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RECONNAISSANCE ENGINEERING GEOLOGY OF THE SKAGWAY AREA, ALASKA, WITH 

EMPHASIS ON EVALUATION OF EARTHQUAKE AND OTHER GEOLOGIC HAZARDS 

Lynn A. Yehle and Richard W. Lemke 

ABSTRACT 

A program to study the engineering geology of most of the larger 
Alaska coastal communities and to evaluate their earthquake and other 
geologic hazards was started promptly after the 1964 Alaska earth- 
quake; this report is a product of that program. Field-study methods 
were largely reconnaissance, and thus the interpretations in the 
report are subject to revision as further information becomes avail- 
able. The report provides broad guidelines for planners and engineers 
when considering geologic factors during preparation of land-use plans. , 
The use of this information should lead to minimizing future loss of 
life and property, especially during major earthquakes. 

Skagway was established in 1897 as a seaport near the head of 
Taiya Inlet fiord in the northern part of southeastern Alaska. Rugged 
mountains, steep-walled valleys, fiords, and numerous glaciers and 
icefields characterize the landscape of the area. Valley floors are 
narrow and most carry large streams, which end in tidewater deltas. 
Skagway is situated on the delta and lower valley floor of the Skagway 
River. 

Glaciers became vastly enlarged during the Pleistocene Epoch and 
presumably covered the area at least several times. The last major 
deglaciation probably occurred about 10,000 years ago. Subsequently, 
there was minor expansion and then partial retreat of glaciers; land 
rebound because of glacial melting is sri.11 going on today. 

Bedrock is composed predominantly of plutonic intrusive rocks, 
chiefly quartz diorite and granodioritc: some metamorphic rocks and a 
few dikes are present. Most bedrock is of Jurassic and Cretaceous 
age, 

An assortment of surficial deposits of Quaternary age form the 
valley bottoms and locally part of the valley walls. Thick deposits 
of sand and gravel have accumulated as deltas at the heads of fiords 
and as alluvium in the main stream valleys; deposits may be as much 
as 585 feet thick at Skagway. Locally, thin deposits mantle some of 
the steep bedrock slopes and also form some moderately to gently 
sloping ground. Manmade fill covers much of the top of the delta and 
floor of the Skagway valley. The fill is composed chiefly of gravel 
and sand. Quarried blocks of granodiorite are used as riprap to face 



r i v e r  d ikes  and on f i l l  a r e a s  exposed t o  waves of  Taiya I n l e t .  

The geologic  s t r u c t u r e  o f  t h e  a r e a  i s  imperfec t ly  known. However, 
it appears t h a t  p l u t o n i c  rocks in t ruded  metamorphic rocks i n  J u r a s s i c  
and Cretaceous time. Extensive f a u l t i n g  i s  s t rong ly  ind ica t ed  by t h e  
s t r i k i n g l y  l i n e a r  o r  c u r v i l i n e a r  p a t t e r n  of f i o r d s  and many l a r g e  and 
small v a l l e y s ,  bu t  no major f a u l t s  have been p o s i t i v e l y  i d e n t i f i e d  
because o f  concealment by water o r  s u r f i c i a l  depos i t s .  I n fe r r ed  
f a u l t s  inc lude  those co inc ident  with t h e  lower Skagway v a l l e y ,  Taiya 
In le t -Taiya  v a l l e y ,  and t h e  b t z e h i n  River delta-Upper Dewey Lake. 
P r inc ipa l  f a u l t  movements probably occurred i n  middle T e r t i a r y  time 
but  some movement might have been i n  l a t e  T e r t i a r y  o r  poss ib ly  e a r l y  
Quaternary time. Local f a u l t s  appear t o  j o in  t h e  Chi lka t  River  f a u l t ,  
a segment o f  t h e  important Denali f a u l t  system, one o f  t h e  major t e c -  
t o n i c  elements of southeas te rn  Alaska. One f a u l t  segment of t h i s  sys-  
tem shows evidence o f  movement wi th in  t h e  l a s t  s eve ra l  hundred yea r s .  
Southeastern Alaska's o t h e r  major f a u l t  system i s  t h e  a c t i v e  
Fairweather-Queen Char lo t t e  I s lands  f a u l t  system nea r  t h e  coas t  o f  t h e  
P a c i f i c  Ocean. This f a u l t  system passes  t o  wi th in  about 100 mi les  of 
Skagway. A t  i t s  northwest end t h e  f a u l t  system merges with t h e  
Chugach-St. E l i a s  f a u l t .  

One hundred twenty-two ear thquakes,  some of  them s t rong ,  have 
been f e l t  o r  poss ib ly  f e l t  a t  Skagway during t h e  years  1898 through 
1969. The c l o s e s t  l a r g e  earthquake (magnitude about 8 )  causing some 
damage a t  Skagway occurred J u l y  10 ,  1958. I t s  ep i cen te r  was about 
100 miles  t o  t h e  southwest.  Other ear thquakes,  as much a s  150 miles  
away, a l s o  have caused s l i g h t  t o  moderate damage. The c l o s e s t  i n s t r u -  
mental ly  recorded earthquake (magnitude 6) had i t s  ep icen te r  about 
30 miles  t o  t h e  west o f  Skagway. 

Most earthquakes i n  southeas te rn  Alaska have occurred southwest,  
west,  o r  northwest o f  Skagway, near  t h e  coas t  o f  t h e  P a c i f i c  Ocean. 
They appear t o  be r e l a t e d  t o  movement along t h e  Fairweather-Queen 
Char lo t t e  I s l ands  f a u l t  system o r  t h e  Chugach-St. E l i a s  f a u l t .  Most 
have had t h e i r  ep i cen te r s  o f f sho re .  Some earthquakes may b e  r e l a t e d  
t o  movement a t  depth along t h e  Dcnali  f a u l t  system. 

The p r o b a b i l i t y  o f  d e s t r u c t i v e  earthquakes a t  Skagway i s  unknown 
because t h e  t e c t o n i c s  o f  t h e  region have not  been s tud ied  i n  d e t a i l .  
However, on t h e  b a s i s  o f  t h e  seismic record and l imi t ed  t e c t o n i c  ev i -  
dence, we suggest t h a t  sometime i n  t h e  f u t u r e  an earthquake of a t  
l e a s t  magnitude 6 probably w i l l  occur  very c l o s e  t o  the c i t y ,  a magni- 
tude  7 earthquake might occur  i n  t h e  general  a r e a ,  and an earthquake 
of  magnitude 8 probably w i l l  occur  a t  some d i s t ance  t o  t h e  southwest,  
west ,  o r  northwest .  

E f f ec t s  from nearby l a r g e  earthquakes could cause ex tens ive  
damage a t  Skagway. Nine p r i n c i p a l  e f f e c t s  a r e  considered. 



1. Surface displacement.  Displacement of  ground caused by f a u l t  
movement would a f f e c t  only s t r u c t u r e s  b u i l t  a thwart  t h e  f a u l t .  How- 
ever ,  a sudden t e c t o n i c  u p l i f t  of  land of a s  much a s  a few f e e t  might 
a f f e c t  a wide a r e a  and n e c e s s i t a t e  ex tens ive  dredging and wharf 
rebui ld ing .  On t h e  o t h e r  hand, a subsidence o f  s eve ra l  f e e t  would 
al low t idewa te r  t o  reach in l and  and flood p a r t  of  t h e  harbor  f a c i l i -  
t i e s  and t h e  bus iness  d i s t r i c t .  

2 .  Ground shaking. Because i n t e n s i t y  o f  ground shaking during 
earthquakes l a r g e l y  depends on type and water conten t  of  t h e  geologic  
material being shaken, t h e  geologic  ma te r i a l s  a r e  separated i n t o  t h r e e  
ca t egor i e s .  ,Those considered s u s c e p t i b l e  t o  s t ronges t  shaking a r e  
grouped i n t o  category 1 (containing ma te r i a l s  t h a t  a r e  s a t u r a t e d ,  
loose ,  and o f  medium- t o  f i ne -g ra in  s i z e s ) ;  t hose  o f  in te rmedia te  
s u s c e p t i b i l i t y  i n  category 2 ;  and those  l e a s t  suscep t ib l e  t o  shaking 
i n  category 3 .  

3 .  Compaction o f  some medium-grained sediments during s t rong  
earthquake shaking could cause l o c a l  s e t t l i n g  of  a l l u v i a l  and d e l t a i c  
su r f aces .  Also, some manmade f i l l s  near  t h e  harbor  might undergo 
marked d i f f e r e n t i a l  s e t t l i n g .  

4.  Liquefact ion of s a t u r a t e d  beds of  uniform, f i n e  sand commonly 
occurs  dur ing  s t rong  ear thquakes.  Few such beds, however, a r e  pos i -  
t i v e l y  i d e n t i f i e d  a t  Skagway; some may occur  wi th in  d e l t a i c  and a l l u -  
v i a l  depos i t s .  I f  p re sen t ,  t h e s e  beds might l iquefy and cause l o c a l  
s e t t l i n g  o r  t r i g g e r  l ands l ides .  

5. Ejec t ion  o f  water-sediment mixtures from earthquake-induced 
f r a c t u r e s  o r  from poin t  sources,  p lus  some a s soc i a t ed  ground subsid-  
ence, i s  common during major earthquakes where s a t u r a t e d  sand and f i n e  
grave l  depos i t s  a r e  confined beneath genera l ly  impermeable beds. Some 
a l l u v i a l  and d e l t a i c  depos i t s  a t  Skagway probably a r e  suscep t ib l e  t o  
t hese  processes .  Locally,  c j e c t a  might cover roads and a reas  between 
bu i ld ings  and f i l l  low-lying a reas .  Associated ground f r a c t u r i n g  
might damage roadways, foundations of  bu i ld ings ,  and o t h e r  f a c i l i t i e s .  

6 .  Subaerial  and subaqueous s l i d e s  occur f r equen t ly  dur ing  
earthquakes. Sa tura ted  loose sediments on s t e e p  s lopes  a r e  e s p e c i a l l y  
s u s c e p t i b l e  t o  s l i d i n g .  During a major earthquake, s u r f i c i a l  depos i t s  
forming such s lopes  along t h e  southeas t  s i d e  o f  t h e  Skagway v a l l e y  
probably would be sub jec t  t o  s l i d i n g  o r  ear thf lowing on an ex tens ive  
s c a l e .  Some s l i d i n g  might extend onto t h e  v a l l e y  f l o o r  and damage o r  
des t roy  bu i ld ings  and p a r t  o f  the r a i l r o a d .  Rockfalls would be numer- 
ous and l o c a l l y  very l a r g e  rocks l ides  might occur .  

Subaqueous s l i d i n g  o f  t h e  Skagway d e l t a  i s  p o t e n t i a l l y  t h e  most 
damaging of earthquake e f f e c t s .  S l id ing  may have occurred t h e r e  dur- 
i ng  t h e  earthquake o f  September 16, 1899; any f u t u r e  major earthquake 
c l o s e  t o  t h e  c i t y  would cause ex tens ive  s l i d i n g ,  poss ib ly  t r i g g e r e d  



i n  p a r t  by l iquefac t ion .  If shaking continued f o r  severa l  minutes, 
successive s l i d e s  might progressively remove l a rge  por t ions  of t h e  
d e l t a  and allow extensive land spreading and f r a c t u r i n g  o f  Skagway 
River alluvium as  much as  severa l  thousand f e e t  landward from t h e  
shore l ine .  

7 .  Glacier  surfaces  commonly receive  extensive snow avalanches 
and rocks l ides  during seismic shaking. In t h e  Skagway area ,  g l a c i e r s  
may be d is rupted  a t  t h e i r  margins, and r e s u l t i n g  blocked streams might 
form lakes i n  a few places .  I f  these  lakes drained suddenly, down- 
stream areas  would be flooded. No long-term e f f e c t s ,  such a s  g l a c i e r  
expansion, a r e  expected. 

8. Ground- and surface-water l eve l s  often a r e  a f fec ted  during and 
a f t e r  s t rong earthquake shaking. A t  Skagway, ground-water l eve l s  prob- 
ably would be lowered, but  the re  would be no permanent change i n  water 
qua l i ty .  Earthquake-triggered lands l ides  could dam t h e  Skagway River; 
t h e  sudden f a i l u r e  of t h e  dams might cause severe flooding. 

9. Waves generated by earthquakes include tsunamis, se iche  waves, 
and waves caused by subaer ia l  and submarine s l i d i n g  and t e c t o n i c  d i s -  
placement of land. Damage i n  the  Skagway area  would depend on wave , 
height ,  t i d a l  s t age ,  and warning time. Some waves t r iggered  by subaer- 
i a l  and subaqueous s l i d e s  have a s trong p o s s i b i l i t y  of  reaching heights  
of  a s  much a s  60 fee t - -or  possibly even higher.  Tsunamis from t h e  open 
ocean must t r ave l  160 miles of f i o r d s  before reaching Skagway, which 
allows s u f f i c i e n t  time f o r  appra isa l  o f  expectable wave height  and, i f  
necessary, evacuation of  t h e  harbor a rea  and o ther  low-lying ground. 

Geologic hazards o the r  than those hazards associated with ear th-  
quakes include nonearthquake-induced subaer ia l  and subaqueous s l i d e s ,  
f loods,  and slow u p l i f t  (rebound) of land. Landslides of  moderate 
s i ze  a r e  known t o  have occurred from time t o  time during heavy r a i n s  
such as  those of September 1967. Subaqueous s l i d e s  happen in termi t -  
t e n t l y  during t h e  normal growth of d e l t a s .  Submarine cables on t h e  
f l o o r  of northern Taiya I n l e t  presumably were broken by such s l i d e s  on 
September 10, 1927.  Flooding by the  Skagway River has inundated p a r t s  
of t h e  c i t y  many times, usua l ly  during heavy r a i n s  i n  the  f a l l .  Two 
floods were reported t o  have been caused by the  sudden dra in ing of 
glacier-dammed lakes .  Dikes p ro tec t  the  c i t y  from many smaller  f loods,  
but  heightening and broadening i s  needed t o  give f u l l  pro tec t ion .  
Slow land u p l i f t  a t  Skagway, because o f  regional  g l a c i o i s o s t a t i c  
rebound, averages 0.059 foot  per  year.  On t h i s  b a s i s ,  t h e  shore l ine  
t h e o r e t i c a l l y  sh i f t ed  seaward 500 f e e t  and t h e  harbor shoaled 4.4 f e e t  
between 1897 and 1972. 

I t  i s  recommended t h a t  fu ture  geologic study of  the  Skagway area  
include:  de ta i l ed  geologic mapping and co l l ec t ion  of da ta  on geologic 
mater ia ls ,  j o i n t s ,  f a u l t s ,  and s lope  s t a b i l i t y ;  complete evaluat ion of  
earthquake p robab i l i ty  and response of  mater ia ls  t o  shaking; and col- 
l e c t i o n  and evaluat ion of  per iodic  soundings and sediment d a t a  from 
Skagway and Taiya d e l t a s  t o  a s s i s t  i n  forecas t ing  t h e  s t a b i l i t y  of the  
de l ta  f r o n t .  



INTRODUCTION 

Purpose and scope o f  s tudy 

Promptly a f t e r  t h e  g rea t  Alaska earthquake of 1964, t h e  U.S. 
Geological Survey s t a r t e d  a program of geologic  s tudy and eva lua t ion  
of earthquake-damaged c i t i e s  i n  Alaska. Subsequently, t h e  Federal 
Reconstruct ion and Development Planning Commission f o r  Alaska recom- 
mended t h a t  t h e  program be extended t o  o t h e r  communities i n  Alaska 
t h a t  had a h i s t o r y  of  ear thquakes,  e s p e c i a l l y  those  n e a r  t idewater .  
A s  a r e s u l t ,  Skagway and e i g h t  o t h e r  communities were s e l e c t e d  i n  
southeas te rn+Alaska  f o r  reconnaissance inves t iga t ion .  The following 
r e p o r t  on t h e  engineering geology o f  Skagway and v i c i n i t y  emphasizes 
t h e  eva lua t ion  of p o t e n t i a l  earthquake damage f o r  t h e  a r ea ,  and 
desc r ibes  and a s ses ses  o t h e r  geologic  hazards,  inc luding  l ands l ides ,  
subaqueous s l i d i n g ,  f looding ,  and land u p l i f t .  The geologic  descr ip-  
t i o n s  and hazard eva lua t ions  presented a r e  intended only a s  pre l imi-  
na ry  gene ra l i za t ions  and a s  t e n t a t i v e  a p p r a i s a l s ,  but  they  should be 
he lp fu l  i n  land-use planning,  not  only t o  government o f f i c i a l s ,  engi- 
nee r s ,  p lanners ,  and a r c h i t e c t s ,  but  t o  t h e  general  publ ic  a s  wel l .  * 

Because t h i s  s tudy is  e s s e n t i a l l y  confined t o  desc r ip t ions  and 
a p p r a i s a l s  of  Skagway and v i c i n i t y ,  ex tens ive  background information 
i s  not  included i n  t h e  r e p o r t .  Ins tead ,  t h e  r eade r  i s  r e f e r r e d  t o  
"References ci ted" o r  t o  a r epo r t  by Lemke and Yehle (1972b) e n t i t l e d  
"Regional and o t h e r  general  f a c t o r s  bear ing  on eva lua t ion  o f  earth- 
quake and o t h e r  geologic  hazards t o  c o a s t a l  communities o f  southeas t -  
e rn  Alaska." That r epo r t  provides much of  t h e  reg ional  and background 
information necessary  t o  eva lua te  t h e  earthquake p r o b a b i l i t y  of  t h e  
reg ion .  In add i t i on ,  it c i t e s  examples o f  e f f e c t s  of l a rge  e a r t h -  
quakes i n  d i f f e r e n t  p a r t s  of  t h e  world i n  r e l a t i o n  t o  poss ib l e  f u t u r e  
e f f e c t s  i n  c i t i e s  o f  southeas te rn  Alaska. 

The r eade r  a l s o  i s  r e f e r r e d  t o  a r epo r t  on t h e  Haines a r ea ,  a 
community 16 mi les  south-southwest of  Skagway [Lemke and Yehle, 
1972a).  Addit ional  information i s  furnished i n  t h a t  r epo r t  on t h e  
eva lua t ion  of earthquakes and o t h e r  geologic  hazards i n  a somewhat 
d i f f e r e n t  geologic  environment t han  t h a t  of  Skagway. 

Methods o f  s tudy and acknowledgments 

Fieldwork i n  Skagway and v i c i n i t y  was l imi t ed  t o  two man-weeks 
during p a r t s  o f  J u l y  1965 and 1968. The reconnaissance geologic  map 
o f  Skagway and v i c i n i t y  ( f i g .  5 )  i s  based on f i e l d  s t u d i e s  by u s ,  
information obtained from o the r s ,  and i n t e r p r e t a t i o n s  of geologic  
r e l a t i o n s h i p s  from a i rpho tos .  The a i rphotos  examined during prepara- 
t i o n  of  our  r epo r t  a r e  l i s t e d  i n  t a b l e  1. Other members o f  t h e  U.S. 
Geological Survey gave us  much va luable  a s s i s t a n c e :  W.  0 .  Addicott  
i d e n t i f i e d  marine s h e l l s ,  Meyer Rubin dated some o f  t h e  marine s h e l l s  
by radiocarbon methods, R .  A .  Sheppard a s s i s t e d  i n  t h e  i d e n t i f i c a t i o n  



Table 1.--Airphotos of Skagway a r e a ,  Alaska examined durin_g, 
1 

a rena ra t ion  of  r e n o r t  

Areal coverage 

Part of  East Fork Skagway 
River and a few miles  
northwest (oblique and 
v e r t i c a l  photos) 

Dare 
flown 

Scale  

Most of area out  t o  sev- 
e r a l  miles beyond 
Skagway ( v e r t i c a l  
photos) 

Designation 
of photo 

group 

1 : 40,000 

C i ty  of Skagway (ver t ical  
photos) 

1:40,000 

Skagway, sides of  
lower Skagway va l l ey ,  
and sides of  Taiya 
I n l e t  ( v e r t i c a l  
photos) 

Available 
from : 

Sept , 
1942 

1 :4,800 

Skagway and s i d e s  o f  
lower Skagway v a l l e y  
( v e r t i c a l  photos) 

U.  S. Geol. Survey, 
Wash,, D.C. 
( taken by U.S. 
Army 1 

35,Z-2010 

Summer 
1948 

1 : 15,840 

U.S. Geol. Survey, 
Wash., D.C. 
( taken by U.  S.  
Navy 1 

SEA 
75,80,32 
125 

Sept* 
1959 

1 :6,000 

U.S. Army, Corps 
Engineers, 
Anchorage, AK 

U.S. Forest  
Service, Wash., 
D .C .  

VAHL 

July 
1962 

U,S. Bureau Land 
Mgt., Anchorage, 
AK 

E KX 

June 
1965 

 ore recen t  photos which were not  examined a r e  a v a i l a b l e  from t h e  U .  S.  
National Ocean Survey; t h e s e  cover only t h e  immediate v i c i n i t y  of Skagway 
except f o r  i tem 3 below, which includes areas seve ra l  miles  beyond the edges 
o f  t h e  c i t y .  Scale, da t e  flown, and des igna t ion  a r e  a s  fol lows:  
(1) 1:20,000, June 1966, 66L; (2 )  1:10,000, August 1969, 6 9 E ( C ) ;  
(3) 1:30,000, June 1971, 71E. 

Skagway 



of some bedrock, E.  E .  McGregor analyzed seve ra l  samples of s u r f i c i a l  
d e p o s i t s ,  G .  A. Rusnak cont r ibu ted  o f f sho re  geophysical information,  
E.  E .  McGregor and R .  A .  Farrow conducted onshore geophysical s t u d i e s ,  
D.  A .  Morris and A .  J.  Feulner provided sample information from 
coopera t ive  augering work i n  Skagway, and J .  A .  McConaghy provided 
data on c i t y  water  we l l s .  We a l s o  obtained o t h e r  information through 
i n t e ~ v i e w s  and correspondence with Federa l ,  S t a t e ,  and c i t y  o f f i c i a l s ,  
p r i v a t e  c i t i z e n s ,  and personnel o f  engineering and cons t ruc t ion  compa- 
n i e s  t h a t  have worked a t  Skagway. Espec ia l ly ,  we would l i k e  t o  ack- 
nowledge t h e  he lp  of  E .  C .  Hanousek, 1965 Mayor of Skagway, and 
personnel o f :  Cole and Paddock, Contractors;  Golder, Brawner, and 
Assoc ia tes ,  Limited; Tippetts-Abbett-McCarthy-Stratton, Consulting 
Engineers; p a c i f i c  Arc t ic  Railway and Navigation Co. (White Pass and 
Yukon R . R . ) ;  Toner and Nordling, Registered Engineers;  Alaska Depart- 
ment o f  Highways; U.S. Amy Corps of  Engineers;  and U.S. National 
Ocean Survey, formerly U.S. Coast and Geodetic Survey. 

I t  should be emphasized t h a t  because o f  our  s h o r t  per iod  o f  field 
study and the  reconnaissance na tu re  o f  t h e  geologic  mapping ou r  r epo r t  , 
d i scusses  sub jec t s  only i n  general  terms. 

A g los sa ry  is included near  t h e  end o f  t h e  r epo r t  t o  a s s i s t  read- 
e r s  who may be unfamiliar with some of  t h e  t echn ica l  terms used. For 
more complete d e f i n i t i o n s  o f  terms,  readers  are  r e f e r r e d  t o  general  
textbooks on geology, engineering,  s o i l  mechanics, and seismology. 



GEOGRAPHY 

Location and ex ten t  o f  a r e a  

Skagway i s  i n  southeas te rn  Alaska, about 85 miles  northwest of 
Juneau and 16 miles  nor th-nor theas t  o f  Haines ( f i g s .  1, 2 ) ,  a t  l a t  
5g027' N. and long 1 3 ~ ~ 1 9 '  W. The Skagway a r e a ,  a s  considered i n  t h i s  
r e p o r t ,  inc ludes  no t  only t h e  c i t y  o f  Skagway and immediate v i c i n i t y ,  
which was geo log ica l ly  mapped ( f i g .  5 ) ,  but  a l s o  o t h e r  a r e a s  i n  t h e  
v i c i n i t y  t h a t  were not  mapped geologica l ly .  These inc lude  Taiya I n l e t  
f i o r d  and a r e a s  t h a t  extend beyond t h e  c i t y  t o  t h e  boundary o f  Haines 
Borough, west and south about 1 2  and 8 mi les ,  r e spec t ive ly ,  and t o  t h e  
Canadian border ,  no r th  and e a s t  about 24 and 12 mi les ,  r e spec t ive ly .  

Topographic s e t t i n g  

Skagway i s  s i t u a t e d  on p a r t s  of  t h e  d e l t a  and lower v a l l e y  f l o o r  
of t h e  Skagway River nea r  t h e  no r th  end of  Taiya I n l e t  ( f i g .  3 ) .  The 
i n l e t  i s  a f i o r d  o r  drowned g l a c i a l  v a l l e y  t h a t  has been cu t  deeply 
i n t o  t h e  Coast Mountains. These mountains a r e  very rugged and domi- 
n a t e  t h e  landscape near  Skagway, r i s i n g  s t e e p l y  t o  a l t i t u d e s  of  about 
6,000 f e e t  only a  few mi les  from t h e  c i t y .  I c e f i e l d s  i n  t h e  mountains 
a r e  ex tens ive  and, t oge the r  with g l a c i e r s ,  cover about 25 percent  o f  
t h e  a r e a .  

A s t r i k i n g  f e a t u r e  o f  t h e  Skagway a rea  i s  t h e  l i n e a r i t y  o f  f io rds  
and some v a l l e y s  i n  n o r t h e r l y  and n o r t h e a s t e r l y  d i r e c t i o n s .  Both 
f i o r d s  and va l l eys  a r e  s teep-walled;  most va l l eys  have narrow f l o o r s ,  
and many conta in  g l a c i e r s  near  t h e i r  heads. The two p r i n c i p a l  va l l eys  
a r e  t h e  Skagway and Taiya v a l l e y s ,  named a f t e r  t h e i r  r e spec t ive  r i v e r s .  

Slopes i n  t h e  v i c i n i t y  o f  Skagway genera l ly  a r e  s t eep ,  and l e v e l  
ground i s  r e s t r i c t e d  t o  t h e  lower reaches o f  t h e  f l o o r s  o f  Taiya and 
Skagway v a l l e y s .  Rivers flow i n  bra ided  channels 5-10 f e e t  below t h e  
l e v e l  o f  t h e  f l o o r s .  Moderately s loping  t o  hummocky ground comprises 
p a r t  o f  a topographic bench southeas t  o f  and about 500-900 f e e t  above 
t h e  f l o o r  of lower Skagway v a l l e y  ( f i g s .  4 and 15,  both i n  pocket ) .  
Other moderately s loping  ground forms p a r t s  o f  t h e  lower spurs  o f  t h e  
mountains s epa ra t ing  Skagway and Taiya v a l l e y s .  These a r e a s  l i e  below 
a l t i t u d e s  o f  about 2,000 f e e t .  Elsewhere s lopes  a r e  s t e e p  t o  very 
s t e e p .  

The Skagwav River d r a i n s  an a r e a  of 145 square mi les  no r theas t  of 
Skagway; i t s  d ischarge  during 1963-70 va r i ed  between 9 .2  and 13,600 
cubic f e e t  o f  water per  second (1J.S. Geol. Survey, 1971). Melting o f  
g l a c i e r s  provides much o f  t h e  t o t a l  waterflow and a l s o  t h e  suspended 
sediment load o f  t h e  r i v e r .  Variat ion i n  d a i l y  r a t e  of  melt ing during 
t h e  summer causes l a rge  f l u r t u a t i o n s  i n  day-to-day flow o f  t h e  r i v e r .  
Extensive underflow occurs  w i th in  t h e  a l l u v i a l  depos i t s  of  t h e  Skagway 
River.  A t  Skagway t h i s  underflow i s  ind :ca t ed  by a  high water  t a b l e ,  
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F i g u r e  2.--Location map o f  Skagway and part o f  surrounding area, 
Alaska. 
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Figure 3.--Sketch o f  p a r t  o f  area showing Skagway and Taiya I n l e t ,  
Alaska. From o b l i q u e  ? i r p l ~ o t o  by U.S.  Army, Sept 3 ,  1947 (35, 
2-2010: 1 l e f t  115); f l  yin:: hci~!!t ehout 20,000 f e e t .  



l o c a l  a r e a s  o f  wet ground, and seve ra l  sp r ings  ( f i g .  4 ) .  Most springs 
dra in  i n t o  Pul len Creek, which flows along an abandoned channel of t h e  
Skagway River p a r a l l e l  t o  and near  tho southeas t  wall  of Skagway val- 
l ey .  Flooding of  t h e  Skagwny River i.s djscussed i n  t h e  s e c t i o n  
"Inferred f u t u r e  e f f e c t s  from geologic  hazards o t h e r  than those  caused 
by ear thquakes.  I t  

Bathymetry 3 r d  t i d e s  

Taiya In le t  was f i r s t  sounded i n  t h e  1890's.  I t  has a maximum 
depth of  1,440 f e e t  (U.S. Nat l .  Ocean Survey, 19713, and seve ra l  miles  
along i t s  a x i s  a r e  c lo sc  t o  t h i s  depth.  Deta i led  soundings of pa r t  of  
t h e  s h o r t  Skagway branch o f  Taiya I n l e t  a t  Skagwny harbor were made i n  
1943 (U.S. Coast and Gcod. Survey, 1943). Bathymetry shown on f igures  
4 and 5 gene ra l ly  follows these  1 9 ' 3  d a t a ;  however, some 1971 sounding 
d a t a  (U.S. Natl. Ocean Survey, 1973) icere used near  t h e  ore-handl ing 
te rmina l .  Bottom depths ovcr  much af Skaeway harbor  undoubtedly a r e  
somewhat d i f f e r e n t  than  i n  1943 hr rause  o f  cu r r en t  e f fec t s  and owing 
t o  changes i n  t he  depos i t ion  o f  s d i m e n t s  t h a t  have been brought about 
by removal o r  construction of  doc].<; iar,4 by emplacement of manmade fill.  b 

In add i t i on ,  undcrwatrr s l ides  prol\:~l>!;~ have occurred s ince  t h e  1943 
survey. Ti  d a l  and currcnr ri.?nsvrr ?cr??s p lu s  ceodetic  cont ra1  have 
been undertaken i n  t h e  Shagnay arc2 h y  t h e  U . 5 .  Coast and Geodetic 
Survey s i n c e  t h e  1890's.  Thc 1n tc : t  Jctcsm;n:st inn of  t h e  mean lower 
low water  datum i s  based on 6 years  of ~ c c o r d ,  1!'53-59; o t h e r  t i d a l  
planes a r e  as follows (U.S. Coas t  and Geod. Survey, 1960a) : 

Highest t i d e  observed (Oct. 2 2 ,  1945) 2 3 . 4  

Mean h ighe r  high water (blf::lP/) 16.70 

Mean high water (h!I-IIV) 15.70 

Half t i d e  l e v e l  8.65 

Mean ].ow wat'er (E1LW) 1.60 

Mean lower low wter (PILLW) 0.00 

Lowest t i d e  obscrved (Jan, 16, 1957) -6 .0  

Mean sea l e v e l  f o r  t h e  same per iod  was 8.75 f ee t ,  a s  determined by 
Pierce (1961, p.  54) .  Land uplift i s  causing t i d a l  planes t o  lower, 
and between 1909 and 1959 lowering o f  mean sea  l e v e l  averaged 0.059 
foot  pe r  year  (Hicks ar,d Shofnos, 1965; sec discuss ion  under  ItGlacia- 
t ion and a s soc i a t ed  land- ancl spa-? r--r l  ch;zngcst') . 

A t  Skagway harbor  t h e  t i d a l  c u s r r n t  on t h e  ebb flows S. 15' W. a t  



a maximum o f  0 .7  knot;  a t  maximum f lood ,  t h e  cu r r en t  flows N.  15" E.  
a t  0 . 3  knots  (U.S. Coast and Geod. Survey, 1962, 1964). 

Climate and vegeta t ion  

Skagwayls c l imate  i s  l a r g e l y  con t ro l l ed  by maritime inf luences ;  
summers a r e  cool ,  but  win ters  lack  t h e  b i t t e r  cold cha rac t e r i z ing  
weather no r theas t  of t h e  Coast Mountains (U.S. Weather Bur., 1959). 
Mean maximum temperature i n  January i s  29.7" F .  and i n  J u l y  it i s  
66.4" F. , whereas mean minimum temperature i n  January i s  19.4" F. and 
i n  J u l y  it i s  48.4" F .  (U . S. Weather Bur., 1958). 

Mean t o t a l  p r e c i p i t a t i o n  a t  Skagway i s  27.76 inches p e r  yea r ,  
with p r e c i p i t a t i o n  genera l ly  lowest i n  May o r  June and h ighes t  i n  
October. The heav ie s t  recorded 24-hour r a i n f a l l  was 4.21 inches on 
October 2 2 ,  1937. Grea tes t  snowfall  normally occurs  during January 
and December; t h e  mean f a l l  f o r  each o f  t h e s e  months i s  9 .7  inches.  
Depth o f  f r o s t  i n  win ter  i s  probably seve ra l  fee t .  

0 

Strong winds i n  win ter  blow from t h e  no r theas t  down Skagway 
v a l l e y  and may cont inue f o r  many days, and wind ve loc i t . i es  o f  more 
than  100 m.p.h. may occur f o r  s eve ra l  hours .  A t  such times Skagway 
l i v e s  up t o  i t s  Tlingi-t: Indian name, "home of  t h e  n o r t h  wind." 

Thick s tands  o f  t r e e s  and some t a l l  brush c l o t h e  most o f  t h e  
landscape below a l t i t u d e s  o f  2,500-3,000 f e e t .  Lumbering i s  done only 
on a small  s c a l e ,  and no l a r g e  t r a c t s  o f  c l e a r - c u t t i n g  on s t e e p  s lopes  
were apparent  i n  1968. 

I l i s t o r i c a l  background and populat ion 

Skagway and t h e  abandoned town o f  Dyea i n  lower Taiya v a l l e y  
( f i g .  2 )  both o r ig ina t ed  i n  1897 a s  ship  of f - loading  p o i n t s  f o r  men 
and supp l i e s  des t ined  f o r  t h e  g o l d f i e l d s  o f  t h e  Yukon, Canada. Domi- 
nance o f  ear ly-day Skagway a s  a p o r t  was assured i n  1900 with comple- 
t i o n  o f  t h e  White Pass and Yukon Rai lroad ac ros s  t h e  Coast Mountains 
t o  Whitehorse, Yukon (Skagway Planning Comm., 1964); Skagwayls domi- 
nance a s  a p o r t  l a s t e d  u n t i l  1943, when t h e  t i dewa te r  community o f  
Haines was l inked  by road across  another  par t  of  t h e  Coast Mountains 
t o  t h e  Alaska Highway and Whitehorse ( f i g .  1 ) .  

The populat ion o f  t h e  c i t y  of Skagway i n  1970 was 677 ( U . S .  Bur. 
Census, 1971).  Future growth of  Skagway i s  dependent p r imar i ly  upon 
t h e  c i t y ' s  maintaining adequate p o r t  and cross-mountain t r a n s p o r t a t i o n  
f a c i l i t i e s  and secondar i ly  upon increased  tourism. Completion o f  road 
l i n k s  t o  through highways a t  Haines, o r  a t  Carcross ,  Yukon ( f i g .  I ) ,  
and development of  a proposed U .  S .  at iona l  H i s t o r i c a l  Park probably 
would he lp  expand Skagwayls t o u r i s t  economy. 

Proposed i n d u s t r i a l  p r o j e c t s  t h a t  would g r e a t l y  expand populat ion 



i n  t h e  Skagway a r e a  inc lude  t h e  Yukon-Taiya p r o j e c t ,  which i s  a complex 
of dams on t h e  Yukon River n e a r  Whitehorse, and tunnels  t o  t h e  Taiya 
v a l l e y ,  where a  hydroe lec t r i c  p l a n t  and sme l t e r  would be loca ted  (Eng. 
News-Rec., 1952, p .  21;  Johnson and Twenhofel, 1953). A second pro- 
posed major p r o j e c t  i s  a dam and power p l a n t  on West Creek, a  t r i b u t a r y  
of t h e  lower Taiya River ( f i g .  2 ;  Callahan and Wayland, 1965). 

Transpor ta t ion  and o t h e r  f a c i l i t i e s  

The narrow-gage White Pass and Yukon Rai lroad provides t h e  only 
scheduled overland t r a n s p o r t a t i o n  t o  and from Skagway. I t  follows 
various branches o f  t h e  Skagway River and te rmina tes  a t  Whitehorse. 
Two roads extend beyond t h e  c i t y  ( f i g .  2), bu t  only f o r  s h o r t  d i s -  
t ances .  One leads  seve ra l  mi les  no r theas t  along t h e  Skagway va l l ey ;  
t h e  o t h e r ,  c a l l e d  t h e  Dyea road, leads  northwest t o  t h e  lower Taiya 
v a l l e y  and t h e  abandoned townsi te  o f  Dyea. 

The Skagway a i r f i e l d  ( f i g .  4 )  se rves  scheduled and nonscheduled 
a i r c r a f t .  Because ex tens ion  of  t h e  f i e l d  may be imprac t i ca l ,  f u t u r e  , 
a i r - t r a f f i c  needs probably w i l l  be met by cons t ruc t ion  of  a runway i n  
lower Taiya v a l l e y  o r  southeas t  o f  Skagway on t h e  topographic bench 
n e a r  Lower Dewey Lake. 

Ships of  t h e  Alaska Ferry System and seve ra l  c r u i s e  l i n e s ,  a s  well  
a s  f r e i g h t e r s ,  o r e  c a r r i e r s ,  and t a n k e r s ,  r e g u l a r l y  s t o p  a t  Skagway. 
Main te rmina l  f a c i l i t i e s  f o r  t h e  fe r ryboats  and o r e  c a r r i e r s  a r e  s i t u -  
a t e d  on t r a c t s  of manmade f i l l  emplaced i n  1959 and 1968, r e spec t ive ly .  
Other l a r g e  vessols a r e  served  a t  t h e  White Pass and Yukon Rai l road ' s  
wooden wharf, which was r e b u i l t  i n  1965. A small-boat harbor  p ro t ec t ed  
by a  breakwater was cons t ruc ted  i n  1958. 

Flood-control d ikes  were b u i l t  i n  1940 along t h e  Skagway River by 
t h e  U.S. Army Carps of  Engineers (1964). Emergency r e p a i r s  o f  t h e  
d ikes  have been r equ i r ed  seve ra l  t imes ,  however, because o f  e ros ion  o f  
d ikes  dur ing  f loods ,  t h e  l a t e s t  i n  1967. 

Most o f  Skagway's water supply i n  1965 was furnished through a 
system o f  s t ream-diversion dams, and by small l akes  and a r e s e r v o i r  on 
t h e  topographic bench southeas t  of t h e  city. In  add i t i on ,  two wooden 
s to rage  tanks  ( f i g .  4 ,  No. 9a) were used. Lakes used f o r  water  s torage ,  
and shown on figure 4 ,  a r e  Icy Lake, Lower Dewey Lake, and a r e s e r v o i r  
between Lower Dewey Lake and Skagway; s to rage  lakes  shown only  on 
f i g u r e  2 a r e  Upper Dewey Lake and Devils  Punch Bowl. In  1966 t h e  c i t y  
p a r t i a l l y  developed a new water  supply from ground water  suppl ied  
through wel l s  ( f i g .  4 ,  No. 9b) .  A t  l e a s t  one of t h e  wel l s  is 75 f e e t  
deep (J. M .  McConaghy, U.S. Geol. Survey, w r i t t e n  commun., 1966). 
Some o f  Skagwayts e l e c t r i c i t y  is hydrogenerated. The water i s  fu r -  
n i shed  through t h e  system of  s t ream d ive r s ions  descr ibed  above. 

Storage tanks  f o r  petroleum products  a r e  s i t e d  on t h e  f l o o r  of 



t h e  Skagway v a l l e y  o r  on t h e  Skagway River d e l t a .  Except f o r  t h e  two 
s to rage  tanks l abe l ed  9a on f igu re  4 ,  a l l  s to rage  tanks  a r e  thought t o  
conta in  o r  be capable o f  conta in ing  petroleum products .  Another f i ve  
t anks ,  no t  shown on f i g u r e  4 ,  a r e  present  about a q u a r t e r  o f  a mile up 
t h e  Skagway v a l l e y  from t h e  group shown a t  t he  edge of t h e  f i g u r e .  
Some of t h e  p i p e l i n e s  which connect tanks with t h e  harbor  a r e a  a r e  as 
large a s  12 inches i n  diameter ;  most a r e  bur ied  t o  a depth of s eve ra l  
fee t .  The group o f  tanks on t h e  northwest s i d e  of  Skagway v a l l e y  and 
most o f  t h e  pipelimes were cons t ruc ted  i n  t h e  e a r l y  1940's.  Physical 
condi t ion  of t h e  tanks and connecting l i n e s  i s  not  known t o  us .  An 
8-inch p i p e l i n e  extending t o  Whitehorse was being used f o r  petroleum 
products  i n  1966 (II i lker ,  1967).  



GLACIATION AND ASSOCIATED LAND- AND SEA-LEVEL CHANGES 

The Skagway a r e a  was covered by t h i c k  g l a c i e r  i c e  s eve ra l  times 
i n  t h e  P le i s tocene  Epoch. During the  culmination of  t h e  l a s t  major 
glacial  i n t e r v a l ,  i c e  over  t h e  s i t e  of  Skagway may have been as much 
as 5,000 f e e t  t h i c k  (Coulter  and o t h e r s ,  1965). Today, numerous 
e ros iona l  landforms o f  g l a c i a l  o r i g i n  bear evidence o f  t h i s  g l ac i a -  
t i o n .  These inc lude  smooth rounded knobs o f  bedrock and U-shaped 
va l l eys  and f i o r d s ,  some showing marks o f  former l e v e l s  o f  g l a c i e r  ice 
on t h e i r  wa l l s .  We have i d e n t i f i e d  a few such l e v e l s  here  and t h e r e  
along the Skagway v a l l e y  s i d e s ,  a t  a l t i t u d e s  of 2,500 and 2,000 f e e t ,  
and ex tens ive ly  along Taiya I n l e t  f i o r d ,  a t  1,600 t o  1,500 f e e t .  

Although l a rge - sca l e  cons t ruc t iona l  landforms of P le i s tocene  
g l a c i a l  o r i g i n  a r e  n o t  ev ident  nea r  Skagway, some a r e  present  severa l  
mi les  west o f  southern Taiya I n l e t ,  where a p a r t l y  concealed moraine 
holds  back Chilkoot Lake ( f i g .  2 ;  Johnson and Twenhofel, 1953, p .  11) 
and a moraine almost c lo ses  o f f  Taiyasanka Harbor. In add i t i on ,  sha l -  
low water a t  t he  mouth o f  Taiya I n l e t  may i n d i c a t e  another  moraine 
(Davidson, 1900).  During a p a r t  o f  t h e  time o f  mora;nal development 

* 
t h e  t e rmin i  of  t h e  g l a c i e r s  may have been f l o a t i n g .  

blajor c l inint ic  changes caused ex tens ive  melt ing of  g l a c i e r  i c e  
i n  the  Skagway a rea  and elsewhere a f t e r  t h e  moraines were developed. 
I c e f i e l d s  and v a l l e y  g l a c i e r s  shrank d r a s t i c a l l y ,  and probably many 
disappeared before  10,000 years  ago. 'Ills assumption i s  based l a r g e l y  
on radiocarbon age determinations on samples from t h e  Juneau a r e a  
(R .  D .  M i l l c r ,  U.S. Gccl. Survey, o r a l  commun., 1967; R .  U .  Mi l l e r ,  
1972),  which i s  geologicn l ly  s i m i l a r  t o  t h e  Skagway a r e a .  

During t h e  Holocene Epoch, o r  ahout t h e  l a s t  10,000 yea r s ,  minor 
advances and r e t r e a t s  of  g l a c i e r s  occurred i n  seve ra l  reg ions  i n  t h e  
nor thern  p a r t  o f  southeas te rn  Alaska, such 2s Juneau (Heusscr, 1960; 
Barnwell and Bo~ling, 1968; R .  D .  Mi l l e r ,  19721, Glac ie r  Bay (Lawrence, 
1958; Goldthwait,  1963, 1966; McKenzic, 19703, and Yakutat Bay 
(P lafker  and M i l l c r ,  1958) (see f i g .  1 f o r  l o c a t i o n s ) .  Evidence o f  
s i m i l a r  glacier a c t i v i t y  i s  c l e a r l y  shown 4 miles  e a s t  o f  Skagway, on 
1948 a i rpho tos ,  by a sharp  change i n  vege ta t ion  1.1 miles  beyond t h e  
1948 g l a c i e r  f ron t  of  t h e  Denver G l a c i c ~  ( f i g .  2 ) .  Downvalley 0.13 
mile f a r t h e r ,  an r r c u a t e  c ros s -va l l ey  f e a t u r e  probably marks another  
somewhat o l i l r r  g l a c i e r  pos i t i on .  Closer  t o  Skagway, a g l a c i e r ,  which 
i s  t h e  source o f  Reid F a l l s  Cxcek ( f i g .  63,  l e f t  an end moraine 
0 . 4  mile d o i ~ n v a l l c \ ~  fronl t h e  1948 ice  f r o n t .  A t  s i m i l a r  d i s t a n c e s  
downvalley from Upper Dewey L n k e  and Devils Punch Bowl ( f i g .  2 3 ,  
moraines a l s o  a r e  p r e s e n t ;  second morninc!~ l i c  s l i g h t l y  f a r t h e r  down- 
v a l l e y .  Other g l a c i e r s  i n  t h e  Skagway aTpn hz(1 shown s i m i l a r  advances 
i n  t h e  not  too  d i s t a n t  p a s t ,  and s i m i l a r  r e t r c a t s  i n  1948. The da t e  
o f  t h e  maximum I-Iolocene g l a c i a l  advanrr and t h c  beginning of  g l a c i e r  
r e t r e a t  are  unknown i n  t h e  Skagway arctu.  IIowcver, i n  t h e  Glac i e r  Bay 
reg ion ,  about 60 miles  southwest of  Skagway, a major i c e  advance 



apparent ly  culminated about 1750 A.D. and was succeeded soon t h e r e a f t e r  
by a well-documented r e t r e a t ,  which is s t i l l  cont inuing.  

The p o s i t i o n  o f  land i n  r e l a t i o n  t o  s ea  l e v e l  i n  t h e  Skagway a rea  
no t  only has  changed g r e a t l y  wi th in  t h e  p a s t  t e n s  o f  thousands of years, 
bu t  it is cont inuing t o  change. The primary causes o f  t h e s e  changes 
a r e  t h e  expansions and con t r ac t ions  of g l a c i e r s  i n  t h e  P le i s tocene  and 
Holocene Epochs; secondary causes a r e  considered below. The weight o f  
t h i c k  g l a c i e r  i c e  tends  t o  depress  t h e  land and cause inundat ion by 
t h e  sea  of c o a s t a l  a r e a s .  A t h e o r e t i c a l  land depression of about 
275 feet could occur  from t h e  weight of  a g l a c i e r  1,000 f e e t  t h i c k  
(Gutenberg, 1951, p. 172) .  Melting of  t h e  i c e  i n  t h e  Skagway a r e a  dur- 
ing  per iods  of d e g l a c i a t i o n  allowed t h e  land t o  rebound slowly. How- 
eve r ,  because o f  a  l a g  between g l a c i e r  melt ing and t h e  rebounding o f  
t h e  land ,  marine water probably occupied many o f  t h e  low a r e a s  t h a t  now 
a r e  above s e a  l e v e l .  

The amount of land emergence r e l a t e d  t o  t h e  l a s t  major deglac ia -  
t i o n  a t  Skagway i s  unknown, because t h e r e  a r e  few depos i t s  o f  assured , 
marine, shore ,  o r  emerged d e l t a i c  o r i g i n .  However, a t  a l t i t u d e s  of  
200-300 f e e t  along t h e  northwest s i d e  o f  Skagway v a l l e y  some o f  t h e  
g l a c i a l  d r i f t  might be e leva ted  shore o r  d e l t a  depos i t s .  Also, a t  
approximately s i m i l a r  a l t i t u d e s ,  e leva ted  d e l t a s  a r e  i n t e r p r e t e d  t o  be 
present  n e a r  t h e  mouths o f  Burro and Kasidaya creeks along Taiya I n l e t  
[ f i g .  2 ) .  Some marine depos i t s  probably u n d e r l i e  t h e  f l o o r  o f  lower 
Skagway v a l l e y  (see t tAl luvia l  depos i t s  of  t h e  Skagway River"). In t h e  
Haines a r e a  seve ra l  types o f  e leva ted  depos i t s  are present  (Lemke and 
Yehle, 1972a).  The c l o s e s t  dated sample t o  Skagway from an e leva ted  
f ine-gra ined  marine depos i t  was co l l ec t ed  1 3  mi les  t o  t h e  south- 
southwest.  Radiocarbon da t ing  o f  marine s h e l l s  i nd ica t ed  an  age o f  
11,020*400 years  BP (before the p re sen t )  (U.S. Geol. Survey W-2294; 
Meyer Rubin, w r i t t e n  commun., 1969).  Elsewhere i n  t h e  nor thern  part 
o f  southeas te rn  Alaska, emerged marine depos i t s  a r e  present  i n  many 
a r e a s  and have been descr ibed by Twenhofel (19521, Goldthwait (1963, 
1966), Haselton (1966), McKenzie (19703, and R ,  D .  M i l l e r  (1972). The 
highes t  known depos i t s  r e l a t e d  t o  emergence s i n c e  t h e  l a s t  major g l a -  
c i a t i o n  are  i n  t h e  Juneau a r e a ,  a t  an a l t i t u d e  o f  750 f e e t  
(R. D .  Miller, 1972).  

The smal l - sca le  expansion and subsequent p a r t i a l  mel t ing  o r  com- 
p l e t e  melt ing o f  g l a c i e r s  during t h e  Holocene Epoch may have reversed 
o r  a t  l e a s t  slowed land emergence i n  t h e  Skagway a r e a .  Two f e a t u r e s  
a t  Skagway i n d i c a t e  t h a t  sea  l e v e l  was h igher  than a t  p re sen t  during 
p a r t  o f  the Holocene. One i s  an accumulation o f  marine s h e l l s  t h a t  
form p a r t  o f  a very small  e leva ted  beach d e p o s i t ,  32 feet: above mean 
sea  l e v e l  n e a r  t h e  mouth of t h e  Skagway River ( f i g .  5 ) .  The rad io-  
carbon age o f  t h e s e  s h e l l s  i s  2,880'250 years  BP (U.S. Geol. Survey, 
W-2292; Meyer Rubin, w r i t t e n  commun., 1969). The o t h e r  f e a t u r e ,  which 
i s  more specu la t ive ,  c o n s i s t s  o f  a  poss ib l e  emerged beach t r end ing  
ac ros s  t h e  Skagway v a l l e y  f l o o r  between 33.5 and 37.5 f e e t  above mean 



s e a  l e v e l  ( f i g .  5 ) .  Th i s  p a r t  of  the  v a l l e y  f l o o r  has  a  r e l a t i v e l y  
s t e e p e r  g rad ien t  than  t h e  v a l l e y  f l o o r  immediately upval ley o r  down- 
v a l l e y  (see "A1 l u v i a l  depos i t s  o f  Skagway Rivert t )  . 

The land at Skagway i s  being u p l i f t e d  r e l a t i v e  t o  s e a  l e v e l  a t  an 
average r a t e  o f  0.059 f o o t  per year  based upon t i d a l  observa t ions  and 
bench-mark measurements made dur ing  t h e  per iod  1909-1959 (Hicks and 
Shofnos, 1965). Progress ive ly  h ighe r  r a t e s  o f  emergence were measured 
southwest from Skagway, with h ighes t  r a t e s  near  G lac i e r  Bay (see Lemke 
and Yehle, 1972b), whereas no r theas t  from Skagway, p rog res s ive ly  lower 
r a t e s  o f  emergence were recorded t o  about Carcross (Montgomery, 1948; 
Small, 1967).. The e f f e c t s  o f  f u t u r e  land u p l i f t  i n  t h e  Skagway a rea  
a r e  discussed under " Infer red  f u t u r e  e f f e c t s  from geologic  hazards 
o t h e r  than those  caused by earthquakes." 

A l l  of t h e  land u p l i f t  may no t  be a t t r i b u t a b l e  t o  .rebound as a 
r e s u l t  o f  deg lac i a t ion .  Some may be due t o  t e c t o n i c  movements caused 
by s t r e s s e s  deep wi th in  t h e  e a r t h .  Skagway i s  s i t u a t e d  i n  an a c t i v e  
t e c t o n i c  reg ion ,  l y ing  only about 100 mi les  no r theas t  o f  t h e  a c t i v e  
Fairweather  f a u l t .  Numerous f a u l t s  a r e  i n f e r r e d  i n  t h e  in t e rven ing  * 
a r e a  ( f i g .  12), and many earthquakes a r e  recorded i n  t h e  same general  
reg ion  ( f i g .  16) .  

Although mean sea  l e v e l  i s  t r e a t e d  as a f ixed  l e v e l  i n  determin- 
ing  r e l a t i v e  land and sea- leve l  changes, t h i s  assumption i s  only  an 
approximation, f o r  many f a c t o r s  may combine t o  slowly change t h e  l eve l  
o f  h a t e r  i n  t h e  oceans. A major f a c t o r  probably is  t h e  r e s u l t  o f  
general worldwide r e l a t i o n s h i p  o f  g l a c i a l  melt ing t o  g l a c i a l  nourish-  
ment. This  and o the r  f a c t o r s  a r e  d iscussed  from a worldwide view by 
I-ii zg ins  (1965) , Bloom (19671, and Shepard and Curray (1967) . Shepard 
and Curray (1967, f i g .  2 and p. 286) s e l e c t i v e l y  considered t h e  small 
number of radincarbon d a t a  a v a i l a b l e  from s t a b l e  shore a r eas  i n  t h e  
world and showed t h a t  about 9,500 t o  10,000 years  BP sea  l e v e l  may 
have been about 65 t o  185 f e e t  (average approx. 100 f t )  lower than  a t  
p re sen t .  

The amount o f  land emergence d iscussed  i n  t h e  preceding paragraphs 
cons iders  only t h e  r e l a t i v e  d i f f e r e n c e  i n  a l t i t u d e  between an emerged 
depos i t  and present  mean sea  l e v e l .  To ob ta in  abso lu t e  va lues  t h e  dif- 
ferences between sea l e v e l  a t  t h e  t ime of  formation o f  t h e  depos i t  and 
today must be added o r  subt rac ted  from t h e  present  a l t i t u d e  o f  t h e  
depos i t .  



DESCRIPTIVE GEOLOGY 

Bedrock 

Regional setting 

The Skagway area lies within a very rugged part of an extensive 
linear belt of plutonic intrusive and some metamorphic rocks called 
the Coast crystalline belt (Roddick, 1966, p. 73). The belt, which 
extends over 1,000 miles, roughly parallels the coast of the Pacific 
Ocean from northern Washington to the north-south Alaska-Yukon border 
and includes the Coast Mountains of Alaska and British Columbia 
(fig. 1). Intrusive plutonic rocks predominate; these consist chiefly 
of quartz diorite, quartz monzonite, and granodiorite. Metamorphic 
rocks are minor and consist chiefly of schist, phyllite, and gneiss. 

Types of bedrock 

Geologic investigations of bedrock within the Skagway area have 
been made principally along the Skagway valley, the west side of Taiya * 
Inlet, lower West Creek, along roadways, and at scattered mineral 
prospects by numerous geologists (Buddington and Chapin, 1929; Barker, 
1952; C. L. Sainsbury, U.S. Geol. Survey, written commun., 1953; 
Christie, 1958; E .  C. Robertson, U.S. Geol. Survey, written commun., 
1959; Freeman, 1963; Callahan and Wayland, 1965; Herbert and Race, 
1965). The following description of bedrock near Skagway is based on 
work by these geologists, especially Barker (1952) and Christie (1958). 

Hornblende-biotite-quartz diorite is the predominant rock type 
exposed along the southeast side of lower Skagway valley, as shown on 
the reconnaissance geologic map of Skagway and vicinity (fig. 5, in 
pocket). The rock is well exposed along the southeast side of the 
valley from the Skagway River delta northeastward for 5 1/2 miles. 
Foliation strikes northwest and dips steeply northeast. The rock is 
generally medium grained and medium gray, but Barker (1952, p. 21) 
noted some lighter and darker tabular zones of the rock that are as 
much as several tens of feet thick; the darker zones are nuch richer 
in biotite and hornblende. 

Small masses of metamorphic rocks are scattered within the quartz 
diorite exposed along the southeast side of Skagway valley. They con- 
sist largely of hornblende-mica-quartz-feldspar schist, phyllite, and 
gneiss, but include some marble and quartzite (Buddington and Chapin, 
1929; Barker, 1952; Christie, 1958; R .  A .  Sheppard, U.S. Geol. Survey, 
written cornmun., 1966). Thickness is highly variable, but a maximum 
of 60 feet is given by Barker. Contacts with the quartz diorite gen- 
erally are sharp, but some are brecciated. Metamorphic rock masses 
rend to parallel foliation of the quartz diorite. Continuity of indi- 
vidual masses of metamorphic rock apparently has not been established 
across the Skagway valley. Because only limited amounts of these 



rocks crop out  i n  t h e  geologic map area  ( f ig .  53, they a r e  not  d i f f e r -  
en t i a t ed  on the  map. Di rec t ly  nor theas t  of t h c  map area,  however, and 
extending northeastward f o r  about 2 miles,  metamorphic rocks comprise 
roughly 40 percent  of  t h e  bedrock (Chr is t ie ,  1958, p. 46).  Buddington 
and Chapin (1929, p l s .  1, 2)  show t h e  same general a rea  as being part 
o f  a northwest-southeast b e l t  of metamorphic rocks. 

Several igneous dikes cut  the  quartz d i o r i t e  and metamorphic 
rocks (Barker, 1952, p. 34) ,  but a r e  not  shown on our geologic map 
because of  t h e i r  small s i z e .  Mostly they a r e  between 2 and 8 feet 
t h i ck  and cons i s t  o f  r h y o l i t e ,  r h y o l i t e  porphyry, and b a s a l t .  

The a rea  between lower Skagway va l l ey  and lower Taiya va l l ey ,  
shown i n  p a r t  on our geologic map, cons i s t s  l a r g e l y  of granodior i te  
and quartz d i o r i t e .  The rocks a r e  var iably  f o l i a t e d ,  genera l ly  l i g h t  
gray, and medium t o  coarse grained. In addi t ion ,  numerous d ikes  o f  
r h y o l i t e  and b a s a l t  up t o  severa l  f e e t  i n  thickness occur, a s  well a s  
some small masses o f  metamorphic rocks. 

Bedrock exposed along the west s i d e  o f  upper Taiya I n l e t  ( f ig .  2) 
cons i s t s  of granodior i te  and quartz d i o r i t e  (Barker, 1952, p. 18). 
These rocks contain l e s s  hornblende than t h e  quartz d i o r i t e  along the  
southeast  s i de  o f  Skagway va l l ey .  Similar  granodior i te  was studied by 
Callahan and Wayland (1965) a t  t h e  West Creek damsite ( f ig .  2 ) .  
Barker (1952, p. 35) a l s o  noted severa l  small dikes of  bas ic  composi- 
t i o n  t h a t  a r e  characterized by ves ic le s .  

Physical c h a r a c t e r i s t i c s  

Granodiorite and quartz d i o r i t e  have been studied on a l imi ted  
s c a l e  i n  a few places  i n  t h e  Skagway area  f o r  t h e i r  physical  charac- 
t e r i s t i c s .  Callahan and Wayland (1965, p. A8) ,  a t  t h e  West Creek 
damsite, noted the  granodkorite t o  be massive, unweathered, and homo- 
geneous. Munson (1965, p.  4) observed granodior i te  and quartz d i o r i t e  
along the  road t r ave r s ing  t h e  northwest s i d e  of  Skagway va l l ey  
( f ig .  2) a s  having moderate t o  good hardness, d u r a b i l i t y ,  and tough- 
ness.  Jo in t ing  of  bedrock i s  discussed b r i e f l y  under "Local 
s t r u c t u r e  . I '  

Natural granular  d i s in tegra t ion  of granodior i te  and quartz 
d i o r i t e  l o c a l l y  has taken p lace  within t h e  geologic map area .  The 
d i s i n t e g r a t i o n  has r e su l t ed  i n  formation of  i r r e g u l a r  zones cons is t ing  
of: (1) mostly f i n e  gravel  and sand-sized p a r t i c l e s  of  mineral con- 
s t i t u e n t s  o f  the  rock, and (2) some p a r t l y  d i s in tegra ted  bedrock frag- 
ments. Though grus is a term genera l ly  r e s t r i c t e d  t o  describing 
d i s in tegra ted  g ran i t e ,  the  term w i l l  be extended here  t o  include t h e  
rock and mineral fragments from d i s in tegra t ion  of a l l  types o f  coarse- 
and medium-grained i n t r u s i v e  rocks i n  t h e  Skagway area .  Areas of grus 
a r e  not d i f f e r e n t i a t e d  on t h e  geologic map, but they occur along the  
northwest s i d e  of Skagway va l l ey  i n  sca t t e red  patches possibly a s  much 



as 20 feet deep. Grus a l s o  c o n s t i t u t e s  a t  l e a s t  p a r t  o f  t h e  s u r f i c i a l  
depos i t s  t h a t  form t h e  base o f  t h e  s lope  along t h e  southeas t  wall  o f  
Skagway v a l l e y  upstream from t h e  r a i l r o a d  yard (Munson, 1961, p. 10) .  

Uses 

Bedrock has  been exp lo i t ed  f o r  s eve ra l  uses near  Skagway. Grano- 
d i o r i t e  used f o r  r i p r a p  (armor rock)  has  been obtained from q u a r r i e s  
a long t h e  northwest s i d e  of Skagway v a l l e y  near  t h e  mouth o f  Skagway 
River and from a q u a r t e r  o f  a mile no r theas t  o f  t h e  edge o f  the map 
a rea .  The r i p r a p  has been used as p ro t ec t ion  aga ins t  waves f o r  exposed 
harbor  works, and a s  p r o t e c t i v e  d ik ing  aga ins t  f loods  from t h e  Skagway 
River.  

Grus, from borrow p i t s  a long t h e  northwest s i d e  of  Skagway val ley ,  
has  been used f o r  road su r f ac ing ;  however, some o f  t h e  p i t s  were 
exhausted by 1968. Grus along t h e  southeas t  w a l l  o f  Skagway v a l l e y  
upstream from t h e  r a i l r o a d  yard has  been used a s  f i l l  a long t h e  r a i l -  
road. P o t e n t i a l l y  usable  grus zones probably occur  elsewhere i n  t h e  
Skagway a r e a .  4 

Most bedrock i n  t h e  Skagway a r e a  probably i s  well  s u i t e d  t o  sup- 
p o r t  foundat ions f o r  manmade s t r u c t u r e s .  The proposed s i t e  f o r  a dam 
on West Creek (Callahan and Wayland, 1965) i s  under la in  by g ranod io r i t e .  
Precons t ruc t ion  s t u d i e s  f o r  major s t r u c t u r e s  with deep foundat ions,  
however, should be d e t a i l e d  enough t o  d e f i n e  depths of weathering and 
t o  d e l i n e a t e  zones of weakness, such a s  a r eas  o f  c l o s e l y  spaced j o i n t s  
o r  poss ib l e  f a u l t s .  

No commercial product ion o f  minerals  from Skagway and v i c i n i t y  is  
known. However, s eve ra l  lead s u l f i d e  and molybdenum prospec ts  have 
been repor ted  (Herbert and Race, 1965, p .  133, and one uranium prospect  
(Freeman, 1963, p. 3 0 ) .  

Geologic age 

Most o f  t he  rocks i n  t h e  Skagway a r e a  a r e  be l ieved  t o  be o f  
~ e s o z o i c  age. The i n t r u s i v e  p lu ton ic  rocks were considered t o  be 
J u r a s s i c  and Cretaceous by Dutro and Payne (1957). Two rad iometr ic  
age determinat ions by t h e  Geological Survey of  Canada on b i o t i t e  from 
i n t r u s i v e  p l u t o n i c  rocks near  Skagway gave Late Cretaceous ages o f  
65*8 and 70f8 mi l l ion  years  (Lowdon, 1963, p.  293. Although most d ikes  
a l s o  may be  of t h e s e  ages o r  poss ib ly  o f  T e r t i a r y  age, v e s i c u l a r  d ikes  
along t h e  west s i d e  of Taiya I n l e t  a r e  probably of  Quaternary age 
(Barker, 1952, p. 35).  



S u r f i c i a l  deposi t s  

General desc r ip t ion  

The Skagway area  contains only a few types of  s u r f i c i a l  deposi t s ,  
mainly because deep erosion by a succession of  Pleistocene g l a c i e r s  
not only removed p reg lac ia l  deposi t s  but  a l s o  produced slopes too  
steep t o  r e t a i n  much o f  t h e  g l a c i a l  depos i t s ,  Consequently, today 
most s t e e p  slopes a r e  nea r ly  devoid of g l a c i a l  d r i f t  deposi t s ,  because 
t h e  small amounts o f  d r i f t  t h a t  had been deposited s l i d  o r  were washed 
downslope soon ' a f t e r  melting of t h e  va l l ey  g l a c i e r s .  This material  
p lus  t h e  o t h e r  s o l i d  products of geologic weathering t h a t  move down- 
slope under t h e  influence of  g rav i ty  i s  ca l l ed  colluvium and forms 
deposi t s  a t  t h e  bases o f  s lopes.  Elevated marine and beach deposi t s  
may be admixed and c o n s t i t u t e  a  minor p a r t  of  t h e  colluvium. On gent- 
l e r  s lopes ,  small patches of  d r i f t  deposi t s  a r e  in terspersed  between 
bedrock exposures. In places d r i f t  and bedrock a r e  mantled by minor 
stream o r  co l luv ia l  deposi t s  o r  by patches o f  elevated marine and 
beach deposi t s  too small t o  map, 

4 

The del ineat ion  of s u r f i c i a l  deposi t s  shown on the  geologic map 
( f i g .  5) i s  most accura te  on t h e  f l o o r  o f  Skagway v a l l e y  and along the  
r a i l r o a d  and roads.  Elsewhere, airphoto i n t e r p r e t a t i o n  was r e l i e d  on 
t o  a grea t  extent  because of t h e  l imi ted  f i e l d  time ava i l ab le  and 
because of an abundance of  s t eep  and t h i c k l y  vegetated s lopes .  

Deposits on t h e  map have been divided on t h e  b a s i s  of  g ra in  s i z e ,  
o r i g i n ,  and r e l a t i v e  time of  deposi t ion i n t o  t h e  following u n i t s :  
g l a c i a l  d r i f t  deposi ts  (Qcl), co l luv ia l  deposi t s  (Qca and Qci),  a l l u -  
v i a l  fan deposi t s  (Qaf), d e l t a i c  deposi t s  of  t h e  i n t e r t i d a l  zone (Qi), 
beach deposi t s  (Qb), a l l u v i a l  deposi t s  o f  t h e  Skagway River (Qam and 
Qat), and manmade f i l l  (Qf). Boundaries between map u n i t s  deposited 
more o r  l e s s  contemporaneously have gradational  contac ts ,  Boundaries 
o f  some u n i t s ,  e spec ia l ly  d r i f t  and co l luv ia l  deposi t s ,  l a r g e l y  a r e  
in fe r red .  Grain-size c l a s s i f i c a t i o n  of  sediments i s  based on National 
Research Council terminology (1947): c l ay ,  l e s s  than .00015 i n . ;  s i l t ,  
.00015-.a025 in . ;  sand, ,0025-.079 i n . ;  gravel ,  .079 t o  about 2 1 / 2  i n . ;  
cobbles, about 2 1/2-10 i n . ;  and boulders, g rea te r  than 10 i n .  

The f l o o r  of t h e  lower reach o f  Skagway v a l l e y  i s  formed of flood- 
p l a i n  and t e r r a c e  a l l u v i a l  deposi t s  of  t h e  Skagway River. These depos- 
i t s  probably i n t e r f i n g e r  a t  depth with d e l t a i c  and marine sediments 
which a r c  underlain by g l a c i a l  and glaciomarine deposi t s .  The t o t a l  
thickness of  s u r f i c i a l  depos i t s ,  as determined from a geophysical 
t r ave r se  a t  Skagway near F i r s t  Avenue, i s  about 585 f e e t  ( f i g .  8; 
E .  E.  McGregor and R. A .  Farrow, U.S. Geol. Survey, wr i t t en  commun., 
1967; Johnson and Twenhofel, 1953, 'p. 8) .  F i l l  has been emplaced 
along t h e  waterfront and a t  severa l  locat ions  elsewhere i n  Skagway. 



The age  of  the s u r f i c i a l  depos i t s  exposed i n  t h e  mapped a r e a  is  
Ple i s tocene  and Holocene. D r i f t  d e p o s i t s  a r e  exc lus ive ly  P le i s tocene;  
a l l  o t h e r s  a r e  Holocene. 

G lac i a l  d r i f t  d e ~ o s i t s  /Od) 

Two types  o f  g l a c i a l  d r i f t  a r e  exposed, bu t  t h e s e  are no t  d i f f e r -  
e n t i a t e d  on t h e  geologic  map. One i s  an unsorted mixture c a l l e d  till, 
which c o n s i s t s  o f  g r a v e l l y  s i l t ,  sand, and some c l ay ,  cobbles ,  and 
boulders .  The depos i t s  a r e  loose  t o  compact, u n s t r a t i f i e d ,  and t h e  
l a r g e r  fragments vary  i n  shape from subangular t o  subrounded. The 
second type  is gene ra l ly  so r t ed  and composed of  g rave l ly  sand, sand, 
and minor amounts o f  cobbles; depos i t s  a r e  loose ,  v a r i a b l y  s t r a t i f i e d ,  
and t h e  l a r g e r  fragments a r e  subrounded. 

D r i f t  i n  most p l aces  i s  probably l e s s  than  20 f e e t  t h i c k ,  Con- 
t a c t  o f  t h e  d r i f t  with t h e  underlying bedrock i s  i r r e g u l a r ,  and the re -  
f o r e  i s o l a t e d  bedrock outcrops may be present  wi th in  some a r e a s  of  
d r i f t .  In p laces ,  o ther  depos i t s  t h i n l y  cover t h e  d r i f t .  A l luv ia l  , 
fan depos i t s  mantle t h e  edge of  some d r i f t  depos i t s  on t h e  bench near  
Lower Dewey Lake and Icy Lake. Local ly,  s m a l l  e leva ted  marine and 
beach depos i t s ,  up t o  s eve ra l  hundred f e e t  above sea l e v e l ,  may 
obscure d r i f t  on s lopes .  

D r i f t  i s  d i s t r i b u t e d  spa r se ly  over  s lopes  along t h e  northwest 
s i d e  of  Skagway v a l l e y  and on the topographic bench southeas t  of t h e  
v a l l e y .  I t  i s  concentrated p a r t i c u l a r l y  i n  bedrock depressions and 
along t h e  southwest s i d e  of bedrock outcrops,  which was t h e  leeward 
s i d e  o f  g l a c i e r  advance. Most o f  t h e  d r i f t  on t h e  topographic bench 
nea r  Lower Dewey Lake and Icy Lake i s  thought t o  c o n s i s t  o f  till. 
Along t h e  northwest s i d e  o f  Skagway v a l l e y ,  outcrops o f  so r t ed  d r i f t ,  
c h i e f l y  g rave l ly  sand, were noted.  

Drift probably a l s o  extends t o  cons iderable  depth beneath a l l u -  
v i a l  depos i t s  forming t h e  f l o o r  o f  t h e  Skagway River,  according t o  
i n t e r p r e t a t i o n s  of  geophysical d a t a  nea r  F i r s t  Avenue ( f ig .  8 ) .  No 
d r i f t  d e p o s i t s  were observed along t h e  s t e e p  s lopes  forming t he  south- 
e a s t  s i d e  of Skagway v a l l e y .  Any d r i f t  o r i g i n a l l y  depos i ted  t h e r e  
e i t h e r  was removed by l ands l id ing  ox was thoroughly mixed with o t h e r  
geologic  ma te r i a l s  t o  form colluvium. 

D r i f t  o r i g i n a t e s  i n  s eve ra l  ways. T i l l  i n  t h e  Skagway area was 
formed c h i e f l y  by a "plaster ing-on" process  a t  t h e  base o f  g l a c i e r  
i c e .  Pa r t  o f  t h e  till,  however, may be a type of g l a c i a l  depos i t  t h a t  
i s  formed when g l a c i e r s  are not  i n  basa l  contac t  with t h e  land but  are 
f l o a t i n g .  Sediment from f l o a t i n g  g l a c i e r s  and from icebergs  s e t t l e s  
t o  t h e  bottom of f i o r d s ,  where it mixes with ma te r i a l  from t h e  normal 
"rain" of f ine-gra ined  marine sediment. The r e s u l t i n g  glaciomarine 
depos i t  commonly resembles till and i n  many p l aces  merges with f i n e -  
gra ined  marine d e p o s i t s .  Deposits o f  t h i s  type a r e  wel l  exposed i n  



t he  Haines area  (Lemke and Yehle, 1972a). Sorted d r i f t  near  Skagway 
probably o r ig ina ted  c h i e f l y  from deposi t ion by g l a c i a l  melt-water 
streams, some of which were i n  contact  with g l a c i e r  ice. Part  of  the  
so r t ed  deposi t s ,  on t h e  o the r  hand, may be elevated beach deposi t s  
(see "Glaciation and associated land- and sea- level  changes1'). 

The sor ted  d r i f t  deposi t s  along t h e  northwest s i d e  of  Skagway 
va l l ey  have been used extensively a s  material  f o r  road surfac ing,  but 
some of t h e  borrow p i t s  opened i n  t h i s  material  were exhausted by 1968. 
No d r i f t  deposi ts  elsewhere i n  the  map a rea  have been u t i l i z e d .  The 
deposi t s  should be well su i t ed  a s  a foundation f o r  most manmade 
strmctures. , 

Colluvial  depos i t s '  (Qca and Qci) 

The co l luv ia l  deposi t s  mapped ( f i g .  5) cons is t  of mixed accumula- 
t i o n s  of bedrock rubble, organic ma te r i a l ,  and o ther  s u r f i c i a l  depos- 
i t s ,  e spec ia l ly  d r i f t ,  t h a t  have moved downslope e i t h e r  slowly o r  
] r ap id ly  under t h e  influence of gravi ty .  They genera l ly  a r e  a  loose 
mixture of  cobble- t o  boulder-sized rubble i n  a  sandy t o  gravel ly  s i l t  

' 
matrix, o r  they cons i s t  of a  mixture of  grayel ,  cobbles, sand, and 
some s i l t  andeclay. S i l t  o r  organic material  l o c a l l y  may c o n s t i t u t e  a 
high percentage of  colluvium; included stones general ly a r e  angular,  
but  some a r e  subrounded. Colluvium forms a t h i n  mantle on many va l l ey  
slopes i n  t h e  area  but i s  shown on t h e  map only where it i s  thought t o  
be a t  l e a s t  5 f ee t  th ick ;  l o c a l l y ,  deposi ts  may be a s  much a s  50 f e e t  
th ick .  Mostly t h e  deposi t s  a r e  unsorted, but some poor s o r t i n g  and 
i n d i s t i n c t  bedding does occur. 

Mapped co l luv ia l  deposi t s  ch ie f ly  a r e  sca t t e red  along t h e  south- 
e a s t  s ide  of Skagway va l l ey .  They consis t  of  t a l u s  and deposi t s  of  
various types of  lands l ides ,  probably including r o c k f a l l s ,  rocks l ides ,  
earthflows, and avalanches, but none are d i f f e r e n t i a t e d  on t h e  map. A 
separa t ion  is  made, however, between two types of  co l luv ia l  deposi ts :  
(1) those mostly unvegetated (Qca), which a r e  considered t o  be actively< 
accumulating and probably creeping downslope and which l o c a l l y  a r e  com- 
posed of boulder-size rubble so l a rge  t h a t  t r e e s  have d i f f i c u l t y  becom- 
ing es tabl i shed;  and (2)  those  t h a t  axe t h i c k l y  covered by vegetat ion 
(Qci) and a r e  presumed t o  be inac t ive ,  though i n  p a r t  they may be 
creeping slowly downslopc. Colluvial  deposi t s  grade i n t o  z l l u v i a l  fan 
deposi t s  on lower slopes.  Bedrock d i r e c t l y  under l ies  colluvium i n  
most p laces ,  but l o c a l l y  d r i f t  o r  elevated marine and bead1 deposi t s  
may under l i e  t h e  colluviwn. 

The deposi t s  have been used from only one s i t e ,  which is near  t h e  
r a i l road  yard, and probably were used f o r  f i l l  along the  r a i l r o a d  near  
Skagway. Most of  t h e  deposi t s  near  Skagway a r e  located on s t eep  
slopes and would be unsuited o r  poorly su i t ed  a s  foundations f o r  
manmade s t r u c t u r e s .  



Al luv ia l  f an  depos i t s  (Qnf) 

The a l l ~ n r i a l  l'1.1 d r ~ n s i  t s  are loose,  poor ly  sor ted ,  2nd poorly 
s t r a t i f i e d  ma te r i a l s  t h a t  have been deposi ted by small streams where 
they  lcnve s t e e p  s lopes  and c r o s s  g e n t l e r  s lopcs .  ?hey gene ra l ly  
cons i s t  o f  sandy g rave l ,  cobbles ,  and some ho~llr lers .  Stones a r e  
c h i e f l y  suh?ngular t o  angular .  Locally,  t h e  dnminant cons t i t uen t  i s  
sand and seine s i l t  and organic  m a t e r i a l .  Maxilnllm th ickness  o f  t h e  
depos i t s  j~ thought t o  be about 50 f e e t .  Bedrock genera l ly  unde r l i e s  
t h e  a l l u v i a l  f ans ,  but  on t h e  topographic bench southeast  o f  Skagway 
t h e  fans  may be under la in  by d r i f t .  Along t h e  lineament marked by 
Lower Dewey Lake and Icy Lake ( f i g .  I S ) ,  fan depos i t s  may be under la in  
by broken rock along a shear  zone o f  a major f a u l t .  Some fans  grade 
i n t o  c o l l u v i a l  depos i t s .  A l luv ia l  fans  are s c a t t e r e d  throughout t h e  
mapped a r e a ,  forming a  small p a r t  o f  t h e  margin o f  t h e  Skagway v a l l e y  
and p a r t  of  t h e  topographic bench southeas t  o f  t h e  v a l l e y .  The lakes  
on t h e  bench owe t h e i r  o r i g i n  t o  s i n g l e  o r  coa lesc ing  fans  t h a t  
blockrd drainage p a r a l l e l  t o  t h e  bench. 

No ex tens ive  use has been made o f  t h e  depos i t s  a s  cons t ruc t ion  
* 

mate r i a l s .  The depos i t s  c o n s t i t u t e  p a r t  o f  t h e  dams f o r  Lower Dewey 
Lake and Icy Lake, and t h u s ,  i n  combination with small a r t i f i c i a l  
dams, they  i n d i r e c t l y  con t ro l  water l e v e l s  f o r  hydroe lec t r i c  power 
genera t ion .  A l luv ia l  fans  a r e  poorly t o  moderately s u i t e d  a s  founda- 
t i o n  s i t e s  f o r  manmade s t r u c t u r e s ,  General ly  they a r e  loca ted  i n  
a r eas  o f  p o t e n t i a l  f looding ,  and, l o c a l l y ,  they  a r e  known t o  have a 
h igh  organic  content .  

De l t a i c  depos i t s  o f  t h e  i n t e r t i d a l  zone ( Q i )  

The d e l t a  of t h e  Skagway River i s  discussed i n  two p a r t s :  
(1) t h e  very  gen t ly  s lop ing  top  o f  t h e  d e l t a ,  which i s  exposed a t  low 
t i d e ,  and which c o n s t i t u t e s  t h e  mapped u n i t  ( Q i )  on f i g u r e  5; and 
(2)  t h e  s t e e p  t o  gen t ly  s loping  f r o n t  of i h e  d e l t a ,  which extends 
s e a w a ~ d  from the  l i n e  of  mean lower low water as a sepa ra t e  sediment 
wedge o f  decreasing th ickness .  The d e l t a  L f . i 7  i s  discussed below, and 
t h e  d e l t a  f r o n t  i s  discussed under " @ f f ~ h o . * c  clcposits." 

The mappet1 d-1 t a i c  d c p ~ s i t s  ~:cnc*aLly a r e  composed of sandy grav- 
e l ,  g rave l ly  sand, and cobbles ,  a~u l  minor  amounts of  small boulders ,  
s h e l l  fragments,  and icnses  o f  sand 311-1 s i l t .  Stones genera l ly  a r e  
subrounded. Thc depos i t s  a r e  loose t o  dense, and s o r t i n g  i s  gene ra l ly  
good. The depos i t s  form t h e  i n t e r t i d a l  f l a t s ,  t h e  su r f ace  o f  which 
d i p s  seaward a t  about O.S8 percent  (0'30') ( f i g s .  6 and 7 ,  i n  pocket;  
U.S. Coast and Gcod. Survey, 1943).  The depos i t s ,  a t  t h e i r  landward 
margin, are e i t h e r  covered by mnnmade f i l l  or  are being covered slowly 
by a l l u v i a l  depos i t s  of t h e  Skaeway River.  The seaward margin of t h e  
mapped depos i t s  i s  approximatel;- t!le mean lower low wa te r l i ne .  Much 
of t h e  d e l t a  t o p  i s  now covered by manmade f i l l .  



Figure 6.--Map of  pa r t  of  Skagway area, Alaska, showing location 
of profiles and major drainage features. Base from U.S. Geo- 
logical Survey B-1 and C-1, 1963, U.S .  National Ocean Survey 
Chart 8303, 1971. 



The th ickness  of t h e  mapped depos i t s  va r i es  widely. In t h e  
c e n t r a l  p a r t  o f  t h e  i n t e r t i d a l  f l a t s  it averages 30 f e e t  and ranges 
from about 10 t o  50 f e e t .  These v n l ~ ~ e s  a r e  based upon our i n t e r p r e -  
t a t i o n  of  logs from holes  by Golder, Brawner, and Associates  (wr i t t en  
commun., 1967) f o r  P a c i f i c  and Arc t i c  Railway and Navigation Co., 
through Tippets-Abbett-McCarthy-Stratton, Consulting Engineers. Thick- 
nesses of t h e  southeas t  p a r t  o f  t h e  depos i t s  cannot be determined with 
much c e r t a i n t y ,  but we i n t e r p r e t  t h e  depos i t s  t o  range between 8 and 
17 f e e t  t h i c k  based on d r iv ing  r a t e s  of  probes by t h e  U.S. Army Corps 
of Engineers (wr i t ten  commun., 1958) a t  t h e  small-boat harbor .  The 
underlying ma te r i a l  i s  thought t o  be sand, which probably was depos- 
i t e d  a s  p a r t  of an e a r l i e r  d c l t a  f r o n t .  

Underlying t h e  mapped depos i t s  i n  t h e  c e n t r a l  p a r t  of  t h e  t i d a l  
f l a t s  a r e  beds of sand o r  sand and some gravel  5-25 f e e t  t h i c k  (Goldex, 
Brawner, and Assoc ia tes ,  w r i t t e n  commun., 1967). A few s i l t  l enses  
l e s s  than  2 f e e t  t h i c k ,  repor ted  by C .  J .  Brown (Pac i f i c  and Arc t i c  
Railway and Navigation Co., wr i r t cn  ccrmmun., 1968),  probably occur  
wi th in  t h e s e  beds. Beneath t h e  sandy clcposits a r c  beds of  g rave l ly  
sand o r  sand and gravel  a s  much as 50 f e e t  t h i c k .  These sediments 
underlying t h e  mapped d e l t a i c  deposi:c> probably were deposi ted as part  
o f  an e a r l i e r  d c l t a  and may exten-1 t o  a dcpth of about 145 f e e t  
( f i g .  8 ) .  

Geophysical d a t a  i n d i c a t e  a chanqc i n  type  o f  sediments a t  a 
depth o f  about 145 f e e t  ( f i g .  8 ) ;  the  underlying sediments are pre- 
sumed t o  be compact glacial.  and glacicmarine depos i t s .  They cxtend 
t o  a depth of about 585 f e e t ,  where an abrupt seismic v e l o c i t y  change 
i s  i n t e r p r e t e d  t o  be t h e  contact  of urconsol idated depos i t s  with t h e  
underlying bedrock. Thc configuxa:lo;~ of t h e  bur ied  bedrock su r f ace  
i n  f i gu re  8 i s  broadly U-shapc~', y r o b f i l y  due t o  g l a c i a l  e ros ion .  

The Skagway River d e l t a  i s  an a c t i v e  geologic  f e a t u r e ,  and most 
n a t u r a l  processes  promote cx tens i -n  of  t h e  d e l t a .  The p r i n c i p a l  
growth f a c t o r  i s  t h e  n e a r l y  con:i~lual ?dd i t i on  o f  sediment t o  t h e  
o u t e r  margin of  t h e  d e l t a  from .th . :tkagway River.  Another f a c t o r  
he lp ing  t o  extend t h e  d e l t a  s c - ~ w ~ ~ ~ ~ l  is  t h e  slow emergence of  land i n  
t h e  a r e a  (see "Glnciat i on  ~ n d  a r s o c i a t  ecl l m d -  and sea- leve l  changest'). 
Factors  t h a t  t h e o r e t i c a l l y  tail rc~lucc: t h e  extension o f  t h e  Skagway 
River d e l t a  a r e :  sediment conlpactl-on, reduct ion  i n  amount o r  type  of  
sediment c a r r i e d  t o  t h e  d c l t a ,  dredging,  accumulation of  sediment i n  
i nc reas ing ly  deeper water o f f sho re ,  subaqueous s l i d i n g ,  and e u s t a t i c  
(worldwide) r i s e  of sea  l e v e l .  

Man's modif ica t ion  of t h e  su r f ace  o f  t h e  d e l t a  and of  t h e  Skagway 
River channel has  a l t -c red  t h e  flow c h a r a c t e r i s t i c s  o f  Skagway River 
and i t s  d i s t r i b u t a r i e s  and o f  t h e  longshore c u r r e n t s  o f  t h e  harbor  
a r e a ,  These a l t e r a t i o n s  may have caused unpredic tab le  changes i n  pa t -  
terns  of depos i t i on  on t h e  f r o n t  of  the  d e l t a ,  such a s  occurred a t  a 
l o c a l i t y  i n  c o a s t a l  B r i t i s h  Columbia p r i o r  t o  a major subaqueous 
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slide (Terzaghi, 1956). 

The deltaic deposits have been used extensively for large fills 
on the floor of lower Skagway valley and on the surface of t h e  delta 
itself. Despite this extensive use, large quantities of material are 
still available. As a foundation, the mapped deltaic deposits are 
suited only for structures with limited occupancy uses. (See "Earth- 
quake-induced subaqueous slides.") 

Beach deposits (Qb) 

Beach deposits are scarce in the vicinity of Skagway chiefly 
because only a very limited amount of gently sloping land exists for 
their development. Thc few deposits shown on the geologic map 
(fig. 5 )  are adjacent to sea cliffs near Yakutania Point, where they 
occur near mean high tide level and the inland limit of storm waves. 
The deposits are composed of loose mixtures of cobbles, gravel, sand, 
and boulders; shell fragments and driftwood are minor constituents. 
Gravel- and cobble-sized materials are generally subrounded, and 
boulders are angular to subangular. Deposits probably average 5 feet 
in thickness, with a maximum of 10 feet. The underlying bedrock sur- 
face is thought to be irregular. 

Before Skagway was built, a high tide and storm beach of sandy 
gravel and cobbles with some shell fragments and driftwood probably 
existed near the landward margin of the Skagway delta. By 1968, how- 
ever, the shore at Skagway was so greatly modified that all evidence 
for such a beach has been obscured. 

Remnants of elevated beach deposits probably exist up to heights 
of several hundred feet above mean sea level in the vicinity of 
Skagway, as they do elsewhere in coastal southeastern Alaska, but they 
are too small to map and, hence, none are shown on figure 5. The 
closest known extensive deposits are 13 miles to the south-southwest, 
near Haines (Lemkc and Yehle, 1972a). One s n ~ a l l  elevated beach depos- 
it, predominantly of shell fragments, lics about 32 feet  above mean 
sea level near the mouth of the Skagwxy River. The following shells 
from this locality (U.S. Geol. Survey Cenozoic loc. M3943) were iden- 
tified by W. 0 .  Addicott (U.S. Geol. Survey, written commun., 1969): 

Gastropoda: 

Buccinum? fragments, Littorina? fragments, and 
Neptunea? fragments 

Pelecypoda: 

Mytilus sp. fragments (principal component of the 
total of shells identified) 



Cirrepedia  (barnacles)  : 

Balanus Fragments 

Some remnants o f  poss ib l e  e l eva t ed  beach depos i t s  may c o n s t i t u t e  
part  o f  t h e  surfi.cia1 depos i t s  mapped as d r i f t  along t h e  northwest 
s ide  of  Skagway v a l l e y  between 200 and 300 f e e t  i n  a l t i t u d e .  Another 
poss ib l e  depos i t  i s  on t h e  f l o o r  o f  Skagway v a l l e y  between a l t i t u d e s  
of 33 .5  and 37 .5  fee t .  (See "Alluvial depos i t s  o f  Skagway River.") 

Because of  t h e i r  l oca t ions  and small s i z e  t h e  mapped beach depos- 
i t s  have only  l imi t ed  use e i t h e r  f o r  cons t ruc t ion  ma te r i a l s  o r  as 
foundation s i t e s  f o r  manmade s t r u c t u r e s .  

A l luv ia l  depos i t s  o f  t h e  Skagway River (Qam and Qat) 

The f l o o r  of Skagway v a l l e y  i s  formed of  sediment depos i ted  by 
running water both from t h e  modern and t h e  a n c e s t r a l  Skagway River. 
These a l l u v i a l  depos i t s  cons i s t  o f  grave l ,  sand, and some cobbles ,  
boulders ,  and s i l t .  Thin beds o f  s i l t  and sand make up t h e  near -  
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sur face  part o f  t h e  depos i t  a t  Skagway, upval ley  from about 14th Ave- 
nue. Gravel- and cobble-s ized rock fragments genera l ly  a r e  subrounded. 
The depos i t s  a r e  loose ,  gene ra l ly  wel l  bedded, and l o c a l l y  well  so r t ed  
within an indiv idua l  bed; however, t h e  g r a i n  s ize  o f  ad jacent  beds may 
vary  ab rup t ly .  

The depos i t s ,  although s i m i l a r  i n  composition, a r e  d i f f e r e n t i a t e d  
i n t o  two u n i t s  on t h e  geologic  map, based on t h e i r  topographic pos i -  
t i o n  r e l a t i v e  t o  t h e  modern f lood  p l a i n  of  Skagway River.  One u n i t  
(Qam) c o n s i s t s  of depos i t s  forming t h e  modern f lood pla in  o f  t h e  r i v -  
es ;  t h e  o t h e r  u n i t  (Qat) inc ludes  depos i t s  forming a t e r r a c e ,  whose 
sur face  i s  5-10 f e e t  above t h e  modern f lood p l a i n .  This  t e r r a c e  i s  a 
remnant o f  a  h igher  and o l d e r  f lood p l a i n  o f  t h e  Skagway River.  A 
shallow former channel o f  Skagway River i s  evident  on t h e  t e r r a c e  
ad jacent  t o  t h e  southeas t  s i d e  o f  t h e  v a l l e y .  Before t h e  ground sux- 
face  was modified by cons t ruc t ion  near  t h e  sho re l ine ,  a l l u v i a l  depos- 
i t s  extended t o  t i dewa te r ,  where they  merged with d e l t a i c  depos i t s .  
Now, however, manmade f i l l  ex t ens ive ly  o v e r l i e s  a l l u v i a l  depos i t s  near  
shore and forms t h e  su r f ace  map u n i t .  

The a l l u v i a l  depos i t s  average 25 feet i n  th ickness  and a r e  under- 
l a i n  a t  depths of  15-35 f e e t  below t h e  ground su r f ace  by depos i t s  
ranging i n  composition from sand t~ sand mixed with minor f ine  grave l .  
Thesc underlying d e p o s i t s ,  which we i n t e r p r e t  t o  be o f  d e l t a i c  o r i g i n ,  
have been penet ra ted  by seve ra l  t e s t  ho le s  d r i l l e d  in  t h e  t e r r a c e  a t  
Skagway by t h e  U.S. Geological Survey (A. J.  Feulner and D .  A .  Morris,  
w r i t t e n  commun., 1966) and by t h e  c i t y  of  Skagway (J. A .  McConaghy, 
U.S. Geol. Survey, w r i t t e n  commun., 1966). Test-hole  d a t a  and r e l a -  
t i o n s  between depos i t s  and t h e  ground su r f ace  a r e  shown i n  p r o f i l e  
A-A' on figure 7 .  The i n t e r p r e t a t i o n  of l a t e r a l  con t inu i ty  o f  t h e  



sandy depos i t s  i s  made with some confidence, f o r  t h e  following reasons.  
F i r s t ,  logs  o f  a l l  t h e  deep ho le s ,  except t h e  c i t y  wel l ,  show a 
sequence of g rave l ly  alluvium over ly ing  sandy depos i t s .  Second, a 
change i n  type  o f  sediment occurs  a t  a depth of  25 f e e t ,  a s  determined 
by a  geophysical i n v e s t i g a t i o n  nea r  F i r s t  Avenue ( f i g .  8 ) .  Third,  
sandy depos i t s  a l s o  a r e  present  a t  s i m i l a r  depths i n  holes  pene t r a t ing  
t h e  upper p a r t  of t h e  present  Skagway River d e l t a  (see "Deltaic  depos- 
i t s  o f  t h e  i n t e r t i d a l  zonett) .  Although t e s t  ho les  i n  t h e  Skagway 
River alluvium do not  extend through t h e  predominantly sandy depos i t s ,  
t h e  geophysical p r o f i l e ,  B - B ' ,  n ea r  F i r s t  Avenue shows a  change i n  
seismic v e l o c i t y  a t  a  depth of  about 145 f e e t  ( f i g .  8 ) .  These more 
compact sediments,  which a r e  presumed t o  be g l a c i a l  and glaciomarine 
d e p o s i t s ,  extend t o  a  depth of  about 585 f e e t ,  where t h e  seismic 
v e l o c i t y  i n t e r f a c e  with bedrock i s  well  def ined .  

Local ly,  some beds of  c l a y  u n d e r l i e  t h e  t e r r a c e  a l l u v i a l  depos i t s  
i n  t h e  c e n t r a l  and nor th-cent ra l  a r e a s  of  t h e  c i t y .  C .  L .  Sainsbury 
(U.S. Geol. Survey, w r i t t e n  commun., 1953) repor ted  t h a t  s eve ra l  sha l -  
low water wel l s  i n  t h e s e  a r e a s  pene t ra ted  a t h i n  b lue  marine(?) c l ay  
t h a t  was descr ibed t o  him a s  p l a s t i c  and impervious when wet bu t  very 
hard when dry ( fo r  example, u n i t  1, Maki we l l ,  f i g .  7 ) .  He a l s o  noted 
t h a t  wel l s  t h a t  extended t o  about 20 f e e t ,  and below t h e  c l a y ,  con- 
t a ined  water f a i r l y  high i n  hydrogen s u l f i d e .  Neither t h e  composition 
o f  t h e  repor ted  c l a y  nor  i t s  a r e a l  e x t e n t ,  unfor tuna te ly ,  i s  known, 
because no samples were preserved and none o f  t h e  t e s t  ho les  d r i l l e d  
nearby i n  1966 by t h e  U.S. Geological Survey i n t e r s e c t e d  any c l a y  beds 
(A. J. Feulner  and D .  A .  Morris,  w r i t t e n  commun., 1966). Another 
deposit high i n  c lay-s ized  p a r t i c l e s  may be p re sen t  a long t h e  southeast  
s i d e  o f  t h e  Skagway branch of Taiya I n l e t  below a t  l e a s t  a p a r t  o f  t h e  
White Pass and Yukon Rai lroad wharf ( f i g .  4;  s e e  "Offshore depos i t s" ) .  

A remnant of  a poss ib l e  beach buried by younger alluvium may be 
present  on t h e  t e r r a c e  a t  an a l t i t u d e  of 33.5-37.5 f e e t  ( f i g .  5 ) .  
Although no c h a r a c t e r i s t i c  landform i s  p re sen t ,  ground-surface gradi -  
e n t s  here  a r e  anomalous i n  t h a t  t hey  a r e  r e l a t i v e l y  much s t e e p e r  than  
g rad ien t s  e i t h e r  downvalley o r  upval ley ( f i g .  7 ) .  In add i t i on ,  t h e  
course of  Pul len Creek i s  n a t u r a l l y  d ive r t ed  para l le l  t o  t h i s  r e l a -  
t i v e l y  s t e e p e r  g rad ien t .  Another poss ib l e  o r i g i n  f o r  t h e  r e l a t i v e l y  
s t w y e r  gradien t  i s  tll,~.t it r e f l e c t s  r l  eroded l ands l ide  from t h e  
southeas t  s i d e  cf Skagwny v23 I ey. i7nfcrti.*t~r T c.1 y, t h e r e  a r e  no subsur- 
face d ~ . t a  a v a i l a b l e  to exn!zin t!lc a v r ,  l ~ u s  g r ~ d i e n t s .  

Use of a l l u v i a l  depos i t s  f o r  cons t ruc t ion  ma te r i a l  has been 
ex tens ive  from t h c  modern flood p l a i n  o f  Skagway River and from s c a t -  
t e r e d  borrow p i t s  i n  t h e  ad jacent  terraces. Deposits forming t h e  
t e r r a c e s  a r e  well s u i t e d  as fo~lndat ion  s j t p s  f o r  ~ ? n m a d e  s t r u c t u r e s ,  
except l o c a l l y ,  where the  gro~md-water tr?blc i s  h igh .  Dikes p r o t e c t  
t h e  t e r r a c e  on which Skagway i s  s i tu- t tc t l  Fxsm most Skagway River 
f loods.  



The f l o o r  of lower Taiya v a l l e y  i s  formed af  alluvium depos i ted  
by t h e  Taiya River ,  bu t  t h e  alluvium t h e r e  seems t o  be much f i n e r  
grained than i n  t h e  lower Skagway v a l l e y ,  d e s p i t e  s i m i l a r  bedrock i n  
t h e  two a reas .  'T'aiya v a l l e y  depos i t s  probably a r e  f i n e r  grained 
because o f  a more gent le  gradient o f  the v a l l e y  f loor  (0.3 percent  
s lope ,  o r  0°10 ' ,  f o r  t h e  lower 6.5 mi l e s ) ,  which r e s u l t s  i n  a  lower 
s t ream-carrying capac i ty  f o r  coarse  sediments.  In c o n t r a s t ,  t he  gradi -  
e n t  of t h e  lower 6 .5  miles  of Skagway v a l l e y  i s  seven t imes s t e e p e r .  
Sediments forming t h e  f l o o r  of lower Taiya v a l l e y  a r e  predominantly 
sand t o  a depth of  a t  l e a s t  8 f e e t ,  a s  observed i n  exposures s eve ra l  
hundred f e e t  south of t h e  Taiya River br idge  ( f i g .  2 ) .  Sand, and 
probably some s i l t ,  seems t o  extend southward t o  a t  l e a s t  t h e  mean 
high wa te r l i ne .  A small exposure a t  t h e  highway br idge  shows a  mix- 
t u r e  of sand and gravel  over ly ing  f i n e  t o  coarse g rave l .  The coa r se r  
na tu re  of t h e  exposure a t  t h e  br idge  may be a t t r i b u t e d  t o  sediments 
c a r r i e d  onto t h e  v a l l e y  f l o o r  by West Creek, which e n t e r s  Taiya River 
about 1 mi le  upstream from t h e  b r idge .  

Manmade f i l l  (Qf )  * 

Manmade f i l l  includes a l l  f i l l  ma te r i a l s  e i t h e r  purposely placed 
o r  i nd i sc r imina te ly  dumped by man. On t h e  geologic  map we have d i f f e r -  
e n t i a t e d  two types o f  f i l l :  o rd ina ry  f i l l ,  composed gene ra l ly  of loose  
mixtures o f  g rave l ,  sand, cobbles ,  some boulders ,  and organic  ma te r i a l  
p l u s  r i p r a p ;  and r e f u s e  f i l l .  

Ordinary f i l l  i s  d i s t r i b u t e d  widely over t h e  f l o o r  of lower 
Skagway v a l l e y  and over  t h e  t o p  of  the  Skagway River d e l t a  ( f i g .  5 ) .  
This type o f  f i l l  i s  be l ieved  t o  be a t  l e a s t  5 f e e t  t h i c k  and t o  have 
a  maximum th ickness  o f  probably 30 f e e t  a long t h e  seaward edge o f  t h e  
t i d a l  f l a t s .  Not shown on t h e  map are numerous small  a r e a s  of  f i l l ,  
mostly l e s s  than  5 f e e t  t h i c k ,  which inc lude  roads,  embankments, a r eas  
around and under bu i ld ings ,  and o t h e r  man-modified ground. 

The f i v e  l a r g e s t  a r eas  of  f i l l  a r e  descr ibed below. 

1. The foundation pad of t h e  ore-handling terminal  ( f i g .  4 ,  No. 1) i s  
composed o f  an hydrau l i ca l ly  emplaced mixture of gravel and sand 
from Skagway River d e l t a  dredged from depths o f  a s  much a s  
50 f e e t  below mean sea l e v e l .  The f i l l  was placed d i r e c t l y  upon 
the  t o p  o f  t h e  d e l t a  and then  r i p r a p  was placed a long  t h e  wave- 
exposed margins. 

2 .  The vehicle-holding a r e a  of  t h e  Alaska f e r r y  terminal  ( f i g .  4 ,  
No. 2 )  and approach road c o n s i s t s  of  g rave l ,  cobbles,  and sand 
obtained from t h e  ad jacent  d e l t a i c  depos i t s  (Munson, 1961, p .  5 ) .  
The f i l l  i s  confined by p i l e s ,  and i t s  wave-exposed margin i s  
pro tec ted  by r i p r a p .  Munson r e p o r t s  t h a t  t h e  f i l l  has  poor com- 
pac t ion  p r o p e r t i e s  because of  a lack  o f  s u i t a b l e  b inder .  



3 .  The breakwater,  b u i l t  t o  p r o t e c t  t h e  small-boat harbor  ( f i g .  4, 
No. 3; U.S. Army Corps Engineers,  1964),  has a r i p r a p  e x t e r i o r  
and a core  of  sandy grave l  and cobbles .  

4 ,  The Skagway a i r p o r t  runway ( f i g .  4 )  i s  composed o f  sandy grave l  
and some cobbles  beneath a paved su r f ace .  

5. The Skagway River d ikes  ( f i g .  4 ,  Nos. 6a-6d) have a core o f  sandy 
g rave l ,  cobbles ,  and some brush,  ove r l a in  by a veneer o f  v a r i -  
ab le-s ized  r ipxap  (U.S. Army Corps Engineers,  1964) .  Dikes near  
t h e  r a i l r o a d  yard inc lude  abandoned ra i lway equipment as p a r t  of 
t h e i r  co re .  The d ike  along t h e  northwest edge of  t h e  a i r p o r t  
runway has a 12-inch p i p e l i n e  f o r  petroleum products  p a r t l y  
embedded wi th in  i t .  

Most f i l l  i s  obtained from t h e  modern f lood p l a i n  of the Skagway 
River o r  from the  t o p  o f  t h e  Skagway River d e l t a .  Lesser amounts have 
been taken from borrow p i t s  i n  Sha~way River t e r r a c e s ,  and from d r i f t  
depos i t s  and grus accumulations alnn_o t he  northwest s ide  o f  Skagway 
v a l l e y .  Except f o r  t h e  l a t t e r  two sources ,  which mostly a r e  exhausted, * 
l a r g e  q u a n t i t i e s  o f  f i l l  ma te r i a l  :?re s t i l l  a v a i l a b l e .  

Most r i p r a p  used a t  Skagway c o n s i s t s  of angular  pieces of grano- 
d i o r i t e  between 1 and 4 fee t  i n  average ~limcnsion; r i p r a p  averaging 
2 f e e t  was u t i l i z e d  fox d ikes  along t l l ~  S!<agway Rivcr .  One source of  
x iprap  i s  a quarry along t h e  nort'iwest s i d e  of  Skagway v a l l e y  about a 
q u a r t e r  o f  a mile no r theas t  o f  t h e  nor theas te rn  boundary of  the  
geologic  map. Another source i s  t h e  same s ide  o f  t h e  va l l ey ,  near t he  
mouth of t h e  Skayway River.  

Refuse f i l l  c o n s t i t u t e s  a very  small p a r t  o f  t h e  f i l l  depos i t s  a t  
Skagway. I t  i s  mapped only a t  t h e  c i t y  dump ( f i g .  4 ,  No. 7)  near  t h e  
southwest end of  t h e  Skagway a i r p o r t ,  and c n n s j s t s  c h i e f l y  of loose 
r e fuse  and garbage. 

Off shore depos i t s  

A knowledge of  t he  na tu re  and d i s t r i b u t i o n  of  t he  o f f sho re  uncon- 
so l ida t ed  depos i t s  of  Taiya I n l e t  i s  important f o r  understanding the  
geologic  s e t t i n g  and f o r  a p p r a i s i n ~  gcologjc  hazards i n  lowland p a r t s  
of t h e  Skagway a r e a .  Important elcmccts of  t h e  o f f sho re  environment 
below t h e  water of Taiya In lc t  a r e :  (I)  f i o r d  margins, (2)  sediments 
of t h e  of fshore  p a r t s  o f  thc Skagway Rivcr d e l t a  and t h e  Taiya River 
d e l t a ,  and (3) o t h c r  sedirncnts o f  the  f i o r d  margin and f l o o r  not  
d i r e c t l y  r e l a t e d  t o  t h e s e  d e l t a s ;  t h i s  elcmcnt, however, w i l l  not  be 
discussed i n  t h i s  r e p o r t .  



Fiord margins 

The underwater slopes of the margins of Taiya Inlet fiord extend 
to depths of at least several hundred feet at gradients nearly identi- 
cal to subaerial slopes, which average 84 percent (40') and vary from 
62 to 148 percent ( 3 2 ' - 5 6 " ) .  Configuration of the underwater portion 
of fiord margins shown on figure 5 is based on detailed soundings by 
the U.S. Coast and Geodetic Survey (1943). 

Southeast margin of the Skagway branch of Taiya Inlet.--Under- 
water profile C - C r  [fig. 9 ) ,  preparcd from the 1943 soundings, shows 
part of the fiord margin near the White Pass and Yukon Railroad wharf 
(fig. 4). Average slope of the profile is 45 percent (24"1S1), and 
the steepest segment of the profile has a slope of 200 percent 
( 6 3 ° 3 0 t ) .  Very close 20 tile line of profile, the U.S. Coast and 
Geodetic Survey (1943) noted the bottom as "rockytt a.t a depth of 
160 feet below mean sea level, which might be either bedrock, or 
coarse unconsolidated material of a landslide or drift deposit. Other 
limited data on bottom conditions along the southeast margin of the 
fiord show the bottom to be "md" ox "mud and sand." Unpublished data 4 

by G. A .  Rusnak (U.S. Geol. Survey, written commun., 1967) from a pre- 
liminary evaluation of continuous seismic profiles of the inlet reveal 
that a surface sediment unit thins from a much greater thickness closer 
to the axis of the fiord to only a few tens of feet near the fiord 
margin. 

Some deposits with a high clay content may be present near the 
railroad wharf. During reconstruction of the wharf in 1965, pile- 
driving penetration in the initial 20 feet was reported to be easy to 
very easy; the lower 15 feet, however, was harder, but bouncy or 
spongy, a behavior thought to indicate a clayey material at depth 
(G. Veres, Cole and Paddock, Contractors, oral commun., 1965). If the 
lower deposits  are clayey, they may be of marine or glaciornasine 
origin. Some deposits with a high clay content also may underlie part 
of Skagway (see "Alluvial deposits of the Skagway River"). 

West side of geologic-map area.--Very steep underwater slopes 
characterize the northwestern part of the mapped area (fig. 53,  Here, 
the east side of Taiya Inlet fiord extends down to depths of 400 feet, 
with an average slope of 73 percent ( 3 6 " ) .  Because of the steepness 
of these slopes, surficial deposits probably are not present. 

The front of the Skagway River delta 

The Skagway River delta consists of two recognizable parts: 
(1) the intertidal part (top of the delta), which has already been 
described; and (2) the delta front, whose upper limit is the approxi- 
mate line of mean lower low waT.ex, and which received the bulk of its 
sediment from distributaries of the Skagway River flowing or formerly 
flowing across the delta top, The front extends seaward as a 
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decreas ingly  t h i c k  wedge o f  sediments.  

The a c t u a l  su r f ace  conf igura t ion  of t h e  f r o n t  of t h e  Skagway 
River d e l t a  i s  apparent ly  f a i r l y  i r r e g u l a r  and l o c a l l y  hummocky, a s  
shown by bathymetric contours  i n  f i g u r e  5 ,  which a r e  based on d e t a i l e d  
sounding d a t a  by t h e  U.S. Coast and Geodetic Survey (1943). P a r t  of 
p r o f i l e  D - D t  ( f i g .  10, i n  pocket) i s  cons t ruc ted  along a  r e p r e s e n t a t i v e  
po r t ion  o f  t h e  d e l t a  f r o n t .  The p r o f i l e  i n d i c a t e s  t h a t  t h e  average 
s lope  of  t h i s  p a r t  of t h e  d e l t a  f r o n t  i s  15.8 percent  (9'). Slopes o f  
t h e  upper 270 f e e t  of  t h c  d e l t a  f r o n t  along t h e  p r o f i l e  a r e  s t e e p e r  and 
average 23 percent  (13") . 

The d i f f e r e n t  kinds of depos i t s  fornling t h e  su r f ace  of t h e  Skagway 
d e l t a  f r o n t  a r e  known only s k e t c h i l y  from s c a t t e r e d  po in t s .  The U.S. 
Coast and Geodetic Survey (1943) used t h e  des igna t ion  "rockytt f o r  an 
a rea  a t  t h e  cen te r  o f  t h e  d e l t a  f r o n t ,  although, a s  discussed l a t e r ,  it 
i s  u n l i k e l y  t h a t  t h i s  term was intended t o  convey t h e  presence of  bed- 
rock. Near t h e  a c t i v e  d i s t r i b u t a r i e s  o f  Skagway River ,  bottom sed i -  
ments were designated a s  prcdominantly "sand," while o t h e r  p a r t s  of t h e *  
d e l t a  f r o n t ,  where water was l e s s  than 230 f e e t  deep, were "mud" o r  
"mud and sand." In deeper water near  t h e  c e n t e r  o f  t he  d e l t a  f r o n t ,  
sandy s i l t  was sampled i n  1965 by G .  A .  Rusnak (wr i t t en  cornmun., 1967). 
Close t o  t h e  Alaska f e r r y  terminal  ( f i g .  4 ) ,  p recons t ruc t ion  inves t iga-  
t i o n s  by Toner and Nordling, Engineers (wr i t ten  commun., 1962),  
revealed 2-3 f e e t  o f  f i n e  sand and s i l t  over ly ing  a sandy grave l  with 
small  boulders  (cobbles?) t h a t  extended t o  a depth o f  24 f e e t .  

The types  of  depos i t s  a t  depth beneath t h e  su r f ace  of t h e  d e l t a  
f r o n t  must be  i n f e r r e d ,  because no t e s t  ho les  pene t r a t e  t h i s  p a r t  of 
t h e  d e l t a .  Data from borings i n  t h e  d e l t a  t o p  probably a r e  app l i cab le ,  
however, because some of t h e s e  holes  pene t r a t e  through d e l t a  t o p  sedi- 
ments and e n t e r  o l d e r  d e l t a  f r o n t  depos i t s .  These o lde r  depos i t s  a r e  
presumed t o  be s i m i l a r  t o  depos i t s  a t  depth wi th in  t h e  present-day 
d e l t a  f r o n t .  The four  deepest  ho le s ,  ranging i n  depth from 55 t o  
103 f e e t  near the  o u t e r  margin o f  t h e  d e l t a  l op ,  a l l  bottomed i n  what 
may be genera l ized  as g rave l ly  sand, o r  sand and gravel  (Golder, 
Brawner, and Assac ia tes ,  w r i t t e n  commun., 1967). Therefore,  sediments 
a t  depth wi th in  t h e  present  d e l t a  f r o n t  probably are s i m i l a r ,  though 
they  may inc lude  some lenses  of  sandy s i l t  o r  s i l t .  

The th i ckness  o f  depos i t s  forming t h e  d e l t a  f ron t  i s  i n f e r r e d  t o  
be as much a s  severa l  hundreds o f  f e e t .  This  es t imate  is  based upon 
both t h e  onshore seismic p r o f i l c ,  B-B'  ( f i g .  S ) ,  which i n d i c a t e s  gla-  
c i a l  and glaciomarine depos i t s  a t  a depth of  about 145 f e e t ,  and t h e  
of fshore  prc l iminary  seismic p r o f i l i n g  by G . A .  Kusnak (wr i t t en  
commun., 1967) ,  which was i n t e r p r e t e d  by him as showing an in te rmedia te  
seismic u n i t ,  pos s ib ly  t i l l ,  a t  :I depth o f  600-800 f e e t  beneath marine 
depos i t s .  

Subaqueous s l i d e s  thought t o  be present  on t h e  d e l t a  f r o n t  a r e  



genera l ized  i n  f i g u r e  5. S l i d e  loca t ions ,  a s  we have shown them, a r e  
based on i r r e g u l a r i t i e s  o f  t h e  su r f ace  of t h e  d e l t a  f r o n t  and on l i m -  
i t e d  d a t a  on bottom sediments (U.S. Coast and Geod. Survey, 1943). 
The bottom a rea ,  noted a s  "rocky" by t h e  U.S. Coast and Geodetic Sur- 
vey, i s  confined t o  p a r t  o f  t h e  i r r e g u l a r  su r f ace  on t h e  c e n t r a l  part  
o f  t h e  d e l t a  f r o n t .  This  "rocky" a r e a  may be exposed d r i f t .  Although 
it i s  r a t h e r  u n l i k e l y  t h a t  t h e  a r e a  could be bedrock, because of t h e  
evidence f o r  deep g l a c i a l  e ros ion  elsewhere i n  t h e  a r e a ,  and because 
t h e  onshore seismic p r o f i l e  B-B' ( f i g .  8)  i n d i c a t e s  a th ickness  of  
585 f e e t  o f  s u r f i c i a l  depos i t s ,  a knob o f  bedrock might be present ,  
s i m i l a r  i n  topographic s e t t i n g  t o  Indian Rock near  t h e  mouth of  Taiya 
I n l e t  ( f i g .  2 ) .  Other submarine s l i d e s  were i n f e r r e d  by G .  A .  Rusnak 
(wr i t t en  commun., 1967) t o  be present  s eve ra l  hundreds of  f e e t  seaward 
from t h e  s t eepe r  p a r t  o f  t h e  d e l t a  f r o n t ,  based on some pre l iminary  
i n t e r p r e t a t i o n s  o f  seismic p r o f i l e s .  

H i s t o r i c a l  submarine s l i d e s  may have occurred seve ra l  times on or 
near  the  Skagway d e l t a  f r o n t .  One poss ib ly  occurred p r i o r  t o  s ink ing  
o f  p a r t  o f  a wharf i n t o  t h e  water during t h e  earthquake of Septem- 
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be r  16, 1899' (Tarr and Martin,  1912, p.  86 ) .  Other underwater s l i d e s  
a r e  be l ieved  t o  have caused a t  l e a s t  f i v e  breaks i n  submarine communi- 
c a t i o n  cab le s  i n  t h e  nor thern  p a r t  o f  Taiya I n l e t  between 1901 and 
1968 (D. Alford,  Alaska Commun. System, w r i t t e n  commun., 1966, 1968; 
Heezen and Johnson, 1969).  Some o f  t hese  breaks were a s soc i a t ed  with 
earthquakes (see " Infer red  e f f c c t s  from f u t u r e  earthquakes").  

The f r o n t  o f  t h e  Taiya River d e l t a  

The no r th  end of  Taiya I n l e t  near  t h e  Taiya River d e l t a  ( f i g .  2)  
has  been sounded only i n  a reconnaissance manner, and thus  only  a few 
s c a t t e r e d  soundings a r c  a v a i l a b l e  (U.S. Nat l .  Ocean Survey, 1971). 
These soundings show t h e  g rad ien t  of t h e  d e l t a  f r o n t  between depths of 
80 and 250 f e e t  t o  be about 11 percent  (about 6'), and t h e r e f o r e  only 
about one-half t h e  g rad ien t  o f  t h e  Skagway d e l t a  between s i m i l a r  
depths ( f i g .  10 ) .  Gradients  cannot be ca l cu la t ed  f o r  shal lower depths 
because o f  i n s u f f i c i e n t  soundings. 

Deposits of t h e  Taiya d e l t a  probably have a h igher  content  o f  
s i l t  and f i n e  sand-sized ma te r i a l  than those of  t h e  Skagway d e l t a ,  a s  
i nd ica t ed  by t h e  dominantly sandy na tu re  of  depos i t s  exposed i n  t h e  
f a r t h e s t  downstream banks o f  t h e  Taiya River.  The d e l t a  of t h e  Taiya 
River i s  gradual ly  extending i n t o  t h e  head of  Taiya I n l e t  a s  sediment 
cont inues t o  be  deposi ted a t  t h e  f r o n t  of t h e  d e l t a .  During t h i s  
extension process ,  subaqueous s l i d e s  undoubtedly occur s i m i l a r  t o  
those  along t h e  f r o n t  of t h e  d e l t a  of Skagway River .  

l ~ h e  d a t e s  of a l l  earthquakes are given i n  u . t .  (un iversa l  t ime) 
i n  t h i s  r e p o r t .  
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STRUCTURE 

Summary o f  reg iona l  s t r u c t u r e  

Southeastern Alaska l i e s  wi th in  an a c t i v e  t e c t o n i c  b e l t  t h a t  pa ra l -  
l e l s  t h e  coas t  of t h e  North P a c i f i c  Ocean (Buddington and Chapin, 1929; 
S t .  Amand, 1957; Twenhofel and Sainsbury, 1958; Brew and o the r s ,  1966; 
Grantz,  1966; Isacks and o t h e r s ,  1968; Atwater, 1970; P lafker ,  1971). 
This  t e c t o n i c  b e l t  has been a c t i v e  s i n c e  a t  l e a s t  t h e  l a t e  Paleozoic,  
and t h e  l a s t  major deformation occurred during t h e  l a t e  Mesozoic and 
T e r t i a r y ,  with some minor a c t i v i t y  cont inuing i n t o  t h e  Quaternary. The 
l a s t  major deformation included emplacement of  i n t r u s i v e  rocks ,  and 
ex tens ive  c r u s t a l  movements, ranging from compressional fo ld ing  and 
reg ional  u p l i f t  t o  f a u l t i n g  o f  var ious  types .  Many o f  t h e  major e l e -  
ments of t h e  s t r u c t u r a l  s e t t i n g  o f  southeas te rn  Alaska, e s p e c i a l l y  
f a u l t s ,  a r e  discussed i n  our r eg iona l  r e p o r t  (Lemke and Yehle, 1972b), 
and only  those  elements considered necessary f o r  t h e  d i scuss ion  o f  t h e  
Skagway a r e a  a r e  summarized he re .  

Faul t ing  i s  ex tens ive  i n  southeas te rn  Alaska. The Fairweather and 
Queen Char lo t t e  I s lands  f a u l t s  (here c a l l e d  t h e  Fairweather-Queen 
Char lo t t e  I s lands  f a u l t  system) and t h e  Denali f a u l t  system comprise 
t h e  most prominent f a u l t  elements ( f i g .  11 ) .  Both systems a r e  tec ton-  
i c a l l y  a c t i v e  along a t  l e a s t  p a r t s  of t h e i r  l engths ;  major f a u l t s  o f  
t h e  systems genera l ly  inc lude  seve ra l  branching and subpa ra l l e l  f a u l t s  
i n  zones as much a s  s eve ra l  miles wide. 

The Fairweather-Queen Char lo t t e  I s lands  f a u l t  system apparent ly  
c o n s i s t s  o f  a continuous b e l t  o f  f a u l t s  ( f i g .  12) t h a t  fol lows t h e  
con t inen ta l  s lope  along B r i t i s h  Columbia and most of southeas te rn  
Alaska and then c ros ses  t h e  Continental  Shelf near  t h e  northwest end 
of Chichagof I s land ,  and cont inues on land through a broad v a l l e y  t o  
nea r  t h e  head o f  Yakutat Bay (St .  Amand, 1957; Tocher, 1960; Wilson, 
1965; P l a fke r ,  1967, 1971; Tobin and Sykes, 1968). The Fairweather  
f a u l t  has moved i n  h i s t o r i c  t ime, t h e  motion of  which was dominantly 
r i g h t - l a t e r a l  s t r i k e - s l i p ;  d a t a  from a few earthquakes along t h e  o f f -  
shore Fairweather f a u l t  ex tens ion  and along t h e  Queen Char lo t t e  I s lands  
f a u l t  i n d i c a t e  s i m i l a r  movements. E a r l i e s t  movement may have occurred 
i n  t h e  Pl iocene,  and movement has continued t o  t h e  present (Grantz, 
1966; Tobin and Sykes, 1968, p .  3839). A t  i t s  northwest end t h e  Fa i r -  
weather f a u l t  merges with t h e  e a s t e r n  end of  t h e  Chugach-St. E l i a s  
t h r u s t  f a u l t  ( f i g s .  11, 12 ) .  Movement along t h i s  t h r u s t  f a u l t  and 
a s soc i a t ed  f a u l t s  probably began i n  t h e  Miocene and has continued 
i n t e r m i t t e n t l y  s i n c e  t h a t  rime (P lafker ,  1969, 1971).  

The Denali f a u l t  system i n  southeas te rn  Alaska and ad jacent  
Canada inc ludes ,  from northwest t o  southeas t ,  t h e  Shakwak v a l l e y ,  
Chi lka t  River ,  Lynn Canal,  and Chatham S t r a i t  f a u l t s  ( f i g .  1 2 ) .  Seg- 
ments of some f a u l t s  a r e  so prominently marked by l i n e a r  f i o r d s  and 
v a l l e y s ,  and other topographic depress ions ,  t h a t  geo log i s t s  for  some 
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time have considered the probability of major faulting to account for 
the origin of these features (Wright and Wright, 1908, p. 40; St. Amand, 
1957; Twenhofel and Sainsbury, 1958; Lathram, 1964; Grantz, 1966). 
Studies show that dominantly right-lateral strike-slip movement has 
occurred along most of the system, and that some of the faulting prob- 
ably started before the Miocene (Grantz, 1966), and locally it contin- 
ued into the Holocene (Bostock, 1952; Mullex, 1967). Present activity 
along individual segments of the Denali fault system is considered 
under "Relation of earthquakes to known or inferred faults and recency 
of fault movement." Estimates of displacement along the Chatham Strait 
fault range from 50 miles (Brew and others, 1966) to 120 miles 
(Lathram, 1964). A probable major element of the Denali fault system 
in eastern Alaska is the Totschunda fault system (figs. 11, 12). 
Richter and Matson (1971) report fault offsets dominantly in a right- 
lateral direction; movement probably began in late Pleistocene and 
Holocene time. They speculate, along with Hamilton and Myers (1966), 
that the fault system might extend southeast and connect with the Fair-  
weather and associated faults. George Plafker (written commun., 1971),, 
however, does not believe that the Totschunda fault system is a contin- 
uation of the Fairweather fault. 

Most major faults in southeastern Alaska exhibit offsets that are 
dominantly right-lateral strike-slip, although subordinate vertical 
offsets have been recorded or inferred along some faults, Uplift is 
reported of the Coast Mountains (Brew and others, 1966), of eastern 
Baranof and Chichagof Islands along the Chatham Strait fault (Loney and 
others, 19671, and of mountain areas along parts of the Shakwak valley 
fault (Muller, 1967) and Fairweather fault (Grantz, 1966). 

Another type of fault motion--gravity faulting--may be locally 
important. Theoretical considerations by Bostrom (1967) and by Souther 
(1970) suggest that the earth's crust beneath northwestern British 
Columbia and southeastern Alaska presently may be spreading slowly 
westward under tension along north-south lines. They infer that this 
motion is partly a result of the active northwestward movement of the 
earth's crust along the oceanward side of the Fairweather-Queen 
Charlotte Islands fault system (Isacks and others, 1968; Atwater, 
1970). Thus, north-trending inferred faults or lineaments in parts of 
southeastern Alaska might be sifts, grabens, or tear faults in the 
process of development because of this spreading. 

Local structure 

Introduction 

Some data on general attitudes of bedrock, faults, and joints in 
the Skagway area are available from limited geologic studies and air- 
photo interpretation. The work by Christie (1957, 1959) on the major 
bodies of plutonic intrusive rocks along the Skagway valley revealed 
that planes of foliation of the quartz diorite strike northwest and 







d i p  s t e e p l y  no r theas t ;  t h e  g ranod io r i t e  gene ra l ly  i s  not  f o l i a t e d .  The 
r e l a t i o n s h i p s  of d i f f e r e n t  bodies  o f  p lu ton ic  i n t r u s i v e  rocks on e i t h e r  
s i d e  of  lower Skagway and Taiya v a l l e y s  t o  i n f e r r e d  f a u l t s  has  not  been 
e s t ab l i shed .  Deta i led  ana lyses  o f  s t r u c t u r a l  r e l a t i o n s  between bedrock 
u n i t s  i n  t h e  Juneau a r e a ,  which is  p a r t  o f  t h e  same b e l t  o f  rocks as i n  
t h e  Skagway a r e a ,  a r e  repor ted  by Forbes and Engels (1970). These show 
a  gene ra l ly  northwest s t r i k e  t o  t h e  bedrock. Most bedrock u n i t s  grade 
i n t o  one another ;  l o c a l l y ,  however, un i t s  a r e  i n  sharp  con tac t .  

J o i n t i n g  and shee t ing  a r e  well developed i n  t h e  p lu ton ic  i n t r u s i v e  
rocks nea r  Skagway. The j o i n t s  p r i n c i p a l l y  s t r i k e  N .  30' E .  t o  
N .  45' E. and d i p  very s t e e p l y  o r  a r e  v e r t i c a l  ( f i g .  133, approximating 
t h e  o r i e n t a t i o n  o f  t h e  lower Skagway v a l l e y  group of i n f e r r e d  f a u l t s .  
J o i n t i n g  may be r e l a t e d  i n  p a r t ,  o r  wholly,  t o  f a u l t i n g  o r  t o  r e l e a s e  
o f  reg iona l  bedrock s t r e s s e s  during e ros ion .  J o i n t s  a t  t h e  West Creek 
damsite,  northwest of  Skagway ( f i g .  Z) ,  were observed by Callahan and 
Wayland (1965) t o  c o n s i s t  o f  two p r i n c i p a l  s e t s  of  s t e e p l y  dipping o r  
v e r t i c a l  j o i n t s ,  one s t r i k i n g  N .  40" E.  t o  N.  50" E.  and t h e  o t h e r  
N .  60" E .  t o  N .  80°  E .  ( f i g .  13 ) .  Sheeting i s  c h a r a c t e r i s t i c  of  t h e  + 

g l a c i a l l y  rounded knobs o f  bedrock common i n  t h e  Skagway a r e a .  The 
su r f aces  of  t h e  shee t ing  f r a c t u r e  gene ra l ly  a r e  curved s l i g h t l y ;  t h e i r  
s t r i k e  and d i p  a r e  con t ro l l ed  by t h e  i n c l i n a t i o n  of t h e  su r f ace  of  t h e  
bedrock. Thickness o f  shee t s  near  t h e  bedrock sur face  may range from 
3 t o  5 f e e t .  

F a u l t s  

Fau l t s  o r  o t h e r  l ineaments a r e  numerous i n  t h e  Skagway a r e a .  
Although no major f a u l t s  have been i d e n t i f i e d  by d i r e c t  observa t ions ,  
severa l  f a u l t s  have been i n f e r r e d  by i n d i r e c t  methods, c h i e f l y  from 
topographic evidence a s  i n t e r p r e t e d  from a i rpho tos  ( f i g .  14;  f i g .  15,  
i n  pocket) .  

The age o f  f a u l t s  i n  t h e  Skagway a r e a  i s  not p r e c i s e l y  known. 
The f a u l t s  probably are no o l d e r  than middle T e r t i a r y  and probably a r e  
no younger than t h e  l a s t  major Quaternary g l a c i a t i o n .  These ages a r e  
based l a r g e l y  on s t u d i e s  i n  ad jo in ing  a reas  and a r e  summarized by 
Grantz (1966) f o r  a r eas  t o  t h e  south and southwest of Skagway and by 
t h e  Geological Survey of Canada (1962) f o r  a r cas  no r theas t  o f  Skagway 
i n  Canada. No f a u l t s  i n  s u r f i c i a l  Quaternary depos i t s  were observed 
during ou r  l imi t ed  s t u d i e s  near  Skagway, nor  have any been repor ted  
by o t h e r s .  

Three groups of i n f e r r e d  f a u l t s  have been d i f f e r e n t i a t e d .  

Lower Skagway v a l l e y  group of  i n f e r r e d  fau l t s . - -Three  n e a r l y  
p a r a l l e l  nor theas t - t rending  lineaments i n  and near  t h e  lower Skagway 
v a l l e y  a r e a  a r e  i n f e r r e d  t o  be major v e r t i c a l  o r  n e a r - v e r t i c a l  f a u l t s  
( f i g s .  14,  15 ) .  They a r e  marked by pronounced l i n e a r  topographic 
depress ions .  The southeasternmost i n f e r r e d  f a u l t  extends through 
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Figure 13.--Diagram showing s t r i k e  of joints measured on ground and se l ec t ed  
f a u l t s  o r  o t h e r  l ineaments near  Skagway and West Creek damsite, Alaska. In 
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Lower Dewey Lake and Icy Lake, a  c e n t r a l  i n f e r r e d  f a u l t  extends along 
the lower Skagway v a l l e y  downstream from i t s  junc t ion  with East Fork 
Skagway River,  and t h e  northwesternmost i n f e r r e d  f a u l t  extends along a 
depress ion  t h a t  t r ends  from nea r  Yakutania Point t o  Black Lake and 
Skagway River F a l l s  upstream from East Fork Skagway River,  and then  on 
n o r t h e a s t e r l y  i n t o  Canada ( f i g s .  14, 15 ) .  The o r i e n t a t i o n  of t h e  
f a u l t s ,  a t  l e a s t  near  Skagway, approximates t h e  p r i n c i p a l  s t r i k e s  o f  
j o i n t s  ( f i g .  13) .  Conspicuous topographic benches c h a r a c t e r i z e  t h e  
ground sur faces  between t h e  f a u l t s  i n  t h e  v i c i n i t y  of  Skagway, and may 
be g l a c i a l l y  eroded upper su r f aces  o f  f a u l t  blocks,  a s  suggested by 
C .  L .  Sainsbury (wr i t t en  commun,, 1953). Rela ted(?)  l o c a l  f a u l t s ,  a s  
much as 40 f e e t  wide along t h e  southeas t  side of lower Skagway va l l ey ,  
were observed by Sainsbury t o  c u t  quar tz  d i o r i t e  i n  a  N .  5" E .  t o  
N .  20" E .  d i r e c t i o n  and t o  d i p  southeas t .  The t h r e e  major i n f e r r e d  
f a u l t s  may merge t o  t h e  southwest and be branches of  a major lineament 
i n  Taiya I n l e t .  To t h e  no r theas t  they  may merge with o t h e r  more 
n o r t h e r l y  t rending  f a u l t s  t h a t  i n  Canada have been s tud ied  on t h e  
ground and mapped as d e f i n i t e  f a u l t s  (Gabrielse  and Wheeler, 1961, a 

f i g .  4 ;  Geol. Survey Canada, 1962).  Major movement along a l l  t h r e e  
f a u l t s  o f  t h e  Skagway v a l l e y  group may have occurred during t h e  middle 
o r  l a t e  T e r t i a r y .  

Taiya In le t -Taiya  v a l l e y  group of  i n f e r r e d  fau l t s . - -The  s t r a i g h t -  
ness  and combined lengths  o f  Taiya I n l e t  and Taiya River v a l l e y  (about 
25 mi les ;  f i g .  14) a r e  h ighly  sugges t ive  of a  zone o f  major f a & l t i n g .  
Unfortunately,  however, no d i r e c t  evidence o f  f a u l t i n g  i s  a v a i l a b l e .  
Numerous major and minor l ineaments axe present  e a s t  of  Taiya I n l e t  
and many o f  them appear t o  merge with t h e  Taiya lineament,  bu t  along 
t h e  west s i d e  t h e r e  a r e  very few lineaments.  On land,  near  Nahku Bay, 
seve ra l  i n fe r r ed  f a u l t s  appear t o  jo in  t h e  Taiya I n l e t  l ineament,  bu t  
none has been i d e n t i f i e d  of fshore  ( G .  A .  Rusnak, w r i t t e n  commun., 
1967). To t h e  south ,  t h e  Taiya I n l e t  f a u l t  appears t o  merge with t h e  
in fe r r ed  Chilkoot I n l e t  f a u l t  ( f i g .  12 ,  No. 3 ) .  No information on 
f a u l t  movement i s  a v a i l a b l e  from Chilkoot I n l e t .  Major movement on 
t h e  ad jacent  Chi lka t  River f a u l t ,  a  segment o f  t h e  Denali f a u l t  system, 
however, may have occurred a s  l a t e  a s  middle T e r t i a r y  time (Grantz, 
1966), and t h e  Taiya In le t -Taiya  v a l l e y  group o f  i n fe r r ed  f a u l t s  a l so  
may have been a c t i v e  a t  t h a t  t ime.  

Katzehin River delta-Upper Dewey Lake group of i n f e r r e d  f a u l t s . - -  
Inferred f a u l t s  of t h i s  group l i e  gene ra l ly  e a s t  of Taiya I n l e t ,  a s  
wel l  a s  south and southeas t  of lower Skagway v a l l e y .  Thus, they  are 
subpa ra l l e l  t o  both of t h e  previous ly  d iscussed  groups of i n f e r r e d  
f a u l t s  ( f i g .  1 4 ) .  The t r a c e  o f  t h e  main f a u l t  i s  r e f l e c t e d  by gen t ly  
curving shallow depress ions  t h a t  conta in  seve ra l  l akes  and extend from 
t h e  d e l t a  o f  t h e  Katzehin River on t h e  south t o  a t  l e a s t  t h e  East  Fork 
Skagway River t o  t h e  no r th .  Numerous minor l ineaments a r e  present  
between t h e  main f a u l t  and Taiya I n l e t ;  some p a r a l l e l  t h e  main f a u l t  
whereas o t h e r s  appear t o  branch from i t .  Many of  t h e  minor l ineaments 
a r e  i n f e r r e d  t o  be f a u l t s ;  however, some may be j o i n t s  o r  poss ib ly  



headwall scarps o f  l a r g e  l ands l ides .  To t h e  south t h e  main fault 
e i t h e r  merges with o r  i s  t runca ted  by t h e  Chilkoot: I n l e t  f a u l t ,  whereas 
t o  t h e  north r e l a t i o n s  t o  other i n f e r r e d  f a u l t s  are obscure.  The main 
f a u l t  was noted by Twenhofel and Sainsbury (1958, p.  1433) and 
Gabr ie l se  and Wheeler (1961, f i g .  4 ) ,  bu t  they  d id  not  i n d i c a t e  the  
n a t u r e  o f  t h e  f a u l t .  S inuos i ty  of t h e  f a u l t  t r a c e ,  however, suggests 
an eastward d i p  f o r  much o f  t h e  f au l t ' s  length .  Major movement along 
t h e  f au l t  may have preceded o r  have been contemporaneous with a c t i v i t y  
along the Chi lka t  River f a u l t  i n  middle T e r t i a r y  time. 



EARTHQUAKE PROBABILITY 

Accurate p r e d i c t i o n  o f  exac t ly  t h e  p l ace  o r  time o f  occurrence o f  
d e s t r u c t i v e  earthquakes i s  not y e t  poss ib l e .  tIowever, broad reg ions  
can be o u t l i n e d  by geo log i s t s  and se i smologis t s  where damaging e a r t h -  
quakes probably w i l l  occur  i n  t h e  f u t u r e .  One such reg ion  i s  t h e  wide 
b e l t  t h a t  roughly p a r a l l e l s  t h e  North Pac i f i c  Ocean. For t h e  Skagway 
a r e a ,  t h e  eva lua t ion  o f  earthquake p r o b a b i l i t y  is based on two f a c t o r s :  
(1) t h e  s e i s m i c i t y  o r  earthquake h i s t o r y  of t h e  a r e a ,  a s  determined 
from t h e  h i s t o r i c  record ,  and (2)  t h e  l o c a l  and reg ional  geologic  and 
t e c t o n i c  s e t t i n g  o f  t h e  a r e a .  The reg ional  a spec t s  o f  t hese  two fac- 
t o r s ,  and o t h e r  p e r t i n e n t  information on earthquake p r o b a b i l i t y ,  a r e  
considered i n  d e t a i l  i n  our  reg iona l  r e p o r t  (Lemke and Yehle, 1972b). 

Se ismic i ty  

The Skagway a rea  l i e s  wi th in  a broad reg ion  o f  earthquake a c t i v i t y  
( f i g .  16) which inc ludes  most of southeas te rn  Alaska, p lus  some areas 
t o  t h e  northwest ,  and ad jo in ing  a r e a s  i n  southwestern Yukon and coas t a l  
B r i t i s h  Columbia. Unfortunately,  t h e  earthquake record of  t h i s  region 
i s  meager. There a r e  t h r e e  reasons f o r  t h i s :  (1) t h e  b r e v i t y  of  t h e  
record--only about 70 years  of w r i t t e n  h i s t o r i c  record of  earthquakes 
i n  t h e  reg ion ,  (2)  t h e  low populat ion d e n s i t y  o f  t h e  region throughout 
h i s t o r i c  t ime,  and (3) t oo  few seismologic s t a t i o n s  ab l e  t o  instrumen- 
t a l l y  record earthquakes i n  t h i s  reg ion .  

The earthquakes t h a t  have been ins t rumenta l ly  loca ted  i n  south- 
e a s t e r n  Alaska and nearby a r e a s  f o r  t h e  per iod  1899-1969 a r e  shown on 
f i g u r e  16. During t h i s  per iod  i n  t h e  a r ea  o f  f i g u r e  16, e igh t  ea r th -  
quakes o f  magnitude 7 o r  g r e a t e r  occurred,  a l l  c lo se  t o  t h e  coas t  o f  
t h e  P a c i f i c  Ocean. Earthquakes o f  l e s s e r ,  o r  unknown, magnitudes t h a t  
have been ins t rumenta l ly  l oca t ed  a r e  widespread i n  t h e  reg ion ,  except 
eastward from t h e  c e n t r a l  and southcrn p a r t s  of  southeas te rn  Alaska. 
Even he re ,  however, a t  l e a s t  a few microearthquakes have been recorded 
(Whitham, 1969, p .  27).  

Within 100 mi les  of  Skagway, 34 earthquakes have been instrumen- 
t a l l y  loca ted  ( f i g .  1 6 ) ,  most of which occurred northwest ,  west,  o r  
southwest o f  Skagway. They include one earthquake each of magnitudes 
8, 6 1 / 2 ,  and 6 (designat ions P ,  I ,  and N, r e s p e c t i v e l y ,  f i g .  16) ,  
p l u s  29 o t h e r s  o f  l e s s e r  o r  unknown magnitudes. The "N1' even t ,  which 
occurred March 9 ,  1952, was t h e  c l o s e s t  ins t rumenta l ly  recorded ea r th -  
quake t o  Skagway; t h e  e p i c e n t e r  was about 30 mi les  t o  t h e  west.  Most 
earthquake e p i c e n t r a l  l oca t ions  shown on f i g u r e  16 a r e  accu ra t e ,  a t  
b e s t ,  wi th in  a r ad ius  of  10-15 mi les ,  and many a r e  accu ra t e  only  t o  
within 70 mi l e s .  The e a r l i e r  h i s t o r i c  ear thquakes a r e  t h e  l e a s t  accu- 
r a t e l y  loca ted .  The depths of  o r i g i n  o f  earthquakes a l s o  a r e  not  accu- 
r a t e l y  known. I t  i s  assumed, however, t h a t  they  a r e  shallow, except i n  
r a r e  ca ses  (see d i scuss ion  i n  ou r  reg iona l  r e p o r t ,  Lemke and Yehle, 
1972b).  
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Dseignation Date Uagaitude 
011 -I' (UnLvemal Tha) 

A September 4, 1899 8.2-8.3 
0 S e p t d e r  10, 1899 7 .8 
C Septwber 10, 1899 8.5-8.6 
D October 9, 1900 8.3 
B Hay 15, 1908 7 

F July 7, 1920 6 
C April 10, 1921 6.5 
li October 21, 1927 7 . 1  
I Febrwry 3, 1944 6 112 
J A u w t  3, 1945 6 114 

K Febtuary 28, 1948 6 1 /2  
L August 22, 1949 8.1 
H October 31, 1949 6 114 
19 Harch 9 ,  1952 6 
0 NwGmber 17, 1956 6 1/2 
P July 10, 1958 7.9-8.0 



A l i s t  o f  earthquakes f e l t  a t  Skagway according t o  w r i t t e n  
records  i s  given i n  t a b l e  2 ,  a long with some o t h e r  earthquakes t h a t  we 
t h ink  poss ib ly  were f e l t  t h e r e  but  fo r  which no w r i t t e n  records  a r e  
r e a d i l y  a v a i l a b l e .  The maximum earthquake i n t e n s i t i e s  (Modified 
Merca l l i  s c a l e )  experienced a t  Skagway were VI-VII, f e l t  dur ing  t h e  
earthquake o f  Octobor 9 ,  1900 (designat ion D ,  f i g .  16) ;  V I ,  during t h e  
earthquake o f  February 16 ,  1909; and another  VI, dur ing  t h e  earthquake 
of J u l y  10, 1958 (designat ion P,  f i g .  16) .  

The s e r i e s  of  major earthquakes near Yakutat during September 
1899 a l s o  were s t rong ly  f e l t  a t  Skagway, but  i n t e n s i t y  va lues  f o r  
t h e s e  a r e  not  ava ' i lable  . However, from newspaper and eyewitness 
accounts given by Tarr and Martin (19123, it i s  est imated t h a t  i n t en -  
s i t i e s  a t  Skagway probably were a t  l e a s t  V I I .  The earthquake o f  Sep- 
tember 4 (des igna t ion  A ,  f i g .  1 7 ) ,  whose e p i c e n t e r  was about 240 miles 
d i s t a n t ,  caused severe  shaking a t  Skagway. Tar r  and Martin (1912, 
p. 73, 74) inc lude  t h e  fol lowing information i n  t h e i r  r e p o r t :  

1 

"The quake was no t  a sudden j a r ,  but a s teady  motion o f  t h e  
e a r t h  from nor th  t o  south.  So pe rcep t ib l e  was t h e  shaking-up 
t h a t  pools  o f  water c o l l e c t e d  i n  the  s t r e e t s  and s loshed 
about l i k e  water does i n  a bucket o r  bas in  when shaken 
v i o l e n t l y .  l 1  

Severe shaking a l s o  occurred i n  Skagway during the  l a r g e r  of two 
earthquakes o f  September 10,  1899 (designat ion C ,  f i g .  163, which had 
an ep icen te r  about 170 miles  d i s t a n t .  The fol lowing account by 
B .  F .  Shel ton i s  quoted by Tarr  and Martin (1912, p.  8 2 ) :  

"There were ' l i t e r a l  c a r t h  waves, both motion and f e e l i n g  
being exac t ly  as i f  on board a v e s s e l .  * * * Severe shocks 
* * * r e s u l t i n g  i n  many cracked chimneys and gaping wa l l s .  
Only two bu i ld ings  are s a i d  t o  have escaped in jury ." '  

Considerable shaking a lso was repor ted  during t h e  ear thquake of  
September 16, 1899. Tar r  and Martin (1912, p.  86) g ive  an account by 
B.  F .  Shel ton:  

"* * * rocking motion commenced v i o l e n t l y  aga in  l a s t i n g  it 
seemed, f o r  a g rea t  length o f  time. * * * One o f  t h e  long 
p i e r s  a t  Skagway sank i n t o  t h e  water f o r  a po r t ion  f a r t h e s t  
o u t ,  bu t  no very severe  damage was done. * * * There i s  
no doubt,  however, t h a t  i f  Skagway had been a town of b r i ck  
and s tone  bui ld ings  very  much damage would have been done 
and poss ib ly  1-ives l o s t .  " 

Two and a h a l f  mi les  northwest o f  Skagway, on t h e  f l o o r  o f  lower Taiya 
v a l l e y ,  motion was descr ibed as resembling waves l i k e  the sea ,  t r a v e l -  
l i n g  west t o  e a s t  (Tarr and Mart in ,  1912, p. 74) .  ?'he same authors  
noted an account i n  t h e  S e a t t l e  Weekly Times, October 4 ,  1899, o f  
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seve ra l  bu i ld ings  which had been moved a f o o t  o r  two on t h e i r  founda- 
t i o n s ,  and o f  two small ones,  which had toppled over .  

The most recent  earthquake t o  cause some damage a t  Skagway was 
t h e  earthquake o f  J u l y  10, 1958 (designat ion P ,  f i g .  173, with an 
ep icen te r  about 95 mi les  d i s t a n t .  I t  was f e l t  by most people i n  
Skagway; t h e  shaking, which was i n  a north-south d i r e c t i o n ,  caused 
some concre te  foundations t o  crack (Davis and Sanders, 1960, p .  250). 
Many l ands l ides  occurred along v a l l e y  s i d e s ,  and although two abnormal 
waves reached Skagway, harbor  works were not  damaged (Manager, Alaska 
Power and Telephone Co., o r a l  comrnun., 1965; s ee  t a b l e  5 ) .  Offshore, 
however, underwater landslides broke submarine communication cables  i n  
four p l aces  ( D .  Alford,  Alaska Commun. System, w r i t t e n  commun., 1966, 
1968; Heezen and Johnson, 1969). 

The major Alaska earthquake o f  1964 (March 28, u - t . ) ,  whose main 
ep icen te r  was about 450 mi les  d i s t a n t ,  was f e l t  i n  Skagway. Ground 
motion cons i s t ed  o f  a slow north-south r o l l i n g  motion which l a s t e d  * 
about 5 minutes,  according t o  J .  C .  Lee, U.S. Postmaster (wr i t t en  com- 
mun., 1964; s ee  a l s o  P la fke r  and o t h e r s ,  1969, and Eckel, 1970). Lee 
also r epo r t ed  four  tsunamis o r  o t h e r  abnormal waves, but none were 
damaging ( t a b l e  5 ) .  

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  movement 

A sudden t e c t o n i c  s l ippage  between two p a r t s  of t h e  e a r t h ' s  c r u s t  
i s  be l ieved  t o  be  t h e  cause of most shallow-focus earthquakes. How- 
eve r ,  only i n  some earthquake reg ions  can a c l o s e  p o s i t i v e  r e l a t i o n  be 
e s t ab l i shed  between earthquakes and s p e c i f i c  zones of f a u l t i n g .  Unfor- 
t u n a t e l y ,  i n  southeas te rn  Alaska complete d a t a  on f a u l t s  gene ra l ly  a r e  
lack ing ,  and earthquake ep icen te r s  a r e ,  a t  b e s t ,  loca ted  only t o  wi th in  
10-15 mi les .  Despi te  t h e  l imi ted  da t a ,  t h e r e  appears t o  be a s t rong  
r e l a t i o n  between many earthquakes and c e r t a i n  zones of  f a u l t s  i n  some 
a r e a s  i n  southeas te rn  Alaska. 

S tudies  by Tobin and Sykes (1968) of  earthquake da t a  f o r  t h e  
period 1954-63 i n  southeas te rn  Alaska and ad jacent  a r eas  s t rong ly  sug- 
g e s t  t h a t  a b e l t  of s e i smic i ty  fol lows and de f ines  t h e  Fairweather- 
Queen Char lo t t e  I s lands  f a u l t  system. A s  shown on f i g u r e  16, t h i s  b e l t  
is only roughly apparent ,  because earthquakes p l o t t e d  thereon a l so  
inc lude  events  t h a t  happened both before  and a f t e r  t h e  per iod  of  study 
of  Tobin and Sykes. E a r l i e r  events  are  loca ted  l e s s  accu ra t e ly  and, 
t hus ,  tend t o  d i s t o r t  any d e f i n i t e  l i n e a r  p a t t e r n .  The f a u l t  system 
probably does not  c o n s i s t  o f  a s i n g l e  f a u l t  plane but  r a t h e r  it 
c o n s i s t s  of  a wide zone o f  f a u l t s .  

Surface rup tu re  occurred along onshore p a r t s  of  t h e  Fairweather 
f a u l t  segment o f  t h e  Fairweather-Queen Char lo t t e  I s lands  f a u l t  system 
during t h e  earthquake of J u l y  10, 1958 (designat ion P ,  f i g .  1 6 ) .  The 



maximum movement noted was about 21 112 f e e t  o f  r i g h t - l a t e r a l  s l i p  and 
about 3 1 / 2  f e e t  of  v e r t i c a l  s l i p  ('rocher, 1960, p .  280).  Offshore 
p a r t s  of t h e  Fairweather and Queen Char lo t t e  I s lands  f a u l t  system are 
concealed, but  hypothe t ica l  movements, computed by Tobin and Sykes 
(1968, p .  3840) f o r  t h i s  and two o t h e r  major earthquakes (Oct. 24,  
1927, and Aug. 22, 1949; des igna t ions  H and L ,  r e s p e c t i v e l y ,  f i g .  16) ,  
a l l  i nd i ca t ed  r i g h t - l a t e r a l  s t r i k e - s l i p  motion on a s t e e p l y  dipping 
f a u l t  p lane .  The same type  of  movement probably t akes  p l ace  a t  depth 
during most o t h e r  earthquakes t h a t  occur along t h i s  broad b e l t  o f  
s e i smic i ty .  

The only  o t h e r  su r f ace  f a u l t i n g  repor ted  t o  have occurred i n  
southeas te rn  Alaska was a t  t h e  t ime of  t h e  September 10, 1899, ea r th -  
quake (des igna t ion  C ,  f i g .  16) i n  t h e  v i c i n i t y  of upper Yakutat Bay 
close t o  s t r a n d s  of  what now are c a l l e d  t h e  Fairweather  and Chugach- 
S t .  E l i a s  f a u l t s  (Tarr and Mart in ,  1912). In add i t i on  t o  presumed 
su r f ace  breakage, t h e  land apparent ly  was u p l i f t e d  over a s u b s t a n t i a l  
part of  t h e  same a r e a .  C 

Although t h e r e  a r e  no o t h e r  examples known t o  us where su r f ace  
f a u l t i n g  has occurred during h i s t o r i c  earthquakes i n  southeas te rn  
Alaska and ad jacent  a r e a s ,  s eve ra l  earthquake ep icen te r s  have been 
loca ted  (Nos. 4 ,  5 ,  f i g .  1 2 ;  f i g .  16) along s t r ands  o f  t h e  Shakwak 
v a l l e y  and Chi lka t  River segments o f  t h e  Denali f a u l t  system. I t  i s  
presumed t h a t  t h e s e  earthquakes were caused by movements a t  depth along 
segments o r  branches o f  the  fault: system. The l a t e s t  su r f ace  movement 
along a t  l e a s t  p a r t  o f  t h e  Shakwak v a l l e y  f a u l t  may have been only a 
few hundred years  ago, according t o  Bostock (1952, p .  9 ) .  Along t h e  
Chi lka t  River f a u l t ,  such r ecen t  movements have not  been recognized a t  
t h e  sur face ;  Grantz (1966) noted t h a t  t h e  f a u l t  was a c t i v e  before  mid- 
d l e  T e r t i a r y  t ime.  The Chi lka t  River f a u l t  s t i l l  may be t e c t o n i c a l l y  
a c t i v e ,  however, because numerous small  earthquakes have been f e l t  i n  
t h e  a r e a  ( t a b l e  2 ) ,  and microearthquakes were recorded t h e r e  during a 
shor t - te rm seismologic s tudy by Boucher and F i t ch  (1969). The poss i -  
b i l i t y  of c reep  movement along t h e  Chi lka t  River f a u l t  a l s o  was sug- 
ges ted  by Boucher and F i t c h .  The p o s s i b l e  r e l a t i o n  between g lac io-  
i s o s t a t i c  rebound and f a u l t i n g  i n  t h e  a r ea  i s  considered by Lemke and 
Yehle (1972a). 

No earthquakes have been recorded by instruments  i n  t h e  immediate 
Skagway v i c i n i t y ,  a l though some l o c a l  shocks were f e l t  on December 7 ,  
1920, February 2 1 ,  1 9 2 2 ,  and November 24 ,  1924 ( t a b l e  2 ) .  These shocks 
might be r e l a t e d  t o  minor movement a t  depth along one of  t h e  nearby 
i n f e r r e d  f a u l t s  ( f i g .  15 ) ,  o r  they  may be r e l a t e d  t o  g l a c i o i s o s t a t i c  
rebound i n  t h e  a r e a .  The apparent  l o c a l  na tu re  of t h e  earthquakes i s  
emphasized by t h e  f a c t  t h a t  no records  from Juneau o r  any community 
near  t h e  Chi lka t  River f a u l t  noted these  events ,  

The l a t e s t  su r f ace  f a u l t i n g  a t  Skagway i s  est imated t o  have 
occurred between post-middle T e r t i a r y  time and t h e  l a s t  major 



Quate~rar .y  g l a c i a t i o n .  This  es t imate  i s  based on geologic  a n a l y s i s  by 
o t h e r s  i n  ad jacent  a r eas  p lus  our  own l imi t ed  observat ions near  Skagway, 
which ind ica t ed  t h a t  t h e r e  had been no f a u l t i n g  of  s u x f i c i a l  Quaternary 
d e p o s i t s .  S imi l a r ly ,  t h e r e  i s  no evidence of  f a u l t i n g  o f  Quaternary 
depos i t s  o f f sho re  near  Skagway ( G .  A .  Rusnak, w r i t t e n  comrnun., 1967). 

Assessment of  earthquake p r o b a b i l i t y  
i n  Skagway and v i c i n i t y  

Only a genera l  assessment of earthquake p r o b a b i l i t y  can be made 
f o r  t h e  Skagway a r e a ,  because t h e  b a s i c  d a t a  on se i smic i ty  and on t h e  
t e c t o n i c  framework of southeas te rn  Alaska a r e  so l imi t ed .  Two b a s i c  
types  of  maps have been developed by geo log i s t s ,  se i smologis t s ,  and 
engineers  t o  po r t r ay  t h e  p r o b a b i l i t y  of earthquakes i n  a reg ion .  One 
type  cons iders  only t h e  p r o b a b i l i t y  t h a t  an earthquake might occur 
sometime i n  t h e  f u t u r e ;  t h e  second type  p re sen t s  t h e  expected frequency 
o f  earthquake occurrences during a s p e c i f i e d  f u t u r e  period of t ime. 
Both map types  a r e  based upon t h e  premise t h a t  f u t u r e  earthquakes a r e  * 
most l i k e l y  t o  occur where pas t  ones have occurred.  The longer  t h e  
period o f  record ,  t h e  g r e a t e r  i s  t h e  number o f  earthquakes t h a t  have 
occurred dur ing  t h a t  per iod ,  and hence, t h e  g r e a t e r  i s  t h e  accuracy f o r  
p r e d i c t i n g  t h e  number of f u t u r e  earthquakes i n  a given time. Unfortu- 
na t e ly ,  i n  southeas te rn  Alaska t h e  h i s t o r i c  record i s  sho r t  and t h e  
geologic  and t e c t o n i c  f a c t o r s  needed f o r  eva lua t ion  a r e  only poorly 
known. A s  a r e s u l t ,  t h e  p r o b a b i l i t y  maps descr ibed here  a r e  based 
s o l e l y  on t h e  seismic record of ins t rumenta l ly  loca ted  ear thquakes.  

The Skagway a r e a  i s  included on two examples of t h e  f i r s t  type  of  
earthquake p r o b a b i l i t y  map, o r  those  lacking p red ic t ion  of  t iming.  The 
f i r s t  example i s  t h e  U.S. Army Corps of  Engineers seismic p r o b a b i l i t y  
map ( f i g .  17; Warren George, w r i t t e n  comrnun., 1968, 1971). I t  shows 
Skagway a s  being i n  zone 2 bu t  c l o s e l y  ad jacent  t o  zone 3 .  Based on 
t h i s  map, a maximum probable earthquake o f  about magnitude 6.0 might be 
expected i n  t h e  Skagway a r e a .  The second example i s  the  Uniform 
Building Code map ( f i g .  18; I n t e r n a t .  Conf. Building O f f i c i a l s ,  1970). 
It shows Skagway t o  be on t h e  boundary between zones 1 and 2 .  On t h e  
b a s i s  of t h i s  second map, t h e  maximum probable earthquake expected a t  
Skagway might have an i n t e n s i t y  o f  V I - V I I  (Modified b le rca l l i  s c a l e ) ,  o r  
a magnitude o f  about 5 .5  ( t a b l e  3 ) .  The Uniform Building Code map por- 
t r a y a l  of  t h e  Skagway a r e a  i s  i d e n t i c a l  t o  t h e  seismic p r o b a b i l i t y  maps 
shown i n  pub l i ca t ions  by t h e  U.S. Departments of  t h e  Army, Navy, and 
A i r  Force (1966), and by Johnson and Hartman (1969), and i n  Alaska 
Indus t ry  (1970). 

Skagway i s  shown on t h r e e  examples of t h e  second, o r  frequency, 
type  of  earthquake p r o b a b i l i t y  map. One example shows seismic energy 
i n  s t r a i n  r e l e a s e  per u n i t  a r e a  per  100 years  ( f i g .  19; Milne, 1967). 
For t h e  Skagway a rea ,  it i n d i c a t e s  t h a t  a s i n g l e  earthquake o f  magni- 
tude  6 .2 ,  o r  about e i g h t  earthquakes of  magnitude 5,  could account fo r  
t h e  r e l e a s e  of  a l l  t h e  seismic energy. A second example ( f i g .  20) 





ZONE 1 - Minor damage: d i s t a n t  earthquakes may cause 
damage t o  structures w i t h  fundamental periods 
greater than l.0second; corresponds t o  inten- 
s i t i e s  V and V I  of 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 t o  i n t e n s i t y  V I I I  
and higher of the MM* Scale 

*Modified M e r c a l l i  I n t e n s i t y  Scale o f  1931 

Figure 18. Seismic zone map of  Alaska. Modified from 
the 1970 edit ion of the Uniform Building Code 
(International Conference of Building Officials, 
1970). 



Table 3.--Approximate r e l a t i o n s  between earthquake magnitude, energy, ground 
acce l e ra t ion ,  a c c e l e r a t i o n  i n  r e l a t i o n  t o  g r a v i t y ,  and i n t e n s i t y  (modified 
from U.S. Atomic Energy Commission, 1963) 

1 a3 

1 a /g4  1 
:5 

.---- 
Detected only hy s e n s i t i v e  instruments  

I ."- --- 
F e l t  by a few persons a t  r e s t ,  e s p e c i a l l y  

I I on upper f l o o r s ;  d c l i c a t c  suspended 
o b j e c t s  may swing 

F e l t  no t i ceab ly  indoors ,  but not  always 
,005g I I I  recognized a s  a quake; s tanding au tos  rock 

s l i g h t l y ,  v i b r a t i o n  l i k e  passing t ruck  

Fe l t  indoors by many, outdoors by a  few; a t  
n igh t  some awaken; d i shes ,  windows, doors 
d i s tu rbed ;  motor c a r s  rock no t i ceab ly  

F e l t  by most people; some breakage o f  d i shes ,  
V windows, and p l a s t e r ;  d i s turbance  of t a l l  

o b i e c t s  

t 5 0  t.OSg 1 V I  
F e l t  by  a l l ;  many f r igh tened  and run out -  " 

doors;  f a l l i n g  p l a s t e r  and chimneys; 
damage small -- 

Everybody runs outdoors;  damage t o  bui ld ings  
v a r i e s ,  depending on q u a l i t y  of  construc-  
t i o n ;  no t iced  by d r i v e r s  of c a r s  

I ! Panel wal l s  thrown out  of frames; f a l l  o f  
---- 

I- 1- ( V I  I I wa l l s ,  monuments, chimneys; sand and mud 
e j e c t e d ;  d r i v e r s  of  au tos  d i s tu rbed  

Buildings s h i f t e d  o f f  foundat ions,  cracked, 
thrown out  o f  plumb; ground cracked; under- 
ground pipes broken --- 

Most masonry and frame s t r u c t u r e s  destroyed;  
ground cracked; r a i l s  bent ;  l ands l ides  

I I 1 Few s t r u c t u r e s  remain s tanding;  br idges 
X 1 destroyed;  f i s s u r e s  i n  ground; pipes 

broken; l ands l ides ;  r a i l s  bent 

Damage t o t a l ;  waves secn on ground sur face ;  
XI1 l i n e s  of  s i g h t  and l e v e l  d i s t o r t e d ;  ob jec t s  

thrown up i n t o  a i r  

These r e l a t i o n s  u n t i l  1971 bel ieved app l i cab le  f a i r l y  well  i n  southern C a l i f .  
where average foca l  depth of  earthquakes has been about 10 m i .  ( see Gutenberg 
and Kichter ,  1956; Hodgson, 1966).  However, r e v i s i o n s  may be necessary because 
of  except iona l ly  high acce l e ra t ions ,  a s  much as 1 g ,  during t h e  San Fernando, 
C a l i f . ,  earthquake of Feb. 9 ,  1971 (magnitude 6 .6)  (Maley and Cloud, 1971). 

lb l ,  magnitude s c a l e ,  according t o  Richter  (1958). 2 ~ ,  energy, i n  e rgs .  
3a,  ground a c c e l e r a t i o n ,  i n  cent imeters  per  second2. 4a /g ,  ground acce l e ra t ion  
as a  percent  of  acce l e ra t ion  o f  g r a v i t y  (about 981 cps2 o r  about 3 2 . 2  f p s 2 ,  
adopted a s  a s tandard  by t h e  In t e rna t iona l  Committee on Weights and Measures). 
5 ~ ,  Modified Merca l l i  i n t e n s i t y  s c a l e  (abridged from Wood and Neumann, 1931) , 
complete desc r ip t ion  givcn i n  Richter  (1958). 
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Figure 19.--Strain-release map of seismic energy 1898-1960, 
inclusive, i n  southeastern Alaska and part of adjacent 
Canada with explanation showing interpreted frequency 
of energy release. Modified from Milne (1967). 



EXPUNATION FOB FIGURE 19 

m~ Energy Interpreted frequency Interpreted 
contwr lmml par I00 prr of certain magni tudo 
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H 5  H 6  M 7  U 8  per 100 yrm 

h e r g p  lrv.1, .train-ralcase (Benioff, 1951) &it hsrr defined 
in term of energy of 8 magnitude 5 earthquake (10 1.5CM-5)/2 ) per area 
(10' h?) bared on earthquakee 189&1960 inclusive, extended to  a 200- 

year base. 

&A one-unit increaee i n  magnitude i r  about a 30-fold increme in 
energp release and a trao-unit incrsaers i a  a 900-fold increaee 
(S teinbruggs, 1968) . 

*orthem area of contour 6 hss  a maximum energy of 700 atrain- 
releaee uoit6; mouthern area of contour 6 ham 236 u n i t s .  Contours 7, 
8, end 9 are not shown on map; tabular data for 7, 8, and 9 hsve been 
extended by the writere. 
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Figure 2O.&-One-hundred-year probability map showing peak earthquaka 
accelerations for southeastern Alaeka and part of adjacent Canada. 
Modified from Milne and Davenport (1969).  Based upon earthquaka 
etrain release from 1898-1960 (extended to a 100-year interval)  ss 
Interpreted by an extreme-value method and wing data from all 
instrumented earthquakee. For comparison of method, another 
interpretation i a  offered through an average-value method (dotted 
contour on map) which uses only earthquakea having an acceleration 
of 10 percent gravity. 



shows probable peak a c c e l e r a t i o n  o f  earthquakes pe r  u n i t  a r e a  pe r  
100 years  (Milne and Davenport, 1969).  I t  i n d i c a t e s  t h a t  a peak ea r th -  
quake a c c e l e r a t i o n  of  30 percent  g r a v i t y  (magnitude about 6 .7 ,  t a b l e  3) 
might be  expected a t  Skagway. The t h i r d  example i s  a gene ra l i za t ion  
of a c c e l e r a t i o n  d a t a  shown on f i g u r e  20 p l u s  equiva len t  d a t a  f o r  o t h e r  
a r e a s  o f  Canada and c o n s t i t u t e s  t h e  seismic zone map o f  Canada (Natl .  
Research Council Canada, 1970).  The map as descr ibed by Hasegawa 
(1971, p .  14) p l aces  t h e  Skagway a rea  i n  zone 3 (Canada). Ferahian 
(1970, p .  590) no te s  t h a t ,  i n  l i e u  o f  more r e l i a b l e  da t a ,  a major 
earthquake i n  zone 3 (Canada) i s  est imated t o  have a maximum i n t e n s i t y  
o f  VIII-IX and a ho r i zon ta l  ground a c c e l e r a t i o n  of  50 percent  g r a v i t y  
(magnitude about 7 ,  t a b l e  3 ) .  

Only genera l  agreement, t h e r e f o r e ,  e x i s t s  between va lues  given by 
t h e  d i f f e r e n t  seismic p r o b a b i l i t y  maps, p r i n c i p a l l y  because of  varying 
procedures used t o  analyze t h e  r a t h e r  l imi t ed  amounts of a v a i l a b l e  
earthquake d a t a .  None of  t h e s e  maps, however, inc ludes  any considera-  
t i o n  of e i t h e r  t h e  r eg iona l  geologic  s e t t i n g  o r  the  cu r ren t  t e c t o n i c  
a c t i v i t y .  More confidence could be placed i n  t h e  earthquake probabi l -  
i t y  maps i f  t h e s e  f a c t o r s  were considered.  Spec i f i c  f a c t o r s  t h a t  have * 
proved important i n  the  eva lua t ion  of  earthquake p r o b a b i l i t i e s  e l s e -  
where inc lude :  (1) t h e  p o s s i b i l i t y  t h a t  f a u l t s  long i n a c t i v e  suddenly 
may become r e a c t i v a t e d ;  (2)  t h a t  f a u l t s  a c t i v e  during Ple i s tocene  and 
e a r l y  Holocene t ime,  but  i n a c t i v e  during most o f  h i s t o r i c a l  t ime,  sud- 
denly may become r e a c t i v a t e d ;  (3)  t h a t  c e r t a i n  p re sen t ly  i n a c t i v e  f a u l t  
segments of  otherwise a c t i v e  f a u l t  systems can be expected t o  become 
a c t i v e  aga in  i n  t h e  f u t u r e ;  (4) t h a t  t h e  occurrence o f  small  ea r th -  
quakes i s  not  n e c e s s a r i l y  an i n d i c a t i o n  of  where l a rge  earthquakes w i l l  
occur ,  o r  v i ce  ve r sa ;  and (5) t h a t  l a r g e  earthquakes occas iona l ly  may 
occur  i n  a r eas  where t h e r e  i s  l i t t l e  o r  no record of s e i s m i c i t y  o r  of 
obvious t e c t o n i c  s t r u c t u r e  t h a t  would i n d i c a t e  t h e  l i ke l ihood  o f - s u c h  
a l a r g e  earthquake. These f i v e  po in t s  a r e  discussed i n  our  reg iona l  
r epo r t  (Lemke and Yehle, 1972b) along with a number of  earthquake 
examples from o t h e r  p a r t s  o f  t h e  world t o  i l l u s t r a t e  t h e  p o i n t s ,  

In summary, it is  poss ib l e  t o  g ive  only  a general ized assessment 
o f  earthquake p r o b a b i l i t y  a t  Skagway. From t h e  a v a i l a b l e  seismic 
p r o b a b i l i t y  maps, der ived from instrumented earthquake d a t a ,  it appears 
t h a t  an earthquake of a t  l e a s t  magnitude 6 may occur a t  o r  i n  t h e  
v i c i n i t y  of Skagway sometime i n  t h e  f u t u r e .  But, i f  t h e  a v a i l a b l e  d a t a  
on geologic  s t r u c t u r e  and probable t e c t o n i c  a c t i v i t y  of ad jacent  a r eas  
a l s o  a r e  considered,  it i s  concluded t h a t  an  earthquake o f  magnitude 7 
might occur .  In add i t i on ,  it i s  concluded t h a t  earthquakes o f  magni- 
tude  about 8 w i l l  occur again somewhere t o  t h e  southwest,  west and 
northwest of  t h e  c i t y ,  on o r  near  t h e  Queen Char lo t t e  I s lands ,  Fa i r -  
weather,  and Chugach-St. E l i a s  f a u l t s  ( f i g .  11 ) .  The nea re s t  p a r t s  o f  
these f a u l t s  are a minimum o f  about 100 mi les  from Skagway. Despi te  a 
decrease i n  energy o f  an earthquake with d i s t ance  from i t s  po in t  of 
o r i g i n ,  e s p e c i a l l y  ac ros s  s t r u c t u r a l  t r ends ,  t h e  p o t e n t i a l  f o r  damage 
a t  Skagway from t h e  longer per iod  motions o f  t h e s e  earthquakes i s  
important t o  cons ider .  Infer red  geologic  e f f e c t s  of  f u t u r e  earthquakes 
a t  Skagway a r e  d e t a i l e d  i n  t h e  following s e c t i o n .  



INFERRED EFFECTS FROM FUTURE EARTHQUAKES 

The fol lowing d i scuss ion  and eva lua t ion  o f  t h e  geologic  e f f e c t s  of 
p o s s i b l e  f u t u r e  l a r g e  ear thquakes i n  t h e  Skagway a rea  i s  based on the 
assumption t h a t  an earthquake o f  a t  least  magnitude 6 w i l l  occur  some- 
time i n  t h e  nea r  f u t u r e .  Poss ib le  e f f e c t s  inc lude  su r f ace  f a u l t i n g ,  
t e c t o n i c  u p l i f t ,  o r  subsidence; ground shaking; compaction and l i que -  
f a c t i o n  o f  sediments;  water-sediment e j e c t i o n ;  subae r i a l  and subaqueous 
s l i d i n g ;  changes t o  g l a c i e r s ,  t o  ground water ,  and t o  streams; and t h e  
poss ib l e  e f f e c t s  o f  abnormal, earthquake-induced water waves. Because 
a  knowledge of t h e s e  e f f e c t s  a t  Skagway cannot be determined from p a s t  
ear thquakes,  our  eva lua t ions  a r e  based on t h e  phys ica l  s e t t i n g  and 
types  o f  geologic  m a t e r i a l s  a t  Skagway compared t o  t h e  responses during 
l a r g e  earthquakes o f  s i m i l a r  m a t e r i a l s  under s i m i l a r  condi t ions  e l s e -  
where. Descr ip t ions  o f  some o f  t h e s e  l a r g e  ear thquakes,  and t h e  
responses of  ma te r i a l s  dur ing  t h e  earthquakes a r e  given i n  our  reg iona l  
r e p o r t  (Lemke and Yehle, 1972b). 

Surface displacement along f a u l t s  and 
o t h e r  t e c t o n i c  land- leve l  changes 

Surface displacement along f a u l t s  dur ing  earthquakes i s  r a r e  
because movements u s u a l l y  occur only a t  cons iderable  depth.  In  south- 
e a s t e r n  Alaska, su r f ace  displacement along f a u l t s  i s  known t o  have 
occurred only  dur ing  a  few earthquakes.  Other t e c t o n i c  land- leve l  
changes, such a s  sudden u p l i f t  o r  subsidence, a l s o  have occurred only 
r a r e l y  dur ing  h i s t o r i c  ear thquakes.  

Active su r f ace  f a u l t s  have no t  been i d e n t i f i e d  a t  Skagway. How- 
ever ,  numerous f a u l t s  i n  t h e  Skagway a r e a  a r e  i n f e r r e d  t o  u n d e r l i e  
f i o r d s ,  l akes ,  and s u r f i c i a l  d e p o s i t s .  These f a u l t s  a r e  descr ibed  
under t tS t ruc tu re . t t  A sudden o f f s e t  a t  t h e  su r f ace  of s eve ra l  inches t o  
s eve ra l  f e e t  occurr ing  along any of  t h e  i n f e r r e d  f a u l t s  would damage 
manmade s t r u c t u r e s  s t r a d d l i n g  t h e  f a u l t s .  Surface displacement along 
t h e  i n f e r r e d  lower Skagway v a l l e y  f a u l t  might damage some bu i ld ings ,  
b r idges ,  p i p e l i n e s ,  and f i l l s  b u i l t  d i r e c t l y  ac ros s  t h e  f a u l t s .  Sur- 
face displacement along o t h e r  major i n f e r r e d  f a u l t s  would be much l e s s  
damaging because only  a  few manmade f e a t u r e s  e x i s t  near  them. I t  
should be re-emphasized t h a t  t h e  zones o f  major f a u l t s  near  Skagway a r e  
genera l ized  only  and t h a t  no ind iv idua l  f a u l t s  have been i d e n t i f i e d  a s  
y e t  wi th in  these  zones. 

Sudden t e c t o n i c  u p l i f t  o f  a few inches a t  Skagway would n o t  seri-  
ous ly  a f f e c t  t h e  c i t y ,  bu t  an u p l i f t  o f  s eve ra l  f e e t  would g r e a t l y  
a f f e c t  it. Ef fec t s  of such an u p l i f t  would include increased  eros ion  
by t h e  Skagway River ,  shoa l ing  o f  t h e  harbor ,  and o t h e r  problems along 
t h e  water f ront  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 s h i p  between he ight  
of land and water .  Most o f  t hese  problems could be  overcome by 
s t rengthening  o f  d ikes ,  harbor  dredging,  and r econs t ruc t ion  o f  harbor 
f a c i l i t i e s .  



A t e c t o n i c  subsidence o f  10 f e e t  would s i g n i f i c a n t l y  a f f e c t  har- 
bor  f a c i l i t i e s  and t h e  seaward p a r t  o f  t h e  c i t y .  I t  would r e q u i r e  
ex tens ive  add i t i ons  t o  f i l l s ,  r ebu i ld ing  o f  harbor  s t r u c t u r e s ,  moving 
of bu i ld ings  and r a i l r o a d s ,  and replacement o f  wa te r l i nes  and sewer- 
l i n e s .  The 20-foot mean sea- leve l  contour i n t exva l ,  as shown on f ig -  
u r e  4 ,  i l l u s t r a t e s  t h e  amount o f  land t h a t  would be inundated a t  mean 
h ighe r  h igh  water ,  i f  a submergence o f  about 10 f e e t  occurred.  

Ground shaking 

Most o f  t h e  damage t o  manmade s t r u c t u r e s  during major earthquakes 
i s  caused by t h e  shaking o f  t h e  ground. The i n t e n s i t y  o f  ground 
shaking a t  any poin t  depends on many v a r i a b l e s ,  including:  earthquake 
magnitude; d i s t a n c e  from t h e  o r i g i n  po in t ;  a c c e l e r a t i o n ,  pe r iod ,  dura- 
t i o n  and amplitude o f  seismic waves; na tu re  o f  geologic  m a t e r i a l s ;  
geologic  s t r u c t u r e ;  topography; and he ight  o f  ground-water t a b l e  
(Barosh, 1969, p. 7 ) .  The v a r i a b l e  most respons ib le  fo r  t h e  range of 
shaking a t  any e p i c e n t r a l  d i s t a n c e  i s  t h e  type  of ground. Therefore,  
we w i l l  concent ra te  ou r  d i scuss ion  and eva lua t ion  of s t rong  ground 

1 

shaking a t  Skagway and v i c i n i t y  on t h e  i n f e r r e d  response of t h e  mapped 
geologic  u n i t s  and o f  t h e  ma te r i a l s  o f  which they  a r e  composed. 

S tudies  by geo log i s t s  and earthquake engineers  o f  t h e  e f f e c t s  o f  
many l a r g e  earthquakes throughout t h e  world have made it apparent  t h a t  
many of t h e s e  e f f e c t s  a r e  due t o  d i f f e r e n c e s  i n  t h e  degree o f  ground 
shaking because of  d i f f e r e n t  types of geologic  m a t e r i a l s .  It has been 
well  documented, a s  shown i n  t a b l e  4 ,  t h a t  earthquake shaking i s  great- 
e r  on geologic  ma te r i a l s  t h a t  are loose ,  s o f t ,  unconsol idated,  f i n e  
grained,  and water s a t u r a t e d ;  conversely,  shaking i s  much l e s s  on 
ma te r i a l s  t h a t  are  hard ,  f i rm,  and unf rac tured ,  such as many kinds o f  
bedrock. 

The ind iv idua l  responses o f  geologic  map u n i t s  ( f i g .  5) t o  seismic 
shaking have not  been s tud ied  a t  Skagway and v i c i n i t y .  Nevertheless ,  
l imi t ed  observa t ions  on t h e  physical  c h a r a c t e r i s t i c s  of geologic  mate- 
r i a l s  permit development o f  a th ree fo ld  c l a s s i f i c a t i o n  o f  t h e  probable 
responses of geologic  map u n i t s  t o  ground shaking. These a r e :  ca te -  
gory 1, s t r o n g e s t  expectable shaking; ca tegory  2 ,  in te rmedia te  expect- 
a b l e  shaking; and category 3, l e a s t  expectable  shaking. The t e n t a t i v e  
placement o f  geologic  map u n i t s  wi th in  t h e s e  ca t egor i e s  i s  a s  follows: 

Category 1: s t ronges t  expectable  shaking 
A .  Manmade f i l l  ( Q f )  
B. De l t a i c  depos i t s  o f  t h e  i n t e r t i d a l  zone ( Q i )  
C .  A l luv ia l  depos i t s  o f  t h e  Skagway River (Qam and Qat) 
D .  Al luvia l  fan  depos i t s  (Qaf) (pa r t  of u n i t )  
E. Col luvia l  depos i t s  (Qca and Qci) 
F.  Beach depos i t s  (Qb) 



Table 4.--Relat ive values of earthquake i n t e n s i t y ,  acce lera t ion ,  

o r  amplitude on d i f f e r e n t  geologic  ma te r i a l s  

Value versus geologic  ma te r i a l  

As much a s  10-15 times g r e a t e r  accelera- 
t i o n  f o r  unconsolidated s o i l  than 
basement rock 

2 1/2 t imes g r e a t e r  amplitude f o r  t e r -  
r ace  alluvium than fox weathered 
g r a n i t i c  bedrock 

May be 10 times greater amplitude f o r  
water -sa tura ted  s o f t  ground than f o r  
g r a n i t i c  bedrock 

If  amplitude f o r  rock i s  1 u n i t ,  dry 
sand is about 3 1/2 u n i t s  and marshy* 
land i s  1 2  uniks 

2-3 u n i t s 1  g r e a t e r  f o r  Quaternary a l l u -  
vium, t e r r a c e s ,  and dunes than  f o r  
igneous rocks 

A s  much as 2 u n i t s 1  g r e a t e r  f o r  very 
poor ma te r i a l  than f o r  igneous bedrock 

1 .6 -2 .4  u n i t 2  i nc rease  f o r  r a t h e r  t h i ck -  
bedded (>32  1 / 2  f t )  unconsolidated 
depos i t s ;  water t a b l e  a t  depth of 
~ 1 6  1 /4  f t  but  no t  a t  ground su r f ace  

1.6-2.8 u n i t 2  i nc rease  f o r  l e s s  t h i c k l y  
bedded (16 1/4-32 1/2 f t )  unconsoli-  
da ted  depos i t s ;  water t a b l e  wi th in  
9 3/4 f t  o f  ground su r f ace  

2 . 3 - 3 . 0  u n i t 2  increase nea r  contacts be- 
tween thin-bedded (<16 1/4 f t )  uncon- 
s o l i d a t e d  depos i t s  and o t h e r  geologic  
materials of  d i s s i m i l a r  phys ica l  

Reference 

Neumann and Cloud, 
1955, p. 205 

Gut enberg and 
Richter ,  1956, 
p. 111 

Gutenberg, 1957, 
p. 221 

Gutenberg, 1957, 
p .  222 

Rich te r ,  1959, 
p.  135 

Milne, 1966, 
p. 11-52 

Modified from 
Barosh, 1969, 
p. 87, no. 8 

Modified from 
Barosh, 1969, 
p. 87,  no. 9 

Modified from 
Barosh, 1969, 
p. 87,  no. 11 

p r o p e r t i e s ,  e s p e c i a l l y  d e n s i t y  

Modified from --do-- 2 . 0 - 3 . 9  u n i t 2  i nc rease  f o r  loose  uncon- 
Barosh, 1969, s o l i d a t e d  depos i t s  over ly ing  bedrock 
p. 89, no. 14  on s t e e p  slopes 

Modified from --do-- 2 . 3 - 3 . 9  u n i t 2  i nc rease  f o r  muddy and 
Barosh, 1969, sandy unconsolidated depos i t s  c lo se  
p. 88, no. 1 2  t o  rivers and lakes ;  water  t a b l e  a t  

ground su r f ace  

Local i ty  

General 

Los 
Angeles , 
Calif .  

General 

--do-- 

Los 
Angeles, 
Ca l i f .  

General 

U.S.S.R. 

--do-- 

- -do-- 



Table 4.--Relat ive values of earthquake i n t e n s i t y ,  acce lera t ion ,  

o r  amplitude on d i f f e r e n t  geologic  materials--Continued 

l ~ o d i f i e d  Merca l l i  earthquake i n t e n s i t y  s c a l e  (see t a b l e  3 ) .  

2~ .s.s.R. GEOFIAN seismic i n t e n s i t y  s c a l e  which somewhat equals  t h e  
Modified Merca l l i  s c a l e  (Barosh, 1969, p .  7 ) .  ( Increases  i n  i n t e n s i t y  a r e  
added t o  the  i n t e n s i t y  of g r a n i t e . )  

Value versus geologic  ma te r i a l  

2 . 3 - 3 . 9  u n i t 2  increase  f o r  unconsolidated 
depos i t s  with  high organic  content ,  
p e a t ,  muskeg; water t a b l e  a t  ground 
su r f ace  

2.3-3.9 u n i t 2  i nc rease  f o r  manmade f i l l ;  
g r e a t e s t  i n t e n s i t y  i nc rease  where loose 
and water t a b l e  very near  ground 
su r f  ace 

2 .0-3 .9  u n i t 2  i nc rease  f o r  colluvium and 
some l ands l ides ;  g r e a t e s t  i n t e n s i t y  
increase  near  t o e  and head of  s l i d e s  

, 
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Category 2 :  in te rmedia te  expectable  shaking 
A .  Al luv ia l  f an  depos i t s  (Qaf) (pa r t  o f  u n i t )  
0 .  D r i f t  depos i t s  (Qd) 

Category 3 :  l e a s t  expectable  shaking 
I n t r u s i v e  rocks (KJi) 

The above ca t egor i e s  and placement o f  geologic  map u n i t s  a r e  
genera l ized .  Local ly,  shaking may be much s t ronge r  o r  weaker because 
of  modif icat ion o f  earthquake energy waves by s e l e c t i v e  focusing,  
r e f l e c t i o n ,  o r  r e f r a c t i o n  o f  t h e  waves. Such modi f ica t ions  may be t h e  
reason f o r  t h e  h igher  than  expected ground shaking o f t e n  repor ted  i n  
a l l u v i a l  depos i t s  ad jacent  t o  bedrock (Richter ,  1959, p .  137) .  Modifi- 
c a t i o n  o f  seismic waves may have occurred during t h e  earthquake o f  Sep- 
tember 4 ,  1899, when shaking on a l l u v i a l  depos i t s  a t  Skagway was nor th-  
south i n  c o n t r a s t  t o  t h e  lower Taiya v a l l e y ,  2 1 /2  miles northwest,  
where shaking was east-west  (Tarr and Martin,  1912, p. 73, 74) .  

In o rde r  t o  t r a n s l a t e  these ca t egor i e s  of expectable  ground shak- 
i n g  i n t o  equiva len t  terms of expectable  damage t o  manmade s t r u c t u r e s ,  
c e r t a i n  b a s i c  assumptions must be made; namely, t h a t  e s s e n t i a l l y  iden- ' 
t i c a l  s t r u c t u r e s  a r e  being compared, and t h a t  t hese  s t r u c t u r e s  a r e  well 
b u i l t  and conform t o  s tandard  bu i ld ing  codes and p r a c t i c e s .  

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

Manmade f i l l  (Qf).--Numerous examples throughout t h e  world a t t e s t  
t o  t h e  much g r e a t e r  s e v e r i t y  of  earthquake shaking o f  manmade f i l l s  
r e l a t i v e  t o  o t h e r  geologic  ma te r i a l s  ( ~ u k e ,  1 9 5 8 ; - ~ i c h t e r ,  1958; 
Barozzi and Lemke, 1966). The phys ica l  cha rac t e r  of  most f i l l  i s  con- 
ducive t o  development o f  s t rong  ground shaking because t h e  f i1 . l  gener- 
a l l y  i s  l oose ,  and water saturated. F i l l s  dominantly of  r e f u s e  a r e  
e s p e c i a l l y  s u b j e c t  t o  s t rong  shaking, whereas e a r t h  f i l l s  t h a t  a r e  well  
compacted during emplacement w i l l  shake s u b s t a n t i a l l y  l e s s .  

The p r i n c i p a l  a r eas  of  manmade f i l l  a t  Skagway axe near  t h e  har-  
bor ,  a long t h e  Skagway River ,  and a t  s c a t t e r e d  loca t ions  elsewhere on 
t h e  f l o o r  o f  lower Skagway v a l l e y .  Except f o r  t h e  c i t y  dump, most f i l l  
(Qf) gene ra l ly  i s  composed o f  r e l a t i v e l y  loose  mixtures of  g rave l ,  
sand, cobbles ,  and some boulders .  The two l a r g e s t  f i l l s  a r e  t h e  ore-  
handl ing te rmina l  and the Alaska f e r r y  te rmina l ;  both probably would be 
s t rong ly  shaken during a major earthquake. Emplacement of the  o r e  
te rmina l  f i l l  was by hydraul ick ing .  Poor compaction of  t h e  f e r r y  t e r -  
minal  fill was noted by Munson (1961, p. 5 ) .  Both f i l l s  were der ived  
from and o v e r l i e  s a t u r a t e d  d e l t a i c  depos i t s .  This  underlying u n i t  ( Q i )  
undoubtedly a l s o  would shake seve re ly  dur ing  a major ear thquake.  Other 
earthquake e f f e c t s ,  e s p e c i a l l y  s l i d i n g  o f  t h e  d e l t a  f r o n t  (descr ibed i n  
t h e  next  s e c t i o n ) ,  may cause even g r e a t e r  damage t o  t h e  f i l l s  than  
ground shaking. 



Strong shaking a l s o  would occur  i n  o t h e r  a r e a s  under la in  by f i l l ,  
such a s  t h e  c i t y  dump, t h e  v i c i n i t y  of  F i r s t  Avenue, and between 
Spring S t r e e t  and t h e  southeas t  s i d e  of  Skagway va l l ey .  Local ly,  
t hese  f i l l s  may conta in  s i z a b l e  amounts of  r e f u s e  o r  organic  ma te r i a l .  
The Spring S t r e e t  a r ea  appears  t o  have a  h igh  ground-water t a b l e ,  
which would tend t o  i nc rease  t h e  s e v e r i t y  of ground shaking dur ing  a 
major earthquake. 

The Skagway Airport  f i l l  probably a l s o  would experience s t rong  
ground shaking, although it should not  be a s  severe  a s  f o r  t hose  f i l l s  
c l o s e r  t o  t h e  sho re l ine .  The ground-water t a b l e  i s  lower a t  t h e  a i r -  
p o r t ,  t h e  underlying geologic  ma te r i a l s  a r e  coa r se r ,  and t h e  f i l l  i s  
o l d e r  and probably more compact. 

Riprap, which forms t h e  face  of  d ikes  along t h e  Skagway River,  
harbor f i l l s ,  and t h e  breakwater f o r  t h e  small-boat harbor ,  a l s o  would 
be shaken s t rong ly .  Seve r i ty  o f  t h e  motion would l a r g e l y  depend upon 
motion o f  t h e  underlying geologic  ma te r i a l s .  

Small a r e a s  and long l i n e a r  a r e a s  of  f i l l  a l s o  probably would be 
* 

s t rong ly  shaken. A l l  small  f i l l  o v e r l i e s  loose a l l u v i a l  d e p o s i t s  on 
t h e  f l o o r  o f  lower Skagway v a l l e y .  The ground-water t a b l e  i n  t h e s e  
depos i t s  gene ra l ly  i s  shallow o r  a t  t h e  su r f ace .  

De l t a i c  depos i t s  o f  t h e  i n t e r t i d a l  zone (Qi) . - -Del taic  depos i t s ,  
l i k e  a l l u v i a l  d e p o s i t s ,  a l s o  a r e  sub jec t  t o  s t rong  shaking during major 
ear thquakes ( table  4 ) .  In  a phys ica i  s e t t i n g  such a s  a t  skagway; how- 
ever ,  s l i d i n g  of t h e  d e l t a  f r o n t  may be t h e  most important f a c t o r  i n  
cons ider ing  t h e  o v e r a l l  earthquake hazard t o  s t r u c t u r e s  t h a t  a r e  b u i l t  
on t h e  top of t h e  Skagway River de l t a .  

The upper p a r t  o f  t h e  d e l t a i c  depos i t s ,  which a r e  exposed a t  mean 
lower low water ,  c o n s i s t s  mostly of  sandy g rave l ,  g r ave l ly  sand, and 
cobbles .  These ma te r i a l s  a r e  s a t u r a t e d  and commonly loose .  A t  depths 
averaging 30 f e e t ,  t h e  depos i t s  a r e  under la in  by somewhat f i n e r  grained 
ma te r i a l  cons i s t i ng  of sand o r  sand and some f i n e  g rave l .  Below them 
a r e  beds o f  g rave l ly  sand o r  sand and g rave l .  Total  t h i ckness  of 
unconsol idated depos i t s  near  F i r s t  Avenue, t h e  former inland l i m i t  of 
t h e  depos i t ,  i s  i n t e r p r e t e d  t o  be 585 f e e t  ( f i g .  8 ) .  A l l  t h e  f a c t o r s  
probably would con t r ibu te  t o  i nc reas ing  t h e  degree of  shaking. 

Massive a r e a s  of  f i l l  o v e r l i e  a l a r g e  p a r t  of t h e  d e l t a i c  depos i t s  
seaward from t h e  h igher  high wa te r l i ne  of  1897 ( f i g .  5 ) .  In add i t i on  
t o  t h e  weight of t h e  f i l l s  themselves,  p i l e s  o f  o r e  and a  few l a r g e  o i l  
t anks  load t h e  d e l t a  t op .  Some compaction of d e l t a i c  depos i t s  has  
t h e r e f o r e  taken p l ace  beneath t h e  l a r g e s t  f i l l s .  I t  has  been suggested 
(C.  L .  Sainsbury, U.S. Geol. Survey, o r a l  commun., 1967) t h a t  compac- 
t i o n  of t h i s  type  might r e s t r i c t  ground-water flow and r a i s e  t h e  water 
t a b l e  upval ley from t h e  ore-handling and f e r r y  t e rmina l s .  Regardless 
of  t h e  amount of compaction o r  poss ib l e  changes i n  t h e  ground-water 



regime, it i s  bel ieved t h a t  s t rong shaking and buildup o f  pore pres- 
sures  might occur during a major earthquake, which could buoy d e l t a i c  
deposi t s .  Excess pore pressures and buoyancy of sediments have caused 
l iquefac t ion  and s l i d i n g  of d e l t a i c  deposi t s  and manmade s t r u c t u r e s  
elsewhere (Terzaghi, 1956, p. 2 2 ) .  

Al luvia l  deposi t s  o f  the  Skagway River (Qam and Qat),--Most of  t h e  
c i t y  of Skagway is b u i l t  on t e r r a c e  a l l u v i a l  deposi t s  (Qat) of  t h e  
Skagway River. P ie r s  and abutments o f  the  highway bridge a r e  t h e  only 
s t r u c t u r e s  b u i l t  on the  modern f lood-plain a l l u v i a l  deposi t s  (Qam); 
however, northeast  of the  map area  t h e  r a i l road  embankment and p ipel ine  
occupy t h e  margin of t h e  modern flood p l a i n .  

Any major earthquake a f f e c t i n g  Skagway probably w i l l  cause strong 
ground shaking i n  t h e  underlying a l l u v i a l  deposi t s ,  owing t o  t h e  loose- 
ness of  t h e  deposi t s  and t h e  high water t a b l e .  I t  can be an t i c ipa ted  
t h a t  nearby large  earthquakes w i l l  r e s u l t  i n  more damage than occurred 
during the  d i s t a n t  l a rge  earthquakes of  September 1899. These were t h e  
only earthquakes f e l t  a t  Skagway f o r  which e f f e c t s  have been described 
i n  some d e t a i l .  This account, by Tarr  and Martin [1912), notes  tha t  * 
t he  predominant form o f  movement during the  earthquakes of September 4 
and 10, 1899, was rocking, which resembled waves on the  sea and which 
caused l a rge  frame buildings t o  sway. Similar  motion was described by 
them a t  t h e  former town o f  Dyea, 2 1/2 miles northwest of Skagway, 
which a l s o  was s i t u a t e d  on a l l u v i a l  deposi t s .  In addi t ion ,  6-inch-wide 
cracks formed i n  t h e  alluvium a t  Dyea (Parnell ,  1970, p. 9 ) .  

Strongest shaking probably w i l l  be experienced i n  a l l u v i a l  depos- 
i t s  c lose  t o  s t eep  va l l ey  margins o f  bedrock. Neuman (1954, p. 74) 
i nd ica tes  t h a t  an increase  i n  accelera t ion  may occur where earthquake 
v ib ra t ions  pass from i n t r u s i v e  p lu tonic  rocks i n t o  more e a s i l y  vibrated 
mater ia ls - - l ike  alluvium. Other local  increases o r  decreases i n  sever- 
i t y  of  ground shaking on t h e  Skagway va l l ey  f l o o r  could r e s u l t  from 
modifications o f  seismic energy waves due t o  (1) discontinuous, some- 
what compact beds within the  a l l u v i a l  deposi t s ,  (2) change i n  gra in  
s i z e  a t  a depth o f  about 25 feet t o  sand and some f i n e  gravel ,  and (3) 
var ia t ions  i n  the  depth t o  more compact g l a c i a l  and glaciomarine depos- 
i t s ,  t e n t a t i v e l y  in te rp re ted  t o  be present  a t  a depth of about 
145 fee t  near  F i r s t  Avenue ( f i g .  8).  

Vibration damage t o  manmade s t r u c t u r e s  by ground shaking during a 
major earthquake probably w i l l  take t h e  form of severe cracking o f  
foundations and extensive s t r u c t u r a l  damage t o  many buildings.  Damage 
would be espec ia l ly  severe i n  bui ld ings  one of whose resonant periods 
of v ib ra t ion  corresponds t o  a s t rong o r  prolonged seismic wave period 
o f  the  earthquake. 

Other important earthquake effects t h a t  might occur within t h e  
Skagway River a l l u v i a l  deposi t s  include ground set t lement from compac- 
t i o n ,  water-sediment e j e c t i o n  and ground f rac tu r ing ,  and l iquefac t ion .  



Another p o t e n t i a l  hazard t o  s t r u c t u r e s  b u i l t  on t h e s e  depos i t s  i s  t h e  
s t rong  p o s s i b i l i t y  of l ands l id ing  from t h e  ad jacent  v a l l e y  walls ,  a s  
well a s  subaqueous s l i d i n g  o f  t h e  Skagway River d e l t a .  These secondary 
e f f e c t s  w i l l  be discussed l a t e r  under app ropr i a t e  headings. 

A l luv ia l  fan  depos i t s  (Qaf) [par t  o f  u n i t ) .  --Some of  t h e  a l l u v i a l  
f an  depos i t s  shown on t h e  geologic  map ( f i g .  5) a r e  placed i n  category 
1, s t ronges t  expectable  shaking; o r h e i s  a r e  placed i n  category 2 ,  
in te rmedia te  expectable  shaking. Those i n  category 1 a r e  r e s t r i c t e d  
t o  f an  depos i t s  i n  t h e  l i n e a r  depression t h a t  a l s o  conta ins  Lower Dewey 
Lake and Icy Lake. Manmade s t r u c t u r e s  near  t h e  lakes  c o n s i s t  of a  low 
dam a t  t h e  southwest end of Lower Dewey Lake and a s soc i a t ed  f a c i l i t i e s  
f o r  p a r t  o f  Skagway's water supply. 

A s  descr ibed previous ly  i n  more d e t a i l ,  most a l l u v i a l  fan  depos i t s  
c o n s i s t  of loose  sandy g r a v e l ,  cobbles ,  and some boulders ,  and, l o c a l l y ,  
l enses  o f  sand, s i l t ,  and organic  ma te r i a l .  In most p l aces  f a n  depos- 
i t s  o v e r l i e  bedrock. The l i n e a r  depression t h a t  p a r a l l e l s  Skagway v a l -  
l ey  on t h e  southeas t  is  p a r t i a l l y  occupied by Lower Dewey Lake and Icy 
Lake; t h e  in te rvening  a reas  axe occupied by coa lesc ing  f ans  and ponded 
sediments, both cha rac t e r i zed  by a  high wate r  t a b l e .  Tota l  t h i ckness  
o f  depos i t s  may be 50 f ee t .  Because of t h e s e  physical  r e l a t i o n s ,  a l l u -  
v i a l  fan depos i t s  near  t h e  lakes  a r e  thought t o  inc lude  a  s u b s t a n t i a l  
amount o f  sand, s i l t ,  and organic  m a t e r i a l .  As a consequence, a major 
earthquake nea r  Skagway probably would cause s t rong  shaking of t h e s e  
a l l u v i a l  f a n  depos i t s .  Other earthquake e f f e c t s  (descr ibed l a t e r  under 
appropr ia te  headings) might include d i f f e r e n t i a l  s e t t l emen t ,  water- 
sediment e j e c t i o n ,  and rup tu re  o f  t h e  low dam a t  t h e  southwest end of 
Lower Dewey Lake founded on t h e s e  a l l u v i a l  fan  d e p o s i t s ,  which would 
lower t h e  l ake  l e v e l  and somewhat reduce t h e  water supply of Skagway. 

Col luvia l  depos i t s  (Qca and Qci).--Ground shaking of t h e  c o l l u v i a l  
depos i t s  during a major earthquake probably would be s t rong  because o f  
t h e i r  looseness ,  genera l ly  high water conten t ,  and p o s i t i o n  on s t e e p  
bedrock s lopes .  The i n t e n s i t y  of  shaking wi th in  t h e  two geologic  sub- 
u n i t s ,  Qca (genera l ly  a c t i v e ,  and l o c a l l y  composed of very coa r se  rub- 
b l e )  and Qci (presumably i n a c t i v e ) ,  may o r  may not  be about t h e  same, 
depending on t h e  r e l a t i v e  s t a b i l i t y  o f  t h e  ind iv idua l  depos i t s .  Near 
t h e  margins o f  t hese  depos i t s  where they  a r e  t h i n ,  and e s p e c i a l l y  i f  
they a r e  s a t u r a t e d ,  shaking might be e s p e c i a l l y  s t rong  during a major 
earthquake because o f  ampl i f i ca t ion  o f  earthquake v i b r a t i o n s  a f t e r  
t h e i r  passage from i n t r u s i v e  p lu ton ic  bedrock i n t o  t h i n ,  loose  depos i t s  
( t ab l e  4; Neuman, 1954, p .  74; Barosh, 1969, p .  89). 

Damage t o  t h e  two c i t y ' s  water tanks  and nearby wa te r l i nes  s i t e d  
on the  depos i t s  might occur during s t rong  ground shaking accompanying 
a  major earthquake. Other earthquake e f f e c t s  (discussed l a t e r  i n  more 
d e t a i l  under appropr ia te  headings) probably would inc lude  some rock- 
fa l ls ,  l ands l ides ,  slumps, and flowage along t h e  southeas t  s i d e  of t h e  
v a l l e y  and poss ib ly  out  onto t h e  f l o o r  o f  Skagway v a l l e y .  



Beach depos i t s  (Qb).--A few s c a t t e r e d  beach depos i t s  axe present  
near  Yakutania Point ( f i g .  53, b u t ,  t o  d a t e ,  no manmade s t r u c t u r e s  - - 
have been b u i l t  upon them. D;ring-a major earthquake t h e s e  depos i t s  
probably w i l l  shake s t rong ly  because o f  t h e i r  t h inness ,  looseness ,  and 
high water t a b l e .  

Geoloeic u n i t s  i n  ca teeorv  2 ( in te rmedia te  e x ~ e c t a b l e  s h a k i n ~ )  

A l luv ia l  f an  depos i t s  [Qaf) [par t  o f  uni t ) . - -As previous ly  noted,  
some a l l u v i a l  fan  depos i t s  a r e  placed i n  ca tegory  1, s t ronges t  expect- 
a b l e  shaking, and have a l r eady  been discussed-under  t h a t  category;  t h e  
remainder of t h e  depos i t s  shown on t h e  geologic  map a r e  placed i n  
category 2 .  

During a major earthquake, a l l u v i a l  fan d e p o s i t s  i n  ca tegory  2 
genera l ly  would be sub jec t  t o  in te rmedia te  ground shaking r e l a t i v e  t o  
t h e  s t rong  motion a n t i c i p a t e d  on geologic  u n i t s  i n  ca tegory  1. Local- 
l y ,  however, shaking may be s t rong ,  e s p e c i a l l y  a t  margins o f  depos i t s  
where t h e  geologic  ma te r i a l s  a r e  t h i n ,  t h e  water t a b l e  is  h igh ,  o r  
i n t e r s t r a t i f i e d  sediments l i k e  s i l t  and sand are p re sen t .  Other s e i s -  
mic e f f e c t s  might inc lude  l ands l ides ,  flowage, water-sediment e j ec -  
t i o n s ,  and ground f r a c t u r e s .  

Only a few manmade s t r u c t u r e s  have been b u i l t  on t h e  depos i t s  i n  
category 2 ,  such a s  a  p a r t  o f  t h e  r a i l r o a d  mainl ine and a few dwell ings.  
Damage t o  t h e  r a i l r o a d  might c o n s i s t  of displacement of t i e s  and r a i l s .  

D r i f t  depos i t s  (Qd).--Mapped d r i f t  depos i t s  occur only l o c a l l y  on 
bedrock s lopes  along t h e  northwest s i d e  of  Skagway v a l l e y  and on t h e  
topographic bench t o  t h e  southeas t  o f  t h e  v a l l e y .  A s  a group, t h e  
depos i t s  a r e  compact t o  loose,  and inc lude  a broad range o f  p a r t i c l e  
sizes, from s i l t  t o  some boulders .  Maximum th ickness  may be 20 f e e t ,  
and t h e  ground-water t a b l e  probably i s  deep. 

Ground shaking dur ing  a major earthquake gene ra l ly  would be i n t e r -  
mediate i n  s e v e r i t y ,  c h i e f l y  because of t h e  g r e a t e r  compactness o f  many 
o f  t h e  depos i t s  compared t o  o t h e r  s u r f i c i a l  d e p o s i t s .  Local ly,  where 
t h e  d r i f t  i s  t h i n n e r  o r  l oose r ,  ground shaking might be somewhat 
s t ronge r .  I 

The only manmade s t r u c t u r e s  b u i l t  on t h e s e  d e p o s i t s  a r e  segments 
of unpaved roads along the  northwest s i d e  of Skagway v a l l e y .  Damage 
probably would be s l i g h t  during a major earthquake. 

Geologic u n i t  i n  category 3 ( l e a s t  expec tab le  shaking) 1 
I n t r u s i v e  rocks (KJi).--Ground shaking on bedrock dur ing  major 

earthquakes gene ra l ly  should be t h e  l e a s t ,  r e l a t i v e  t o  shaking o f  o t h e r  
geologic  u n i t s  i n  the area.   ow ever, in te rmedia te  shaking might r e s u l t  
l o c a l l y  on zones of  n a t u r a l l y  fragmented bedrock, on sheared bedrock 

I 



near faults, or in areas of closely spaced joints. None of these zones 
has been differentiated on our geologic map. 

Manmade structures on bedrock are not extensive but include a 
small dam and reservoir on the topographic bench southeast of the 
Skagway valley and several dwellings along the northwest side of the 
Skagway valley. Damage to these structures should be minimal during 
ground shaking accompanying major earthquakes. Destruction of the dam 
is not considered likely, presuming that good building practices were 
used during construction. 

Compaction 

Strong ground shaking of loose geologic materials during major 
earthquakes may result in compaction, or volume reduction, of deposits, 
especially where the ground-water table is high and silt- to fine 
gravel-sized materials predominate. The compaction process often is 
accompanied by water-sediment ejection and associated ground fracturing 
and liquefaction. As a result, the surface of the ground may settle 
several feet (Waller, 1966a; Lemke, 1967, p. E34).  8 

The amount of ground settlement, and whether it is uniform or 
differential, is a function of the local geologic conditions and posi- 
tion of the water table. Generally, the greatest settlement will occur 
where (1) the ground-water table is high and some of the water can be 
expelled, (2) loose, cohesionless, thick deposits are present, 
(3) strong ground shaking persists for at least 2 minutes, and (4) the 
incoming seismic energy wave frequency is similar to the natural fre- 
quency of the deposits. 

At Skagway, the mapped geologic units considered the most suscep- 
tible to compaction during a major earthquake are the deltaic deposits 
of the intertidal zone (Qi), alluvial deposits of the Skagway River 
(Qam and Qat), manmade fills (Qf), and some alluvial fan deposits [Qaf). 
Compaction of other geologic units is unlikely to be a hazard during 
major earthquakes. 

Both deltaic deposits (Qi) and alluvial deposits of Skagway River 
(Qam and Qat) have high water tables and generally contain sand- and 
gravel-sized geologic materials capable of being compacted during major 
earthquakes. Thickness of these deposits near First Avenue is inter- 
preted to be approximately 145 feet [fig. 8). Settlement of the ground 
surface probably would not be uniform, because some parts of the depos- 
it would compact more than others. A potential for differential 
settlement in the deltaic deposits is indicated by boring data (Golder, 
Brawner, and Associates, written commun., 1967), which revealed varia- 
tions in grain size and in packing or relative density. Some materials 
in the deposits are loose, but the majority are compact or dense. 



Differential compaction in alluvial deposits of the Skagway River 
apparently occurred during the eart.hquake of September 4, 1899. At 
that time shaking forced ground water up to the surface at Skagway, 
where it collected in pools on roads (Tarr and Martin, 1912, p. 74); 
however, no settlement of ground was reported. Strong ground shaking 
for probably at least a few minutes' duration is required to compact 
and settle coarser alluvial deposits. Minor earthquakes that were 
felt at Skagway during the period 1910 through 1944, with intensities 
of as much as V, produced no measurable settlement in these deposits 
at the city hall (J. 0 .  Phillips, U.S. Coast and Geod. Survey, written 
commun., 1965). 

Most manmade fill (Qf) probably would settle differentially dur- 
ing a major earthquake and might disrupt buildings, road and railroad 
embankments, water and sewerlines, and petroleum-product pipelines. 
Also, ground settlement of only a few feet would result in some 
inundation of shore areas at high tides. 

Alluvial fan deposits (Qaf) are the only other deposits that might 
compact to any large extent. The amounts of compaction cannot be fore- ' 
cast because of lack of detailed information on the distribution of 
grain sizes within the deposits. Differential settlement of the sur- 
faces of alluvial fans might occur. These fans dam lakes on the topo- 
graphic bench southeast of Skagway and form the foundation for at least 
one manmade dam. If settlements were large, both natural and manmade 
dams might fail and lakes might drain. 

Liquefaction in cohesionless materials 

Ground shaking during major earthquakes elsewhere is known to have 
caused liquefaction of certain types of saturated geologic materials, 
especially those with very low cohesion and consisting of uniform, well- 
sorted, fine-grained materials. According to Seed and Idriss (1971, 
table l ) ,  deposits of uniformly fine sand, which have been shaken for 
more than 30 seconds and axe within 25 feet of the ground surface, are 
particularly susceptible to liquefaction. If liquefaction occurs in 
sediments that have no lateral restraint, such as along delta fronts, 
the material will tend to flow toward a free face and continue to flow 
as long as ground shaking continues. Movement of material in flowage 
of this type can occur on very low gradients. 

Geologic units considered most susceptible to liquefaction during 
strong ground shaking are deltaic deposits of the intertidal zone (Qi) 
and alluvial deposits of Skagway River (Qam and Qat). Other geologic 
units which locally might contain beds susceptible to liquefaction 
include alluvial fan deposits (Qaf) and sorted drift deposits (Qd). 

The ground-water table is high in both deltaic deposits and allu- 
vial deposits, but the deposits apparently contain only a few beds of 
uniform fine sand. In the upper part of the alluvial deposits some 



beds of sand and s i l t  occur ( f i g .  7) which may i n  p a r t  be  s u f f i c i e n t l y  
well  s o r t e d  and loose enough t o  l i que fy .  The d e l t a i c  depos i t s  a l s o  
probably conta in  some l a y e r s  o r  l enses  of uniform f i n e  sand, which may 
be subjec t  t o  l i que fac t ion ,  bu t  f ine sand was i d e n t i f i e d  i n  only one of 
14 t e s t  ho le s  i n  t hese  depos i t s  (Golder, Brawner, and Assoc ia tes ,  writ- 
t e n  commun., 1967) .  The d i f f e r i n g  r a t e s  o f  ground pene t r a t ion  during 
t h e  boring opera t ion  (maximum depth about 95 f e e t )  i n d i c a t e  t h a t  t h e  
o r i g i n a l  packing o r  r e l a t i v e  dens i ty  of  depos i t s  ranged from loose  t o  
very  dense, r ega rd l e s s  o f  ma te r i a l  s i z e  o r  depth.  

The most important e f f e c t  accompanying l i q u e f a c t i o n  probably would 
be t h e  t r i g g e r i n g  of  subaqueous s l i d e s  and l ands l ides ,  poss ib ly  of  t h e  
flow type. Other e f f e c t s  inc lude  d i f f e r e n t i a l  ground compaction and 
water-sediment e j e c t i o n  (discussed l a t e r ) .  

Liquefact ion i n  beds o f  t h e  d e l t a i c  depos i t s  could promote exten- 
s i v e  subaqueous and onshore s l i d i n g  of  t h e  d e l t a i c  depos i t s  and might 
r e s u l t  i n  c a t a s t r o p h i c  damage t o  p o r t  and o t h e r  water f ront  fac i l i t ies .  
Other d i r e c t  damage t o  manmade s t r u c t u r e s  from l i q u e f a c t i o n  o f  sediment: 
c lo se  t o  t h e  ground su r f ace  probably would be s e l e c t i v e .  Though very 
l i g h t  s t r u c t u r e s  might f l o a t ,  most s t r u c t u r e s  probably would s ink ,  
depending upon t h e i r  weight r e l a t i v e  t o  t h e  s p e c i f i c  g r a v i t y  o f  t h e  
l iquef ied  ma te r i a l  and t o  i t s  t h i ckness  and a r e a l  ex t en t ;  t a l l e r  
s t r u c t u r e s  might a c t u a l l y  over turn .  

Reaction o f  s e n s i t i v e  and quick c l ays  

Only two geologic  map u n i t s  are thought t o  con ta in  even minor 
amounts of  c l ay - s i zed  pa r t i c l e s - -unso r t ed  d r i f t  depos i t s  (Qd) and, 
l o c a l l y ,  some c o l l u v i a l  depos i t s  (Qci) .  In the  c o l l u v i a l  d e p o s i t s ,  
some beds of  uniform c l a y  might be present  a s  small  concealed remnants 
o f  f ine-gra ined  marine depos i t s .  If some of  t h e s e  c l ays  a r e  s e n s i t i v e  
and become quick ( l iquefy)  during s t rong  shaking, l ands l id ing  would be 
g r e a t l y  f a c i l i t a t e d .  I t  i s  un l ike ly ,  however, t h a t  s e n s i t i v e  c l ays  
c o n s t i t u t e  a  major hazard i n  t h e  Skagway a r e a .  

Water-sediment e j e c t i o n  and a s soc i a t ed  
subsidence and ground f r a c t u r i n g  

Upward e j e c t i o n  of  s l u r r i e s  of  ground water and sediments from 
c e r t a i n  depos i t s  i s  common during s t rong  ground shaking i n  major ea r th -  
quakes (Davis and Sanders,  1960, p.  227; Waller, 1968). Sand i s  t h e  
sediment most commonly e j e c t e d ,  though t h e  ma te r i a l  may range from 
nea r ly  pure water through varying mixtures of  water and sediment of  
var ious  s i z e s .  The e j e c t i o n  process  has been va r ious ly  c a l l e d  fountain-  
i n g  o r  spout ing and t akes  p l ace  e s p e c i a l l y  where sand-sized ma te r i a l s  
a r e  dominant i n  a  depos i t  and where t h e  water t a b l e  i s  shallow and i s  
confined by a r e s t r i c t i v e  l a y e r .  During win ter ,  f rozen ground can a c t  
as a r e s t r i c t i v e  l aye r .  Seismic shaking o f  confined ground water and 
sediment causes t h e  h y d r o s t a t i c  p re s su re  i n  t h e  sediment t o  i nc rease ;  



then, if the impermeable material is ruptured, the water and sand will 
erupt from point sources or along associated ground fractures. Foun- 
tains have been reported to reach heights of 100 feet (Waller, 1968, 
p. loo), and ejected material has covered extensive areas to depths of 
a few feet. The accompanying withdrawal of geologic materials and 
water at depth frequently results in differential subsidence of the 
ground surface, cratering, or extensive fracturing of ground. 

The geologic units most susceptible to water-sediment ejection are 
the deltaic deposits (Qi) and the alluvium of the Skagway River (Qam 
and Qat). Probably less susceptible are the alluvial fan deposits 
(Qaf). No other geologic map units are likely to be subject to this 
process. 

Damage from water-sediment ejection to manmade structures built 
upon deltaic and alluvial deposits of the Skagway River would depend 
upon proximity of the source of fountaining as well as the sediment 
content of the ejecta. Layers of ejected sand as much as a few feet 
thick might cover roads and areas between buildings and fill basements 
and other low areas. Differential ground subsidence and craters sev- 
e ~ a l  feet deep, and ground fractures as much as several feet wide and 
deep might damage roads, water and sewerlines, and some building foun- 
dations. Alluvial fan deposits that form natural dams for lakes or 
foundations for manmade dams might be subjected to so much water- . 

sediment ejection, subsidence, and ground fracturing that the fans no 
longer could serve as effective natural dams or foundations. 

Earthquake-induced subaerial slides and slumps 

Downslope movement of surficial deposits on steep slopes 4s common 
during strong ground motion accompanying earthquakes. These movements 
may consist of single or multiple landsliding, small-scale slumping, 
earth flowage, minor creep, or land spreading. Steep subaerial slopes 
underlain by loose water-saturated deposits are especially prone to 
sliding. Liquefaction may cause sliding and flowage of material on 
even very gentle slopes. 

The deltaic deposits (Qi) probably are the most susceptible of all 
the mapped geologic units to subaerial landsliding resulting from near 
offshore submarine sliding. Discussed here are the onshore effects of 
subaerial sliding. The contributing submarine sliding is discussed 
under "Earthquake-induced subaqueous slides." Other geologic units at 
Skagway that would be prone to slide are: colluvial deposits (Qca and 
Qci), local areas of bedrock on steep slopes, some alluvial fan depos- 
its (Qaf), manmade fill (Qf), and some of the alluvial deposits of the 
Skagway'River (Qam and Qat). 

Deltaic deposits of the Skagway River and part of the alluvial 
deposits of the Skagway River might move seaward as successively huge 
blocks of fractured ground similar to that which occurred in several 



The borders  o f  r e l a t i v e l y  s t e e p  manmade f i l l s  (Qf), t h a t  a r e  not  
edged by r i p r a p  o r  p i l e s ,  probably would experience ex tens ive  slumping 
and opening of marginal cracks dur ing  s t rong  ground shaking. Damage 
e s p e c i a l l y  would affect  road and r a i l r o a d  embankments, r e f u s e  dumps, 
embankments around petroleum-product s to rage  t anks ,  and some segments 
o f  r i v e r  d ikes .  

l o c a l i t i e s  during t h e  1964 Alaska earthquake. A t  Valdez during t h e  
1964 ear thquake,  a combination o f  major l ands l id ing ,  land spreading,  
and ex tens ive  f r a c t u r i n g  o f  ground extended landward a s  much a s  
3,400 feet from t h e  d e l t a  f r o n t  (Coulter and Migl iacc io ,  1966, p. C19). 
In t h e  r a t h e r  u n l i k e l y  event  t h a t  t h e r e  were a comparable amount o f  
movement a t  Skagway, t h e  d i s rup ted  ground would extend t o  somewhere 
between 4 t h  and 7th Avenues. C lea r ly ,  such a c t i v i t y  would c r i p p l e  
Skagway's economy by des t roying  o r  s e r i o u s l y  damaging t h e  o r e  te rmina l ,  
Alaska f e r r y  t e rmina l ,  s t o rage  tanks ,  p i p e l i n e s ,  small-boat harbor  and 
i t s  breakwater,  p a r t  of t h e  r a i l r o a d  wharf, and much o f  t h e  business  
d i s t r i c t .  A t  two o t h e r  l o c a l i t i e s  during t h e  1964 Alaska earthquake, 
s l i d i n g  and ground breakage extended landward as much a s  1,300 f e e t  
(McCullough, 1966, p.  A34; Lemke, 1967, p. E 2 8 ) .  I f  t h e r e  were similar 
movement a t  Skagway, i t  would des t roy  o r  s e r i o u s l y  damage most harbor 
terminal  f a c i l i t i e s .  

Any major earthquake c l o s e  t o  Skagway would t r i g g e r  l a n d s l i d e s  o f  
s eve ra l  types  i n  c o l l u v i a l  depos i t s ,  a s  evidenced by l o c a l  f a i l u r e  o f  
t h e  depos i t s  during t h e  earthquake o f  J u l y  10 ,  1958 (U .S.  Coast and 
Geod. Survey, 1960b, p.  3 2 ) .  Extensive ground f r a c t u r e s  may occur  along 
some of t h e  v a l l e y  s lopes .  Some earthf lows and r o c k f a l l s  probably w i l l  
occur  i n  t h e  general  v i c i n i t y  o f  the  scarps  i nd ica t ed  on t h e  geologic  
map ( f i g .  53, c h i e f l y  because o f  s t e e p  s lopes ,  a  high p r o b a b i l i t y  o f  
moderately f r ac tu red  bedrock, and numerous patches of  very t h i n  co l lu -  
v i m  i n  t h e s e  l o c a l i t i e s .  In add i t i on ,  l ands l id ing  might be i n i t i a t e d  
wi th in  t h e  a r eas  marked a s  l a rge  i n f e r r e d  l ands l ides  shown on f i g u r e s  5, 
14 ,  and 15. Damage t o  manmade s t r u c t u r e s  a t  Skagway from l a n d s l i d e s  i n  
c o l l u v i a l  depos i t s  might be moderate t o  severe .  S l i d e s  could cover o r  
des t roy  p a r t s  of t h e  r a i l r o a d  mainl ine and wharf and t h e  seve ra l  
bu i ld ings  wi th in  a few hundred f e e t  o f  t h e  v a l l e y  s i d e .  

Some a l l u v i a l  fan depos i t s  (Qaf) a l s o  probably w i l l  s l i d e  during 
s t rong  ground shaking because of s t e e p  s lopes ,  high water t a b l e ,  and 
l o c a l l y  t h e  presence o f  a  cons iderable  content  o f  f ine-gra ined  ma te r i a l .  
Some damage t o  manmade s t r u c t u r e s  and some p a r t i a l  f i l l i n g  o f  lakes  and 
t h e  r e s e r v o i r  might occur i f  s l i d i n g  took p l ace  i n  t h e  fan  depos i t s  a t  
Lower Dewey Lake and Icy Lake. S l ide  ma te r i a l  en t e r ing  t h e  bodies  of  
water could c log  o u t l e t  works and c r e a t e  low waves. The r a i l r o a d  
mainl ine near  Reid Fal ls  Creek might be covered by s l i d e  m a t e r i a l .  



Earthquake-induced subaqueous s l i d e s  

Del ta  f r o n t s  a r e  p a r t i c u l a r l y  prone t o  s l i d i n g  during s t r o n g  
shaking accompanying major ear thquakes.  Shaking during t h e  1964 Alaska 
earthquake t r i g g e r e d  l a rge - sca l e  s l i d i n g  o f  d e l t a s  and a s soc i a t ed  a l l u -  
vium at numerous l o c a l i t i e s  elsewhere (Kachadoorian, 1965; Coul te r  and 
Migl iaccio,  1966; McCullough, 1966; Lemke, 1967). Liquefact ion was 
thought t o  have accompanied many s l i d e s .  Some subaqueous s l i d e s  
t r i g g e r e d  l a r g e  waves t h a t  swept back onto t h e  land. 

The inherent  i n s t a b i l i t y  of f r o n t s  of  a c t i v e  d e l t a s  has  been well  
descr ibed  by Terzaghi (19561, Moore (1961), Mathews and Shepard (19621, 
and Dott (1963). Subaqueous s l i d e s  and s l u r r y l i k e  bottom c u r r e n t s  a r e  
f requent ,  and breakage o f  communication cab le s  i s  commonly a t t r i b u t e d  
t o  t h e s e  processes .  The number o f  s l i d e s  would be g r e a t l y  increased  
during ear thquakes.  The nor thern  p a r t  o f  Taiya I n l e t  between 1901, 
when t h e  first  cab le  was l a i d  t o  Skagway, and 1968 had s i x  instances of 
cab le  breakage (D. Alford,  Alaska Commun. System, w r i t t e n  comrnun., 1966, 
1968; Heezen and Johnson, 1969). Breaks of  August 1901 and September 10, 
1927, apparent ly  were caused by s l i d e s  no t  t r i g g e r e d  by earthquakes, but 
four  breaks occurred soon a f t e r  t h e  earthquake of J u l y  10, 1958. One of 
t h e s e  apparent ly  took p l ace  near  t h e  Skagway River d e l t a  and another  
took p l ace  near  Burro Creek d e l t a  ( f i g .  6 ) .  A f a i l u r e  of p a r t  o f  t h e  
Skagway d e l t a  f r o n t  is  i n f e r r e d  during t h e  earthquake of  September 16, 
1899, when t h e  o u t e r  end of  a former wharf ( loc .  1, f i g .  5) sank i n t o  
t h e  water  (Tarr and Martin, 1912, p .  86). The event was preceded by 
i n t e r m i t t e n t  earthquakes during t h e  previous 12 days. The hummocky 
conf igu ra t ion  o f  t h e  d e l t a  f r o n t ,  as shown on f i g u r e  5 ,  i s  i n t e r p r e t e d  
as subaqueous s l i d e s  (see "Offshore depos i t s" ) .  

The s t a b i l i t y  of  underwater s lopes  along t h e  margin of  nor thern  
Taiya I n l e t  nea r  Skagway and t h e  r a i l r o a d  wharf was not  i nves t iga t ed  
by us .  That some of t h e s e  s lopes  a r e  uns t ab le ,  however, i s  ind ica t ed  
by a s l i d e  t h a t  occurred along t h e  southeas t  s i d e  o f  t h e  Skagway branch 
of Taiya I n l e t  s l i g h t l y  southwest o f  t h e  r a i l r o a d  wharf i n  t h e  f a l l  of 
1966 dur ing  f i l l  emplacement ( loc.  2 ,  f i g .  5; C .  0 .  Brawner, w r i t t e n  
comrnun., 1966).  The s l i d e  may have been t r i g g e r e d  by an unreported 
earthquake, manmade v i b r a t i o n s ,  o r  weight o f  t h e  f i l l  on t h e  s t e e p  
s lope .  

Subaqueous s l i d i n g  i n  t h e  v i c i n i t y  o f  Skagway almost c e r t a i n l y  w i l l  
occur dur ing  any f u t u r e  major o r  minor earthquake, e s p e c i a l l y  along t h e  
f r o n t s  o f  l a r g e  d e l t a s .  S l id ing  of  de l t a  f r o n t s  can occur dur ing  normal 
sediment accumulation, owing t o  t h e  inc reas ing  weight and s teepness  of  
t h e  mass of  sediment i t s e l f ;  however, earthquakes would s t a r t  an even 
g r e a t e r  number of  s l i d e s ,  e s p e c i a l l y  i f  l i q u e f a c t i o n  a l s o  occurred.  
Strong ground shaking o f  s eve ra l  minutes could i n i t i a t e  a success ive  
headward f a i l u r e  of ground t h a t  might p a r t l y  des t roy ,  o r  a t  l e a s t  exten- 
s i v e l y  f r a c t u r e ,  ground landward from t h e  Skagway d e l t a  f r o n t  (previous- 
l y  descr ibed  under ' 'Earthquake-induced subae r i a l  s l i d e s  and slumps"). 



Future s l i d e s  during major earthquakes a l s o  probably w i l l  occur along 
t h e  margin of  Taiya I n l e t .  Some subaqueous s l i d e s  a l s o  might be 
t r i g g e r e d  by subae r i a l  s l i d e s  moving over  underwater depos i t s  and 
overloading them. 

Ef fec t s  on g l a c i e r s  and r e l a t e d  f e a t u r e s  

Strong ground shaking and t e c t o n i c  changes t o  land may cause sho r t -  
and long-term changes t o  g l a c i e r s  and r e l a t e d  drainage f e a t u r e s .  The 
c l o s e s t  g l a c i e r  t o  Skagway i s  2 1 / 2  mi les  t o  t h e  e a s t ,  a t  t he  head o f  
Reid F a l l s  Creek ( f i g .  15 ) .  Glac ie rs  and i c e f i e l d s  probably cover 
25 percent  of t h e  upland p a r t s  of  t h e  Skagway a rea ,  and g l a c i e r  melt 
waters  dominate t h e  d ischarge  o f  r i v e r s .  Some of  t h e  poss ib l e  ea r th -  
quake-induced changes t o  g l a c i e r s  elsewhere i n  Alaska were s tud ied  by 
Post (19673, and t h e s e  inc lude :  ( I )  th ickening  and advance of  g l a c i e r s ,  
(2) blockage o f  streams by rupture  of  g l a c i e r s ,  and (3 )  emptying o f  
glacier-dammed l akes .  Only t h e  l a t t e r  two w i l l  be considered as they  
might a f f e c t  Skagway. Any th ickening  of  g l a c i e r  i c e  t h a t  might t ake  
place as a r e s u l t  o f  even seve ra l  earthquakes i s  not considered t o  be a ,  
hazard t o  e i t h e r  t h e  Skagway o r  Taiya v a l l e y  a r e a s .  

A major earthquake near  Skagway might r e s u l t  i n  i c e f a l l s  o r  d i s rup-  
t i o n  of  g l a c i e r s  by shaking o r  t e c t o n i c  displacement which could block 
o r  d i v e r t  streams (Davis and Sanders,  1960, p. 247 ) .  Unless a blocked 
s tream could remove t h e  i c e  and any assoc ia ted  sediment i n  a r e l a t i v e l y  
sho r t  t ime,  a lake might form. Sudden r e l e a s e  o f  t h e  water due t o  f a i l -  
u re  of  t h e  dam could cause downstream f looding .  Streams t r i b u t a r y  t o  
East Fork Skagway River and t h e  Nourse River,  a t r i b u t a r y  t o  Taiya River 
( f i g .  14) ,  might be suscep t ib l e  t o  such blockage. 

Breakout of  glacier-dammed lakes  a l s o  may cause severe  downstream 
f looding (Marcus, 1960; Stone, 1963). Three poss ib l e  glacier-dammed 
lakes  and seve ra l  p o t e n t i a l  s i t e s  f o r  glacier-dammed l akes  a r e  shown on 
f i g u r e  14.  Others may be p re sen t ,  bu t  t h e y  could not  be i d e n t i f i e d  
from e i t h e r  t h e  e x i s t i n g  topographic maps o r  from a e r i a l  photos.  Goat 
Lake, 7 mi les  no r theas t  o f  Skagway, i s  t h e  l a r g e s t  o f  the  poss ib l e  
glacier-dammed l akes .  Its o u t l e t  appears on a i rpho tos  t o  c o n s i s t  p a r t l y  
o f  d r i f t - cove red  ice  t h a t  might be s u s c e p t i b l e  t o  rup tu re  dur ing  a major 
earthquake; however, no ground examination was made. Skagway could be 
s e r i o u s l y  damaged by f looding i f  t h e  lake  dra incd  suddenly. Previous 
f loods,  which damaged t h e  c i t y  i n  1901 and 1909, were a t t r i b u t e d  t o  
breakout of un iden t i f i ed  glacier-dammed lakes  (E. Larsen, Skagway r e s i -  
den t ,  o r a l  cammun., 1965).  I t  i s  no t  known i f  earthquakes occurred 
s h o r t l y  before  t h e  f loods .  



Ef fec t s  on ground water and streamflow 

The occurrence o f  s t rong  ground shaking and o f  any k i n d  of perma- 
nent  ground displacement during an earthquake may a l t e r  considerably 
t h e  flow of ground water and su r f ace  s t reams.  Examples r epo r t ed  by 
Waller (1966b) from sou th -cen t r a l  Alaska show t h a t  t h e  1964 Alaska 
earthquake s t rong ly  a f f e c t e d  t h e  p a r t l y  confined ground water ,  espe- 
c i a l l y  i n  a l l u v i a l  and d e l t a i c  depos i t s .  Ground motion, which f r ac -  
t u red  confining beds, subsequent ly allowed t h e  e j e c t i o n  o f  varying 
mixtures o f  water and sediment. Af t e r  t h e  earthquake, some ground-water 
l e v e l s  were r a i s e d  because o f :  (1) ground subsidence,  (2)  i nc rease  i n  
h y d r o s t a t i c  p re s su re ,  o r  (3) compaction o f  sediments. Other ground- 
water l e v e l s  were lowered because o f :  ( I )  p ressure  l o s s e s ,  (2)  sediment 
g ra in  rearrangement,  (3)  l a t e r a l  spreading o f  sediments,  o r  (4)  more 
f r e e  discharge of  ground water a f t o r  s l i d i n g  of  d e l t a  f r o n t s .  Some 
changes i n  hydros t a t i c  pressure  and ground-water l e v e l  were temporary, 
while o t h e r s  l a s t e d  f o r  a t  l e a s t  a year;  some changes may be permanent. 

Changes t o  streamflow f r equen t ly  axe an important r e s u l t  of many , 
earthquakes.  Most streams flowing on a1luvj.um w i l l  experience a tempo- 
r a r y  diminished flow during major earthquakes because o f  water l o s s  
i n t o  f r a c t u r e s  opened by ground shaking. The sediment load of streams 
o f t e n  w i l l  be increased  temporar i ly  fol lowing a major earthquake. Dams 
may be formed by l ands l ides ,  d e b r i s  and snowslides,  g l a c i e r  i c e ,  o r  
broken winter  i c e .  Though gene ra l ly  destroyed by eros ion  i n  a sho r t  
t ime,  dams may p e r s i s t  long enough t o  form s i z a b l e  lakes .  Severe flood- 
ing  can r e s u l t  i f  such dams break suddenly. 

I t  i s  l i k e l y  t h a t  landslide-formed dams w i l l  block a t  l e a s t  tempo- 
r a r i l y  t h e  Skagway River o r  some of i t s  t r i b u t a r i e s  during a major 
earthquake near  Skagway. Because of  t h e  s t rong  p o s s i b i l i t y  o f  severe 
f looding t o  t he  c i t y ,  i f  such a dam broke, prompt a e r i a l  i n spec t ion  
should be made o f  t h e  Skagway River drainage bas in  fol lowing a major 
earthquake, e s p e c i a l l y  t h e  v a l l e y s  t r i b u t a r y  t o  t h e  East Fork Skagway 
River.  

A nearby major earthquake probably would a l t e r  t h e  l e v e l  o f  t h e  
ground-water t a b l e  a t  Skagway. P re sen t ly  t h e  water t a b l e  i s  e i t h e r  a t  
t he  sur face  o r  only a few f e e t  below. Water-sediment e j e c t i o n  and 
ground compaction would occur wi th in  t h e  c i t y  dur ing  ground shaking, 
and s l i d i n g  o f  t h e  Skagway River d e l t a  and seaward spreading of  d e l t a i c  
and a l l u v i a l  depos i t s  might occur .  A s  a r e s u l t ,  some p a r t s  of  t h e  c i t y  
a f t e r  t he  earthquake might have a h igher  water t a b l e  due t o  ground sub- 
sidence, b u t ,  i n  genera l ,  t h e  water t a b l e  probably would be somewhat 
lowered because of  an increased flow o f  ground water toward Taiya I n l e t .  

Damages t o  manmade s t r u c t u r e s  and f a c i l i t i e s ,  which u t i l i z e  ground 
and sur face  water ,  would be h igh ly  v a r i a b l e .  Flooding from sudden 
r e l e a s e  o f  water from breached l ands l ide  dams might damage r a i l r o a d  
embankments, Skagway River d i k e s ,  and p a r t s  o f  t h e  c i t y .  Flooding on 



t h e  topographic bench might rup tu re  manmade dams and o u t l e t  works, 
which form p a r t s  o f  t h e  hydroe lec t r i c  f a c i l i t y  and t h e  c i t y ' s  water 
supply. The remainder o f  t h e  c i t y ' s  water supply i s  provided from two 
wel l s  on t h e  Skagway v a l l e y  f l o o r  (9b, f i g .  4 ) .  These we l l s ,  sp r ings ,  
and t h e  o the r  wel l s  i n  Skagway, during and s h o r t l y  a f t e r  a major ea r th -  
quake, probably would surge and a l s o  become t u r b i d .  S i l t i n g -  o r  
sanding-up o f  t h e  we l l s ,  and breakage of  cas ings  and d i s t r i b u t i o n  l i n e s  
might occur ,  if t h e  earthquake were o f  long du ra t ion ,  o r  i f  extensive 
seaward l ands l id ing  o r  land spreading took p l ace .  In add i t i on ,  t h e  
l e v e l  o f  water i n  t h e  wells might lower.  

Tsunamis, s e i ches ,  and o t h e r  abnormal water waves 

Earthquake-induced water waves commonly develop during and a f t e r  
major ear thquakes.  These waves inc lude  tsunamis,  s e i che  waves, and 
abnormal waves generated by subaqueous and subae r i a l  s l i d e s  o r  by loca l  
t e c t o n i c  displacement o f  land .  The following d iscuss ion  cons iders  each 
o f  t h e s e  types  o f  abnormal waves, t h e  r i s k  t o  Skagway o f  waves o f  ce r -  
t a i n  h e i g h t s ,  and o f  probable damage t o  t he  c i t y .  

* 
Tsunamis a r e  a type  o f  long water wave t h a t  genera l ly  i s  caused by 

ear thquake-associated displacements of  very l a rge  areas o f  t h e  ocean 
f l o o r .  In deep ocean waters  t h e  tsunami waves t r a v e l  a t  g rea t  speed 
and low h e i g h t ,  but  a s  t hey  approach shallow water (shelves and V-shaped 
bays i n  p a r t i c u l a r )  t h e i r  speed decreases  g r e a t l y  but  t h e i r  he ight  can 
inc rease  many fo ld .  Many waves as  much a s  40 f e e t  h igh ,  and a few 
waves a s  much a s  100 f e e t  h igh ,  were repor ted  by 'wiegel  (1970). Wave 
he ight  i n  shallow water l a r g e l y  i s  con t ro l l ed  by t h e  i n i t i a l  s i z e  of  
t h e  wave, t h e  conf igura t ion  o f  t h e  underwater and sho re l ine  topography, 
t h e  n a t u r a l  o s c i l l a t i o n  of  the water along t h e  s h e l f  o r  i n  t h e  bay, and 
t h e  s t a g e  o f  t h e  t i d e .  These c o n t r o l s  a r e  discussed thoroughly by 
Wilson and Tbrum (1968), a s  they  appl ied  t o  t h e  tsunami generated by 
t h e  1964 Alaska earthquake. 

Skagway experienced tsunamis on May 2 2 ,  1960, and March 27, 2 8 ,  
1964, and a poss ib l e  tsunami on J u l y  9 ,  1958, d e s p i t e  being 160 miles  
by water from t h e  P a c i f i c  Ocean, where t h e  waves were generated by 
l a r g e  earthquakes ( t a b l e  5 ) .  The water rou te  i s  marked by shallows 
and changes i n  d i r e c t i o n  which g r e a t l y  a l t e r  the  speeds and he igh t s  of 
waves. Apparently,  none o f  t h e  waves so f a r  has caused damage a t  
Skagway, probably because of low wave he ight  o r  a low t i d a l  s t a g e  a t  
t h e  t ime of wave a r r i v a l .  The he ight  and t iming o f  some p o s s i b l e  
tsunamis a t  Skagway appear t o  be  complicated by o t h e r  abnormal waves 
generated i n  ad jacent  f i o r d s .  A case  i n  po in t  is t h e  wave a c t i o n  
repor ted  on J u l y  9 ,  1958, when a wave, probably generated by a subaque- 
ous s l i d e ,  may have preceded o t h e r  waves of a tsunami ( t a b l e  5 ) .  The 
tsunami o f  t h e  1964 Alaska earthquake had a he ight  of  10 f e e t  f o r  t h e  
i n i t i a l  wave a t  Skagway. This he ight  was f o r e c a s t  accu ra t e ly  by t h e  
U.S. Weather Bureau (J. P .  Bauer, S r . ,  w r i t t e n  commun., 1964). Warn- 
ings  t o  southeas te rn  Alaska of  t h e  approach o f  p o t e n t i a l l y  damaging 



Table 5.--Tsunamis and o the r  abnormal waves which reached o r  poss ib ly  reached Skagway, Alaska 

- - - -- - - -- 

Date o f  a r r i v a l ,  
l o c a l  time Descript ion Reference Comment 

Sept .  3 ,  1899 Waves 1-2 f t  high along connect ing f i o r d  Tar r  and Msrtin, Possibly reached Skagway, 5 u t  not  
a t  l e a s t  30 miles south o f  Skagway 1912, p .  74 r epor t ed ;  waves d i s s ipa t ed [? )  

Apr. 1, 1945 Tsunami recorded along o u t e r  coas t  o f  Cox and Pararas -  
sou theas t e rn  Alaska Cavavannis 1969 Do. 

Nov. 4 ,  1952 do do Do. - 
?iar. 9 ,  1957 do do Do. 

J u l y  9 ,  1958 A Nave a t  Skagxay ro se  25 f t  above t i d e  Figr., Alaska Pow- Probably caused by subaqueous s l i d e s  i2 
l e v e l  (low a t  t h e  t ime) ;  a  l a t e r  wave e r  and Telephone Taiya I n l e t  t h a t  a l s o  Sroke cornmunica- 
was lower. No wave damage repor ted  Co. (o ra l  t i o n  cab le s  a s  c l o s e  2s 2 miles  from 

commun. , 1965) Skagway; o t h e r  s l i d e s  brcke cables  i n  
connecting f i o r d  18 miles t o  south 

CIO (Heezen and Johnson, l969) ,  La te r  
P wave poss ib ly  a tsunami 

May 22, 1960 Tsunami reached Skagway, wave r o s e  1.2 Berkman and 
f t  above t i d e  l eve l .  No wave damage Symons, 1964, - 
repor ted  p .  20 

- -p -- 

Mar. 27-28,  Tsunami reached Skagway. I n i t i a l  wave J .  C.  Lee, i n  Possibly accompanied by l o c a l l y  gener- 
1964 occurred a t  l / 2  t i d e ,  and r o s e  10 f t  Cloud and- a ted  waves caused by same earthquake. 

above t i d e  level;  t h r e e  l a t e r  waves S c o t t ,  1969, Subaqueous s l i d e s  broke communication 
were lower, b u t  one rose  t o  5 f t  p. 37 cable  i n  connect ing f i o r d  18 miles  t o  
above t i d e  l eve l .  No wave damage south (D. Alford,  Alaska Commun. 
repor ted  System, w r i t t e n  commun. , 1966) 



tsunamis a r e  i ssued  by personnel o f  t h e  National and Alaska Regional 
Tsunami Warning System o f  t h e  U.S. National Ocean Survey, which give 
est imated times of wave a r r i v a l s  (But le r ,  1971, p .  31).  For Skagway, 
such warnings should al low s u f f i c i e n t  time t o  evacuate low-lying ground 
and t h e  harbor  a r ea  and o t h e r  low-lying a reas .  

Seiche waves a r e  water waves t h a t  may be s e t  i n  motion by sympa- 
t h e t i c  o s c i l l a t i o n  o f  c losed  o r  semiclosed bodies o f  water owing t o  
passage of seismic waves, t i l t i n g  o f  t h e  enc los ing  bas ins ,  o r  t h e  
impact o f  l a r g e  l ands l ides  i n t o  t h e  bodies  o f  water.  The n a t u r a l  
o s c i l l a t i o n  of  a water body i s  con t ro l l ed  mostly by t h e  conf igura t ion  
of t h e  conta in ing  bas in .  Several examples of  t h e  ex tens ive  development 
o f  s e i che  waves o r  poss ib l e  se iche  waves between one-half f o o t  and 
about 25 f e e t  h igh ,  which occurred dur ing  t h e  1964 Alaska earthquake, 
a r e  given f o r  l akes  and narrow t i d a l  i n l e t s  by McCullough (1966) and 
McGarr and Vorhis (1968) and from U.S. Geological Survey unpublished 
d a t a  (1964). Generation o f  se iche  waves i n  t h e  Skagway a r e a  during t h e  
1964 o r  o t h e r  earthquakes i s  not  known. Waves repor ted  south o f  Skag- 
way, on September 3 ,  1899, might have been se i che  waves ( t a b l e  5; Tar r  
and Mart in ,  1912, p .  74) .  z 

Massive s l i d i n g ,  both subae r i a l  and subaqueous, has  been document- 
ed by many authors  a s  causing small t o  very l a r g e  abnormal water waves 
i n  t i d a l  i n l e t s  and lakes  during seismic shaking. Del ta  f r o n t s  espe- 
c i a l l y  a r e  prone t o  f a i l u r e  and t o  genera t ion  o f  such waves. Several 
f a i l u r e s ,  none o f  them c l o s e  t o  Skagway, which occurred during t h e  1964 
Alaska earthquake, generated waves a s  much a s  30 f e e t  high,  and one 
wave had a maximum v e r t i c a l  runup o f  170 f e e t  (Kachadoorian, 1965; 
Coul te r  and Migl iacc io ,  1966; McCullough, 1966; Lemke, 1967; P lafker  
and o t h e r s ,  1969).  Subaerial  s l i d i n g  t r i gge red  by seismic shaking a l s o  
has  generated abnormally high waves. Probably t h e  world 's  record 
he igh t  o f  wave runup induced by l ands l id ing  occurred i n  p a r t s  o f  Lituya 
Bay, 100 mi les  southwest of Skagway, during t h e  earthquake o f  J u l y  10,  
1958, when a wave a t t a i n e d  a runup he ight  o f  1,740 f e e t  ( f i g .  1; 
D .  J .  M i l l e r ,  1960).  In t h e  narrow f i o r d s  near  Skagway n e i t h e r  d i s t a n t  
no r  nearby earthquakes i n  h i s t o r i c  time have formed waves t h a t  a r e  
c l e a r l y  a t t r i b u t e d  t o  loca l  subae r i a l  o r  subaqueous s l i d i n g .  However, 
ear thquake-tr iggered subaqueous s l i d e s  a r e  known t o  have happened i n  
Taiya I n l e t  J u l y  9 ,  1958 ( loca l  t ime) ,  because communication cables  
were broken ( t a b l e  5 ;  Heezen and Johnson, 1969). The 25-foot-high wave 
a t  Skagway on J u l y  9 ,  1958, poss ib ly  was t r i g g e r e d  by such a s l i d e .  
That l a r g e  subae r i a l  l ands l ides  may have occurred i n  t h e  p a s t  along t h e  
s i d e s  o f  Taiya I n l e t  is  shown by t h e  presence o f  s eve ra l  i n f e r r e d  land- 
s l i d e s  along t h e  i n l e t  margins ( f i g .  14 ) .  Any of t h e  s l i d e s  could have 
been t r i gge red  by ear thquakes,  and i n  t u r n  could have generated 
abnormal waves. 

Some of t h e  very l o c a l  bu t  damaging waves, which occurred i n  south- 
e m  c o a s t a l  Alaska during t h e  1964 Alaska earthquake, apparent ly  were 
n o t  t r i g g e r e d  by earthquake-induced s l i d e s ,  s e i ches ,  o r  tsunamis.  



Plafker  (1969, p.  139) suggested t h a t  t hese  l o c a l  waves might have been 
generated by d i r e c t  t e c t o n i c  displacement o f  t h e  land .  However, it was 
not c l e a r  whether smal l - sca le  f a u l t i n g ,  u p l i f t ,  o r  subsidence occurred 
i n  t h e  l o c a l  a r e a s .  Wave he ight  probably was c o n t r o l l e d  by t h e  d i r ec -  
t i o n  and amount o f  land displacement,  a s  wel l  a s  bottom conf igura t ion  
and shore o r i e n t a t i o n ,  In t h e  Skagway a r e a ,  earthquake-induced waves 
of t h i s  type  have not  been recognized. 

In  o r d e r  t o  eva lua t e  adequately t h e  e f f e c t s  a t  Skagway o f  any type  
of abnormal water waves generated by f u t u r e  ear thquakes,  d a t a  a r e  needed 
f o r  s eve ra l  phys ica l  f a c t o r s .  One need i s  t o  r e f i n e  d a t a  on a t t enua t ion  
o f  wave energy from tsunami waves a r r i v i n g  from d i s t a n t  sources and 
t r a v e l i n g  up f i o r d s  t o  Skagway. Another need i s  t o  i d e n t i f y  p o t e n t i a l  
a r eas  of s l i d i n g  on d e l t a  f r o n t s  and on o t h e r  s t e e p  subaqueous and sub- 
a e r i a l  s lopes  along Taiya I n l e t .  S t i l l  another  need i s  t o  determine 
t h e  resonance o f  major water bodies  near  Skagway. 

We f e e l  t h a t  abnormal waves c o n s t i t u t e  a s u b s t a n t i a l  r i s k  t o  Skag- 
way, r ega rd l e s s  o f  t h e i r  o r i g i n .  Damage p o t e n t i a l  w i l l  depend upon wave 
he igh t ,  s t a g e  of  t i d e ,  and s lope  o f  t h e  shore .  Se lec ted  contours  a r e  * 
shown on f i g u r e  4 t o  g ive  some i d e a  o f  t h e  p a r t s  o f  Skagway t h a t  would 
be flooded and poss ib ly  damaged by waves with runups o f  20, 60, o r  
100 f e e t  above mean sea l e v e l .  

/--' 

The p r o b a b i l i t y  o f  waves with he igh t s  o f  100 f e e t  o r  more seems 
very s l i g h t ,  bu t  it cannot be r u l e d  ou t .  A wave t r i g g e r e d  by a l a rge  
nearby l a n d s l i d e ,  o r  by a wave caused by a massive l o c a l  subaqueous 
s l i d e ,  might poss ib ly  reach such a he igh t  i n  t h e  Skagway a r e a ,  Tsunami 
and se i che  waves with he igh t s  o f  100 f e e t  o r  more a t  Skagway a r e  consid- 
ered h ighly  un l ike ly .  The U.S. Coast and Geodetic Survey (1965) consid- 
e r s  t h a t ,  d i r e c t l y  a f t e r  t h e  genera t ion  of  a l o c a l  tsunami, a l l  areas 
l e s s  than  100 f e e t  above sea  l e v e l  and wi th in  1 mile  of  t h e  coas t  should 
be considered p o t e n t i a l  danger a r e a s ,  un le s s  determined otherwise by 
competent s c i e n t i s t s .  This  cons ide ra t ion  well  might be  extended t o  
inc lude  f i o r d s  where l a r g e  l a n d s l i d e s  might occur,  during o r  s h o r t l y  
after earthquakes.  

Whereas the  p r o b a b i l i t y  o f  earthquake-induced waves 60-100 f e e t  
h igh  occurr ing  has only  a s l i g h t  l i ke l ihood ,  waves 20-60 f e e t  h igh  have 
a moderate l i ke l ihood  of  sometime occurr ing  i n  t h e  Skagway a r e a .  Else- 
where, dur ing  t h e  1964 Alaska earthquake, waves 30 f e e t  h igh  a t  s eve ra l  
l oca t ions  r e s u l t e d  from t h e  widespread subaqueous s l i d i n g  o f  d e l t a i c  
depos i t s .  I n  Taiya I n l e t  during a major earthquake, p a r t s  o f  t h e  Skag- 
way River d e l t a ,  Taiya River d e l t a ,  and Burro Creek d e l t a  almost s u r e l y  
would s l i d e  and genera te  waves. Other waves might be generated by sub- 
a e r i a l  s l i d i n g  from steep f i o r d  walls, by poss ib l e  s e i ch ing ,  o r  by 
t e c t o n i c  displacement o f  land.  Tsunamis might be amplif ied by sympa- 
t h e t i c  o s c i l l a t i o n s  and development o f  o t h e r  waves wi th in  f i o r d s  t o  
reach he igh t s  o f  20-60 f e e t .  D i r e c t l y  a f t e r  t h e  genera t ion  of  d i s t a n t  
tsunamis,  t h e  U.S. Coast and Geodetic Survey (1965) cons iders  a r eas  



l e s s  than  50 f e e t  above sea  l eve l  and wi th in  1 mile  of t h e  coas t  t o  be 
p o t e n t i a l  danger a r e a s ,  un le s s  otherwise determined by competent 
scientis ts .  

The p r o b a b i l i t y  i s  moderate t o  s t rong  t h a t  earthquake-induced 
waves a s  much as 20 feet  high w i l l  wash onto low-lying ground i n  Skag- 
way sometime i n  t h e  fu tu re .  The waves most l i k e l y  w i l l  be  generated 
by subaqueous s l i d i n g  o f  d e l t a  f r o n t s ,  although waves o f  o t h e r  o r i g i n s ,  
e s p e c i a l l y  those  from subae r i a l  s l i d e s ,  should be expected. As an 
example o f  wave he ight  r e l a t e d  t o  damage, a 10-foot-high wave occurr ing  
nea r  t h e  t ime of monthly high t i d e s  probably would cause severe  damage 
t o  harbor  f a c i l i t i e s ,  o i l  t anks ,  boa ts ,  and most bu i ld ings  below an 
a l t i t u d e  of  about 20 f e e t  ( f i g .  4 ) .  However, a 20-foot-high wave 
a r r i v i n g  a t  low t i d e  would cause l i t t l e  o r  no damage. 

Lakes and r e s e r v o i r s  nea r  Skagway may experience some se i che  waves 
dur ing  earthquakes a s  t h e  r e s u l t  o f  subae r i a l  s l i d i n g  and subaqueous 
s l i d i n g  of geologic  m a t e r i a l s ,  o r  t e c t o n i c  displacement of  land .  The 
he igh t  of  such waves probably would be low, bu t  they might be  s u f f i c i e n t  
t o  cause some damage. In c e r t a i n  combinations of  earthquake ground ' 
shaking, o r  t e c t o n i c  displacement and s l ide- induced waves, some 
segments of  manmade s t r u c t u r e s  might f a i l ,  and f looding could occur .  



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

In addi t ion  t o  the  hazard from earthquakes, t h e r e  i s  a po ten t i a l  
f o r  damage t o  Skagway from o the r  geologic hazards, including: (1) non- 
earthquake-induced lands l id ing and subaqueous s l i d i n g ,  (2) flooding, 
and (3) slow u p l i f t  (rebound) of land. These processes and t h e i r  
poss ib le  e f f e c t s  upon Skagway a r e  described below. 

Landsliding and subaqueous s l i d i n g  I 
Numerous s lopes  i n  t h e  Skagway area  a r e  subjec t  t o  f a i l u r e  by 

downslope, mass-wasting processes, such as lands l id ing and subaqueous 
s l i d i n g .  Although many such f a i l u r e s  a r e  t r igge red  by earthquakes, 
many a l s o  may occur from time t o  time a s  t h e  r e s u l t  of  normal d e l t a  
development, heavy r a i n f a l l ,  ~ a p i d  snowmelt, seasonal f reez ing and 
thawing, and man's a l t e r a t i o n  of s lopes.  

Spec i f i c  examples o f  nonearthquake-induced s l i d i n g  near  Skagway 
have been recorded only infrequently--probably because of  t h e  small I 

s c a l e  of s l i d i n g .  One recorded example, though, i s  the  breaking of 
submarine cables near  t h e  f r o n t  of Skagway River d e l t a  on September 10, 
1927, and possibly i n  August 1901 (D. Alford, Alaska Commun. System, 
wr i t t en  commun., 1966, 1968; Heezen and Johnson, 1969). In termi t tent  
submarine s l i d e s  and s l u r r y l i k e  bottom currents  cha rac te r i ze  a l l  
a c t i v e l y  expanding d e l t a  f r o n t s  (Shepard, 1956; Marhews and Shepard, 
1962; Coulter and Migliaccio, 1966, p,  C16). Another example of appar- 
e n t l y  nonearthquake-induced s l i d i n g  i s  t h e  f a i l u r e  of  manmade f i l l  and 
fiord-margin sediments near  t h e  r a i l r o a d  wharf i n  1966 ( loc.  2 ,  fig. 5; 
C .  0. Brawner, wr i t t en  commun., 1966). Possibly t h e  added weight of 
t h e  f i l l  t r igge red  the  s l i d e ,  although v ib ra t ions  from equipment o r  an 
unreported earthquake might have been the  cause. Terzaghi (1956, 
p .  13) reported an example o f  a s l i d e  from another f i o r d  region where 
construct ion a l t e r e d  submarine cu r ren t s ,  i n t e r f e r e d  with sediment 
deposi t ion,  and caused premature s l i d i n g  of  pa r t  of  a d e l t a  f ron t .  In 
none of t h e  th ree  examples were waves reported.  On the  o ther  hand, 
numerous waves caused by nonearthquake-triggered lands l ides  have been 
reported i n  Norwegian f i o r d s  and lakes by Jb r s t ad  (1968). 

Small-scale s l i d e  events ,  including debr is  flows, r o c k f a l l s ,  t a l u s  
and s o i l  creep, s o i l  flows, and subaqueous s l i d e s ,  undoubtedly have 
occurred a t  frequent i n t e r v a l s  i n  the  Skagway area .  These probably 
were espec ia l ly  frequent during times of  heavy r a i n s ,  rapid  snowmelt, 
frequent cycles of  f reez ing and thawing, and oversteepening of  d e l t a  
f r o n t s  by rapid sedimentation. 

There appears t o  be a moderate t o  high p robab i l i ty  i n  the  Skagway 
a rea  f o r  the  occurrence from time t o  time of  l a rge  lands l ides ,  moderate- 
s i z e  subaqueous s l i d e s ,  and associa ted  waves. Moderate damage t o  Skag- 
way can be expected because o f  these  events .  Types o f  damage from 
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s l i d e s  and waves a r e  given under " Infer red  e f f e c t s  from future earth- 
quakes.'! Small s l i d e s ,  ear thf lows ,  and r o c k f a l l s  have a ve ry  high 
p r o b a b i l i t y  o f  cont inuing a t  f requent  i n t e r v a l s ,  bu t  t h e s e  w i l l  cause 
only  l i m i t e d  damage. 

Flooding 

Most f loods  o f  r i v e r s  and streams i n  t h e  Skagway a rea  were caused 
by heavy rain, b u t  a few may have been t h e  r e s u l t  o f  t h e  sudden r e l e a s e  
of waters  from glacier-dammed l akes .  A p o t e n t i a l  cause o f  f loods  would 
be a s i m i l a r  r e l e a s e  o f  waters ponded behind l a n d s l i d e ,  a l l u v i a l  fan ,  
moraine, o r  manmade dams. 

The Skagway River i s  known t o  have flooded and caused damage t o  
Skagway i n  1901, 1909, 1919, 1936, 1937, 1943, 1944, 1949, and 1967 
(U.S. Amy Corps Engineers,  1964; U.S. Weather Bur., Monthly Climato- 
l o g i c a l  Summaries; E .  Larsen, Skagway r e s i d e n t ,  o r a l  commun., 1965). 
Except f o r  t h e  f loods of  1901' and 1909, which a r e  thought t o  have been 
due t o  sudden outbreak of glacier-dammed l akes ,  a l l  f loods  r e s u l t e d  
from heavy r a i n s  occurr ing  i n  September o r  October. Dikes b u i l t  i n  * 
1940 by t h e  U.S. Army Corps of  Engineers have r e l i eved  t o  some exten t  
t h e  t h r e a t  t o  Skagway from normal f looding o f  t h e  Skagway River.  

The most severe f lood  occurred on October 22 ,  1937, when p a r t  o f  
t h e  c i t y  was covered with water a s  much as 6 inches deep. Ra in fa l l  
t h a t  day was 4.21 inches (U.S. Weather Bur., Monthly Climatological  
Summary). Floods of  September 1967 a l s o  were f a i r l y  severe,  because, 
i n  add i t i on  t o  a washout o f  p a r t  o f  t h e  Skagway River d ike  nea r  20th 
Avenue, t h e r e  were seve ra l  l a r g e  e a r t h s l i d e s  onto t he  r a i l r o a d ,  numer- 
ous small  s l i d e s  throughout t h e  a r e a ,  and f looding  of  the low-lying 
ground nea r  Spring S t r e e t  (Kenneth Larsen, Alaska Dept. Highways, 
w r i t t e n  cornmun., 1967). 

In t h e  f u t u r e ,  f looding  of  Skagway by t h e  skagiay River can be  
expected t o  cont inue a t  i r r e g u l a r  i n t e r v a l s ,  s i m i l a r  t o  t h e  p a s t ,  
un l e s s  d ikes  a r e  r a i s e d  and broadened (U.S. Army Corps Engineers, 
1964).  The 100-year s t a t i s t i c a l  p r o b a b i l i t y  f o r  maximum 24-hour r a i n -  
f a l l ,  developed by t h e  U.S. Weather Bureau, shows t h a t  wi th in  t h e  
Skagway River bas in  t h e r e  i s  a 1-percent  chance during any s ingle  year  
f o r  a 24-hour r a i n f a l l  o f  10 inches (J. F .  Mi l l e r ,  1963). Dikes might 
be ex tens ive ly  breached by floodwater if such a r a i n  occurred,  and 
p a r t  of Skagway River probably would reoccupy a former channel t h a t  
l i e s  next  t o  t h e  southeas t  s i d e  o f  Skagway v a l l e y .  Pullen Creek 
roughly follows t h i s  o ld  channel.  

Because a t  l e a s t  two of t h e  Skagway River f loods  a r e  thought t o  
have been caused by breakout of  glacier-dammed l akes ,  we examined topo- 
graphic maps and 1948 a i rpho tos  o f  Alaskan g l a c i e r s  which are parts of 
t h e  Skagway o r  Taiya River watersheds f o r  poss ib l e  glacier-dammed lakes  
and p o t e n t i a l  s i t e s  f o r  glacier-dammed lakes .  Two glacier-dammed lakes 



and several potential sites exist in the Skagway River drainage area, 
and one possible lake and several potential sites were found in the 
Nourse River valley, tributary to Taiya River valley (fig. 14; Post and 
Mayo, 1971). Other lakes and potential sites may be present fox reasons 
given under "Effects on glaciers and related features.'' Our photograph 
and map analysis also included inspection of major valleys for evidence 
of debris-dammed lakes due to large landslides, alluvial fans, or 
moraines damming streams. No landslides were observed, but fans form 
the dams for Lower Dewey Lake, Icy Lake, and the primary dam for a lake 
in the Nourse River valley (fig. 14), whereas a moraine forms a second- 
ary dam for the Nourse valley lake. Another lake that is partly moraine- 
dammed is Goat Lake, 7 miles northeast of Skagway. It is concluded that 
the potential for flooding in the Skagway area due to an outbreak of 
lakes dammed by glaciers, alluvial fans, or moraines probably is remote 
but cannot be ignored. 

Land uplift 

A different type of minor geologic hazard to Skagway--one that 
poses no threat to life and only a minor threat to property--is the slod 
uplift of land relative to sea level (see "Glaciation and associated 
land- and sea-level changes"). Emergence of land averaged 0.059 foot 
per year between 1909 and 19-59, and a continuation of uplift at about 
this rate was suggested by Hicks and Shofnos (1965) following their pre- 
liminary analysis of 1962 tidal data from Skagway. The increment of 
uplift for a single year is small, but the aggregate from 1897 to 1972, 
the historical period of the city of Skagway, theoretically could have 
caused a seaward displacement of the shoreline of about 500 feet and a 
shoaling of the harbor of about 4.4 feet. An even more important con- 
tribution to the shoaling, however, might be from infill of fine 
sediments to harbor areas. 



RECOMMENDATIONS FOR ADDITIONAL STUDIES 

The reconnaissance nature and limited time for our geologic study 
did not permit a full evaluation of all aspects of potential geologic 
hazards or of other factors of possible benefit to land-use planning in 
the Skagway area. Therefore, the following recommendations are made 
for additional studies that are beyond the scope of our work; these are 
given in order of importance: 

1. A detailed geologic field study of the Skagway area, utilizing 
current airphotos and updated topographic maps, should be made on a 
systematic areal basis. In addition to mapping, the study should 
include collection of data on distribution of geologic materials, joints, 
faults, and areas of potentially unstable slopes. Geophysical explora- 
tions should be made for possible fault zones beneath valley fills. 
Especially important would be a collection of data on the physical and 
engineering properties of suxficial deposits forming the delta and floor 
of lower Skagway valley and the delta and floor of lower Taiya valley. 

2.  A long-term and more thorough evaluation should be made of the' 
faulting potential in the area, and of the earthquake response of geo- 
logic materials in the Skagway area. The work should include: 
(a) installation and monitoring of seismometers in different types of 
geologic materials to detect very small as well as large earthquakes, 
(b) installation and monitoring of instruments to measure possible hori- 
zontal earth movements across and along fiords and major valleys, and 
(c) studies of the specific responses of geologic materials to earth- 
quake shaking, especially with regard to liquefaction potential. The 
latter is especially important in the fine-grained deposits in the Skag- 
way delta and in the saturated, uniform sand deposits forming,the Taiya 
River delta and floor of lower Taiya valley. 

3. Detailed soundings and bottom-sediment studies should be made 
of Taiya Inlet, especially of delta fronts. Potentially unstable areas, 
such as very steep slopes, and sectors of rapid sedimentation can be 
located. Periodic resoundings would permit changes in slopes to be 
identified and, thus, help to evaluate potential failures of these 
slopes. Preventive measures might be possible under some circumstances. 
A part of the sounding study should include analysis of the configura- 
tion of the basin of Taiya Inlet. The dissipation or amplification of 
waves caused by tsunamis or landslides is dependent upon the configura- 
tion and resonant characteristic of the inlet. 

4 .  Stability analyses of inferred landslides should be undertaken. 
We noted by airphoto interpretation several areas of inferred landslides 
along Taiya Inlet and Skagway valley; other landslides undoubtedly exist. 
Positive identification of landslides probably can be accomplished dur- 
ing the field studies recommended in item 1. Subsequently, studies 
should be specifically oriented to determine the risk of future land- 
sliding by evaluation of geologic materials and their contacts, 



ground- and surface-water relationships, orientation of joints and 
faults, and slope steepness. 

5. Margins and especially outlets of reservoirs and of natural 
and man-modified lakes should be inspected to determine their condi- 
tion. Based on the results of the inspection, both static and 
dynamic stability analyses should be made of critical structures. 
Of special importance arc studies of Goat Lake, the dam and reservoir 
between Lower Dewey Lake and Skagway, and alluvial fan- and glacier- 
dammed lakes in the Skagway River and Taiya River drainages. 
Periodic inspections of these features are advisable. 

6 .  Relative land uplift at Skagway should be further analyzed. 
Continued measurements of tidal and other bench marks should be 
undertaken to determine if the rate of uplift remains stable. Sound 
judgments about dredging in Skagway harbor and planning of future 
construction on the lower Taiya valley may depend upon appraisal of 
such information. 



GLOSSARY 

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

Creep: The slow, genera l ly  imperceptible, downslope movement 
of e a r t h  mater ia l .  

D&: The angle which a bed, layer ,  dike,  f a u l t ,  f i s s u r e ,  o r  
s imi la r  planar geologic f ea tu re  forms with an imagi- 
nary hor izonta l  surface when measured a t  r i g h t  angle 
t o  the  s t r i k e .  

D r i f t  : - A general term f o r  rock material  o f  any kind t h a t  has 
been transported from one place t o  another by g l a c i e r  
ice o r  associa ted  streams. Material may range i n  
s ize from c lay  t o  boulders and may be sor ted  o r  
unsorted. I t  includes till and a l l  kinds o f  s t r a t i -  
f i e d  deposi t s  o f  g l a c i a l  o r ig in .  b 

Epicenter: The point  on the  e a r t h ' s  surface  d i r e c t l y  above t h e  
o r i g i n  point  of an earthquake. 

Faul t :  A f r a c t u r e  o r  f r a c t u r e  zone along which t h e r e  has been - 
displacement of  the  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 ac tu re .  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 the  hanging 
wall ( the  block above the  f a u l t  plane) has moved 
downward i n  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 Side has 
moved down i n  r e l a t i o n  t o  the  o ther  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 the  hanging wall - 
has moved upward r e l a t i v e  t o  the  footwall .  A strike- 
s l i p  f a u l t  i s  a f a u l t  on which the re  has been l a t e r a l  
displacement approximately p a r a l l e l  t o  the  s t r i k e  of  
the  f a u l t .  ( I f  the  movement i s  such t h a t ,  when an 
observer looks across a f a u l t ,  t he  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  r i g h t ,  then the  
f a u l t  i s  a r i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t ;  i f  the  
displacement i s  such t h a t  the  block across t h e  fault 
has moved r e l a t i v e l y  t o  t h e  l e f t ,  then the  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 ac t ive  
f a u l t  i s  i n  common usage i n  the  l i t e r a t u r e .  but there  
i s  no general agreemen; 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 ac t ive  f a u l t  i s  
one on which continuous o r ,  more l i k e l y ,  in t e rmi t t en t  
movement i s  occurring. As used i n  t h i s  r epor t ,  an 
ac t ive  f a u l t  i s  defined as one that has displaced t h e  
ground surface during Holocene time. 



F o l i a t i o n :  Banding o r  laminat ion 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 segrega t ion  of minerals  during r e t a -  
morphism o r  l ame l l a r  flow. 

Foundation: - N a t u ~ a l  o r  a r t i f i c i a l l y  emplaced e a r t h  ma te r i a l  
on which manmade s t r u c t u r e s  are placed.  

Graben: A f au l t  block,  gene ra l ly  long and narrow, t h a t  has  
been r e l a t i v e l y  downdropped along normal f a u l t s  
hounding each s ide  of  t h e  block. 

Holocene: The most recent  epoch i n  geologic  t ime;  it includes 
t h e  p re sen t .  IJsed interchangeably with t h e  term 
Recent. As used i n  t h i s  r e p o r t ,  t h e  Holocene Epoch 
c o n s i s t s  o f  approximately t h e  l a s t  10,000 years  o f  
gcologi c t ime. 

I n t e n s i t y :  Refers  t o  the  s e v e r i t y  of  ground motion (shaking) 
a t  a s p e c i f i c  l oca t ion  during an earthquake and i s  , 
based on t h e  s -nsa t ions  o f  people and v i s i b l e  e f f e c t s  
on naPura1 and nanaadc 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 States i s  t h e  Modified 
Merca l l i  i n t e n s i t y  s c a l e .  (Sce t a h l e  3 . )  

J o i n t :  A f r a c t u r e  i n  bcd,rock along which t h e r e  has been no 
rnnvewr*lt ~ a r a l ? c l  t o  t h e  f r a c t u w .  Movement a t  right 
angles t o  a f r a c t u ~ c ,  however, may t ake  p l ace  and 
pro2ure an open j o i n t  . 

Lineament: A l i n e a r  f e a r u r e  o f  t h e  landscape, such a s  a l i ned  -- - - 
valleyt ; ,  strearns, rivers, sho re l jncs ,  f i o r d s ,  scarps, 
and g l a c i a l  grooves which mrly rci'lcct f a u l t s ,  shear  
ZOIISS ,  j <-i ~t s : betl:;, o r  0th:. : 5;'- r11ct17ral geological  
fL LL: c?es. 

Magnitude: Refers t o  t h e  t o t a l  energy r e l eased  a t  the  source 
of an earthquake. I T  i s  h ~ s c d  on seismic records  of  
an earthquake as ~ ~ : ; . ~ r d e d  on seismographs. Unlike 
i n t r n ~ i t y ,  t h e r c  i:> p n 7 ~ -  one magnitude a s soc i a t ed  
with one carthquL.kn 'ihc s c a l e  i s  exponent ial  i n  
character and whcr-1; appl ied  t o  shallow earthquakes,  
an inc rease  o f  1 u z i t  i n  magnitude signifies approx- 
imately a 32-fold increase  i n  seismic energy 
r e l eased .  

Microearthquake: An earthquake t h a t  genera l ly  i s  t o o  small  t o  
be f g l t  by man 2nd can only be de tec ted  instrumen- 
t a l l y .  The lor:rr % i n i t  of ma_witude o f  f e l t  e a r th -  
quakes gene ra l ly  i s  bcthccn 2 and 3;  many microaarth- 
quakes, on t h e  o?hor hand, have magnitudes o f  l ess  
t h a n  1. 
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Moraine: An accumulation of material  (mainly ti113 deposited 
by g l a c i e r  i c e  which has a topographic expression of 
i t s  own. I t  includes but  i s  not r e s t r i c t e d  t o  ground 
moraine, end moraine, terminal moraine, medial 
moraine, and l a t e r a l  moraine. 

Pleistocene:  An epoch of geologic time characterized by world- 
wide cooling and by major g lac ia t ions ;  a l s o  ca l l ed  
the  ~ ~ l a c i a l  epoch" o r  ~ c e - ~ ~ e .  The Pleistocene 
Epoch denotes t h e  time from about 2 mi l l ion  t o  10,000 
years ago. 

Seismici ty:  A term used t o  denote the  h i s t o r i c a l  frequency of  
earthquakes occurring i n  a c e r t a i n  area. 

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

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  intersec: 
t i o n  of  a bed, bedding surface ,  f r ac tu re ,  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 fea- 
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 material  deposited 
by g l a c i e r  i c e  on land. 

Tsunami: A sea wave, orhexwise known a s  a seismic sea  wave, 
generated by sudden large-sca le  v e r t i c a l  displacement 
o f  t h e  ocean bottom as  a r e s u l t  of submarine ear th-  
quakes o r  of volcanic ac t ion .  Tsunamis i n  the  open 
ocean a r e  long and low, and have speeds o f  425-600 
miles an hour. A s  they  e n t e r  shallow coas ta l  waters 
they can g rea t ly  increase  i n  height  and a l s o  i n  
height  and d is tance  of  runup onto land. 
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