ,  

which may be v a l i d  as a poss ib le  maximum wave he igh t  f o r  areas o f  t he  

Gulf o f  Alaska near Yakutat Bay. Studies p resen t l y  being conducted 

concerning s p e c i f i c  he ights  of waves i n  the  G u l f  o f  Alaska a re  repor ted  

by McLeod, Adams , and Hami 1 ton  ( 1  975).  



The o r i g i n s  of o ther  types of P a c i f i c  Ocean waves t h a t  r a r e l y  may 

a f fec t  the  Yakutat area a r e  unknown, and t ime of occurrence or  wave 

he igh t  cannot be pred ic ted .  Waves reached he igh ts  of 18  f e e t  above 

mean h i g h  water on March 30-31, 1963, along t h e  n o r t h  coas t  o f  t h e  

Queen Char lo t te  Is lands  and near Pr ince  Rupert, B r i t i s h  Columbia 

( f i g .  1; U.S. Coast and Geodetic Survey, 1965, p. 46),  I t  has been 

speculated t h a t  the waves were caused by a massive submarine s l i d e  

along p a r t  of the  con t i nen ta l  s lope o r  by some spec ia l  long-per iod 

ocean wave s i m i l a r  t o  waves descr ibed by Munk (1962) and Ross i te r  

(1971 ) .  Another type of wave may have been the  cause of t h e  " f reak "  

waves and heavy s u r f  t h a t  s t ruck  p a r t  of t h e  Oregon and Washington 

coast on November 25-26, 1972, as repor ted  i n  t h e  Denver [Colorado] 

Post f o r  November 27, 1972. On Khantaak Is land,  a wave o f  unknown 

o r i g i n ,  though described as a t i d a l  wave, d i d  s t r i k e  and remove a t  

l e a s t  a  p a r t  o f  the  beach a t  t he  southern end of t h e  i s l a n d  i n  1889 

(Ta r r  and B u t l e r ,  1909, p. 165). 

Whether o r  n o t  t h e  few l ow- l y ing  areas a t  Yakutat cou ld  be damaged 

by s l ide-generated waves o r  spec ia l  long-per iod  ocean waves i s  not  

known. It seems p l a u s i b l e  t o  expect, however, t h a t  sometime i n  the  

f u t u r e  such waves w i l l  reach Yakutat w i t h o u t  warning. 



RECOMMENDATIONS FOR ADDIT IONAL  STUDIES 

I I 

i 
The reconnaissance nature  o f  t h i s  geologic  i n v e s t i g a t i o n  d i d  n o t  I 

'a 1 pe rmi t  more than a b r i e f  eva lua t i on  o f  t h e  general geology, p o t e n t i a l  
I 

7 

1 ' land-use p lann ing  i n  the  Yakutat area. Therefore, the  f o l l o w i n g  
5 -  / I 

I recommendations f o r  a d d i t i o n a l  i n v e s t i g a t i o n s  a re  l i s t e d  i n  a  general-  • 

J . 

! , ized  order  o f  importance. 

geologic  hazards, and o the r  geologic  f a c t o r s  t h a t  would be h e l p f u l  t o  , 
I 

! 1. Add i t i ona l  geo log ic  mapping and f i e l d  s tudy o f  the  Yakutat 

J 
n !  

I 
9 i r e g i o n ,  u t i l i z i n g  c u r r e n t  a i rphotos  and u p d a t e d  topographic maps, 

I should be performed, i n c l u d i n g  c o l l e c t i o n  o f  data on t h e  d i s t r i b u t i o n  

1 1  and phys ica l  p r o p e r t i e s  o f  geologic  ma te r i a l s  and the p l o t t i n g  o f  data 

concerning j o i n t s  and f a u l t s .  Such work might  l e a d  t o  d iscovery o f  
i 

13 i economic minera l  deposi ts ,  a b e t t e r  understanding o f  geologic  s t r u c t u r d  
! I@ 14 o f  p o t e n t i a l l y  o i l - b e r r i n g  areas, the  l o c d t i n g  of "enera l i zed zones o f  ' 

:. p o t e n t i a l l y  uns tab le  s l o p e s  and zones o f  geolog ic  m a t e r i a l s  sub jec t  t o  

L f  l i q u e f a c t i o n ,  and the i d e n t i f y i n g  of areas nos t  s u i t a b l e  f o r  cons t ruc t i on .  

3 I 7  2 .  I n  o rde r  t o  h e l p  i n d i c a t e  the poss ib le  l o c a t i o n  o f  f u t u r e  l a r g e  ; 
I 

1 8  )earthquakes, t he  t y p e  of movement alonq known f a u l t s  and i n f e r r e d  and 

1 postu la ted  f a u l t s  i n  the  reg ion  should be determined. To accomplish 
I 

. : t h i s  work, and t o  d e l i n e a t e  any unknown a c t i v e  f a u l t s ,  records o f  I 

I I 
71 ;earthquake events de tec ted  by seismological  instruments i n  t he  reg ion  

I 
, w i l l  have t o  be analyzed f o r  a pe r iod  o f  a t  l e a s t  several  years.  Also i 
I 

i / 
1 important  a r e  measurements o f  the  slow, very small v e r t i c a l  changes i n  

1 )4 1 ,ground l e v e l s  i n  t h e  reg ion :  these measurements a s s i s t  i n  determin ing 
I 
I I 

1 / t h e  r a t e  o f  rebound o f  land f o l l o w i n g  . . g l a c i a l  r e t r e a t  and prov ide  . - 
. an - . - -  

i n d i c a t i o n  o f  poss ib le  f u t u r e  earthquakes. 
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3 .  Offshore geophysical studies should be continued and expanded. 

These studies should help determine the configuration of the sea floor 

the nature of fau l t s ,  and the i r  relationship t o  the s t a b i l i t y  o f  

geologic materials on the sea f loor .  Such work might r e su l t  in  the 

location of potential submarine landslides tha t  might be triggered by 

movement along the fau l t s .  

4 .  Because of the potential for  extensive wave damage in the Yakut 

area, there should be a study of the natural osc i l la t ion  periods of 

basins enclosing or  related to  large bodies o f  water i n  the region, t o  

a s s i s t  in prediction of possible wave heights. Basin areas include I 
Yakutat Bay, adjoining f iords,  and the Continental Shelf and associate 

sea-floor valleys of the Gulf of Alaska near Yakutat. In conjunction 

with the study, a probability analysis of tsunami frequency should be 

undertaken,similar to the analysis described above t h a t  was developed 

by Dames and Moore (1971) fo r  the a i rpor t  a t  S i t k a ,  Alaska. 

5. Stabi l i ty  of steep subaerial slopes,especially along upper I 
Yakutat Bay and adjoining fiords, should be analyzed to  determine the 

areas of greatest probabi 1 i  ty of lands1 ides and any associated .high 

waves. Although i n i t i a l  detection o f  the most unstable slopes should 

be accompl ished during areal geologic mapping, a separate analysis of 

slopes would permit a more thorough evaluation o f  those factors  con- 

sidered most responsible for the ins tab i l i ty .  I 



J* I 
1 I 6 .  The advance and retreat o f  glaciers in the region shou ld  be , 

I 

7 ; monitored because o f  the  potential for  ( a )  large, local waves from 
i I 
I 

3 massive breakage o f  i ce  or from breakout  of  glacier-dammed l akes ,  and 

/ ( b )  blockage o f  navigation by glacier  advances or  greatly increased i 
I 

1 5 -  calving o f  t idal  glaciers .  A generalized surveil lance of glaciers  I 
I 

, could be accompl ished by periodic inspection from a i r c ra f t .  
I 



GLOSSARY 

Accelerograph: An instrument designed t o  record the time history of 

ground acceleration for strong ground shaking generated by a 

nearby earthquake. The instrument records motion in three 

mutually perpendicular directions, one vertical and two horizontal 

directions. 

Diamicton: .A nonsorted or poorly sorted, unconsolidated sedimentary 

deposit t h a t  contains a mixture of wide-ranging particle sizes 

(boulders, cobbles, pebbles, and  sand) dispersed in a f iner  

grained matrix, generally s i l t  and sand. The term may be applied 

t o  deposits of any origin. 

Drift: A general term for rock material of any kind t h a t  has been 

transported from one place to another by glacier ice o r  associated 

streams. Material may range in size from clay t o  boulders and may 

be sorted or unsorted. I t  includes t i l l  and a l l  kinds o f  

s t ra t i f ied  deposits of glacial origin. 

Epicenter: The point on the earth's surface directly above the in i t i a l  

point o f  subsurface fault  rupture t h a t  generates earthquake waves. 

Fault: A fracture o r  fracture zone along which there h a s  been dis- - 
placement of the two sides relative to one another parallel to the 

fracture. There are several kinds of faults:  A normal fault  i s  

one in which the hanging wall ( the block above t h e  fault  plane) has ' 

moved downward i n  relation t o  the footwall ( the block below 

the fault plane); on a vertical faul t ,  one side has moved down i n  

relation t o  the other side. A thrust fault  is a low-angle f a u l t  - 
on which the hanging wall has moved upward relat ive t o  the footwall. 
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A --- s t r i ke -+  - f a u l t  i s  one on which the re  has been l a t e r a l  d i s -  

placement approximate ly  p a r a - l l e l  t o  t he  s t r i k e  o f  the  f a u l t .  I f  

the b lock across t h e - f a u l t  has moved r e l a t i v e l y  t o  the  r i g h t ,  t h e  

f a u l t  i s  a r i g h t - l a t e r a l  ----- s t r i k e - s l i p  - . -- f a u l t ;  r e l a t i v e  movement t o  

t h e  l e f t  d e f i n e s  a -- l e f t - l a t e r a l  ---- -- s t r i k e - s l i p  f a u l t .  The term -- 

a c t i v e  -- f a u l t  is i n  conmon usage, b u t  t he re  i s  no t  complete agree- 

merit as t o  the meaninq o f  t he  term i n  r e l a t i o n  t o  t ime .  I n  

general,  an a c t i v e  f a u l t  i s  one on which continuous o r ,  more 1 i k e l y ,  

i n t e r m i t t e n t  movement i s  occu r r i ng  

Graben: A r e l a t i v e l y  depressed. e longate t r a c t  o f  land owing i t s  
7-- 

o r i g i n  t o  spreading o f  adjacent land i n  a d i r e c t i o n  per~pend icu la r  

t o  the long s ides  o f  t h e  t r a c t ,  thus r e s ~ ~ l t i n g  i n  normal f a u l t s  

bounding those s ides.  

I n t e n s i t y :  Refers t o  the  s e v e r i t y  o f  ground motion (shakinq)  a t  a  

s p e c i f i c .  l o c a t i o n  du r ing  a n  earthquake and i s  based on the  

sensat ions o f  people and on v i s i b l e  e f f e c t s  on na tu ra l  and manmade 

o b j e c t s .  The most w ide l y  used i n t e n s i t y  sca le  i n  the  Uni ted 

States i s  t h e  M o d i f i e d  fdercal l  i i n t e n s i t y  scale ( t a b l e  4 ) .  

Lineament: A l i n e a r  fea ture  o f  t he  landscape, such as a l i n e d  va l l eys ,  

streams, r i v e r s .  shore l ines ,  f i o r d s ,  s c d r p s ,  and g l a c i a l  grooves, 

which may r e f l e c t  f a u l t s ,  shear zones, j o i n t s .  beds. o r  o ther  

s t r u c t u r a l  gea log ica l  features;  a l so  the  representa t ion  o f  such 

a ground feature on topographic maps o r  nn a i rphotos  or other  

remote-sensinq imdqery. 



a Liquefaction: The transformation of a material having very low 

! a  cohesion from a solid s t a t e  to  a l iquid s t a t e  by a process o f  

1 shock or  s t r a in  that  increases pore-fluid pressure. 

I V a g n i t u d e :  As originally defined, refers  to  the logarithm of the 

i maximum amplitude on a seismogram written by a standard type 
I 
I 
I 
I 

seismologic instrument 60 miles from the epicenter of a n  earth- 

quake (Richter, 1958). A1 though magnitude does not d i rec t ly  

re la te  to  seismic energy, a 1 -unit increase in magnitude i s  

correlated to  a 32-fold increase in seismic energy. 

Microearthquake: An earthquake too small t o  be f e l t  tha t  can be 

i detected only instrumentally. The range f o r  the lower l imi t  o f  

magnitude of f e l t  earthquakes generally i s  considered to  be 

approximately 2 t o  3 .  

' Moraine: A landform that  i s  an accumulation o f  material deposited by 

glacier ice and composed mostly of t i l l ,  a diamicton o f  glacial 

origin.  

Seismic-ity: A term used to  denote the frequency of earthquakes occurring 

in a certain area. 

Seiche: Water waves se t  into motion by sympathetic response o f  water 

in a closed or semiclosed basin to passage of a i r  pressure 
. 

I disturbances, seismic waves, or impact of landslides. 

Seismograph: An instrument designed t o  record the time history of small 

ground motions generated by small local earthquakes as well as 

dis tant  large earthquakes. 



Seismosco~e: -- An ins t rument  t h a t  records s t r o n g  h o r i  zonta l  ground mot ion 

from earthquakes and whose response models t h a t  o f  common small  

b u i l d i n g s  t o  t h e  same earthquake. 

Tectonics:  The p a r t  of  geologic  study dea l i ng  w i t h  o r i q i n ,  develop- 

ment, and s t r u c t u r a l  r e l a t i o n s  o f  l a rge -s i zed  b locks o f  the  

e a r t h ' s  c r u s t .  

T i l l :  An u n s t r a t i f i e d  and unsor ted m ix tu re  o f  c lay .  s i l t ,  sand, - 
grave l ,  cobbles, and bou lder -s ize  ma te r ia l  deposited by g l a c i e r  

i c e  on land; a diarnicton of g l a c i a l  o r i q i n .  

Tsunami: A sea wave, otherwise known as a seismic sea wave, generated 

by sudden la rge -sca le  v e r t i c a l  displacement o f  t h e  ocean bottom 

as a r e s u l t  of ~ lar thquakes o r  o f  vo lcan ic  a c t i o n .  Tsunamis i n  

t he  open ocean are  l ong  and low and have speeds o f  425 t o  600 

mi les  an hour. As they en te r  shal low coasta l  w a t e r s ,  they move 

more s lowly  and can i n c r ~ a s e  g r e a t l y  i n  he igh t .  
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