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RECONNAISSANCE ENGINEERING GEOLOGY OF THE KETCHIKAN AREA, 

ALASKA, wIm EMPHASIS ON EVALUATION OF EARTHQUAKE AND 

OTHER GEOLOGIC HAZARDS 

By Richard W. Lemke 

ABSTRACT 

The Alaska earthquake of March 27, 1964, dramatically emphasized the need 
for engineering geologic studies of urban areas in seismically active 
regions. A reconnaissance study of the Ketchikan area in southeastern 
Alaska is part of a program to evaluate earthquake and other geologic haz- 
ards in most of the larger Alaska coastal communities. These evaluations 
in the Ketchikan area should provide broad guidelines useful in city and 
land-use planning. 

Ketchikan, which had a population of approximately 7,000 in 1970, is built 
on the southwestern end of Revillagigedo Island along the northeastern 
coastline of Tongass Narrows. Altitudes reach 1,000 feet (305 m) within 
half a mile (0.8 km) of the coast and near-vertical cliffs characterize 
the terrain in places. The climate is predominantly marine. Average 
precipitation is approximately 152 inches (386 cm). 

The Ketchikan area was covered by glacier ice at least once and probably 
several times during the ~leistdcene Epoch. The present topography, 
characterized by elongate lakes, U-shaped valleys, fiords, inlets, and 
passages, clearly reflects the effects of glaciation. The presence of 
emergent marine deposits, at least 300 feet (91 m) above sea level, shows 
that the land has been uplifted relative to sea level since the l a s t  
deglaciation of the region. 

Bedrock is exposed or is near the surface throughout most of the mapped 
area. The bedrock consists chiefly of metamorphic rocks. In a few places 
these rocks have been intruded by igneous rocks. Exposed metamorphic 
rocks are mostly thinly foliated schists and phyllites, metamorphosed to 
greenschist facies. Foliation gene~ally strikes northwest with moderate 
to steep dips to the northeast. Most of the rock is fairly competent and 
near-vertical cuts tend to be stable. The more indurated metamorphic rock 
can be used for riprap, but more durable blocks generally can be obtained 
from the igneous rock. 

The surficial deposits have been divided into the following map units on 
the basis of their time of deposition, mode of origin, and grain size: 
(1) undifferentiated drift (Qd) , (2) elevated marine deposits (Qm) ,  



(3) stream alluvium (Qa) , (4) f an-del ta  depos i t s  (Qf) , and (5) modern beach 
depos i t s  (Qb). Manmade f i l l  ( f)  a l s o  is  mapped a s  a separa te  u n i t .  Muskeg, 
colluvium, and offshore deposi t s  a r e  not  included as map u n i t s  but  are d i s -  
cussed i n  t h e  r epor t  under t h e  heading "Sur f i c i a l  d e p o s i t s  (not shown on 
map)." The und i f fe ren t i a t ed  d r i f t  depos i t s  cons i s t  mostly o f  t ill  o r  o t h e r  
diamictons, genera l ly  l e s s  than 25 f e e t  ( 7 . 6  m) t h i c k .  Exposed elevated 
marine depos i t s  (Qm) genera l ly  cons i s t  of  sand and gravel  l e s s  than 5 feet 
(1.5 m) th ick .  Stream alluvium (Qa) is  c h i e f l y  sand, gravel ,  cobbles, and 
boulders probably everywhere l e s s  than 15 f e e t  (4.6 m) t h i c k .  Fan-delta 
depos i t s  ( Q f )  cons i s t  mostly of  loose sand, gravel ,  and boulders as much as 
50 f e e t  (15 m) th ick .  Modern beach depos i t s  (Qb) are mostly loose sand and 
gravel genera l ly  l e s s  than 10 f e e t  (3  m) th ick .  Two b a s i c a l l y  d i f f e r e n t  
types of manmade f i l l  a r e  p resen t :  (1) l a r g e  f i l l s  along t h e  water f ront ,  
commonly 5 t o  15 f e e t  (1.5-4.6 m) t h i c k ,  cons i s t ing  of s i l t ,  sand, gravel ,  
rock, and d ive r se  o ther  ma te r i a l s ,  and (2) f i l l s ,  genera l ly  l e s s  than 
10 f e e t  (3 m) th ick  and cons i s t ing  o f  sand, gravel ,  o r  crushed rock, placed 
inland from t h e  waterfront  and used a s  pads f o r  bui ld ings  and parking areas .  
F a i r l y  t h i c k  depos i t s  of  muskeg may be present  i n  t h e  southeas tern  part  of 
t h e  mapped a r e a  but have not  been examined i n  t h e  f i e l d .  Col luvia l  depos- 
i t s ,  l o c a l l y  5 t o  8 f e e t  (1.5-2.4 m) t h i c k ,  c o n s i s t  mostly of decomposing 
bedrock fragments. Offshore depos i t s  a r e  poorly known; near-shore loose 
sand and gravel  r e s t  on a s loping bedrock surface.  

Southeastern Alaska l i e s  wi th in  t h e  circum-Pacific seismic b e l t  t h a t  r i m s  
t h e  nor the rn .Pac i f i c  Basin and has been t e c t o n i c a l l y  a c t i v e  s i n c e  a t  l e a s t  
e a r l y  Paleozoic time. Large-scale f a u l t i n g  has been common. The two most 
prominent f a u l t  systems i n  southeas tern  Alaska and surrounding regions  are 
(1) t h e  Denali f a u l t  system, and (2) t h e  Fairweather-Queen Char lo t t e  
Is lands  f a u l t  system. Of t h e  two, t h e  Fairweather-Queen Char lo t t e  Is lands  
f a u l t  system i s  t he  more a c t i v e  and of most s i g n i f i c a n c e  i n  r e l a t i o n  t o  the  
Ketchikan area .  Ketchikan l i e s  within t h e  northwest t r end  of  t h e  Gravina- 
Nutzotin b e l t  of  f a u l t  th rus t ing .  The t rends  of a t  l e a s t  some of t h e  
l i n e a r  f i o r d s  near  t h e  mapped a r e a  a r e  con t ro l l ed  by f a u l t s .  However, it 
i s  not  known whether a major f a u l t  extends up Tongass Narrows offshore  from 
Ketchikan. 

Between 1899 and 1970, f i v e  earthquakes having magnitudes o f  8 o r  greater 
occurred i n  o r  near southeastern Alaska o r  i n  adjacent  of fshore  areas ;  
t h r e e  have occurred having magnitudes of between 7 and 8,  a t  l e a s t  e ight  
with magnitudes of  between 6 and 7 ,  15 with magnitudes of between 5 and 6 ,  
and about 140 have been recorded with magnitudes of  less than 5 o r  of unas- 
signed magnitudes. A l l  of t h e  earthquakes with magnitudes g r e a t e r  than 8, 
and a l a r g e  proport ion of t h e  o the r s ,  appear t o  be r e l a t e d  t o  t h e  Fair-  
weather-Queen Char lo t te  Is lands  f a u l t  system o r  t o  t h e  connecting Chugach- 
S t .  E l i a s  f a u l t  t o  t h e  northwest.  Within a 50-mile (80-km) r a d i u s  of Ketch- 
ikan, epicenters  o f  t h r e e  earthquakes with magnitudes o f  5 o r  less have 
been recorded. Within a rad ius  of  100 miles (160 km), 10 ep icen te r s  have 
been recorded, two with magnitudes between 6 and 7 and e igh t  with magni- 
tudes of  5 o r  l e s s .  Although no ins t rumenta l ly  recorded earthquakes had 
epicenters  i n  the  mapped a r e a ,  a t  l e a s t  32 earthquakes t h a t  had ep icen te r s  
elsewhere were f e l t  o r  poss ib ly  f e l t  i n  Ketchikan. Most of  t h e s e  earth-  
quakes probably had epicenters  along t h e  Queen Char lo t t e  Is lands  f a u l t .  



Ketchikan is  t e n t a t i v e l y  assigned by m e  t o  seismic zone 2 .  This is  a zone 
i n  which magnitudes of t h e  l a r g e s t  expectable earthquake would range from 
4.5 t o  6.0 and where moderate damage could be expected. Large e a ~ t h q u a k e s  

i of magnitude 8 o r  g r e a t e r ,  however, can be expected t o  occur from time t o  
I time along t h e  Queen Char lo t t e  Is lands  f a u l t .  Ground motion from t h e s e  

earthquakes, although a t tenuated  with d i s t ance ,  may s t i l l  be s u f f i c i e n t l y  
s t rong a t  Ketchikan t o  cause s u b s t a n t i a l  damage. 

Poss ib le  f u t u r e  earthquake e f f e c t s  include: (1) land- level  changes caused 
by loca l  f a u l t i n g  o r  by l a rge - sca le  r eg iona l  deformation, (2) ground shak- 
ing, (3) compaction, (4) l ique fac t ion ,  (5) subaer i a l  and submarine s l i d i n g ,  
( 6 )  water-sediment e j e c t i o n  and ground f r a c t u r i n g ,  (7) reaction o f  sens i -  
tive and quick c l a y s ,  and (8) effects o f  tsunamis, se i ches ,  and o the r  
abnormal water waves. Although land-level  changes due t o  l o c a l  f a u l t i n g  
are unl ike ly ,  l a rge - sca le  regional  deformation may cause u p l i f t  o r  subsid- 
ence i n  Ketchikan, Adverse e f f e c t s  would be confined mainly t o  t h e  water- 
f ron t  area.  This a rea  a l s o  would be most heavi ly  damaged i f  Ketchikan 
were s t rong ly  shaken by an earthquake. Nonengineered, loose,  manmade 
f i l l s  and fan-de l t a  depos i t s  i n  t h i s  a r e a  probably would be sub jec t  t o  t h e  
s t ronges t  shaking. These depos i t s  probably a l s o  a r e  most sub jec t  t o  com- 
pact ion,  l ique fac t ion ,  s l i d i n g ,  and water-sediment e j e c t i o n .  Earthquake 
e f f e c t s  expectably would be  considerably fewer and l e s s  severe  f o r  t h e  
part of  Ketchikan upslope from t h e  harbor a r e a  because bedrock i s  a t  o r  
near t h e  surface  i n  l a r g e  p a r t s  of t h e  a rea .  No s e n s i t i v e  c lays  have been 
i d e n t i f i e d  but ,  i f  p resen t ,  they  probably a r e  confined t o  t h e  till and 
o the r  diamicton depos i t s  i n  t h e  nor theas tern  p a r t  of t h e  mapped area .  
Tsunami waves a r e  not expected t o  have a l o c a l  generat ion source.  Those 
a r r i v i n g  from a d i s t a n t  source,  although p o t e n t i a l l y  h ighly  destruct ive,  
probably would be g rea t ly  a t tenuated  before  a r r i v i n g  a t  Ketchikan. Seiche 
waves may develop on lakes  near  t h e  mapped a r e a  and poss ib ly  cause f a i l u r e  
of e a r t h - f i l l  dams. Destructive waves generated by earthquake-induced 
local submarine s l i d i n g  appear t o  be u n l i k e l y  i n  t h e  Ketchikan area .  

Geologic hazards i n  t h e  a r e a  t h a t  are  no t  caused by earthquakes a r e  
believed t o  be r e l a t i v e l y  minor. They include:  (1) l ands l id ing  and sub- 
aqueous s l i d i n g ,  and (2) f looding.  Only minor l ands l id ing  has occurred i n  
t h e  mapped area, but t h e  p o t e n t i a l  f o r  s l i d i n g  may inc rease  a s  t h e  city 
expands and heavi ly  timbered a reas  a re  c lea red ,  with a t tendant  accelera ted  
erosion and mass wasting. The g r e a t e s t  p o t e n t i a l  f o r  subaqueous s l i d i n g  
is  along t h e  shore l ine ,  where f a i r l y  t h i c k  fan -de l t a  depos i t s  r e s t  on a 
s loping bedrock surface.  Per iodic  f looding has occurred on some creeks i n  
the  mapped a r e a  and can be expected t o  occur from time t o  t ime i n  the  
fu tu re .  

I n  order t h a t  more accura te  evaluat ions  of geologic hazards can be made i n  
t h e  fu tu re ,  seve ra l  recommendations are made f o r  add i t iona l  s tud ies .  



INTRODUCTION 

Purpose of study 

The Alaska earthquake of March 27, 1964, dramatically emphasized t h e  need 
for engineering geologic studies of urban areas in seismically active 
regions. A reconnaissance study of the city of Ketchikan and adjacent 
areas in southeastern Alaska (fig. 1) constitutes part of an overall 
program to evaluate earthquake and other geologic hazards in most of the 
larger Alaska coastal communities. 

Methods of study and acknowledgments 

Approximately 2 weeks of fieldwork were spent in the Ketchikan area during 
1965 and 1 week in 1972. Reconnaissance studies extended northwest from 
Ketchikan as far as Ward Cove and as far southeast as Saxman (fig. 2). 
The area of Ketchikan Airport on Gravina Island also was studied briefly. 
The main studies, however, were directed toward the city of Ketchikan, 
with emphasis on delineating and studying the surficial deposits and areas 
of manmade fill. The areal extent of the geologic map (fig. 3, in pocket) 
is roughly the area included within the boundaries of the city limits. 
Laboratory analyses of samples of surficial deposits were,made in the 
Denver laboratories of the U.S. Geological Survey. Bedrock samples, col- 
lected by the writer, were studied by R. A. Sheppard of the U.S. Geolog- 
ical Survey. Lynn A. Yehle of the U.S. Geological Survey prepared table 1 
listing felt and possibly felt earthquakes at Ketchikan; he also assisted 
in t h e  compilation of the base used for the geologic map. 

The evaluations presented in this report should provide broad guidelines 
useful to engineers, planners, and architects; to Federal, State, and city 
officials; and to the public. However, because of the short period of 
study and t h e  reconnaissance nature of mapping, assessments of the geo- 
logic hazards of the area, as they affect man and his facilities, should 
not be rigorously interpreted, Evaluation of a specific site for a pax- 
ticular use will require more detailed geologic and engineering studies. 

A number of technical terms used have been defined in a glossary at the 
end of the report. For more complete definitions of these terms or for 
definitions of other terms, the reader is referred to standard textbooks 
on geology, soil mechanics, ?nd seismology, and to references cited in 
this report. 

I 

A report by Lemke and Yehle (1972a), entitled "Regional and other general 
factors bearing on evaluation of earthquake and other geologic hazards to 
coastal communities of southeastern Alaska," provides regional background 
information for evaluating earthquake probability in southeastern Alaska. 
It also cites numerous examples of effects of past large earthquakes in 
different parts of the world in relation to how coastal communities i n  
southeastern Alaska might be similarly affected by future earthquakes. 
The reader also is referred to reports on the Haines area (Lemke and 

a Yehle, 1972b), the Skagway area (Yehle and Lemke, 19721, the Wrangell area 
(Lemke, 19741, and the Sitka area (Yehle, 1974). These reports furnish 
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Figure  1 . - ->lap of Soutl leasre  rn A l a s k a  and a d j a c e n t  Canada 
s i ~ w i n g  p e r t i n e n t  geograph ic  f e a t u r e s .  
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Figure 2.--Location map of Ketchikan and surrounding region, Alaska.  



1 a 
information on t h e  evaluat ion of earthquakes and o the r  geologic hazards 
i n  geologic environments t h a t  are somewhat d i f f e r e n t  from those of t h e  
Ketchikan area. 

GEOGRAPHY 

Ketchikan, approximately 235 miles (378 km) southeast  of Juneau, i s  b u i l t  
a t  t h e  southwestern end of Revillagigedo Is land along t h e  northeastern 
c o a s t l i n e  of  Tongass Narrows ( f ig .  2 ) .  I t  is t h e  l a r g e s t  city i n  south- 
eastern Alaska; i n  1970 it had a population of 6,994 (U.S. Bur. Census, 
1971). Because of t h e  s t e e p  and rocky nature  of t h e  t e r r a i n  extending 
inland from t h e  coas t ,  much of  t h e  development of t h e  c i t y  i s  r e s t r i c t e d  
t o  a narrow s t r i p  about 3.5 miles (5.6 km) long bordering t h e  coast .  
Al t i tudes  reach 1,000 feet (305 m) within ha l f  a mile (0.8 km) o f  t h e  
coast, and near -ve r t i ca l  c l i f f s  charac te r i ze  t h e  t e r r a i n  i n  places.  
Ketchikan Creek, Schoenbar Creek, Carlanna Creek, and Hoadley Creek a r e  
t h e  main drainage courses. 

The cl imate i s  predominantly marine, and i s  character ized by mild winters ,  
cool summers, and very heavy p r e c i p i t a t i o n .  Average annual p r e c i p i t a t i o n  
is approximately 152 inches (386 cm). Because of t h e  l a rge  amount of 
r a i n f a l l ,  most undeveloped a reas  a r e  covered with a heavy growth of t r e e s  
and dense underbmsh. 

The economy o f  Ketchikan depends l a r g e l y  upon timber processing, f i sh ing ,  
and tourism. The city is served by a i r  and water forms of t r anspor ta t ion .  
The r e c e n t l y  completed a i r p o r t  on Gravina I s l and ,  d i r e c t l y  across Tongass 
Narrows from Ketchikan, o f f e r s  v a s t l y  improved a i r  t r anspor ta t ion .  The 
Alaska Marine Hi,ghway System, s t a r t e d  i n  1963, connects Ketchikan with 
Wrangell, Petersburg, S i t ka ,  Juneau, Haines, and Skagway t o  t h e  northwest 
and with Prince R u p e ~ t  ( i n  B r i t i s h  Columbia) t o  t h e  southwest. No roads 
connect Ketchikan with t h e  mainland. On Revillagigedo Island,  roads a r e  
l imited e s s e n t i a l l y  t o  one segment extending about 16 miles (26 km) north- 
westerly from Ketchikan and a second segment extending from Ketchikan 
around t h e  southeast  end of t h e  i s l and  t o  as f a r  as t h e  Beaver F a l l s  
Power House near S i l v i s  Lakes ( f i g .  2)  . 
Tongass Narrows appears t o  be p a r t  of  t h e  g l a c i a l l y  scoured f i o r d  system 
t h a t  charac te r i zes  southeas tern  Alaska. Bathyrnetric contours ind ica te  a 
f a i r l y  f l a t  f l o o r  with depths ranging from about 100 t o  180 f e e t  
(30-55 m). On t h e  basis of 19 years  of records (1941-1959) of t h e  U.S. 
Coast and Geodetic Survey, t h e  diurnal  t i d a l  range a t  Ketchikan is 
15.30 f e e t  (4.66 m). The highest  t i d e  observed was 20.8 f e e t  (6.4 m) 
above mean lower low water; t h e  lowest t i d e  observed was 5.2 f e e t  (1.6 m) 
below mean lower low water. 



a .  GLACIATION AND ASSOCIATED LAND- AND SEA-LEAEL CHANGES 

Although t h e  g l a c i a l  geology of t h e  Ketchikan area  is poorly known, 
regional  s t u d i e s  of southeastern Alaska i n d i c a t e  t h a t  g l a c i e r s  advaneed 
over t h e  area  a t  l e a s t  once and probably severa l  t i m e s  during t h e  P le i s -  
tocene Epoch. Inasmuch as g l a c i e r s  a t t a i n e d  a l t i t u d e s  of between 3,000 
and 4,000 f e e t  (914 and 1,219 m) i n  t h e  area  (Coulter and o the rs ,  1965), 
even t h e  higher peaks i n  t h e  v i c i n i t y  of  Ketchikan we-re covered by ice 
a t  l e a s t  once. The mountains on Revillagigedo I s l and  and adjacent  i s l ands  
descend s t eep ly  t o  a highly indented c o a s t l i n e .  The present  topography, 
characterized by elongate l akes ,  U-shaped va l l eys ,  and deep, g l a c i a l l y  
scoured f i o r d s ,  i n l e t s ,  and passages, c l e a r l y  r e f l e c t s  t h e  effects of 
g lac ia t ion  of  t h e  area.  

During deglacia t ion,  which probably was completed by 13,000 years  ago, t h e  
land was s t i l l  depressed from t h e  e f f e c t s  of former g l a c i e r  loading. 
Marine waters extended i n t o  low areas formerly occupied by g l a c i e r s ,  and 
marine sediments were l a i d  down. As load effect o f  t he  ice slowly dimin- 
ished,  t h e  land began t o  emerge above sea  l e v e l ,  and shore processes began 
t o  modify preexis t ing  deposi ts .  

On t h e  b a s i s  of f o s s i l  evidence, t h e  land i n  t h e  g a e r a l  a r e a  of Ketchikan 
i s  indicated  t o  have been u p l i f t e d  a t  l e a s t  300 feex (91 m) .  Foss i l  clam 
s h e l l s  were reported t o  have been found a t  an a l t i t u d e  o f  about 300 feet 
(91 m)l! a t  t h e  northeastern end of Revillagigedo I s l a n d  (Tobin, 19693. 
Marine f o s s i l s  a l s o  have been found a t  an a l t i t u d e  of about 80 f e e t  (30 m) 
near t h e  southern end of Gravina Is land (Chapin, 1918) and by me a t  an 
a l t i t u d e  of 85 f e e t  (26 m)  i n  t he  c i t y  of  Ketchikan. Other occurrences of 
f o s s i l  s h e l l s  a t  a l t i t u d e s  of 60 t o  100 f e e t  (18-30 m) have been reported 
i n  t h e  v i c i n i t y  of Saxman and Mountain Point a t  t h e  southeas tern  end of 
Revillagigedo Island ( f ig .  2 ) .  

Pa r t s  of southeastern Alaska a r e  p resen t ly  undergoing one of  t h e  most 
rapid  r a t e s  of u p l i f t  of any place  i n  t h e  world. The f a s t e s t  r a t e  is  i n  
t h e  Glacier  Bay area  ( f i g .  I ) ,  where t h e  land is being u p l i f t e d  approxi- 
mately 1 1/2 inches (3 .9  un) per  year (Hicks and Shs$nos, 1965). However, 
t h e  r a t e  of u p l i f t  decreases progress ively  t o  t h e  southeas t ,  and is  near ly  
zero a t  Ketchikan. 

DESCRIPTIVE GEOLOGY 

Bedrock @ex and bc) 

Bedrock is exposed o r  i s  near t h e  su r face  throughout much of  t h e  mapped 
area  ( f ig .  3 ) .  Except f o r  manmade f i l l  (f) along t h e  waterfront,  it is  
e s s e n t i a l l y  t h e  only map u n i t  i n  t h e  business d i s t r i c t  of t he  city. 
Exposed bedrock i s  shown i n  f i g u r e  3 a s  bex; t h i n l y  covered bedrock o r  ' 
areas  of small sca t t e red  exposures a r e  shown a s  bc. The map u n i t s  are 
most accura te ly  del ineated  i n  t h e  developed p a r t s  of t h e  c i t y ;  they are 

Y T h i s  was an est imate only and may be i n  considerable  error. 



least accura te ly  de l inea ted  i n  t h e  heav i ly  timbered northwestern and 
southeas tern  parts of t h e  mapped a rea .  

The bedrock i n  t h e  mapped area c o n s i s t s  c h i e f l y  o f  metamorphic rocks.  In 
a few places  these  rocks have been in t ruded by igneous rocks. 

The metamorphic rocks o f  t h i s  p a r t  of  Revillagigedo Is land were assigned 
by Buddington and Chapin (1929) t o  t h e  Wrangell Revillagigedo b e l t  of 
rocks. More recen t ly ,  Berg, Jones,  and Richter  (1972) placed t h e s e  rocks 
in  t h e  Gravina-Nutzotin b e l t  and assigned an upper Mesozoic age t o  them. 
Berg (1973), i n  mapping t h e  geology o f  Gravina Is land d i r e c t l y  across  I 

Tongass Narrows from Ketchikan, assigned t h e  rocks of  t h a t  a r e a  t o  t h e  
Gravina Is land Formation o f  J u r a s s i c  age. The rocks of  t h i s  formation 
are highly  deformed, commonly p h y l l i t i c ,  and a r e  metamorphosed t o  
greenschis t  f a c i e s  (Berg and o t h e r s ,  1972). 

As indica ted  from mapping by Berg (1973) on Gravina Is land,  t h e  metamor- 
phic  rocks i n  t h e  mapped a r e a  ( f i g .  3)  of Ketchikan probably belong t o  
the Gravina Island Formation. Thinly f o l i a t e d  s c h i s t s  and p h y l l i t e s ,  
metamorphosed t o  greenschis t  f a c i e s ,  c o n s t i t u t e  most of  t h e  exposures i n  
the downtown p a r t s  of Ketchikan. The general  s t r i k e  o f  t h e  f o l i a t i o n  
tends t o  be t o  t h e  northwest with moderate t o  steep d i p s  t o  t h e  nor theas t ,  
but  loca l  v a r i a t i o n s  i n  a t t i t u d e  are common. The rocks a r e  b a s i c a l l y  
s i m i l a r  i n  composition from exposure t o  exposure but  range s u b s t a n t i a l l y  
i n  degree o f  weathering and competence. The c r i t i c a l  f a c t o r  a f f e c t i n g  
these  c h a r a c t e r i s t i c s  is t h e  degree of  s c h i s t o s i t y  of a rock a t  any par- 
t i c u l a r  l o c a l i t y .  Increased s c h i s t o s i t y  tends t o  produce small p l a t y  
fragments upon weathering and markedly lower competence. In t h e  main 
business d i s t r i c t  of Ketchikan, most of t h e  exposed rocks a r e  grayish- 
green p h y l l i t e s  t h a t  are tough, unweathered, and competent. Frac tures  
tend t o  be widely spaced, and nea r -ve r t i ca l  c u t s  genera l ly  a r e  s t a b l e .  
In some o the r  p laces  i n  t h e  mapped area, t h e  rocks a r e  more sch i s tose ,  
f r ac tu red ,  and sub jec t  t o  wearhering, but i n  general f a i r l y  competent 
metamorphic rock p r e v a i l s  throughout t h e  a rea .  

Igneous rocks a r e  exposed i n  only a few places  i n  t h e  mapped area .  Most 
a r e  d i o r i t e s ;  however, a sample from an outcrop a t  t h e  nor theas t  end of 
town was c l a s s i f i e d  a s  a gabbro by R .  A .  Sheppard (U.S. Geol. Survey, 
wr i t t en  commun., 1965). .4s indica ted  from mapping by Smith (19731, t h e s e  
igneous rocks probably are p a r t  of  t h e  Coast Range b a t h o l i t h i c  complex 
and a r e  o f  Cretaceous age o r  younger. They tend t o  be hard and r e s i s t a n t  
t o  weathering. 

A l l  t h e  q u a r r i e s  shown i n  f i g u r e  3 a r e  i n  metamorphic rocks,  but igneous 
rock can be obtained from q u a r r i e s  ou t s ide  t h e  mapped area. The quarr ied  
rock is  used f o r  general  purpose f i l l  and a l s o  a s  r i p r a p  (armor rock)  
along t h e  shore l ine .  

The rock f o r  general  purpose f i l l ,  used i n  the const ruct ion  of roads,  
parking areas, and f i l l  a reas  along t h e  water f ront ,  genera l ly  does not 
need t o  be a s  competent a s  t h a t  used fo r  r ip rap .  Therefore, rock t h a t  i s  
fairly s c h i s t o s e  and weathered and t h a t  tends t o  break i n t o  small f rag-  
ments can be used. In l a r g e r  f i l l s ,  however, emplacement of continuous 



l aye r s  of h ighly  s c h i s t o s e  or  weathered rock should be avoided because 
of the po ten t i a l  f o r  s l i d e  f a i l u r e .  Also, t h e  end dumping from trucks 
of  poor-quali ty r ~ c k  should be p a r t i c u l a r l y  avoided i n  t h i c k e r  f i l ls  
(Dames and Moore, 1970a). 

The b e t t e r  q u a l i t y  metamorphic rock of t h e  a rea  is s u i t a b l e  for riprap, 
although l a r g e r  and more durable blocks genera l ly  can be obtained from 
t h e  igneous rocks. In a s tudy of  t h e  design o f  the  fill a r e a s  o f  the 
Ketchikan Airport  on Gravina I s l and ,  metamorphic rock was found on the 
s i t e  t h a t  would break i n t o  blocks a s  l a r g e  a s  5 feet (1.5 m) i n  dim-  
e t e r .  This was l a r g e r  than was needed, inasmuch as it was concluded 
t h a t ,  for an approximate design wave 7 f e e t  (2 m) high,  blocks of rock 
2 f e e t  (0.6 m) on a s i d e ,  weighing no l e s s  than 1,200 pounds (545 kg) 
and 2 u n i t s  th ick ,  would provide ample p ro tec t ion  aga ins t  wave a t t a c k  
(Dames and Moore, 1970a). In t h e  mapped area, breakwaters f o r  Thomas 
Basin and Bar Harbor have been constructed of blocks o f  metamorphic 
rock commonly 3 t o  4 f e e t  (0.9-1.2 m) long and 1 f o o t  (0.3 m) t h i c k .  
S imi lar  s i z e  o r  smal ler  blocks of  rock have been used a s  riprap along 
t h e  shore l ine  edges of  some l a r g e r  fills. 

S u r f i c i a l  depos i t s  (shown an map) 

The s u r f i c i a l  depos i t s  have been divided on t h e  map i n t i  t h e  following 
u n i t s  on the b a s i s  o f  t h e i r  t ime of deposi t ion ,  mode o f  o r ig in ,  and 
gra in  s i z e :  (1) und i f fe ren t i a t ed  d r i f t  (Qd), (21 elevated  marine 
deposi t s  (Qm) , (3)  stream alluvium (Qa) , (4) f an -de l t a  depos i t s  (Qf), 
and (5) modern beach depos i t s  (Qb). Manmade f i l l  ( f )  a l s o  is mapped 
a s  a separa te  un i t .  Muskeg, colluvium, and offshore depos i t s  are not 
included as map u n i t s  but  a r e  discussed i n  t h e  r e p o r t  under t h e  heading 
"Sur f i c i a l  depos i t s  (not shown on map)." 

Undifferentiatei! d r i f t  (Qdl 

The depos i t s  c o n s i s t  mostly of  till o r  o t h e r  diamictons. However, 
because exposures a r e  few, and, the re fo re ,  little i s  known about t he  
area ,  t h e  mapped u n i t  may include some "Elevated marine depos i t s  (Qrn),'l 
o r  t h i n l y  concealed bedrock (bc). As mapped, t h e  u n i t s  a r e  confined 
mostly t o  undeveloped a reas ,  shown i n  t h e  northwest p a r t  of  figure 3. 

The depos i t s  genera l ly  c o n s i s t  of u n s t r a t i f i e d  mixtures of  c l ay ,  s i l t ,  
sand, and g rave l - s i ze  ma te r i a l s .  Cobbles and boulders a r e  spa r ing ly  
present  i n  places.  

Unoxidized mater ia l  commonly i s  b l u i s h  gray, f a i r l y  compact and imper- 
meable, and of  high s t r eng th .  The upper 3 t o  5 feet (0.9-1.5 m) 
genera l ly  i s  oxidized t o  a  t a n  o r  brown co1,or and i s  somewhat less 
compact. Analysis o f  a sample t aken  a t  t h e  Ketchikan Airport  on 
Gravina Is land,  which probably i s  f a i r l y  t y p i c a l  of t h e  depos i t s  i n  
t h e  mapped a r e a ,  showed t h e  g ra in  sizes t o  be 36 percent  sand, 35 per- 
cent  s i l t ,  19 percent  c l ay ,  and 10 percent  gravel  (Dames and Moore, 
1970b). The shrinkage l i m i t  of  t h e  ma te r i a l  was 15, t h e  l i q u i d  l i m i t  
was 19, t h e  p l a s t i c  l i m i t  was 15, and t h e  p l a s t i c i t y  index was 4. In 



I .  the Unified Soil Classification System, the material would be classified 

1 CL-ML. Moisture content of the material at the site generally was in 
excess of optimum moisture for compaction. 

The deposits in the mapped area probably are less than 25 feet (7.6 m) 
thick in most places. In all places observed, they are directly underlain 
by bedrock. 

Marine shells were not found in the deposits. Their absence suggests, but 
does not prove, that the deposits are till laid down under subaerial con- 
ditions rather than being deposited in a marine environment and subse- 
quently elevated. 

Because the deposits are fairly dense and are of high strength, they prob- 
ably are suitable as foundations for most building purposes. They also 
can be used as competent fill material, although they may have to be dried 
somewhat before maximum compaction can be achieved. 

Elevated marine deposits (Qm) 

The map unit is interpreted to be a near-shore marine deposit that subse- 
quently,has been elevated. The deposits axe shown on the map as extending 
up to an altitude of approximately 225 feet (69 m). Higher deposits may 
be present but have not been identified because of the general absence of 
-exposures. 

In the western half of the map area, the deposits consist chiefly of sand 
and fine gravel; in a few places, silt is the dominant size. The sand and 
gravel generally are clean and fairly well sorted. Most exposures are 
oxidized to a reddish-brown color. The deposits in this area generally 
occur as a thin veneer less than 5 feet (1.5 m) thick overlying "Undiffer- 
entiated drift [Qd),tf or "Bedrock (bc)." Exposures are few and, because 
of spotty distribution and general thinness, the deposits may not be 
present everywhere as shown on the map. 

Little is known of the distribution or the nature of the deposits in the 
southeastern part of the mapped area. Most of this area is heavily tim- 
bered or covered with muskeg depos i t s  (unmapped). Therefore, knowledge of 
the deposits in this area is based upon those exposures near Deermont 
Street and upon a few exposures outside the mapped area to the southeast. 
However, it seems likely that elevated marine deposits, similar to those 
in the northwestern part of the mapped area, mantle the rather conspicuous 
southeast-trending topographic bench between altitudes of 80 and 100 feet 
(24 and 33 m) north of Stedman Street. The deposits are inferred to be 
thin, patchy in distribution, and to be underlain in most places by 
"Undifferentiated drift (Qd)." Bedrock probably directly underlies the 
deposits along their margins. 

The three exposures of deposits near Deermont Street probably typify those 
inferred to be present in other places in the southeastern part of the map 
area. One exposure is in a roadcut along Deermont Street, approximately 
600 feet (183 m) north of Stedman Street and at an altitude of 85 feet 



[26 m). Ten f e e t  of tannish-brown, f ine-grained sand overlying bedrock i s  
exposed. The sand i s  well s o r t e d ,  f a i n t l y  crossbedded, and compact. Near 
t h e  top of t h e  exposure are  f a i r l y  numerous c a s t s  of marine s h e l l s .  Pelec- 
ypoda H i a t e l l a  a r c t i c a  (Linne) and barnacles were i d e n t i f i e d  from t h e s e  
c a s t s  by F. S. MacNeil of t h e  U.S. Geological Survey. The depos i t s  a t  t h i s  
l o c a l i t y  i n d i c a t e  a near-shore environment. The second exposure is about 
150 f e e t  (46 m )  e a s t  of Deermont S t r e e t  along t h e  road leading up the h i l l  
t o  t h e  s a n i t a r y  l a n d f i l l  and is  a t  an a l t i t u d e  o f  about 80 feet (24 m) .  
Here, 3 f e e t  (0.9 m) of t h i n l y  bedded grayish sand o v e r l i e s  bedrock. No 
s h e l l s  were found i n  t h e  depos i t s  but  nea r -ve r t i ca l ,  orange, pipe-shaped 
concret ionary bodies, 2 t o  4 inches (5-10 cm) long and approximately 
1/2 inch (1.3 cm) i n  diameter,  may represent  former marine organisms. The 
t h i r d  exposure, f a r t h e r  up t h e  h i l l  along t h e  road t o  t h e  s a n i t a r y  l a n d f i l l  
and a t  an a l t i t u d e  of  about 200 f e e t  (61 m), shows about 10 f e e t  (3 m) of 
s t r a t i f i e d  coarse sand and f i n e  gravel  overlying bedrock. Although no 
s h e l l s  were found i n  t h i s  exposure, t h e  sand and gravel  probably represent  
depos i t s  s i m i l a r  t o  those  i n  t h e  f i r s t -desc r ibed  exposure and i n d i c a t e  t h a t  
o the r  unexposed elevated marine depos i t s  may be present a t  l e a s t  t o  t h i s  
a l t i t u d e  i n  t h e  heavi ly  wooded a reas  t o  t h e  south and southeast .  

The depos i t s  probably a r e  too  t h i n  i n  most p laces  t o  be used a s  a source of 
sand and gravel .  Outside t h e  mapped a rea ,  depos i t s  25 t o  40 f e e t  (7.6- 
12.2 m) t h i c k  o f f e r  sources of sand and gravel  f o r  base  COUTSe f o r  roads 
and for  o the r  purposes. Permeabil i ty of  depos i t s  genera l ly  i s  high and 
su r face  and subsurface drainage is good. Slope s t a b i l i t y  probably is mod- 
e r a t e  t o  f a i r l y  high, depending upon g ra in  s i z e .  Erosion of  f i n e r  mater ia l  
on s t eeper  s lopes  can be expected. 

Stream alluvium (Qa) 

The depos i t s ,  a s  mapped, c o n s i s t  c h i e f l y  o f  sand, gravel, cobbles, and 
boulders deposi ted by Ketchikan Creek and Schoenbar Creek. Boulders, 1 t o  
4 f e e t  (0.3-1.2 m)  i n  diameter,  a r e  l o c a l l y  abundant along t h e  streambed o f  
Ketchikan Creek. Some stream alluvium a l s o  is p resen t  along Carlanna Creek 
and o the r  creeks but  has not  been mapped because of s p o t t y  d i s t r i b u t i o n  and 
thinness.  

Mapped depos i t s  probably do not exceed 15 feet (4.6 m) i n  th ickness  and 
everywhere appear t o  r e s t  d i r e c t l y  on bedrock. The depos i t s  genera l ly  are 
poorly sor ted  but a r e  f a i r l y  permeable. The water t a b l e  i s  f a i r l y  high, 
p a r t i c u l a r l y  near  t h e  creekbeds. There a r e  no p i t s  i n  t h e  mapped depos i t s  

. and none a r e  l i k e l y  i n  t h e  f u t u r e  because of p r i o r  land use and t h e  gener- 
a l l y  poor q u a l i t y  of  t h e  depos i t s  f o r  most purposes. 

Fan-delta depos i t s  (Qf] 

The mapped depos i t s  have been l a i d  down a t  the.mouths of Ketchikan, Car- 
lanna, and Hoadley Creeks and some o t h e r  smal ler  watercourses. Their outer 
edges, which extend out  i n t o  Tongass Narrows, have been reworked by wave 
a c t i o n  and a r e  gradat ional  i n  composition with modern beach deposits  (Qb). 



The depos i t s  cons i s t  mostly of poorly s o r t e d  sand, gravel ,  and boulders. 
The size f r a c t i o n s  genera l ly  a r e  coa r ses t  near  t h e  apex o f  t h e  f ans  and 
become increas ingly  f i n e r  grained seaward. I n  most p laces  t h e  depos i t s  
are less than 15 f e e t  (4.5 m) t h i c k  but  a r e  considerably t h i c k e r  a t  t h e  
mouths of t h e  l a r g e r  streams. The th ickness  of  t h e  depos i t s  nea r  t h e  
i n t e r s e c t i o n  o f  M i l l  S t r e e t  and Front S t r e e t  a t  t h e  mouth of  Ketchikan 
Creek, f o r  example, r a n  es from 20 t o  50 f e e t  (6-15 m )  (S ta te  of Alaska 
Dept. Highways, 1 9 6 6 a . d  The depos i t s  a r e  loose  and permeabil i ty i s  high. 
Their  ou te r  edges a r e  completely sa tu ra ted  most of  t h e  time and t h e  water 
table is high i n  t h e  remainder of t h e  depos i t s .  They appear t o  l i e  gener- 
a l l y  on a seaward-sloping bedrock su r face  and i n  most p laces  are over la in  
by f i l l  of varying th icknesses .  A l imi ted  amount o f  sand and gravel  has 
been excavated f o r  commercial use  from t h e  depos i t s  a t  t h e  mouth of Car- 
l a m a  Creek. However, most p a r t s  o f  t h e  depos i t s  are no longer access ib le  
for f u r t h e r  e x p l o i t a t i o n  because t h e y  a r e  covered by bui ld ings  o r  fill. 

Modern beach depos i t s  (Qb) 

The modern beach d e p o s i t s  a r e  i n t e r t i d a l  depos i t s  l a i d  down along t h e  
shore l ine  o f  Tongass Narrows. In many places  they have been covered by 
manmade f i l l  ( f )  and, as mentioned previously,  a r e  gradat ional  with 
fan-del ta  depos i t s  (Qf 1. 

The depos i t s  c o n s i s t  c h i e f l y  o f  loose  sand and gravel ;  cobbles a r e  present  
l o c a l l y .  They genera l ly  a r e  l e s s  than 10 f e e t  (3 m) t h i c k  but  l o c a l l y  may 
be considerably th icke r .  Inasmuch a s  t h e  depos i t s  a r e  i n t e r t i d a l ,  they  
are completely s a t u r a t e d  p a r t  of every day. The mapped por t ions  probably 
everywhere l i e  on a seaward-sloping bedrock surface. Far ther  o f f shore  
they may be under la in  by till i n  p laces .  

The depos i t s  a r e  not used a s  a source of  sand and gravel  because o f  t h e i r  
general th inness  and because they axe covered i n  most p laces  by bui ld ings  
o r  manmade f i l l .  P i l e s  f o r  l a r g e r  wharves and o the r  s t r u c t u r e s  genera l ly  
a r e  driven through t h e  d e p o s i t s  t o  bedrock f o r  g r e a t e r  s t a b i l i t y .  

Manmade fill (f)  

Two b a s i c a l l y  d i f f e r e n t  types  of  f i l l  a r e  included i n  t h i s  map unit: 
(1) t h i ck  f i l l s  emplaced along the waterf ront  t o  e l e v a t e  low-lying land 
above high t i d e ,  and (2) t h i n  f i l l s  placed some d i s t ance  inland from t h e  
waterfront  and used a s  pads f o r  bui ld ings  and adjacent  parking areas .  
Many small a reas  of f i l l ,  such a s  used i n  s t r e e t  and road const ruct ion ,  
have not  been d i f f e r e n t i a t e d  on t h e  map. Also, some l a r g e r  f i l l s  may have 
been placed along t h e  water f ront  and elsewhere since mapping was completed. 

YThe fan-de l t a  depos i t s  almost everywhere under l i e  t h e  manmade fill 
a t  t h i s  l o c a l i t y ,  al though e x ~ o s e d  i n  only one small a rea .  



The f i l l s  along t h e  water f ront ,  whose o u t e r  edges extend i n t o  Tongass 
Narrows, cons i s t  of a v a r i e t y  of ma te r i a l s .  Intermixed s i l t ,  sand, g rave l ,  
and crushed rock a r e  probably t h e  most common m a t e r i a l s ,  but  some f i l ls  
conta in  t r e e  limbs, sawdust, muskeg, concre te  s l a b s ,  junked c a r s ,  and 
o the r  t r a s h ,  Riprap cons i s t ing  of broken rock,  commonly 3 t o  4 f e e t  
(1-1.2 m) long and 1 foot  ( 0 . 3  m) t h i c k ,  has h e n  placed along t h e  seaward 
s i d e  o f  some of t h e  f i l l s  and a l s o  c o n s t i t u t e s  t h e  breakwater f o r  Thomas 
Basin and Bar Harbor. Some f i l l s  a r e  loose,  whereas o t h e r s  a r e  moderately 
dense. Probably only  a few have been compacted t o  maximum d e n s i t y  during 
emplacement. Most of  t h e  f i l l s  along t h e  water f ront  a r e  5 t o  15 feet 
(1.5-4.6 m) t h i c k  but some a r e  considerably t h i c k e r -  They have been 
placed on seaward-sloping surfaces  o f  f an -de l t a  d e p o s i t s ,  beach deposi t s ,  
and bedrock. 

Probably t h e  t h i c k e s t  f i l l  along t h e  water f ront  is  i n  t h e  a r e a  of M i l l  
S t r e e t  and t h e  Ketchikan Spruce Mills. Here, d r i l l i n g  by t h e  S t a t e  o f  
Alaska Department of  Highways (1966a) i n  connection wi th  cons t ruct ion  o f  a 
new highway alinement d isc losed t h a t  t h e  f i l l  is  15 t o  20 f e e t  (4.6-6.1 m) 
t h i c k  and l i e s  on 15 t o  50 fee t (4 .6-15.2  m)of  f an -de l t a  depos i t s ,  which 
i n  t u r n  r e s t  on bedrock. However, one d r i l l  ho le  near t h e  a l l e y  nor theas t  
of t h e  i n t e r s e c t i o n  of  Front S t r e e t  and M i l l  S t reet  penet ra ted  68 feet 
(20.7 m) of  f i l l  and 7 f e e t  (2 m) o f  bedrock. The f i l l  i n  t h i s  a r e a  is 
mainly f i n e  sandy gravel  but  a l s o  conta ins  wood, glass, and boulders as 
much a s  4 feet (1.2 rn) i n  diameter .  The mate r i a l  generally i s  loose  t o  
medium dense and represen t s  a t  l e a s t  i n  p a r t  hydrau l i c  fill mate r i a l  
derived from dredging opera t ions  i n  Thomas Basin. The surface  of t h e  s i te  
occupied by t h e  Ketchikan Spruce M i l l  o r i g i n a l l y  was about 8 f e e t  (1.4 m) 
lower than t h e  present  f i l l  surface .  The f i r s t  f i l l  consis ted  of a layer 
of sandy gravel ,  wood, and sawdust; l a t e r  t h i s  was covered by a l a y e r  of 
sandy gravel  and s i l t .  E a r l i e r  f i l l  i n  t h i s  a r e a  apparent ly  was not  com- 
pacted during placement. However, during cons t ruc t ion  o f  t h e  new highway 
along M i l l  S t r e e t  and Front S t r e e t ,  f ine-gra ined mate r i a l  f i rst  was washed 
i n t o  t h e  void spaces between t h e  abundant boulders p resen t  and then t h e  
f i l l  was ra i sed  t o  s t r e e t  l e v e l  i n  l i f t s  not  exceeding 8 inches (20 cm), 
brought t o  near-optimum moisture content ,  and compacted t o  at  least 
95 percent  o f  maximum dry  d e n s i t y  (S ta te  o f  Alaska Dept. Highways, 1966b). 

F i l l s  placed inland from t h e  water f ront  and used a s  pads f o r  bui ld ings  or  
f o r  surrounding parking a r e a s  c o n s i s t  e i t h e r  of s e l e c t e d  mate r i a l  (sand 
and gravel  o r  crushed rock) hauled i n t o  t h e  a r e a  o r  of mater ia l  obtained 
on o r  near  t h e  s i t e .  Thicknesses genera l ly  a r e  less t h a n  10 f e e t  (3 m]. 
Permeabil i ty v a r i e s  widely, depending upon t h e  composition of t h e  f i l l .  

S u r f i c i a l  depos i t s  (not shown on map) 

Muskeg, colluvium, and of f shore  depos i t s  are descr ibed here in  but  are not  
d i f f e r e n t i a t e d  on t h e  map because they a r e  not  exposed, a r e  t o o  poor ly  
exposed, o r  a r e  too  small i n  a r e a l  ex ten t  t o  be mapped separa te ly .  



Muskeg 

As indicated from the vegetation pattern on aerial photographs, probably 
the largest and thickest deposits of muskeg are present along the 80- to I 
100-foot (24- to 30-m) -high bench in the southeastern part of the mapped 
area. Larger trees are sparse in this area as compared with adjacent 
areas, and the surface drainage is poor--characteristics which in the 
Wrangell area, Alaska (Lemke, 1974), and elsewhere suggest substantial 
thicknesses of muskeg. However, future delineation of the deposits must i 
await better exposures than are now indicated. The deposits in this area Z 
are interpreted to be underlain by elevated marine deposits (Qm). 

Muskeg deposits, as much as 3.5 feet (1.1 m) thick and generally overlying 
undifferentiated drift (Qd) or elevated marine deposits (Qm), are exposed 

i 
in a few places in the northwestern part of the mapped area. The muskeg 

i 
consists chiefly of fragmented remains of decayed vegetable matter also 
known as peat. Its appearance is nearly identical to much thicker depos- 

i 
its described in the Wrangell area (Lemke, 1974). If similar, it probably I 
has an exceptionally high moisture content, high shrinkage upon drying, a 
high void ratio, and an exceptionally high compressibility. Muskeg depos- 
its encountered in road construction in the Ketchikan area generally are 

I i 
wasted unless they are very thick (State of Alaska Dept. Highways, 1963). i 

In the construction of the Ketchikan Airport on Gravina Island it was 
determined that muskeg would compress under the contemplated fill loads. 
Most of the settlement would occur soon after emplacement of the fill, but 
secondary compression would continue for several years. For example, a 
layer of muskeg 5 feet (1.5 m) thick and a fill thickness of 20 feet 
(6.1 m) probably would settle initially 1 1 5  to 2.0 feet (0.5-0.6 m) and, 
over a long term, 3 to 6 inches (7.6-15.2 cm) of settlement could be 
expected (Dames and Moore, 1970b). 

Col luvium 

Colluvium is the general term given to surficial material, including 
rubble, that has moved downslope, principally under the influence of 
gravity. Colluvial deposits, generally less than 2 feet (0.6 m) thick, 
are sparingly present in the business district of Ketchikan, where they 
consist chiefly of fragments of decomposing bedrock. In'the northwestern 
part of the mapped area, the colluvial deposits arc locally 5 to 8 feet 
(1.5-2.4 m) thick and, in addition to decomposing bedrock fragments, con- 
sist of undifferentiated drift (Qd) and elevated marine deposits (Qm). 
Farther up the slopes, where bedrock is near the surface, the colluvial 
deposits consist chiefly of large blocks of detached bedrock. 

Offshore deoosits 

Knowledge of offshore deposits within the area of figure 3 is limitgd to 
some seismic traverses and bottom sampling by the U.S. Geological Survey, 
to some information obtained offshore in the immediate vicinity of the 
Ketchikan Airport, and to data related to construction along the water- 
front at Ketchikan. As used here, offshore deposits are those below mean 
lower low water. 



Some information i s  provided on t h e  thicknesses and s i z e  f r a c t i o n s  of 
' sediments i n  Tongass Narrows as a r e s u l t  of seismic t r a v e r s e  d a t a  and 

bottom sampling done by t h e  U.S. Geological Survey in  1967. Limited 
preliminary i n t e r p r e t a t i o n s  of t h e  records made by S. C.  Wolf (wri t ten 
commun,, 1973) i n d i c a t e  t h a t  t h e  p r inc ipa l  sediment accumulation is  in . 
depressions on an i r r e g u l a r  bedrock surface .  Bedrock is  a t  o r  near the 
surface  i n  many places .  Some steep-sided bare bedrock projec t ions ,  such 
a s  Idaho Rock and Ca l i fo rn ia  Rock offshore  from Saxman, p ro jec t  t o  within. 
2 fathoms ( 3 . 7  m) of t h e  su r face  and c o n s t i t u t e  navigat ional  hazards. 
Bottom sampling (S. C. Wolf, unpub. d a t a ,  1967) showed t h a t  t h e  sediments 
were l a rge ly  of sand and s i l t  s i z e  with abundant s h e l l  mater ia l ,  Rock 
fragments predominated i n  some samples. The g r e a t e s t  range i n  g ra in  s i z e  
and composition was from a sample taken offshore  from Thomas Basin. Th i s  
sample contained much wood and o the r  organic d e b r i s  and probably repre-  
s e n t s  deposit ion from Ketchikan Creek, p a r t i c u l a r l y  during flood stage. 

Offshore s t u d i e s  were made i n  Tongass Narrows by Dames and Moore (1970a, b) 
i n  connection with const ruct ion of t h e  Ketchikan Ai rpor t ,  Although these 
s tud ies  were made ou t s ide  t h e  mapped a rea  and were of l imi ted  extent ,  some 
extrapola t ion of information i n t o  t h e  mapped area  seems j u s t i f i e d .  Three 
sediment u n i t s  were del ineated  i n  t h e  s t u d i e s  by Dames and Moore: 
(1) sand and angular gravel  believed t o  o v e r l i e  bedrock and t o  be contin- 
uous throughout t h e  study a rea ;  ( 2 )  d e l t a i c  d e p o s i t s ,  consis t ing  of  sand 
and gravel and occurring i n  lobes near t h e  mouths of two creeks; and (3) a 
deposi t  of s i l t ,  sand, and wood occurring i n  a narrow band a shor t  d i s t ance  
offshore  and probably represent ing c lea r ing  and s t r i ~ p i n g  operat ions on t h e  
s i t e .  Unit 1, t h e  dominant offshore  depos i t ,  i s  dense and contains s h e l l s  
i n a d d i t i o n t o t h e s a n d a n d a n g u l ~ r g r a v e l d e r i v e d c h i e f l y f r o m b e d r o c k .  
The angular gravel i s  described a s  cons i s t ing  of p l a t y  fragments of schist  

. t h a t  l i e  e s s e n t i a l l y  f l a t  on t h e  sea  f l o o r  and form a bottom "pavement1' t o  
a t  l e a s t  70 feet (21 m) below mean lower low water. Thickness of the  unit 
i s  var iab le ,  ranging from about 5 f e e t  (1.5 m) near shore t o  about 20 f e e t  
(6  m) about 800 f e e t  (244 m) offshore.  A s i m i l a r  pavement may character- 
i z e  t h e  f l o o r  of Tongass Narrows i n  p laces  offshore  from Ketchikan, as 
indicated from some bottom samples previously descr ibed.  Unit 2 ,  which i n  
addi t ion  t o  sand and gravel  c o n s i s t s  of some s i l t  and organic debris ,  is 
described a s  not a s  dense a s  Unit 1 but never theless  i s  of  r a t h e r  high 
s t rength  and of low t o  moderate compress ib i l i ty .  I t  i s  about 5 t o  10 feet 
(1.5-3 m) t h ick  and everywhere i s  underlain by Unit 1. In  t h e  buried chan- 
n e l s  a t  t h e  mouths of two creeks,  Unit 2 and Unit 1 a l s o  are underlain i n  
t h e  more offshore  p a r t  of  t h e  channels by dense till o f  high s t reng th  which . is  e s s e n t i a l l y  incompressible. The combined th ickness  of t h e  t h r e e  kinds 
of mater ia l  was shown i n  one d r i l l  hole t o  be as much a s  37.5 feet (11.4 m ) .  
Similar  buried channels containing s u b s t a n t i a l  th icknesses  of sediments and 
till may be present  i n  t h e  mapped area  o f f shore  from l a r g e r  streams such 
as Ketchikan Creek and Carlanna Creek. Unit 3 apparent ly  r e s u l t s  from 
const ruct ion and has no s ign i f i cance  i n  t h e  mapped area. 

A l imi ted  amount of information was obtained regarding offshore deposi ts  
along t h e  Ketchikan waterfront  i n  connection with const ruct ion of a new 
segment of highway along M i l l  and Front S t r e e t s .  As discussed previously, 
d r i l l - h o l e  d a t a  i n d i c a t e  t h a t  20 t o  50 f e e t  (6-15 m] of loose sand and 



gravel rests on a f a i r l y  s t eep ly  s loping bedrock surface .  Because of  t h e  
indicated i n s t a b i l i t y  o f  t h e  depos i t s  on t h i s  su r face ,  it was recommended 
t h a t  a l l  p i l e s  o r  ca issons  used t o  support the highway pene t ra te  a t  l e a s t  
3 f e e t  (1 m) of  bedrock t o  prevent l a t e r a l  t r a n s l a t i o n  of load (S ta te  of 
Alaska Dept. Highways, 1966a). 

STRUCTURE 

Sumnary -of reg iona l  s t r u c t u r e  

Southeastern Alaska l i e s  wi th in  t h e  a c t i v e  t e c t o n i c  b e l t  t h a t  rims t h e  
nor thern  P a c i f i c  Basin. I t  has been t e c t o n i c a l l y  a c t i v e  s i n c e  a t  l e a s t  
l a t e  Paleozoic time, and t h e  bedrock outcrop p a t t e r n  is  t h e  r e s u l t  of l a t e  
Mesozoic and T e r t i a r y  deformational ,  metamorphic, and i n t r u s i v e  events  
(Brew and o the r s ,  1966). Large-scale f a u l t i n g ,  mostly with s t rong xight-  
l a t e r a l  s t r i k e - s l i p  movement, has been common. 

The t r ends  of  many l i n e a r  f i o r d s  of southeas tern  Alaska a r e  bel ieved t o  be 
con t ro l l ed  by major f au l t s  o r  f a u l t  zones (Twenhofel and Sainsbury, 1958); 
other f i o r d s ,  such a s  t h e  nor theas t - t rending ones across  Baranof Island 
( f ig .  l ) ,  a r e  bel ieved t o  be con t ro l l ed  by j o i n t s  ( B r e w  and o t h e r s ,  1963). 
The f i o r d s  a r e  formed along f a u l t s  o r  j o i n t s  c h i e f l y  as a r e s u l t  of o u t l e t  
g l a c i e r s  scouring and deepening p r e g l a c i a l  r i v e r  v a l l e y s  whose courses 
followed, a t  l e a s t  i n  p a r t ,  t h e  more e a s i l y  e rod ib le  f a u l t  or  joint  planes.  
Many o t h e r  l i n e a r  f e a t u r e s  such as s t r a i g h t  v a l l e y s ,  c o a s t l i n e s ,  and 
t roughl ike  depressions reflect f a u l t s ,  shear  p lanes ,  and j o i n t s .  The more 
conspicuous of t h e s e  lineaments, most o f  which are bel ieved t o  be f a u l t  
t r a c e s ,  are shown i n  figure 5. 

Two of t h e  most prominent f a u l t  systems i n  southeas tern  Alaska and surround- 
ing  regions are (1) t h e  Denali f a u l t  system, and (2) t h e  Fairweather-Queen 
Char lo t t e  Is lands  f a u l t  system. Also, o f  major t e c t o n i c  importance a r e  t h e  
Totschunda f a u l t  system and t h e  Chugach-St. Elias f a u l t ,  which join the 
nor theas tern  end of  t h e  Fairweather f a u l t .  These major f a u l t  systems, as 
w e l l  as inferred connections between individual  f a u l t  segments, are shown 
i n  f i g u r e s  4 and 5. Two other  prominent lineaments i n  southeas tern  Alaska, 
which a r e  near  Kstchikan and which may be f a u l t s ,  are t h e  Clarence S t r a i t  
lineament and t h e  Coast Range lineament. Recency of f a u l t i n g  i n  r e l a t i o n  
t o  earthquake r i s k  i s  discussed under t h e  heading "EARTHQUAKE PROBABILITY. '' 

Denali f a u l t  system and associa ted  f a u l t s  

The Denali f a u l t  system ( f i g .  4 )  i s  a g rea t  arcuate series of r e l a t e d  
f a u l t s  and branches, more than 1,000 miles (1,600 km) long, subpara l l e l  t o  
t he  Gulf of Alaska (St .  h a n d ,  1957; Twenhofel and Sainsbury, 1958; Grantz, 
1966; Berg and o t h e r s ,  1972). The Totschunds f a u l t  system i s  indica ted  t o  
be a p a r t  of  t h e  Denali f a u l t  system (Berg and Pla fke r ,  1973). These f a u l t  
systems, although of g rea t  regional  importance, probably a r e  too f a r  away 
from t h e  Ketchikan a r e a  t o  be o f  g r e a t  seismic importance t o  t h a t  a r e a  and 
are not  discussed f u r t h e r  h e r e . l /  

y ~ o r  add i t iona l  d e t a i l  regarding these t e c t o n i c  elements, t h e  r eader  
i s  referred t o  a regional r epor t  by Lemke and Yehle (1972a) and a r e p o r t  
on t h e  Wrangell a r e a  by Lemke (1974) .  
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Figure 4.--Map of Alaska showing major elements of the Denali and 
Fairweather-Queen Charlotte Islands fault systems. Modified from 
Grantz (1966), Tobin and Sykes (1968), Plafker (1969, 1971), 
Richter and Matson (1971), Berg, Jones, and Richter (1972), Berg 
and Plafker (1973), and Page and Gawthrop (1973). 
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~airweather-@&en Char lo t t e  Is lands  f a u l t  system 

The Fairweather f a u l t  and t h e  Queen Char lo t te  Is lands  f a u l t  probably are 
p a r t  of t h e  same t e c t o n i c  element but a r e  genera l ly  described separa te ly  
(St .  Amand, 1957; Grantz, 1966; Tobin and Sykes, 1968; Page, 1969; George 
Plafker ,  w r i t t e n  comrnun., 1971; Richter  and Matson, 1971; Page and Gawthrop, 
1973). The onland p a r t  of  t h e  Fairweather f a u l t  i s  a segment about 
125 miles (200 km) long t h a t  extends southeastward from Yakutat Bay t o  Icy 
Point ( f i g s .  4 ,  5 ) ;  here,  t h e  f a u l t  l i e s  l a r g e l y  i n  a  l i n e a r  v a l l e y  p a r t l y  
f i l l e d  by glaciers and separa tes  c r y s t a l l i n e  rocks of t h e  Fairweather Range 
from p a r t l y  younger and l e s s  a l t e r e d  rocks of  t h e  c o a s t a l  region (Miller ,  
1960). As mapped by Plafker  (1969, 1971), t h e  northwestern end o f  t h e  
Fairweather f a u l t  jo ins  t h e  eas te rn  end of t h e  Chugach-St. Elias thrust 
f a u l t  ( f i g s .  4 ,  5 ) .  The offshore  southeas tern  extension o f  t h e  f a u l t  f o l -  
lows the  cont inenta l  s lope  o f f  southeastern Alaska and, f o r  purposes of 
d iscuss ion here ,  jo ins  t h e  Queen Char lo t t e  Is lands  f a u l t  a t  l a t i t u d e  5S030' 
N. The Queen Char lo t te  Is lands  f a u l t  i s  inferred t o  continue southeastward 
along the  southwest s i d e  of  t h e  Queen Char lo t t e  Is lands  on t h e  b a s i s  of t h e  
conf igura t ion  of of fshore  topography and t h e  presence of  a  b e l t  of high 
se i smic i ty  (Menard and Die tz ,  1951; S t .  Amand, 1957; Wilson, 1965; Brown, 
1968; Chase and T i f f i n ,  1972). Because of  i t s  c l o s e r  loca t ion ,  t h e  Queen 
Char lo t te  Is lands  f a u l t  is  o f  g r e a t e r  t e c t o n i c  importance t o  t h e  Ketchikan 
a rea  than is  t h e  Fairweather f a u l t .  

Clarence S t r a i t  lineament 

This prominent lineament ( f i g .  53, which probably r e f l e c t s  f a u l t i n g  along 
p a r t  o r  a l l  o f  i t s  length,  is a t  l e a s t  218 miles (350 km) long (Grantz, 
1966) and may be more than 250 miles (400 km) long (Twenhofel and Sainsbury, 
1958). It extends northwesterly from t h e  mouth of Clarence S t r a i t  i n  Dixon 
Entrance t o  a t  l e a s t  Kupreanof Is land ( f i g .  1). If t h e  Clarence S t r a i t  
lineament i s  a f a u l t ,  t he  nor theas t  s i d e  i s  indica ted  t o  have been u p l i f t e d  
(probably during l a t e  Early Cretaceous and Late Cretaceous time) a t  i t s  
southeast  end, with displacement decreasing t o  t h e  northwest (Grantz, 1966). 
Evidence f o r  l a t e r a l  s l i p ,  according t o  Grantz, is  lacking.  

Coast Range lineament 

This lineament ( f i g .  5 3 ,  according t o  Twenhofel and Sainsbury (1958), i s  
370 miles (595 lon) long and extends from t h e  southern border of  southeast-  
e rn  Alaska t o  Lynn Canal ( f i g .  1 ) .  A t  l e a s t  p a r t  of  t h e  lineament repre-  
sen t s  f a u l t i n g ,  but  p r e c i s e  d a t a  on amount and type  of movement on t h e  
s t r u c t u r e  a r e  lacking.  Buddington and Chapin (1929, p. 291), i n  descr ib ing 
a par t  of t h e  lineament southeast  of  Juneau, noted t h a t  "a h ighly  mashed 
over thrus t  f a u l t  zone i s  indica ted  by t h e  c a t a c l a s t i c  t e x t u r e  of t h e  rocks 
i n  a  b e l t  on t h e  mainland adjacent  t o  Stephens Passage." 



Local structure 

Although recent  d e t a i l e d  mapping of t h e  s t r u c t u r e  has been done on the  
adjacent  i s l ands  of  Annette (Berg, 1972) and Gravina (Berg, 1973) ,  
detai led information on t h e  s t r u c t u r e  o f  Revillagigedo Is land is not  
avai lable .  Some information, however, is a v a i l a b l e  from recent  regional  
s tud ies  (Berg and o the rs ,  1972) and some ext rapola t ions  can be made from 
d e t a i l e d  s t u d i e s  made nearby. 

Berg, Jones, and Richter  (1972) showed t h a t  t h e  Ketchikan a rea  l i e s  within 
t he  Gravina-Nutzotin b e l t .  This is a narrow b e l t  of middle[?) J u r a s s i c  t o  
middle Cretaceous sedimentary and volcanic  rocks t h a t  extends almost con- 
t inuously  i n  a northwesterly d i r e c t i o n  from s o u t h e a s t e ~ n  Alaska t o  t h e  
Alaska Range i n  eas te rn  Alaska. In southeastern Alaska, rocks of late 
Paleozoic and e a r l y  Mesozoic age a r e  believed t o  s t r u c t u r a l l y  o v e r l i e  t h e  
younger Gravina-Nutzotin rocks,  Major imbricate t h r u s t  f a u l t i n g  is 
assumed t o  have produced t h e  inver ted  sequence, and it is  f e l t  t h a t  t h e  
belt is a p a r t  of  t h e  deformed upper Mesozoic arc. On Annette and Gravina 
Islands, t h r u s t  f a u l t s  of t h i s  zone d i sp lace  bedded rocks as young as l a t e  
Mesozoic and a r e  o f f s e t  by high-angle f a u l t s ,  probably mainly of middle 
T e r t i a r y  age (Berg, 1972). 

A t  l e a s t  two lineaments i n  t h e  a r e a  ind ica te  major f au l t ing .  One, which 
has been mapped by Berg (1973) a s  an alluvium-covered in fe r red  f a u l t  on 
Gravina Is land,  extends northwestward from Bostwick I n l e t  t o  Vallenar Bay 
(f ig .  2 ) .  The o the r  extends northwestward from t h e  northern end of  
Annette Is land up Tongass Narrows on t h e  southwest s i d e  of Pennock Island.  
Along t h i s  lineament, Berg (1972) showed a f a u l t  extending northwestward 
across t h e  northern t i p  of Annette Is land and i n t o  Annette Bay. However, 
i n  his mapping of Gravina Is land (Berg, 1973), he d id  not show - t h i s  f a u l t  
as continuing northwestward up Tongass Narrows. Perhaps when d e t a i l e d  
mapping is  extended onto Revillagigedo Is land addi t ional  information may 
become a v a i l a b l e  as t o  whether o r  not an in fe r red  continuation appears 
warranted. 

Many smaller  f a u l t s  have been mapped by Berg (1973) on Gravina Is land 
across from Ketchikan, and doubtless many are present  within t h e  Ketchikan 
a rea  i t s e l f .  I noted severa l  high-angle f a u l t s  i n  t h e  course of my recon- 
naissance s t u d i e s  but  lack of time and poor  exposures i n  l a rge  p a r t s  of 
t h e  a rea  precluded a systematic examination. 

EARTHQUAKE PROBABILITY 

Assessment of t h e  earthquake p robab i l i ty  of an a rea  i s  dependent upon t h e  
determination of  two f a c t o r s :  (1) t h e  se i smic i ty  o r  h i s t o r i c a l  record of 
earthquakes i n  and adjacent  t o  t h e  a rea ,  and (2)  t h e  degree of t e c t o n i c  
a c t i v i t y  i n  t h e  a rea  and surrounding region.  



Seismici ty  

Southeastern Alaska l i e s  i n  one o f  t h e  two most se i smica l ly  a c t i v e  
zones i n  Alaska, a S t a t e  where 6 percent  o f  t h e  world's shallow ear th-  
quakes have been recorded (St.  Amand, 1957; Wood, 1966). Between 1899 
and 1970, f i v e  earthquakes having magnitudes of 8 o r  g r e a t e r  have 
occurred i n  o r  near southeas tern  Alaska o r  i n  adjacent  of fshore  a reas ,  
t h r e e  have occurred having magnitudes of  between 7 and 8, at l e a s t  
e igh t  with magnitudes of between 6 and 7, 15 with magnitudes o f  between 
5 and 6 ,  and about 140 have been recorded with magnitudes of less than 
5 o r  of  unassigned magnitudes ( f i g .  6) .  A l l  of  t h e  earthquakes with 
magnitudes g rea te r  than 8 ,  and a l a r g e  propor t ion  o f  t h e  o t h e r s ,  appear 
t o  be r e l a t e d  t o  t h e  Fairweather-Queen Char lo t t e  Is lands  fault  system 
o r  t o  t h e  connecting Chugach-St. E l i a s  f au l t  t o  t h e  northwest.  

There a r e  no recorded ep icen te r s  of  earthquakes i n  t h e  Ketchikan mapped 
a rea .  Within approximately a 50-mile (80-km) r a d i u s  of Ketchikan, 
epicenters  of  t h r e e  earthquakes with magnitudes o f  5 o r  less have been 
recorded ( f ig .  6 )  .L/ Within a r ad ius  of 100 miles (160 km), 10 epicen- 
t e r s  have been recorded. Two of t h e s e  had nagnitudes between 6 and 7, 
and e igh t  had magnitudes of  5 o r  l e s s .  The epicenter  of t h e  c l o s e s t  
earthquake of magnitude 8 o r  g r e a t e r  i s  about 140 miles (224 km) south- 
west of Ketchikan and o f f shore  from the  Queen Char lo t t e  I s l a n d s  (desig- 
nated L on fig. 6 ) .  I t  occurred August 22, 1949, and had a magnitude 
of  8.1. 

Although no ins t rumenta l ly  recorded earthquakes had ep icen te r s  i n  t h e  
Ketchikan mapped a r e a ,  a t  l e a s t  32 earthquakes t h a t  had e p i c e n t e r s  else- 
where were f e l t  o r  poss ib ly  f e l t  i n  Ketchikan (table 1 ) .  Probably many 
more earthquakes have been f e l t  i n  t h e  Ketchikan a rea ,  but  t h e y  have not 
been repor ted  o r  t h e  publ ica t ion  source is obscure. 

O f  t h e  earthquakes f e l t  a t  Ketchikan, t h e  one of J u l y  30, 1972, i n  the 
v i c i n i t y  o f  S i tka  (about 180 miles (282 km) from Ketchikan, designated 
Q on f i g .  6, magnitude 7.1-7.6) was t h e  most r ecen t  and one of those  
most s t rong ly  f e l t .  I t  was assigned an i n t e n s i t y  of V p o d i f i e d  
Mercal l i  s ca le )  a t  Ketchikan (Lander, 1973) .  Another earthquake t h a t  
was f e l t  f a i r l y  s t rong ly  a t  Ketchikan occurred November 17, 1956, about 
100 miles (160 km) t o  t h e  southwest (designated 0 on f i g .  6 )  and had a 
magnitude of  6.5. I t  was assigned an i n t e n s i t y  o f  I V  a t  Ketchikan 
(Wood, 1966). The l a r g e  Queen Char lo t t e  I s l ands  earthquake (magnitude 
8.1) of August 22, 1949, 140 miles (224 km) t o  t h e  southwest (designated 
L on f i g .  6 )  i s  in fe r red  t o  have been f e l t  a t  Ketchikan, b u t  t h e r e  a r e  
no r e p o r t s  t o  s u b s t a n t i a t e  t h i s  inference .  However, a t  Ward Lake, 

' ~ e c a u s e  of t h e  d i f f i c u l t y  o f  accura te ly  determining t h e  loca t ion  
of ep icen te r s  ( p a r t i c u l a r l y  of e a r l y  h i s t o r i c  earthquakes) ,  assigned 
i oca t ions  probably a r e  a t  l e a s t  10-15 miles (16-24 km) i n  e r r o r  and i n  
some ins tances  may be mislocated by a s  much as 70 miles (112 km). 



This page purposely left blank. 





Dates and magnitudes of same earthquakes of magnitude 26 

Designation Date Magnitude 
on map (universal time) 

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

July 7, 1920 
April 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 

July 10, 1958 
July 30, 1972 
July 1, 1973 
July 3, 1973 

Figure 6.--Map showing locations of epicenters and 
approximate magnitudes of earthquakes i n  southeastern 
Alaska and adjacent areas, 1899-1972 and July 1, 1973. 
.Data from Canada Dept,. Energy, Mines and Resources, 
Seismologica~ Service (1953, 1955, 1956, 1961-1963, 
1966, 1969-1973); Davis and Echols (1962); Internat. 
Seismological Centre (1967-1972); Milne (1963); Tobin 
and Sykes (1968); U.S. Coast and Geodetic Survey 
(1930-1970, 1964-1970, 1969); Wood (1966); U.S. Natl. 
Oceanic and Atmospheric Adm. (1971, 1972, 1973a, b); 
Lander (1973) ; and Page and Gawthrop (1973; written 
commun . , 197 3) . 
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5 miles (8 km) t o  t h e  northwest,  it was reported (B-S .  Weather Bur., 

a 1918- 1958) t h a t  2-foot (0.6-m) -high se iche  waves were generated. Water 
was repor ted  t o  have f i r s t  rushed t o  t h e  west and t h e n  upon rushing back 
"the bottom of t h e  lake  began t o  b o i l ,  l i k e  gas o r  air escaping from the  
lake  bed"; i n  addi t ion .  a tsunami wave 0.3 foo t  (0.1 m) high was gener- 
ated i n  Tongass Narrows a t  Ketchikan (Cox and Pararas-Cayayannis, 19691.- 
The earthquake of September 5,  1965, about 50 mi les  (80 km) southeast  of 
Ketchikan, had a magnitude of only 4.5  but was modmately t o  s t rong ly  
f e l t  a t  Ketchikan. R .  C .  Wright, QM2 of  the  U.S. Coast Guard (ora l  corn- 
mun., 1965), s t a t ioned  a t  t h e  southeast  end of  Ketchikan, s t a t e d  t h a t  
windows vibra ted  so  hard t h a t  they nea r ly  broke and t h a t  t h e  desk he was 

' 

s i t t i n g  at not iceably  bounced. He f u r t h e r  s t a t e d  that a no i se  l i k e  a 
moving t ruck  immediately preceded t h e  shaking. Both t h e  l a rge  Lituya 
Bay earthquake of J u l y  10, 1958, and t h e  l a r g e  earthquake of March 27, 
1964, probably were f e l t  a t  Ketchikan but  t h e r e  are no r e p o r t s  a t  e i t h e r  
time o f  s t rong  shaking. However, t i d a l  records  show t h a t  a tsunami wave 
2 f e e t  ( 0 . 6  m )  high was generated a t  Ketchikan during t h e  1964 earthquake 
(Cox and Pararas-Cayayannis, 1969). 

Microearthquakes, which commonly, but  probably n u t  always, r e f l e c t  small 
movements along f a u l t s  a t  depth,  a r e  not  shown i n  f i g u r e  6 owing t o  t h e i r  
small s ize and general lack of  de tec t ion .  Spec ia l  microearthquake stud- 
i e s  have been made i n  recent  years  i n  sou theas te rn  Alaska and adjacent  
p a r t s  of Canada (Boucher and F i t c h ,  1969; Rogers, 1969, 1972a, b, 1973; 
Johnson, 1972; Johnson and o the r s ,  1972). Swarms of microearthquakes 
were recorded during t h e s e  s t u d i e s  a t  a number of places but none were 
detec ted  i n  t h e  v i c i n i t y  o f  Ketchikan. 

- 

a Relat ion of  earthquakes t o  known o r  i n f e r r e d  
f a u l t s  and recency of  f a u l t  mov-t I 

A l l  of t h e  l a r g e  and many o f  t h e  moderate and small~r s i z k  earthquakes 
i n  southeas tern  Alaska and adjacent  a reas  appear t o  be r e l a t e d  t o  t h e  
Fairweather-Queen Char lo t te  Is lands  f a u l t  system and t h e  connecting 
Chugach-St. E l i a s  f a u l t  o r  t o  t h e i r  branches ( f i g s -  4 ,  5) .  Thus, most 
have ep icen te r s  c l o s e  t o  t h e  outer  coas t .  

The onland segment of t h e  Fairweather f a u l t ,  as well as probably its 
western extension,  t h e  Chugach-St. Elias f a u l t  (fig, 5 ) ,  has been very 
a c t i v e  t e c t o n i c a l l y  during Quaternary time [Grantz, 1966; Page, 1969; 
George P la fke r ,  w r i t t e n  commun., 1971). The e p i c e n t e r  of  t h e  g rea t  
Yakutat earthquake o f  September 10, 1899 (magnitude 8.63, was not accu- 
r a t e l y  located .  However, it is bel ieved t o  have been near  t h e  head of 
Yakutat Bay, where t h e r e  was movement on por t ions  of t h e  Fairweather 
f a u l t  o r  on one of i t s  western extensions (Tarr and Martin, 1912). 
During t h e  Lituya Bay earthquake of  1958 (magnitude 8.0), t h e r e  was 
movement along t h e  e n t i r e  onland length  of  t h e  Fairweather  fau l t .  
R igh t - l a t e ra l  s l i p  of  21 1/2 f e e t  (6.5 m) and assoc ia ted  d i p  s l i p  (up 
on t h e  south)  of 3 1/2 feet  (1.1 m) were measured in one p lace  (Tocher 
and Mi l l e r ,  1959; George P la fke r ,  w r i t t e n  commun., 1971). From late 
Pliocene o r  e a r l y  Ple is tocene  t o  Holocene time, the land nor theas t  of 

a t h e  f a u l t  i s  thought t o  have been u p l i f t e d  more than 3 miles ( 5  km). 



The f a u l t  a l s o  has undergone associa ted  r i g h t - l a t e r a l  s l i p  of unknown 
magnitude (Grantz', 1966). 

That t h e  southeastern o f f shore  extension of t h e  Fairweather f a u l t  is  a l s o  
active is  indicated  by t h e  f a i r l y  l a r g e  number of earthquake epicenters  
i n  t h a t  a rea  [ f ig .  6). Although t h e  assigned ep icen t ra l  loca t ions  a r e  not  
well a l ined,  probably most of t h e  earthquakes a r e  r e l a t e d  t o  movement 
along t h i s  f a u l t .  Lack of alinement can be explained by inaccura te ly  
located  ep icen te r s  o r  by t h e  epicenters  being along more than one branch 
of  t h e  f a u l t  system. 

Very a c t i v e  f a u l t i n g  along t h e  e n t i r e  length o f  t h e  concealed Queen C h a ~ -  
l o t t e  Is lands  f a u l t  (as  far south a s  Vancouver Island) i s  well documented 
by t h e  large number o f  earthquakes that appear t o  be r e l a t e d  t o  t h e  f a u l t .  
These earthquakes have ranged i n  s i z e  from t h e  l a r g e  earthquake (magni- 
tude 8 . 1 )  of  August 22,  1949 (L on f i g .  63,  through severa l  earthquakes of 
magnitude 6 t o  7 ,  t o  numerous earthquakes of  smaller  magnitude. Here, 
also, t h e  ep icen te r s  a r e  no t  well a l ined ;  never theless ,  they do f a l l  along 
a f a i r l y  d e f i n i t e  o f f shore  northwest-southeast b e l t  t h a t  s t ~ o n g l y  suggests  
a r e l a t i o n  t o  an a c t i v e  f a u l t  zone (Gutenberg and Richter ,  1954; S t .  Arnand, 
1957; Wilson, 1965; Tobin and Sykes, 1968). 

No evidence of  f a u l t i n g  dur ing Ple is tocene o r  Holocene time has been found 
i n  t h e  Ketchikan area .  If t h e r e  has been any f a u l t  displacement on t h e  
Clarence S t r a i t  lineament, it probably took place  during l a t e  Early Creta- 
ceous o r  Late Cretaceous t i m e  (Grantz, 1966). Data on t h e  amount and time 
of movement on t h e  Coast Range lineament a r e  largely lacking.  On Annette 
and Gravina Is lands  near  Ketchikan, t h r u s t  f a u l t s  associa ted  with t h e  
Gravina-Nutzotin be l t  have displaced bedded rocks a s  young as l a t e  Meso- 
zoic and a r e  o f f s e t  by high-angle f a u l t s ,  probably mainly of middle Ter- 
t i a r y  age (Berg, 1972). The high-angle f a u l t s  i n  t h e  Ketchikan mapped 
area  probably a l s o  a r e  of  middle T e r t i a r y  age and represent  t h e  youngest 
f a u l t i n g  t h a t  has been found. 

Assessment o f  earthquake p r o b a b i l i t y  i n  t h e  Ketchikan area 

Only a general assessment can be made of earthquake p robab i l i ty  i n  t h e  
Ketchikan a rea .  A more d e f i n i t i v e  assessment must await a longer record 
of  seismic events  and a b e t t e r  knowledge of t h e  t e c t o n i c  framework of t h e  
area .  

Several types of maps have been prepared t o  show earthquake p robab i l i ty  
t h a t  app l i es  t o  t h e  Ketchikan area .  One type,  prepared by t h e  U.S. A n y  
Corps of Engineers ( f i g .  7; Warren George, wr i t t en  commun.-, 1968, 1971), 
d iv ides  Alaska i n t o  three seismic zones and r e l a t e s  poss ib le  damage t o  
earthquake magnitude f o r  each zone. On t h i s  map, Ketchikan i s  shown a s  i n  
zone 3 ,  which is  t h e  h ighes t  zone, where magnitudes of t h e  l a r g e s t  ear th-  
quakes a r e  expected t o  exceed 6 and where major damage t o  manmade s t r u c -  
t u r e s  can be expected. A seismic zone map ( f i g .  8) i n  t h e  1970 e d i t i o n  of 
t he  Uniform Building Code ( In te rna t .  Conf. Building O f f i c i a l s ,  1970) 
p laces  Ketchikan i n  zone 2, where moderate damage t o  manmade s t r u c t u r e s  is  
possible, corresponding t o  i n t e n s i t y  VII (Modified Mercall i  s c a l e ) .  On a 





ZONE 1 - Minor damage: d i s t a n t  earthquakes may cause 
damage t o  s t ructures  wi th  fundamental periods 
greater than 1,osecond; corresponds to inten-  
s i t i e s  V and V I  o f  the MM* Scale 

ZONE 2 - Moderate damage: corresponds to i n t e n s i t y  V I I  
of the MM* Scale 

ZONE 3 - Major damage: corresponds to i n t e n s i t y  V l  l l 
and higher o f  the MM* Scale 

*Modified Merca l l i  I n t e n s i t y  Scale o f  1931 

Figure S. Seisnic zone map of Alaska. Modified from 
the 1970 e d i t i o n  o f  the  Uniform Building,Code 
(International Conference o f  Building Officials ,  
1970). 



seismic zone map of Canada ( f i g .  93, a l l  t h e  coas ta l  region o f  western a Canada and a l l  of  southeas tern  Alaska a r e  shown a s  being i n  zone 3, where 
d e s t r u c t i v e  earthquakes may occur (Hasegawa, 1971). According t o  a s t r a i n -  
r e l e a s e  map ( f i g .  10) of  Milne (1967), Ketchikan l ies on contour 1, which 
ind ica tes  t h a t  a s i n g l e  earthquake of magnitude 5 would be necessary t o  
r e l e a s e  a l l  t h e  energy t h a t  accumulates i n  100 years .  A 100-year probabil-  
i t y  map ( f i g .  11) of Milne and Davenport (1969) shows t h a t  Ketchikan is  i n  
an a r e a  i n  which a peak acce le ra t ion  of  about 8 percent  of g r a v i t y  is 
probable. Thus, on t h e  basis of t a b l e  2 ,  which shows approximate r e l a -  , 

t i o n s  between acce le ra t ion ,  magnitude, and i n t e n s i t y , l l  an earthquake of 
magnitude 4 and with an i n t e n s i t y  on firm ground of  I V  i s  expectable with- 
i n  a 100-year period i n  t h e  Ketchikan a rea  according t o  t h i s  p r o b a b i l i t y  
map. 

The lack  of agreement between t h e  above-described maps a s  t o  t h e  ear th-  
quake p r o b a b i l i t y  i n  t h e  Ketchikan a r e a  i s  due, a t  l e a s t  i n  p a r t ,  t o  t h e  
d i f f e r e n t  parameters used i n  making t h e  evaluat ions .  The difference i n  
assessment o f  seismic r i s k  between t h e  U.S. Army Corps of Engineers map 
( f ig .  7) and t h e  Uniform Code seismic zone map ( f i g .  8)  probably r e s u l t s  
because t h e  Corps of  Engineers at tempts t o  a s sess  t h e  o v e r a l l  earthquake 
p r o b a b i l i t y  of t h e  a rea  i n  r e l a t i o n  t o  maximum expectable damage whereas 
t h e  Building Code seismic zone map i s  used t o  s e t  up minimum bui ld ing 
standards t o  be met by indus t ry ,  The Uniform Building Code seismic map 
and t h e  seismic zone map of  Canada ( f i g .  9), although s i m i l a r  i n  some 
respec t s ,  apparent ly  d i f f e r  i n  some of t h e i r  d e r i v a t i v e  f a c t o r s .  The 
lower seismic r i s k  indica ted  by t h e  s t r a i n - r e l e a s e  map of Milne (1967) and a t h e  earthquake acce le ra t ion  map of Milne and Davenport (1969) apparent ly  
i s  due t o  t h e  f a c t  t h a t  t h e s e  maps a r e  based s o l e l y  upon t h e  s e i s m i c i t y  of 
t h e  a rea  s i n c e  1898. A s  discussed previous ly ,  t h e  seismic record o f  south- 
eas te rn  Alaska i s  f a r  too  shor t  t o  permit an assessment of earthquake prob- 
a b i l i t y  on t h i s  b a s i s  alone.  I n  t h i s  r e s p e c t ,  it should be  pointed out  
t h a t  t h e  earthquake most s t rong ly  f e l t  i n  t h e  Ketchikan a r e a  d i d  not occur 
u n t i l  J u l y  30, 1972, and t h a t  t h e  one having probably t h e  c l o s e s t  epicen- 
t e r  t o  Ketchikan and t h a t  was a l s o  s t rong ly  f e l t  t h e r e  d id  not occur u n t i l  
September 5, 1965 (see previous d iscuss ion) .  

I t  a l s o  should be  noted t h a t  t h e  absence of  known a c t i v e  f a u l t i n g  i n  an 
a r e a  does not  always i n d i c a t e  t h a t  t h e  a r e a  w i l l  be earthquake free i n  t h e  
fu tu re .  I t  has been amply demonstrated by t h e  occurrence of a number of  
l a r g e  earthquakes i n  t h e  pas t  t h a t :  (1) f a u l t s  t h a t  long have been inac- 
t i v e  may suddenly become r e a c t i v a t e d ,  and (2)  l a r g e  earthquakes may occur 

I 

y h b r a s e y s  (1975) pointed out  t h a t  there appeared t o  be a f a i r l y  
good r e l a t i o n s h i p  between acce le ra t ion  and magnitude when t h e r e  were just 
a few records.  However, as more data became a v a i l a b l e  he found t h a t  "for 
a l l  p r a c t i c a l  purposes, t h e r e  i s  no s i g n i f i c a n t  c o r r e l a t i o n  between magni- 
tude,  d i s t ance ,  and acce le ra t ion  i n  t h e  near f i e l d .  A t  l a r g e  d i s t ances  or 
f o r  small acce le ra t ions ,  t h e s e  t h r e e  v a r i a b l e s  become more interdependent." 

a 



EXPLANATION 

Seismic zone 

Figure 9. --Seismic zone mop of western Canada. Modified from Notion01 \ 

Research Council of Canada (1970). 



Figure 10.--Strain-release map of seismic energy 1898-1960, 
inclusive, in southeastern Alaska and part of adjacent 
Canada with explanation showing interpreted frequency 
of energy release. Modified from Milne (1967). 
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EXPUNATION FOR FIGURE I0 

MaP Energy Interpreted frequency Interpreted 
contour level per 100 yrs of certain magnitude 

1 in magnitudes tM)) a neeeeaary necessary to  
s train to  release a l l  of energy release all of 
release level energy l eve l  Ln 
units4 a single event 

M S  H 6  M 7  M 8  
per 100 yrs 

I -hnergy level, s train-release (Beniof f , 1951) unit  here defined 

i n  terms of energy of a magnitude 5 earthquake (10 
1.5(~-5)/2 ) per area 

1 ( lo4  km2) based an earthquakes 1898-1960 inclusive ,  extended to a 100- 

year base. 

I &A one-unit increase i n  magnitude i s  about a 30-fold increase i n  
energy release  and a two-unit increase i s  a 900-fold increase 
(Steinbrugge, 1968) . 

1 horthern area of contour 6 has a maximum energy of 700 strain-  
release units;  southern area of contour 6 has 236 u n i t s .  Contours 7 ,  
8 ,  and 9 are not shown on map; tabular data for 7 ,  8 ,  and 9 have been 

1 extended by the writers.  



.-- ...... 1 0 -  .---.- .. -.-.-6 

Extremkvalue 
SO method 
100 

Contours shoving peak earthquake 
accelexarian ae a percent of 
grsvlty (about 982 cm/sec2 for 
southeastern Alaska at sea level*) 

A Skapay E Petereburg 
B H a i m  F Wrangell 
C Hornah G Ketchikan 
D Sitka H Metlaketla 

* 
See table 2 ahwing relatione 

between acceleration units,.energy, 
magnitude, and intensity. 

.$-re 11.-One-hundred-year probability map shoving peak earthqualm 
accelerations for southeastern Alaska and part  of adjacent Canada. 
Modified from Wilne and Davenport (1969) .  Based upon earthquake 
strain release from 1898-1960 (extended to a 100-year internal) am 
interpreted by an extreme-value method and w i n g  data from a11 
instrumented earthquakes. For cornpariaon of method, another 
interpretation ie offered through an average-value method (dotted 
contour on map) which uses only earthquakes having an acceleration 



Table 2. - - A ! o x i m t c  rcl a t  ions bctwccn cnrtiiq~~akc ?lm~ittde, enctn,  p m d  
- aecclcrat ~ o r ~  :~cccl c r a t  1011 i n  r c l :~ t  ion t o  cmvlty, and intensity (;n&i- 

~ t f ~ i i > i i ~ ~ ~ ~ ~ j i c r ~ y  b 1 # : 2 s n b 3 )  

--. 

. .- . ----- ---.. - - - 
I I Detected only . by srnsitivc . instmmnts . , . - - . - 

Felt by i icw pcrsons a t  rcst, especially on 
If upper floors ; delicate susl>ended objects 

' may - swing 
0.. 

r -- - - 
outdoors by a few; at night 

sane awaken; dishes,  windows, doors disturbed; 
motor cars rozk noriccnbJy 

A--- - - 
Felt by most pcoplc; smqe brcahge  of dishes,  

wjndows, and plaster; ciisturhce of t a l l  - I ! a i  objects 
r F 5-1-101q › ; Felt by a l l ;  m,my f r i g i i t c n d  and m outdoors; 

7 - -50 1-.05g1 VI f a l l i ~ ~ g  plaster md dlizneys; d m g e  mll - k - k i ----a- 

2C i- ! *lo - Rreryldy runs outdoors; d n a ~ e  t o  buildings varies, 
,100 F.lg : VII depending on quality of construction; noticcd by 

i drivers o f  cars ." - .- 

4 ' Panel mlls t h r o ~ a ~  out of francs; f a l l  of walls, 
- monuments, chimneys; sand and md ejected; 
+ i drivers of autos disturb@ 

. 7 -  - i  3 ! I 
!- 1 

' n  7 ~ 1 0 2 ~ 5 ~ ~  -.Sg , Wlildings shifted off foundations, crack&, throtrn wt 

C *  

cracked ; rnlls bent ; landslides 

rails bent 

-----------.,..- - 

of plmb; ground cracked; underground pipes broken 
d : . i--- --+- *- -." ., ,.. .. .. .-.-.. 

4 = F,, : 
1 

bbst msonly ?ad frme ~ t m c t u ~ c s  destroyed; ground - 10OG ' . i X  :.. , -- 
Few structures rmain stwdhg; bridges destroyed; 
fissurcs in ground; pipes broken; landslides; 

- -*--- -- -- -..---- 
'Damage to ta l ;  waves sccn on gmund surface; lines o f  

sight and level distorted; objects throw up into air 

These relations until 1971 are believed t o  have applied fairly well 

1 in southern California, where the average focal depth of earthquakes 
has been about 1 0  miles (16 h) . (See Gutenberg and Richter, 1956; 
Xodgson, 1966.) Ho~iever, revisions of these relations may be neces- 

I sary because of the exceptionally high accelerations resulting from 
the San Fernando, Cal i f . ,  earthquake of February 9, 1971,  as well as 
other recent earthquakes. -Also see discussion by Ambrascys (1973) 

I . 

-in the t ex t .  

I - 

L'M, magnitude scale, according to Richter (1958). LIE, energy, 

in ergs. ?/a, ground acceleration, in cm/s2. ga /g ,  ground accel- 

. . . ' eration shown as a pcrccnt of the acceleration of gravity (about 

b- 981 cm/s2 a r  about 32.2  ft/s2; adopted as a star'dard by the In t e rn -  
t ional  Conanittee on Weights and Measures). Z'I, Modified Mercalli ' 

intensity scale (abridged from Wood and Neumann, 1931); complete 

. description of scale units given in Richter (1958). 



i n  a reas  where t h e r e  has been a record o f  only m i m  se i smic i ty  previous ly  
and no obvious major t e c t o n i c  s t r u c t u r e  t h a t  would r e s u l t  i n  a l a r g e  ear th-  

@ quake. The ca tas t roph ic  Alaska earthquake o f  Mardl 2 7 ,  1964, was such an 
example (U.S. C o ~ s t  and Geod. Stlrvey, 1964; Epplep, 1965; Tobin and Sykes, 
1966). 

In  summary, t h e r e  i s  some quest ion a s  t o  whether Ketchikan should be 
placed i n  seismic zone 3 ,  where earthquakes of m a p i t u d e s  g r e a t e r  than 6 
can be expected and major damage can occur, o r  i n  zone 2 ,  where magnitudes 
of t h e  largest expectable earthquakes would range Srom 4.5  t o  6 .0  and 
where moderate damage could be expected. Cer ta in ly ,  t h e  seismic r i s k  i n  
t h e  Ketchikan a rea  appears t o  be considerably l e s s  than f o r  S i t k a ,  which 
was assigned t o  seismic zone 3 by Yehle (1974). Therefore,  on t h i s  basis  
and with considerat ion of o the r  f a c t o r s  previous ly  d iscussed,  a t e n t a t i v e  
assignment t o  seismic zone 2 seems t h e  more reasonable  t o  me. However, 
t h e  p o s s i b i l i t y  of an earthquake of magnitude g r e a t e r  than 6 occurring 
sometime i n  t h e  f u t u r e  within a 50-mile (80-km) r ad iu s  of  Ketchikan should 
not be e n t i r e l y  ru led  out .  Moreover, it should h emphasized t h a t  large 
earthquakes of  magnitude 8 o r  g r e a t e r  can be e x p ~ e e d  t o  occur from time 
t o  time along t h e  Fairweather-Queen Char lo t t e  I s l a n d s  f a u l t  system. The 
ground motion from these  earthquakes w i l l  be at temuated with d i s t a n c e  but  
s t i l l  may be s u f f i c i e n t l y  s t rong  a t  Ketchikan t o  cause heavy damage. This  
would be p a r t i c u l a r l y  t r u e  f o r  those  earthquakes whose ep icen te r s  a r e  
along t h e  c l o s e r  p a r t  o f  t h e  Queen Char lo t t e  I s l a n d s  f a u l t .  

i 
I I 

INFERRED EFFECTS FROM FUTURE EARTIQJAKES 

Because o f  t h e  reconnaissance na tu re  of t h i s  s t u d y  and t h e  s p a r s i t y  of 
labora tory  da ta  on physical  p roper t i e s ,  t h e  d i s c u s s i o n  of  t h e  in fe r red  
geologic e f f e c t s  from f u t u r e  earthquakes i n  t h e  mapped a rea  and immediately 
adjacent  a reas  must of  necess i ty  be l a r g e l y  empi r i ca l  and general ized.  
Therefore, t h e  assumptions t h a t  fol low should not be r igorous ly  i n t e r p r e t e d  

I o r  applied.  Rather, they a r e  intended as broad g u i d e l i n e s  useful  i n  assess-  

I ing t h e  kind and degree of  hazard t h a t  may be p r e s e n t  i n  t h e  Ketchikan area 
and leading toward minimizing those  hazards as t h e y  a f f e c t  man and h i s  

I s t r u c t u r e s .  As such, they a r e  d i r e c t e d  t o  s t r u c t u r a l  and c i v i l  engineers,  
c i t y  and regional  planners,  publ ic  and p r i v a t e  u t i l i t y  companies, and a l l  

i o t h e r  public  and p r i v a t e  groups o r  ind iv idua l s  who a r e  responsib le  fo r  t h e  
s a f e t y  and welfare of Ketchikan, now and i n  t h e  fulmre. 

The in fe r red  earthquake e f f e c t s  described below g e n e r a l l y  should be consid- 
ered t o  be expectable maximum e f f e c t s .  I t  s ould be emphasized, however, 
t h a t  f o r  every major d e s t r u c t i v e  earthquake.  17 t h a t  occurs anywhere, a l a r g e  

Uhlajor damage genera l ly  i s  associa ted  wi th  earthquakes having a magni- 
tude of about 7 o r  g r e a t e r .  Exceptions of lower magnitude genera l ly  are 
earthquakes having a very shallow depth of focus, Zn which ins tances  t h e r e  
may be ca tas t roph ic  damage from earthquakes with magnitudes not  much 
g r e a t e r  than 5. Earthquakes with magnitudes between 7 and 8 commonly a r e  
r e f e r r e d  t o  a s  major earthquakes and those with magnitudes of 8 o r  larger 

a a s  g rea t  earthquakes. 
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number of smaller earthquakes genera l ly  occur t h a t  have l i t t l e  o r  no 
effect upon man. The inferences,  by and l a rge ,  a r e  based upon e f f e c t s  o f  
des t ruc t ive  earthquakes on similar-appearing geologic u n i t s  i n  o the r  
p laces ,  p a r t i c u l a r l y  t h e  e f f e c t s  of t h e  Alaskan earthquake of 1964 (Lemke 
and Yehle, 1972a). I t  should be noted, though, t h a t  t h e  geologic u n i t s  
i n  the mapped a r e a  ( f i g .  3)  may not  be t h e  same a s  those being compared 
from other areas even though they s u p e r f i c i a l l y  may resemble them. 

Surface displacement on f a u l t s  and o the r  t ec ton ic  
land-level  changes 

Two kinds of  land-level  changes caused by f a u l t i n g  a r e  poss ib le  i n  t h e  
Ketchikan area:  (1) sudden l o c a l  u p l i f t  o r  subsidence produced along a 
reac t iva ted  f a u l t  i n  t h e  area, and (2)  la rge-scale  regional  deformation 
r e s u l t i n g  from a l a r g e  earthquake along a more d i s t a n t  major f a u l t  system. 

Future land-level changes due t o  l o c a l  f a u l t i n g  a r e  un l ike ly  t o  occur i n  
t he  mapped area  but cannot be e n t i r e l y  discounted. Surface f a u l t i n g  gen- 
e r a l l y  does not  occux f o r  earthquakes having magnitudes of 6 o r  l e s s ,  
although there have been some exceptions i n  Ca l i fo rn ia  i n  recent  years 
(Tocher, 1958; Brown and o the rs ,  1967; Brune and Allen, 1967; Bonil la ,  
19671.. A s  discussed previously,  it seems un l ike ly  t h a t  earthquakes hav- 
ing magnitudes g r e a t e r  than 6 w i l l  occur i n  o r  near t he  mapped area. 

Large-scale regional  deformation r e s u l t i n g  from a l a r g e  earthquake occur- 
ring along t h e  Queen Char lo t te  Is lands  f a u l t  probably o f f e r s  t h e  most 
l i k e l y  p o s s i b i l i t y  f o r  land-level  changes i n  t h e  Ketchikan area .  During 
t h e  g rea t  Alaska earthquake of 1964 (magnitude 8 . 5 ) ,  t h e  land was warped 
along a b e l t  nea r ly  600 miles (965 km) long and a t  l e a s t  200 miles 
(320 km) wide (Plafker,  1969). The maximum measu~ed u p l i f t  was approxi- 
mately 38 f e e t  (11.6 m), and t h e  maximum subsidence was approximately 
7 1/2 feet (2.3 m ) .  A t  a d i s t ance  of 100 miles (approximately t h e  mini- 
mum d i s t ance  from Ketchikan t o  t h e  Queen Char lo t te  Is lands  f a u l t ) ,  t h e  
maximum u p l i f t  was more than 30 f e e t  (9.1 m) and t h e  maximum subsidence 
exceeded 6 f e e t  (1.8 m). I t  should be emphasized, however, t h a t  t h e r e  is  
no evidence t h a t  l a rge -sca le  regional  deformation has  r e s u l t e d  from h i s -  
t o r i c  earthquakes with magnitudes a s  great  as 8 along t h e  Qheen Char lo t te  
Islands f a u l t ,  probably because movement along t h e  f a u l t  has been c h i e f l y  
s t r i k e  s l i p .  Therefore, it prohably i s  not  va l id  t o  t r y  t o  p red ic t  
potential land-level  changes r e s u l t i n g  from movement along t h e  Queen Char- 
l o t t e  Is lands  f a u l t  on t h e  b a s i s  of t h a t  which occurred during t h e  Alaska 
earthquake of 1964. 

In  t h e  un l ike ly  p r o b a b i l i t y  t h a t  displacement along a f a u l t  does occur i n  
t h e  mapped area ,  it probably w i l l  be along t h e  Tongass Narrows lineament. 
This  is  t h e  only in fe r red  major t e c t o n i c  f e a t u r e ,  a l though,  as has been 
discussed previously,  t h e  exis tence  of a major f a u l t  along t h i s  segment 
of t h e  lineament has not been documented. 



If t h e r e  were t e c t o n i c a l l y  induced land-level  changes i n  t h e  mapped a rea ,  
t h e  shore l ine  a rea  probably would be most a f fec ted .  Here, owing t o  t h e  
f a i r l y  s t e e p  s lopes  adjacent  t o  t h e  shore l ine ,  t h e  ex ten t  of land affected 
would be small.  Adverse e f f e c t s  of  land u p l i f t  o r  subsidence of l e s s  than 
a foo t  ( l e s s  than 0.3 ml probably would be l imi ted  mostly t o  p laces  where 
t h e r e  i s  a c r i t i c a l  r e l a t i o n  between height  of land and sea  l e v e l .  Upl i f t  
o r  subsidence of a s  r n ~ r 5 a s  5 f e e t  (1.5 r n ) ,  however, would produce adverse 
e f f e c t s  throughout a !,.-ge p a r t  of  t h e  waterfront  a rea .  P a r t i c u l a r l y  
af fec ted  would be boat harbors, docks, p i e r s ,  and r e l a t e d  bui ld ings ;  
s t r e e t s  and bridges;  sewer, water,  and o the r  p i p e l i n e s ;  and o t h e r  miscel- 
laneous s t r u c t u r e s .  An u p l i f t  of  5 f e e t  (1.5 m)  would r e s u l t  i n  shoaling 
of Thomas Basin, Bar Harbor, and o the r  docking a r e a s ,  with a t tendant  navi- 
ga t ional  problems. Higher p ro jec t ing  o f f shore  rocks a l s o  would c r e a t e  
add i t iona l  navigat ional  hazards. Some docks and piers would be  too  high 
t o  permit normal loading and unloading opera t ions .  A subsidence o f  5 feet 
(1.5 m) would r e s u l t  i n  some docks and p i e r s  being t o o  low t o  be opera t ive  
a t  high t i d e  and of f looding of some manmade f i l l  a r e a s ,  a s  well a s  inunda- 
t i o n  of  some waterfront  bui ld ings  and s t r e e t s .  Subsidence of t h i s  amount 
would r e s u l t  i n  wave eros ion extending t o  a correspondingly g r e a t e r  he igh t ,  
which i n  some ins tances  would render present  p r o t e c t i v e  r i p r a p  embankments 
ine f fec tua l .  

Ground shaking 

The d i r e c t  e f f e c t s  o f  ground shaking during an earthquake genera l ly  cause 
most of  t h e  damage t o  manmade s t r u c t u r e s .  The i n t e n s i t y  of  ground shaking 
a t  any one loca t ion  i s  governed by a number o f  v a r i a b 1 e s . u  However, t h e  
v a r i a b l e  most r e spons ib le  f o r  t h e  degree of shaking from a p a r t i c u l a r  
earthquake a t  any e p i c e n t r a l  d i s t a n c e  is t h e  type  of ground (Barosh, 1969). 
A s u r f i c i a l  deposi t  ampl i f ies  t h e  shaking o f  underlying bedrock when one 
o r  more of  the  n a t u r a l  v i b r a t i o n a l  frequencies o f  the deposi t  coincide  
with t h e  predominant frequencies o f  bedrock shaking (H. W. Olsen, w r i t t e n  
commun., 1973). Maximum ampl i f i ca t ion  u s u a l l y  occurs when t h e  fundamental, 
o r  lowest,  v i b r a t i o n a l  frequency of a deposi t  coincides  with t h e  predomi- 
nant  frequency of bedrock shaking. On the  o t h e r  hand, no ampl i f ica t ion  
occurs when a l l  t h e  n a t u r a l  v i b r a t i o n a l  frequencies of  t h e  deposi t  a r e  
appreciably higher than t h e  predominant f requencies  of bedrock shaking. 
This condit ion e x i s t s  when t h e  th ickness  of  t h e  u n i t  i s  l e s s  than one- 
four th  t h e  length o f  t h e  shear  waves en te r ing  t h e  u n i t  from the bedrock. 
The va r i ab les  t h a t  govern t h e  n a t u r a l  frequencies of a s u r f i c i a l  u n i t ,  and 
hence t h e  p o t e n t i a l  fo r  ground ampl i f ica t ion ,  a r e  (1) t h e  th ickness  of the 
u n i t ,  and (2)  t h e  s t i f f n e s s  of t h e  u n i t .  S t i f f n e s s ,  i n  tu rn ,  v a r i e s  with 
t h e  physical  p r o p e r t i e s  and degree of  s a t u r a t i o n  of t h e  ma te r i a l s .  Gener- 
a l l y ,  t h e  f i n e r  t h e  g ra in  and t h e  looser  t h e  d e p o s i t ,  t h e  l e s s e r  t h e  stiff- 
ness.  Water s a t u r a t i o n  has a more pronounced e f f e c t  upon f ine-grained 
cohesive depos i t s  such a s  c l ays  than upon noncohesive depos i t s  such as 
c lean  sands because o f  t h e  much g r e a t e r  range i n  s t i f f n e s s  between wet and 

u ~ e e  Lemke and Yehle (1972a) and Lernke (1974) f o r  more detailed 
discuss ion of  f a c t o r s  a f f e c t i n g  ground shaking. 



dry  c lay .  Instrumental records show t h a t  an area of  unconsolidated 
deposi ts  may have a s  much as a 10- t o  15-fold g r e a t e r  acce le ra t ion  than 
an adjoining rock outcrop such as g r a n i t e  (Neuman and Cloud, 1955). 
Gutenberg (1957), a l s o ,  f7r cx-mple, found t h a t  t h e  r a t i o  of  amplitudes 
a t  sites on f a i r l y  d r y  alluvium more than 500 feet (152 m) t h i c k  t o  those  
on c r y s t a l l i n e  rock w a s  5 : l  o r  more f o r  earthquake waves having periods 
of 1 t o  1 1/2 seconds. Moreover, amplitudes of earthquake waves on water- 
sa tu ra ted  alluvium o r  other s o f t  ground may be 10 times o r  more g r e a t e r  
than those  i n  bedrock, 

Considerably more geological  and seismological d a t a  a r e  needed t o  accu- 
r a t e l y  assess  t h e  amount of shaking of t h e  d i f f e r e n t  geologic u n i t s  i n  
t h e  Ketchikan a rea  during a p a r t i c u l a r  earthquake, However, it i s  f e l t  
t h a t  reasonable inferences  can be made on r e l a t i v e  v a r i a t i o n s  i n  inten- 
s i t y  between t h e  geologic u n i t s .  Toward t h i s  end, t h e  u n i t s  have been 
t e n t a t i v e l y  divided i n t o  t h e  following t h r e e  ca tegor ies  on t h e  b a s i s  of 
their expectable comparative shaking: 

Category 1. Strongest  expectable shaking: 

a. Manmade f i l l ,  f (pa r t  of u n i t ) .  
b. Fan-delta depos i t s ,  Q f ,  
c. Modern beach depos i t s ,  Qb, 
d .  Stream alluvium, Qa. 
e . Muskeg (not shown on map) . 

Category 2. Intermediate expectable shaking: 

a. Manmade fill, f (pa r t  of u n i t ) .  
b. Elevated marine depos i t s ,  Qm. 
c. Undif ferent ia ted  d r i f t ,  Qd. 

Category 3. Least expectable shaking: 

a. Bedrock, bex and bc. 

Geologic u n i t s  i n  category 1 (s t rongest  expectable shaking) 

Manmade f i l l ,  f (part af unit).--As described previously,  two b a s i c a l l y  
d i f f e r e n t  types of f i l l  a r e  included i n  t h e  map u n i t :  (1) t h i c k  f i l l s  
placed along t h e  waterfront  t o  e leva te  low-lying land above high t i d e ,  
and (2 )  t h i n  f i l l s  placed some d i s t ance  inland from t h e  waterfront  and 
used as pads for bu i ld ings  and a acent pa rk ing  areas .  The f i rs t  type 8 of fill is  placed i n  Category 1.- 

1 u ~ o o d ~ s  study (1908) of t h e  San Francisco earthquake of 1906 showed 
t h a t  t h e  most severe damage was on manmade f i l l ,  genera l ly  being 5 t o  

I 10 times g rea te r  on fill than on hard bedrock. b r i n g  t h e  Chilean ear th-  

a quake of  1960, damage t o  bui ld ings  constructed on manmade ground was 
conspicuously g r e a t e r  than t o  those on any other  type of ground (Barozzi 
and iemke, 1966). 



The first type of fill consists of materials that generally are suscepti- 
ble to large amplification of ground motion unless the fill is engineered 
(properly compacted according to standard engineerin methods) or is not 2F The thick fill thick enough to amplify underlying bedrock motions., 
along the waterfront in the area of Mill Street and the Ketchikan Spruce 
Mills probably is particularly subject to large ground-motion amplifica- 
tion, for two reasons: (1) the generally loose nature and composition of 
the fill, and (2) the fill in most places overlies fan-delta deposits 
that themselves are subject to considerable ground-motion amplification. 
Other large fill areas probably having similar characteristics and where 
large amplification of ground motion can be expected are at Bar Point and 
in the vicinity of Charcoal Point. Large amplification of ground motion 
also should be expected in smaller fill areas, especially where logs, 
sawdust, and other miscellaneous debris have been dumped. A number of 
smaller fills, however, have been placed directly on bedrock and may be 
too thin to amplify ground motion from the bedrock. 

Fan-delta deposits, Qf.--The deposits at the mouths of Ketchikan, Carlanna, 
and Hoadley Creeks probably are most likely to amplify ground motion to a 
considerable extent. They generally are loose, largely water saturated, 
and in most places are thick enough to amplify ground motion arriving from 
the underlying bedrock. They also are overlain nearly everywhere by sub- 
stantial thicknesses of manmade fill--the two units together causing a 
composite amplification greater than would result from a thinner single 
unit. 

Modern beach deposits, Qb.--The deposits in most places are less than 
10 feet (3 m) thick and may be generally too thin to amplify ground motion 
arriving from the underlying bedrock, Locally, however, they probably are 
of sufficient thickness, which together with their looseness and high 
degree of water saturation would make them susceptible to considerable 
ground amplification. 

Stream alluvium, Qa.--Probably only the deposits along Ketchikan and 
Shoenbar Creeks are thick enough to amplify ground motion from the under- 
lying bedrock. Amplification in these areas may not be as great as for 
other units in Category 1 because of the general coarseness of t h e  depos- 
its. However, their water table is fairly high, and thus they probably 
are more subject to shaking than deposits assigned to Category 2. 

 NO amplification occurs when the deposits are sufficiently thin so 
that all the natural vibrational frequencies of the deposit are higher 
than the predominant frequencies of bedrock shaking. H. W. Olsen of the 
U.S. Geological Survey prepared a chart (see Yehle, 1974) showing the 
relation of fundamental frequency to thickness for three types of depos- 
its, in increasing order of firmness. This chart is used as a very gen- 
e r a l  guide for the Ketchikan area, but it cannot be interpreted rigorously 
because of the considerable number of unknown variables. 



Muskeg (not shown on map).--It i s  not  known whether there a r e  muskeg 
deposits i n  t h e  mapped a r e a  t h a t  a r e  t h i c k  enough t o  amplify ground 
motion. Probably t h e  only area where they may be s u f f i c i e n t l y  t h i c k  is 
along +he 80- t o  100-foot (24- t o  30-m) -high bench i n  t h e  southeas tern  
part of t h e  mapped area. If s u f f i c i e n t l y  t h i c k  t h e r e ,  they can be 
expected t o  shake very  s t rong ly  i n  r e l a t i o n  t o  most o t h e r  depos i t s  
because of  very low r i g i d i t y .  In add i t ion ,  l a r g e  l a t e r a l  deformation 
of the depos i t s  can b e  expected, which could be p a r t i c u l a r l y  damaging 
t o  bui ld ings  o r  o the r  s t r u c t u r e s  b u i l t  on muskeg-covered s lopes .  

Geologic u n i t s  i n  Category 2 .(intermediate expectable shaking) 

Manmade f i l l ,  f (pa r t  of unit).--Most of t h e  f i l l s  placed inland from 
t h e  waterfront  and used as pads f o r  bui ld ings  o r  f o r  surrounding parking 
areas  probably a r e  too  t h i n  t o  s i g n i f i c a n t l y  amplify ground motion of 
underlying mater ia l  o r  are t oo  coarse t ex tu red  t o  provide large ampl i f i -  
cation. Some add i t iona l  t o t a l  ampl i f i ca t ion  may be expected, however, 
where t h e  f i l l  rests on s u r f i c i a l  depos i t s  t h a t  themselves may amplify 
t h e  ground motion, t h u s  providing a minimum th ickness  necessary f o r  
ampl i f ica t ion .  

Elevated marine d e p o s i t s ,  Qm.--Where s u f f i c i e n t l y  thick, t h e  depos i t s ,  
because of  t h e i r  looseness, could be expected t o  moderately amplify 
ground motion. However, except perhaps l o c a l l y ,  they probably are too  
thin t o  cause ampl i f ica t ion .  

Undifferentiated d r i f t ,  Qd.--Although t h e s e  depos i t s  genera l ly  are 
considerably t h i c k e r  than t h e  e levated  marine depos i t s  (Qm) t h a t  s t r a t -  
ig raph ica l ly  o v e r l i e  them, they also a r e  much f i rmer  and have higher 
v ib ra t iona l  frequencies.  Therefore,  i n  most p laces  they a l s o  may be 
too t h i n  t o  amplify ground motion from t h e  underlying bedrock. 

Geologic u n i t s  i n  Category 3 ( l e a s t  expectable shaking) 

Bedrock, bex and bc.--Damaging i n t e n s i t i e s  on bedrock i n  t h e  Ketchikan 
area probably can be reached only during t h e  un l ike ly  p robab i l i ty  of  a 
major nearby earthquake or  a d i s t a n t  great  earthquake such as along t h e  
Queen Char lo t te  Is lands  f a u l t .  Inasmuch a s  bedrock i s  exposed a t  t h e  
surface  o r  l i e s  a t  shallow depth throughout much of  the mapped area ,  
ove ra l l  damage from shaking of  an earthquake of certain s i z e  can be 
expected t o  be comparatively small i n  r e l a t i o n  t o  most o ther  c i t i e s  
s tudied  i n  southeas tern  Alaska. Also,  most of the  bedrock i s  f a i r l y  
hard and l i t t l e  weathered. However, somewhat s t ronger  shaking can be 
expected on topographic highs and s t e e p  s lopes  (Davis and West, 19731, 
a s  well a s  where t h e  rocks are  charac ter ized  by c l o s e l y  spaced j o i n t s  
and shear zones. 



Compact ion 

When loose cohesionless s o i l s  (those conta in ing no s i g n i f i c a n t  clay 
content )  a r e  shaken during a major earthquake, t h e  ma te r i a l s  tend t o  
compact with associa ted  se t t lement  of t h e  ground surface .  The resu l t ing-  
d e n s i f i c a t i o n  of t h e  ma te r i a l s  may be accompanied by l iquefac t ion  and 
water-sediment e j ec t ion .  Only t h e  e f f e c t  of se t t l ement  w i l l  be discussed 
here. 

The g r e a t e s t  compaction i n  t h e  Ketchikan a r e a  probably would occur i n  
th ick  nonengineered f i l l s  (f) where l a r g e  amounts of loose cohesionless 
ma te r i a l s  have been emplaced. F i l l s  i n  t h e  a r e a s  o f  t h e  Ketchikan Spruce 
Mills, Bar Point ,  and Charcoal Point ,  a s  well a s  i n  severa l  o t h e r  areas  of 
smaller  ex ten t ,  might be sub jec t  t o  se t t lement  and p o s s i b l e  damage t o  
s t r u c t u r e s  placed thereon. Likewise, f an -de l t a  d e p o s i t s  (Qf) underlying 
t h e  f i l l s  i n  t h e s e  same a reas  could be expected t o  compact and s e t t l e  dur- 
ing s t rong ground motion. The r e s u l t i n g  combined se t t lement  from compac- 
t i o n  of both types of ma te r i a l s  present  could be considerable.  P ie r s ,  
docks, and o t h e r  harbor works would be t h e  f a c i l i t i e s  most a f fec ted .  Some 
set t lement r e s u l t i n g  from compaction of  t h i c k e r  depos i t s  of stream a l l u -  
vium (Qa) might be expectable,  bu t  it probably would be considerably less 
than f o r  t h e  genera l ly  looser  and t h i c k e r  f i l l  and fan-del ta  depos i t s .  
Settlement of t h e  modern beach depos i t s  (Qb) and e levated  marine depos i t s  
(Qm), both o f  which a r e  loose  and o r d i n a r i l y  a r e  suscep t ib le  t o  compara- 
t i v e l y  l a rge  amounts of  compaction, probably would be small t o  n e g l i g i b l e  
i n  t h e  mapped a r e a  because of  t h e i r  general  th inness .  Undif ferent ia ted  
d r i f t  (Qd) is of  considerable th ickness  i n  some a r e a s ,  but  l i t t l e  s e t t l e -  
ment is expectable because of  t h e  general  cohesiveness and firmness of  the 
deposi t s .  Because of t h e  unknown th ickness  and n a t u r e  of  t he  muskeg, 
assessment of amount of p o t e n t i a l  se t t l ement  can only be surmised. How- 
ever,  it probably i s  reasonable t o  assume t h a t  i f  t h e  muskeg is  loaded, 
f o r  example, with f i l l  f o r  roads and parking a r e a s ,  comparatively large 
amounts of d i f f e r e n t i a l  se t t lement  and r e s u l t a n t  damage can be expected. 

Liquefaction i n  cohesionless m a t e r i a l s  

Loose t o  medium-dense mate r i a l s  t h a t  a r e  sa tu ra ted  and v i r t u a l l y  cohesion- 
l e s s  tend t o  compact when subjected t o  s t rong  ground shaking. As a r e s u l t  
of t h e  c l o s e r  packing of t h e  s o l i d  p a r t i c l e s ,  t h e r e  i s  an increased pore- 
water pressure  and the  load i s  t r a n s f e r r e d  from t h e  s o l i d s  t o  t h e  f l u i d .  
The r e s u l t i n g  transformation of  a granular  ma te r i a l  from a s o l i d  s t a t e  
i n t o  a l i q u i d  s t a t e  i s  known as l i q u e f a c t i o n  (Youd, 1 9 7 3 ) .  Other factors 
being equal,  f i n e  sands and coarse  s i l ts  a r e  most sub jec t  t o  l ique fac t ion  
(Terzaghi and Peck, 1948). Also, t h e  higher t h e  void r a t i o  t h e  greater is 
t h e  tendency f o r  t h e  ma te r i a l  t o  l ique fy .  Three b a s i c  types of ground 
f a i l u r e  a r e  associa ted  with l ique fac t ion  (Seed, 1968): (1) flow land- 
s l i d e s ,  (2 )  l ands l ides  with l imi ted  displacement, and (3)  quick-condition 
f a i l u r e s .  Examples of t h e s e  t h r e e  types of fa i lures  were described i n  
more d e t a i l  by Youd (1973). Ejec t ion  of water and sediment (discussed 
l a t e r )  a l s o  may occur i n  conjunction with l i q u e f a c t i o n  during an 
earthquake. 



In the Ketchikan area, the fan-delta deposits (Qf) and some of the off- 
shore deposits (not shown on the map) near the shoreline probably are 
most subject to liqtefaction and resulting damage to manmade structures. 
These deposits are loose, mostly of a grain size favarable for liquefac- 
tion, and are nearly or completely saturated. The inferred effects of 
liquefaction of these deposits, as well as of other units, are discussed 
under the headings "Earthquake- induced slides and slumps" and "Water- 
sediment ejection and associated subsidence and ground fracturing." Some 
manmade fill (f) may be sufficiently loose and of favorable grain size to 
liquefy. Beach deposits (Qb) probably are subject to liquefaction in 
many places but generally are too thin to be significant in respect to 
damage. Stream alluvium (Qa) may be subject to liquefaction in places 
but probably is too coarse grained in most places. Elevated marine 
deposits (Qrn) are too well drained and too thin in most places to be sig- 
nificantly affected. Undifferentiated drift (Qd) is unlikely to liquefy 
in most places because of its small grain size and fairly high density. 
Muskeg deposits (not shown on map) probably are not subject to liquefac- 
tion because of their composition and internal structure. 

Earthquake-induced slides and slumps 

Earthquake-induced slides and slumps may occur both on land and under 
water. Most are confined to steep slopes, but some take place on moder- 
ate to nearly flat slopes if the underlying deposits liquefy. Larger 
submarine slides commonly occur along the foreslopes of deltas, expecially 
when sliding is due to liquefaction. Slide material, as a result of 
liquefaction, may travel considerable distances as liquefied flows or as 
intact materials riding on liquefied flows. Numerous examples of this 
kind of ground failure, accompanied by heavy destruction of property along 
waterfront areas, occurred during the great Alaska earthquake of 1964 
(Hansen, 1965; Coulter and Migliaccio, 1966; Lemke, 1967). 

In the Ketchikan area, the fan-delta deposits (Qf) and the manmade fill 
(f) overlying these deposits probably are most susceptible to earthquake- . 

generated sliding, If the fan-delta deposits liquefy, the slide material 
probably will travel some distance out into Tongass Narrows, partly as 
liquefied flows representing the fan-delta deposits and partly as debris 
flows representing unliquefied portions of the overlying manmade fill. 
Sliding of this nature could cause exceptionally heavy damage to piers, 
wharves, and other facilities along the waterfront, Modern beach deposits 
(Qb) and elevated marine deposits (Qm) probably would be little affected 
(except for minor slumping) because of their general thinness. Also, 
other than minor slumping along walls of larger stream channels, stream 
alluvium (Qa) is not expected to be affected. Some minor slumping and 
sliding may occur in undifferentiated drift (Qd), particularly on steeper 
slopes from which timber has been cleared. Also, debris flows may occur 
on some colluvium-covered steep slopes. Rockfalls probably would be 
limited to small areas where bedrock exposures are near vertical and the 
rock is jointed or otherwise fractured. 



Water-sediment e j e c t i o n  and associa ted  subsidence 
and ground f r a c t u r i n g  

Water and sediment commonly a r e  e j ec ted  from s u r f i c i a l  depos i t s  during 
s t rong  ground motion. The e j e c t i o n  phenomena, which a r e  a  consequence of 
l ique fac t ion  of  the depos i t s  (Ambraseys and Sarma, 19691, have been 
c a l l e d  faunta in ing,  sand spouts  o r  sand b o i l s ,  mud o r  sand c r a t e r s ,  and 
blowouts. The e j e c t a  may range from clear water t o  ma te r i a l  as l a r g e  as 
coarse gravel ,  but  sand i s  a  common size f r a c t i o n .  The e j e c t i o n s  a r e  
associa ted  with su r face  o r  near-surface depos i t s  where t h e r e  is a high 
water t a b l e  o r  a  confined water condit ion.  Associated f r a c t u r e s  commonly 
form an i n t r i c a t e  mosaic p a t t e r n  of  ground breakage, and genera l ly  range 
i n  width from h a i r l i n e  cracks t o  1 o r  2 f e e t  (0.3 o r  0 .6  m). The water- 
sediment e j e c t a  and ground f r a c t u r e s  can cause damage by f i l l i n g  o f  base- 
ments and o the r  low a reas  with e j ec ted  mate r i a l  and by su r face  co l l apse  
owing t o  removal of  mater ia l  from beneath t h e  su r face  by e j e c t i o n .  

In t h e  Ketchikan a rea ,  t h e  f an -de l t a  depos i t s  (Qf)  probably a r e  most 
l i k e l y  t o  be af fec ted  i f  ground motion i s  s u f f i c i e n t l y  s t rong  t o  produce 
water-sediment e j e c t i o n  and ground f r a c t u r i n g .  The manmade f i l l  (f) t h a t  
o v e r l i e s  t h e  fan-del ta  depos i t s  probably would not i t s e l f  be g r e a t l y  sub- 
j e c t  t o  water-sediment e j ec t ion .  However, some of t h e  f i l l  mate r i a l  would 
tend t o  provide a  confined water condi t ion  f o r  t h e  underlying depos i t s  and, 
hence, increase  t h e  p r o b a b i l i t y  of  e j e c t i o n  and ground f r a c t u r i n g  i n  t h e s e  
depos i t s ,  which i n  t u r n  would be manifested i n  t h e  f i l l .  Ground f r a c t u r i n g  
along t h e  ou te r  edges of  both kinds of ma te r i a l  would be expectable owing 
t o  l a t e r a l  seaward t r a n s l a t i o n  of t h e  f an -de l t a  depos i t s  upon l iquefac t ion .  
Some water-sediment e j e c t i o n  and ground f r a c t u r i n g  n igh t  occur i n  t h e  
th icke r  stream alluvium (Qa) depos i t s .  Ground f r a c t u r i n g  i n  t h e s e  areas 
probably would be l imi ted  t o  f r a c t u r e s  p a r a l l e l i n g  t h e  wal ls  o f  t h e  l a r g e r  
stream channels.  Modern beach depos i t s  probably would not  be g r e a t l y  
af fec ted  because of  the i r  general  th inness  and because, i n  most places, 
they do not  have a  confined water condi t ion .  Thicker depos i t s ,  however, 
may undergo a  llquick" condit ion (Youd, 1973) , where upward-percolating 
water during l ique fac t ion  tends t o  reduce t h e  sand t o  a  l ique f i ed  mater ia l .  
Loss of bearing s t r eng th  r e s u l t s ,  causing se t t lement  o r  t i l t i n g  o f  s t ruc -  
t u r e s  b u i l t  on t h e  deposi t s .  L i t t l e  o r  no e f f e c t s  from water-sediment 
e j ec t ion  and associa ted  ground f r a c t u r i n g  a r e  expected i n  o t h e r  depos i t s  
i n  t h e  Ketchikan area .  

Reaction of  s e n s i t i v e  and quick c lays  

Sens i t ive  c l ays  lose  a  considerable p a r t  o f  t h e i r  s t r eng th  when shaken. 
During an earthquake, such c lays  may f a i l  and become rap id  earthflows that 
can cause heavy damage and l o s s  of  l i f e .  S e n s i t i v i t y  of a  c l a y  is  defined 
a s  t h e  r a t i o  o f  undisturbed shear  s t r eng th  o f  a  c l a y  t o  remolded shear  
s t r eng th  of t h e  same specimen (Terzaghi and Peck, 1948). The term I1quick" 
c l a y  denotes a clay of  such h igh  s e n s i t i v i t y  ' t h a t  i t  behaves as a viscous 
f l u i d  i n  t h e  remolded s t a t e  (Mitchell  and Houston, 1969). 



Sens i t ive  o r  quick clap are not  known t o  be p resen t  i n  t h e  mapped area .  
However, some p o r t i o n s  of t h e  und i f fe ren t i a t ed  d r i f t  (Qd) may conta in  
s e n s i t i v e  clays but hawe not  been recognized because o f  t h e  r e l a t i v e  lack  
of exposures, No c l a y  probably is s u f f i c i e n t l y  s e n s i t i v e  t o  be c lassed  
as a quick clay. 

Effects of  tsunamis, se i ches ,  and o t h e r  
abnormal water waves 

Abnormal water  waves as soc ia ted  wi th  l a r g e  earthquakes have caused v a s t  
proper ty  dayage and heavy l o s s  of  l i f e  i n  a number of  p laces  throughout 
t h e  world.- Tsunami e f f e c t s  can be h ighly  damaging t o  c o a s t a l  a reas  
many thousands o f  miles from t h e  genera t ion  source. Seismic se iche  
e f f e c t s  genera l ly  a r e  confined t o  inland bodies o f  water o r  t o  r e l a t i v e l y  
enclosed c o a s t a l  bodies  of water.  Other abnormal waves, generated by sub- 
marine s l i d i n g  o r  by s u b a e r i a l  l ands l id ing  i n t o  water,  genera l ly  produce 
only l o c a l  e f f e c t s ;  never the less ,  they  may be h ighly  devas ta t ing .  

Inasmuch as t h e  magnitude o f  an earthquake genera l ly  has t o  be 7 o r  
g r e a t e r  t o  produce a n o t i c e a b l e  tsunami and 8 o r  g r e a t e r  t o  produce a 
d i sas t rous  tsunami {Wiegel, 1964),  it i s  h ighly  un l ike ly  t h a t  a genera- 
t i o n  source f o r  a l a r g e  tsunami would be c l o s e r  t o  Ketchikan than t h e  
Queen Char lo t t e  I s l ands  f a u l t .  Tsunami waves o r i g i n a t i n g  from t h e  a r e a  
of t h i s  f a u l t  o r  from a more d i s t a n t  source expectably would be  g r e a t l y  
a t tenuated  during travel up t h e  s t r a i t s  and i n l e t s  before  reaching 
Ketchikan. I t  should be noted, however, t h a t  under c e r t a i n  condi t ions  
tsunami waves can t r a v e l  up long narrow i n l e t s  and a t t a i n  runups of 5 t o  
10 feet (1.5-3 m ) .  (See  discuss ion i n  Lemke and Yehle (1972a) .) Height 
of tsunami wave runup and r e s u l t a n t  damage a t  Ketchikan would depend i n  
l a r g e  p a r t  upon t h e  a r r i v a l  time o f  t h e  waves i n  r e l a t i o n  t o  t h e  phase 
of t h e  t i d e .  For example, a wave 15 feet (4.5 m) high could c r e s t  during 
lower low t i d e  and s t i l l  not have a runup above normal higher high water.  
On t h e  o t h e r  hand, a 5- t o  10-foot (1.5- t o  3 - m )  - h igh  wave a r r i v i n g  a t  
Ketchikan during high t 5 d e  could cause devas ta t ing  damage t o  t h e  harbor 
a rea ,  p a r t i c u l a r l y  i f  it came crashing i n t o  shore as a breaker.  It 
should be noted, however, t h a t  only two tsunamis with low wave heights  
have been recorded on mareograms f o r  t h e  Ketchikan a rea :  (1) a 0.3-foot 
(0.1-m) -high wave r e s u l t i n g  from t h e  Queen Char lo t t e  Is lands  earthquake 
of August 22, 1949, and (2) a 2-foot (0.6-m) i g h  wave r e s u l t i n g  from 57 t h e  g rea t  Alaska earthquake o f  March 27, 1964- (Cox and Pararas-  
Cayayannis, 1969). T h e ~ e f o r e ,  on t h e  b a s i s  of pas t  known wave heights ,  

y ~ e e  Lemkke and Yehle (1972a). Lemke (1974), and Yehle (1974) f o r  
more d e t a i l e d  d e s c r i p t i o n s  of wave types and e f f e c t s  from them. Also 
see  f o r  d e f i n i t i o n s  of lltsunami" and 'lseismic seiche." 

Z/~ .  Barry of  Ketchikan repor ted  (ora l  o u n . ,  1965) t h a t  t h e  U.S. 
Coast Guard s t a t i o n e d  at  t h e  southeas tern  end of Ketchikan recorded 
abnormal surges of the  t i d e  up t o  a maximum of 7 f e e t  (1.2 m) above 
normal t i d e  l e v e l .  



it seems un l ike ly  t h a t  a tsunami wave as much a s  10 f e e t  (3 m)  high would 
a r r i v e  a t  Ketchikan. 

There a r e  no bodies of water i n  t h e  Ketchikan mapped a rea  where seismic 
se iches  a r e  l i k e l y  t o  develop. However, se iching upon nearby lakes ,  such 
as upon Ketchikan No. 1 and No. 2 Lakes, Carlanna Lake, and Ward Lake 
( f i g ,  2) could a f f e c t  water suppl ies  by causing f a i l u r e  o f  e a r t h - f i l l e d  
dams impounding t h e s e  lakes .  Power f a c i l i t i e s  poss ib ly  a l s o  could be 
a f fec ted  by se iching upon Upper and Lower S i l v i s  Lakes, about 5 miles 
(8 km) nor theas t  o f  Ketchikan. Height of  se iche  waves t h a t  might be gen- 
era ted  upon these  lakes  during an earthquake cannot be estimated with any 
degree of  assurance. The highest  se iche  wave repor ted  i n  t h e  Ketchikan 
a rea  was during t h e  earthquake of  August 2 2 ,  1949, when a 2-foot (0.6-m) 
-high se iche  wave was generated on Ward Lake (U.S. Weather Bur., 1918- 
1958). However, se iche  waves a s  much as 6 f e e t  (1.8 m) high were 
recorded during t h e  g rea t  Alaska earthquake as far away from t h e  ep icen te r  
a s  t h e  coas ta l  regions  o f  Louisiana and Texas (McGarr and Vorhis, 1968). 
Also, 20- to 30-foot (6 -  t o  9-rn) -high runups from se iche  waves were docu- 
mented on Kenai Lake, about 60 miles (48 km) from t h e  earthquake ep icen te r  
(McCulloch, 1966). Because t h e  seismic waves t r a v e l  so  much f a s t e r  than 
tsunami waves, they  can cause damage i n  an a rea  before any tsunami waves 
could a r r i v e .  

I t  i s  un l ike ly  t h a t  d e s t r u c t i v e  waves w i l l  be generated i n  t h e  Ketchikan 
area  by earthquake-induced l o c a l  submarine s l i d i n g  or  by subaer i a l  land- 
s l i d i n g  i n t o  water.  Other than t h e  f an -de l t a  d e p o s i t s  ( Q f )  and associa ted  
manmade f i l l  ( f ) ,  no masses of s l ide-prone m a t e r i a l  l a r g e  enough t o  gener- 
a t e  s i g n i f i c a n t  wave ac t ion  a r e  known t o  be p resen t  i n  t h e  a rea .  Even 
these  depos i t s  a r e  bel ieved t o  be f a i r l y  small ,  and sudden displacement of 
l a rge  volumes of water by s l i d e  m a t e r i a l ,  with subsequent wave generat ion,  
seems un l ike ly ,  The p o t e n t i a l  f o r  s l ide-genera ted  waves from a somewhat 
more d i s t a n t  source cannot be f u l l y  evaluated.  However, no sl ide-prone 
fores lopes  of  l a r g e  d e l t a s ,  such a s  a r e  be l ieved t o  e x i s t  i n  t h e  Wrangell 
a r e a  (Lemke, 19741, a r e  known t o  be present  i n  t h e  general  a r e a  of 
Ketchikan. Any waves t h a t  might be generated,  though, can be  h ighly  
des t ruc t ive ,  because they genera l ly  h i t  t h e  shore  suddenly during o r  i m m e -  
d i a t e l y  a f t e r  an earthquake and because t h e i r  occurrence and runup height 
a t  any p a r t i c u l a r  l o c a l i t y  a r e  l a r g e l y  unpredic table .  

Ef fec t s  on ground water and streamflow 

I t  is  well known t h a t  l a r g e  earthquakes can a f f e c t  ground and surface  
water regimens. Waller (1966) noted severa l  short- term e f f e c t s  of  the 
grea t  Alaska earthquake of  1964 on ground water.  Surface-water changes 
included diminished o r  increased streamflow. Changes in streamflow com- 
monly were con t ro l l ed  by ground f r a c t u r i n g  i n  o r  nea r  streambeds and by 
snow and rock avalanching. Most l ands l ides  blocked streams f o r  only 
shor t  per iods ,  but e f f e c t s  from some p e r s i s t e d  f o r  months (Waller, 1966; 

' 

Lemke, 1967). 



Inasmuch a s  Ketchikan o b t a i n s  i t s  e n t i r e  water  supply from sur face  
sources, any changes i n  ground-water flow o r  q u a l i t y  are not  p resen t ly  
pe r t inen t .  I t  seems u n l i k e l y  t h a t  t h e  quan t i ty  of  t h e  su r face  supply 
would be s i g n i f i c a n t l y  affected unless  l a rge - sca le  lands l id ing occurred 
along t h e  v a l l e y  wal ls  o f  t h e  stream channels o r  t h e  slopes above t h e  
r e s e r v o i r s  and e i t h e r  temporari ly blocked t h e  streamflow or  diminished 
t h e  holding c a p a c i t i e s  of t h e  r e s e r v o i r s .  Earth dams impounding the 
r e s e r v o i r  waters might a l s o  f a i l  a s  a r e s u l t  of lands l id ing above o r  
onto t h e  dams. 

Summary o f  i n f e r r e d  e f f e c t s  from f u t u r e  earthquakes 

Land-level changes due t o  l o c a l  f a u l t i n g  a r e  u n l i k e l y  i n  t h e  Ketchikan 
area .  However, l a rge - sca le  regional  deformation r e s u l t i n g  from a large 
earthquake along t h e  Queen Char lo t t e  Is lands  f a u l t  could poss ib ly  r e s u l t  
i n  land-level  changes at Ketchikan. U p l i f t  o r  subsidence of  a s  much a s  
5 f e e t  (1.5 m) could produce adverse e f f e c t s  throughout a l a rge  p a r t  of 
t h e  water f ront  area .  If Ketchikan were s t rong ly  shaken by an earthquake, 
it seems l i k e l y  t h a t  t he  harbor and o the r  water f ront  f a c i l i t i e s  would be 
most heav i ly  damaged. Nonengineered loose manmade f i l l s  ( f ) ,  which have 
been placed along t h e  shore  t o  e l e v a t e  low-lying areas  above high t i d e ,  
are expected t o  be s u b j e c t  t o  comparatively s t rong  shaking; they a l s o  
may be sub jec t  t o  se t t l ement ,  poss ib le  l ique fac t ion ,  and t o  s l i d i n g .  The 
fan-delta depos i t s  ( Q f )  a l so  are expected to be subject t o  comparatively 
s t rong ground shaking, as well  a s  t o  se t t l ement ,  l i que fac t ion ,  water- 
sediment ejection and assoc ia ted  ground f r a c t u r i n g ,  and s l i d i n g .  Off- 
shore depos i t s  probably a r e  sub jec t  t o  l ique fac t ion  and on s loping 
bedrock su r faces  are s u b j e c t  t o  submarine s l i d i n g .  Modern beach depos i t s  
(Qb) probably a r e  too  t h i n  i n  most p laces  t o  be s i g n i f i c a n t l y  a f fec ted .  

Earthquake effects expectably would be considerably fewer and l e s s  severe  
f o r  t h e  p a r t  of Ketchikan upslope from t h e  harbor area. Ground shaking 
would be much l e s s  s t r o n g  f o r  most of t h i s  p a r t  of t h e  c i t y  because bed- 
rock is  a t  o r  near  t h e  su r face  i n  large p a r t s  of  t h e  area ;  i n  most o the r  
places ground motion would be l e s s  amplif ied by t h e  s u r f i c i a l  depos i t s  
present  than by those  along t h e  shore l ine .  Ground motion, however, prob- 
ably would be amplif ied i n  t h i c k e r  stream a l luv ium (Qa) and poss ib ly  i n  
some muskeg depos i t s ;  some se t t l ement ,  l i que fac t ion ,  water-sediment 
e j ec t ion ,  and slumping may occur i n  these depos i t s .  

E f fec t s  from abnormal water  waves a r e  not expected t o  be l a rge .  Tsunami 
waves a r e  no t  expected t o  have a l o c a l  generat ion source. Those a r r i v i n g  
from a d i s t a n t  source, although p o t e n t i a l l y  h ighly  d e s t r u c t i v e ,  probably 
would be g r e a t l y  a t t enua ted  i n  t r a v e l i n g  up i n l e t s  t o  Ketchikan from t h e  
open ocean. There are no bodies o f  water i n  t h e  mapped a r e a  where s e i s -  
mic se iche  waves a r e  l i k e l y  t o  develop. Seiching upon some nearby lakes, 
however, may a f f e c t  water supp l i e s  if e a r t h - f i l l e d  dams impounding these  
lakes  should f a i l .  It is un l ike ly  t h a t  d e s t r u c t i v e  waves w i l l  be gener- 
ated by earthquake-induced l o c a l  submarine s l i d i n g  because no masses of 
s l ide-prone  mate r i a l  l a r g e  enough t o  generate s i g n i f i c a n t  wave a c t i o n  
a r e  known t o  be p resen t  i n  t h e  a rea .  



INFERRED FUTURE EFFECTS FROM GEOLOGIC HAZARDS 
OTHER THAN THOSE CAUSED BY EARTHQUAKES 

Geologic hazards o t h e r  t han  those  caused by ear thquakes a r e  be l ieved  t o  
be minor i n  t h e  Ketchikan a r e a .  They probably a r e  r e s t r i c t e d  p r i m a r i l y  
t o  (1) nonearthquake-induced l a n d s l i d i n g  and subaqueous s l i d i n g ,  and 
(2) f looding.  

Landsl iding and subaqueous s l i d ing  

Other than  a few small  d e b r i s  s l i d e s  on some colluvium-covered s t e e p e r  
s lopes  and minor l o c a l  slumps i n  some manmade c u t s ,  no l a n d s l i d i n g  has 
been found i n  t h e  mapped a r e a .  However, i n  a d d i t i o n  t o  t h e  l a r g e  land- 
s l i d e  t h a t  buried t h e  h y d r o e l e c t r i c  power p l a n t  i n  t h e  Lake S i l v i s  a r e a  
( f i g .  2) i n  1970 s e v e r a l  f a i r l y  l a r g e  deb r i s - type  s l i d e s  have occurred 
i n  nearby a r e a s . i /  As pointed out  by Swanston (1969),  most l a n d s l i d e s  
of  t h i s  type  i n  sou theas t e rn  Alaska a r e  t h e  d i r e c t  man i f e s t a t ion  o f  
natural  mass wastage and s l o p e  reduct ion;  some, however, r e s u l t  from 
logging and logging-road cons t ruc t ion .  

No s i g n i f i c a n t  c u t t i n g  o f  t r e e s  on s t e e p e r  s l o p e s  i s  p r e s e n t l y  being done 
i n  t h e  Ketchikan mapped a r e a .  However, a s  t h e  c i t y  expands, a d d i t i o n a l  
heav i ly  t imbered a r e a s  on moderately s t e e p  s lopes  w i l l  bemcleared. Denu- 
d a t i o n  of  t h e s e  a r e a s ,  t oge the r  wi th  s t r e e t  and road cons t ruc t ion ,  w i l l  
tend t o  a c c e l e r a t e  e ros ion  and produce mass wast ing and d e b r i s  s l i d e s  
where s u r f i c i a l  d e p o s i t s  mantle t h e  bedrock. Bedrock, however, forms t h e  
s t e e p e s t  s lopes  and, o t h e r  than  minor r o c k f a l l s ,  l i t t l e  o r  no s l o p e  fa i l -  
u r e s  a r e  a n t i c i p a t e d  i n  t hose  areas. 

Although no s l i d i n g  i s  known t o  have occurred ,  t h e  g r e a t e s t  p o t e n t i a l  f o r  
nonearthquake-tr iggered s l i d i n g  probably is  along t h e  s h o r e l i n e ,  where 
f a i r l y  t h i c k  f an -de l t a  d e p o s i t s  ( Q f )  r e s t  on a s loping underwater bedrock 
su r f ace .  O f  s p e c i a l  cons ide ra t ion  i s  t h e  a r e a  i n  t h e  v i c i n i t y  of t he  
i n t e r s e c t i o n  of M i l l  S t r e e t  and Front S t r e e t ,  where 20 t o  50 feet (6.1- 
15 m) of f an -de l t a  d e p o s i t s ,  o v e r l a i n  by 15 t o  20 f e e t  (4.6-6.1 m) of f i l l ,  
l i e s  on a moderately s t e e p  seaward-sloping bedrock s u r f a c e .  I n  recogni-  
t i o n  of  t h e  p o t e n t i a l  i n s t a b i l i t y  o f  t h i s  a r e a ,  t h e  S t a t e  o f  Alaska Depart- 
ment of  Highways (1966a) recommended t h a t  a l l  p i l i n g  and ca i s sons  placed i n  
connect ion wi th  s t r e e t  cons t ruc t ion  i n  t h i s  a r e a  should p e n e t r a t e  a t  l e a s t  
3 f e e t  (0.9 m) of bedrock. Other f a n - d e l t a  a r e a s ,  such a s  a t  Bar Point 
and Charcoal Point  as well  as a t  o t h e r  s h o r e l i n e  a r e a s  where s u r f i c i a l  
d e p o s i t s  may l i e  on a moderate t o  s t e e p l y  s lop ing  bedrock s u r f a c e ,  should 
be c a r e f u l l y  i n v e s t i g a t e d  be fo re  major cons t ruc t ion  i s  undertaken,  Shore- 
l i n e  s lopes ,  now s t a b l e ,  may become u n s t a b l e  a s  a r e s u l t  of cons t ruc t ing  
heavy s t r u c t u r e s  and adding t o  t h e  surcharge  o f  t h e  a r e a .  

Y t a r g e  s l i d e s  were observed from a d i s t a n c e  o r  seen  on aerial 
photographs. 
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Flooding 

The p o t e n t i a l  f o r  damage from flooding appears t o  be l imi ted  c h i e f l y  t o  
f loods  t h a t  may occur along Ketchikan, Schoenbar, and Carlanna Creeks. 
Ketchikan Creek, which i s  fed  by two earth-dammed lakes, has been sub jec t  
t o  pe r iod ic  f looding,  and on a t  l e a s t  one occasion i n  1963 floodwaters 
topped Stedman S t r e e t  (S ta te  of Alaska Dept. Highways, 1966b). On 
October 26, 1974, t h e  e a r t h  dam impounding Carlanna Lake ruptured follow- 
ing heavy r a i n s ,  sending a t o r r e n t  of water ,  mud, and logs down Carlanna 
Creek (Alaska Magazine, 1974). The fo rce  of t he  water destroyed t h e  
bridge along t h e  main highway, d i s rup t ing  t r a f f i c  between Ketchikan and 
t h e  a r e a  t o  t h e  northwest f o r  severa l  days. Floodwaters a l s o  surged 
through a mobile home cour t  b u i l t  on fan-del ta  depos i t s  (Qf) near t h e  
mouth of  Carlanna Creek. Drinking water was temporari ly c u t  off  f o r  p a r t  
of  t h e  c i t y ,  and e l e c t r i c a l  u t i l i t i e s  were damaged. C i ty  o f f i c i a l s  e s t i -  
mated l o s s  o f  t h e  dam and damage t o  o t h e r  u t i l i t i e s  a t  $1.2 mi l l ion  and 
p r i v a t e  proper ty  l o s s e s  a t  more than $300,000. 

Future f looding i n  t he  Ketchikan a r e a  may occur because o f :  (1) periods 
o f  except ional ly  heavy r a i n f a l l ,  such a s  have occurred i n  t h e  past;  
(2) f a i l u r e  of upstream e a r t h  dams; (3) const ruct ion  of stream channels 
(flood p l a i n s )  by emplacement of manmade f i l l  o r  o the r  obs t ruc t ions ;  o r  
(4) by increased s u r f a c e  runoff due t o  c u t t i n g  of timber upstream o r  of  
paving o f  l a r g e  su r face  a r e a s .  I t  should be noted t h a t  t h e  l a s t  t h r e e  
axe i n  l a r g e  p a r t  man induced and can be con t ro l l ed .  



RECOMMENDATIONS FOR ADDITIONAL STUDIES 

• Because of t h e  reconnaissance na tu re  of  t h e  s t u d i e s ,  t h e r e  was i n s u f f i c i e n t  
time t o  make many of t h e  geologic s t u d i e s  necessary t o  f u l l y  eva lua te  t h e  
geologic hazards of t h e  a rea .  Listed below, i n  approximate order  of impor- 
tance,  a r e  some of the  add i t iona l  s t u d i e s  t h a t  I be l ieve  should be made by 
geologis ts  o r  s p e c i a l i s t s  i n  o t h e r  d i s c i p l i n e s  t o  more f u l l y  make t h e s e  
evaluat ions : 

In order  t o  permit a more adequate assessment of  t h e  earthquake 
p robab i l i ty  of  the  a r e a ,  s t u d i e s  should be made t o  loca te  more 
accura te ly  a l l  t h e  major regional  and loca l  f a u l t s  and t o  de te r -  
mine i f  poss ib le  t h e  degree o f  a c t i v i t y  along t h e i r  lengths .  
Sophist icated instrumentat ion s t u d i e s ,  p a r t i c u l a r l y ,  should be 
made on t h e  Queen Char lo t te  Is lands  f a u l t .  Also, it would be 
important t o  determine whether t h e  known f a u l t  along t h e  south- 
e a s t e r n  end of t h e  Tongass Narrows lineament on Annette Island 
extends northwestward up Tongass Narrows offshore  from Ketchikan 
and, i f  so,  t h e  time o f  l a t e s t  movement on it. 

2. Additional analyses are needed t o  more adequately determine t h e  
physical  p roper t i e s  of  t h e  s u r f i c i a l  depos i t s  i n  order  t o  b e t t e r  
evaluate  t h e i r  behavior i n  r e spec t  t o  earthquake and o t h e r  haz- 
ards. Onshore and offshore  d r i l l i n g  and geophysical work a r e  
needed t o  determine thicknesses of geologic u n i t s  and t h e  topo- 
graphic r e l a t i o n s  o f  t h e  u n i t s  t o  bedrock, e s p e c i a l l y  of shore 
and nearby offshore  areas .  

3 .  Geologic mapping and r e l a t e d  s t u d i e s  should be made of addi t ional  
a reas  ou t s ide  the  c i t y  of  Ketchikan where f u t u r e  development can 
be expected, such as t h e  a rea  of Ward Cove and Saxman. 



GLOSSARY 5 

Technical terms t h a t  a r e  used extens ively  i n  t h i s  r epor t  are defined here 
f o r  readers who may not  be f a m i l i a r  with them. 

Acceleration: The time r a t e  of change o f  v e l o c i t y  i n  e i t h e r  speed o r  
d i rec t ion .  The f o r c e  imposed on s t r u c t u r e s  by ground shaking v a r i e s  
with t h e  acce le ra t ion  of  ground shaking. The acce le ra t ion  reaches a 
maximum during each shaking cycle  when the d i r e c t i o n  of ground movement 
reverses .  The maximum acce le ra t ion  v a r i e s  with t h e  change i n  v e l o c i t y  
t h a t  occurs and t h e  elapsed time during which t h e  change i n  v e l o c i t y  
takes place. Maximum acce le ra t ions  a r e  commonly expressed as a percent- 
age of t h e  acce le ra t ion  of g rav i ty .  For example, an acce le ra t ion  of 
16.1 f e e t  (4.9 m) p e r  second per  second may be expressed as SO percent  g 
where g is the  acce le ra t ion  of g rav i ty ,  3 2 . 2  f e e t  (9.8 m) pe r  second per  
second. 

Amplitude: In r e l a t i o n  t o  ground motion caused by earthquakes, r e f e r s  t o  
t h e  maximum value of t h e  displacement i n  an o s c i l l a t o r y  motion. 

Diamicton: A nonsorted o r  poorly so r ted  sediment t h a t  c o n s i s t s  of  p a r t i -  
cles l a r g e r  than sand i n  a matrix of sand, s i l t ,  and clay-size p a r t i c l e s .  
The term i s  noncommittal as t o  how t h e  depos i t  was formed. 

: The angle which a bed, l aye r ,  d ike ,  f a u l t ,  f i s s u r e ,  o r  s i m i l a r  p lanar  
geologic f e a t u r e  forms with an imaginary hor izonta l  surface  when 
measured a t  r i g h t  angle t o  t h e  s t r i k e .  

Epicenter: The point  on the e a r t h ' s  su r face  d i r e c t l y  above t h e  o r ig in  
point  of an earthquake. 

Fault: A f r a c t u r e  o r  fracture zone along which t h e r e  has been displacement - 
of t h e  two s ides  r e l a t i v e  t o  one another p a r a l l e l  t o  t h e  f r a c t u r e .  
There a r e  severa l  kinds of f a u l t s :  a normal f a u l t  i s  one i n  which t h e  
hanging wall ( the  block above t h e  f a u l t  plane) has moved downward in  
r e l a t i o n  t o  t h e  footwall  ( the  block below the  f a u l t  plane);  on a v e r t i -  
c a l  f a u l t ,  one s i d e  has moved down i n  r e l a t i o n  t o  t h e  o t h e r  s ide .  A -- 
t h r u s t  f a u l t  i s  a low-angle f a u l t  on which t h e  hanging wall has moved 
upward r e l a t i v e  t o  t h e  footwall .  A s t r i k e - s l i p  f a u l t  i s  a f a u l t  on 
which t h e r e  has been l a t e r a l  displacement approximately para l le l  t o  t h e  
s t r i k e  of  the  f a u l t .  (If t h e  movement i s  such t h a t ,  when an observer 
looks across  a f a u l t .  t h e  block across  t h e  f a u l t  has moved r e l a t i v e l y  
t o  t h e  r i g h t ,  then t h e  f a u l t  is  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 ;  i f  
t h e  displacement is such t h a t  t h e  block across  t h e  f a u l t  has moved 

' r e l a t i v e l y  t o  the  l e f t ,  then t h e  f a u l t  i 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  i s  i n  common usage i n  t h e  l i t e r a t u r e ,  
but t h e r e  i s  no general  agreement a s  t o  t h e  meaning of t h e  term i n  

+ r e l a t i o n  t o  time. In general ,  an a c t i v e  f a u l t  i s  one on which contin-  
uous o r ,  more l i k e l y ,  in te rmi t t en t  movement is  occurring.  As used i n  
t h i s  r epor t ,  an a c t i v e  f a u l t  is defined as  one t h a t  has d isplaced t h e  
ground surface  during Holocene time. 



Fol ia t ion:  Banding o r  lamination of c r y s t a l l i n e  rock t h a t  r e s u l t e d  from 
segregation of minerals du r ing  metamorphism o r  l amel la r  flow. 

Ground ampl i f ica t ion:  The amount by which t h e  amplitude of  ground motions 
a t  t h e  surface  of a s u r f i c i a l  imconsolidated depos i t  exceeds t h e  ampli- 
tude of  ground motions a t  t h e  su r face  of t h e  underlying bedrock. Gpli- 
f i c a t i o n  a r i s e s  from t h e  mul t ip le  (successive) r e f l e c t i o n  o f  seismic 
waves between t h e  ground surface  and t h e  bedrock surface  underlying t h e  
unconsolidated deposit .  Maximum ampl i f ica t ion occurs when t h e  internal 
deformations induced by t h e  r e f l e c t e d  waves augment t h e  deformations 
induced by t h e  incoming waves from underlying bedrock; i n  o ther  words, 
when t h e  r e f l e c t e d  waves a r e  i n  phase with t he  incoming waves. 

Ground shaking: The severity of ground shaking a t  a s p e c i f i c  loca t ion  dur- 
ing  an earthquake i s  defined q u a l i t a t i v e l y  i n  terms of i n t e n s i t y  s c a l e s  
(see In tens i ty )  and q u a n t i t a t i v e l y  i n  terms o f  instrumental  observations 
of ground motions. The l a t t e r  permits  ground shaking t o  be character-  
ized by t h r e e  f a c t o r s :  (1) t h e  amplitude of t h e  s t ronges t  ground 
motions which may be expressed i n  terms of acce le ra t ions ,  v e l o c i t i e s ,  or 
displacements; (2 )  t h e  predominant frequency o r  period of the s t rongest  
motions; and (3) the  dura t ion of s t rong  shaking. 

Holocene: The most recent  epoch i n  geologic time; it includes t h e  present. 
Used interchangeably with t h e  term Recent. A s  used i n  t h i s  r e p o r t ,  the 
Holocene Epoch cons i s t s  of  approximately t h e  l a s t  10,000 years  of 
geologic time. 

In tens i ty :  Refers t o  t h e  s e v e r i t y  of  ground motion [shaking) a t  a s p e c i f i c  
locat ion during an earthquake and i s  based on the  sensat ions  of people 
and v i s i b l e  e f f e c t s  on na tu ra l  and manmade ob jec t s .  The most widely 
used i n t e n s i t y  s c a l e  i n  t h e  United S t a t e s  is  the Modified Mercalli 
i n t e n s i t y  sca le .  (See t a b l e  2 . )  

Lineament: A l i n e a r  f e a t u r e  of the landscape, such as a l ined  v a l l e y s ,  
streams, r i v e r s ,  shore l ines ,  f i o r d s ,  scarps ,  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 t h e r  s t r u c t u r a l  
geological f ea tu res  . 

Liquefaction: The transformation of a granular  mater ia l  from a s o l i d  s t a t e  
i n t o  a l iquef ied  s t a t e  as a consequence of increased pore-water pressure 
(Youd, 1973). 

Liquid l i m i t :  The water content i n  percent  of dry weight a t  which s o i l  
passes from t h e  l i q u i d  s t a t e  i n t o  t h e  p l a s t i c  state (Terzaghi and Peck, 

Magnitude: Refers t o  t h e  t o t a l  energy re leased a t  the source of an earth-  
quake. I t  i s  based on seismic records of an earthquake as recorded on 
seismographs. Unlike i n t e n s i t y ,  t h e r e  i s  only one magnitude associa ted  
w i t h  one earthquake. The s c a l e  i s  exponential i n  character  and where 
applied t o  shallow earthquakes an increase  of 1 u n i t  i n  magnitude s i g n i -  
f i e s  approximately a 32-fold increase  i n  seismic energy re leased .  



Microearthquake: An earthquake t h a t  genera l ly  is  too  small t o  be f e l t  by 
man and can be detec ted  only instrumental ly.  The lower l i m i t  o f  magni- 
tude of f e l t  earthquakes genera l ly  i s  between 2 and 3 ;  many microeaxth- 
quakes, on t h e  o the r  hand, have magnitudes of  less than 1. 

Moisture content:  The l o s s  i n  weight when a mate r i a l  is d r ied  t o  a 
constant  weight;& expressed a s  a percentage of  t h e  dry  mater ia l .  

Muskeg: Muskeg i s  a term commonly used t o  des ignate  organic t e r r a i n .  
However, f o r  purposes of  t h i s  r e p o r t  t h e  term tlmuskegtt w i l l  be used i n  
more o r  l e s s  of an engineering sense and with t h e  mater ia l  i t s e l f  being 
emphasized more than t h e  landform. Thus, muskeg i s  defined here  a s  
I1Organic-rich depos i t s  cons i s t ing  o f  peat and o the r  decaying vegeta t ion 
t h a t  a r e  commonly found i n  swamps and bogs." The term l tpeatl i  is  used 
more o r  l e s s  interchangeably with t h e  word "muskegtt i n  t h i s  r epor t .  

P l a s t i c i t y  index: The numerical d i f f e r e n c e  between t h e  l i q u i d  l i m i t  and 
t h e  p l a s t i c  l i m i t .  Represents t h e  range of moisture content  within 
which a s o i l  is p l a s t i c  (U.S. Bur. Reclamation, 1968, p. 8, 2 8 ) .  

P l a s t i c  l i m i t :  The water content of a s o i l  i n  percent  of  dry  weight a2 
t h e  boundary between t h e  p l a s t i c  s t a t e  and t h e  s o l i d  s ta te  (Terzaghi 
and Peck, 1948, p. 32-36) .  

. - 

Pleistocene:  An epoch o f  geologic time character ized by worldwide cooling 
and by major g lac ia t ions ;  a l s o  c a l l e d  "g lac ia l  epoch" o r  I c e  Age. The 
Ple is tocene Epoch denotes t h e  time from about 2 mil l ion  t o  10,000 years  
ago. 

Sch i s tos i ty :  The property of  a f o l i a t e d  rock t o  s p l i t  i n t o  t h i n  l ayers  o r  
f lakes .  

Seismicity:  A term used t o  denote t h e  h i s t o r i c a l  frequency o f  earthquakes 
occurring i n  a c e r t a i n  area .  

Seismic se iche:  Waves s e t  up i n  a body of water by t h e  passage of seismic 
waves from an earthquake, o r  by sudden t i l t i n g  o f  a wa te r - f i l l ed  basin.  

Shrinkage l i m i t :  The water content below which f u ~ t h e ~  l o s s  of  water by 
evaporation does not  r e s u l t  i n  a reduction of  volume of a s o i l  (Terzaghi 
and Peck, 1948, p. 3 3 ) .  

S t r i k e :  The compass d i r e c t i o n  of a l i n e  formed by t h e  i n t e r s e c t i o n  of a 
bed, bedding surface ,  f r a c t u r e ,  f a u l t ,  f o l i a t i o n ,  o r  o the r  e s s e n t i a l l y  
p lanar  geologic f e a t u r e  with a hor izonta l  plane. 

T i l l :  An u n s t r a t i f i e d  and unsorted mixture of c lay ,  s i l t ,  sand, gravel ,  - 
cobbles, and boulder-size mater ia l  deposited by g l a c i e r  i c e  on land. 

Tsunami: A sea wave, otherwise known as a seismic s e a  wave, generated by 
sudden l a rge -sca le  v e r t i c a l  displacement of  the  ocean bottom a s  a r e s u l t  
of submarine earthquakes o r  of  volcanic  ac t ion.  Tsunamis i n  t h e  open 
ocean a r e  long and low, and have speeds of 425-600 miles (680-960 km) an 
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hour. As they enter shallow coastal waters they can greatly increase 
in height and also in height and distance of runup onto land. 

- 

Void r a t io :  The ~ a t i o  of the volume of the voids to the volume of the 
sol ids. 
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