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R E C O N N A I S S A N C E  E N G I N E E R I N G  GEOLOGY OF T H E  

PETERSBURG AREA, SOUTt lEASTERN ALASKA, WITH 

E I V P A S I S  ON G E O L O G I C  HAZARDS 

LYNN A ,  YEHLE 

A  program to study the engineering geology of most 'larger Alaska coastal 

communities and t o  evaluate their  earthquake a n d  other geologic hazards was 

started following the 1964 Alaska earthquake; th is  report abou t  the Peters- 

burg area i s  a product of that  program. Field-study methods were o f  a 

reconnaissance nature, and thus, interpretations in the report are tentat ive.  

Landscape of the northern end o f  Mitkof Island on which Petersburg i s  

si tuated i s  characterized by a gently sloping, muskeg-covered te r ra in ,  with 

al t i tudes mostly less than 30 m. I n  contrast ,  much of t h e  r e s t  of the 

island i s  composed of mountainous terrain with many steep valleys. 



D u r i n g  t h e  P l e i s t o c e n e  Epoch, t h e  P e t e r s b u r g  a rea  presumably was cove red  

by i c e  s e v e r a l  t imes ;  g l a c i e r s  d e e p l y  eroded many v a l l e y s  on  M i t k o f  I s l a n d  

and a d j a c e n t  a reas .  The l a s t  m a j o r  d e g l a c i a t i o n  p r o b a b l y  was l a r g e l y  comple ted 

by 12,000 y e a r s  ago. Delayed rebound o f  t h e  e a r t h ' s  c r u s t ,  a f t e r  t h e  me1 t i n g  

o f  l a r g e  amounts o f  i c e ,  p e r m i t t e d  e x t e n s i v e  i n u n d a t i o n  o f  l a n d  i n  t h e  P e t e r s -  

burg area.  Subsequent ly ,  emergence has e l e v a t e d  m a r i n e  d e p o s i t s  t o  a  p r e s e n t -  

day a l t i t u d e  o f  a t  l e a s t  65 m  and p r o b a b l y  t o  75 m. 

Bedrock i n  t h e  P e t e r s b u r g  map a rea  i s  composed o f  r e l a t i v e l y  ha rd  meta- 

morph ic  r o c k s ,  c h i e f l y  p h y l l i t e  and p r o b a b l y  some graywacke. Rocks a r e  o f  

M i d d l e ( ? )  J u r a s s i c  t o  E a r l y  Cretaceous age. F i v e  t ypes  o f  s u r f i c i a l  g e o l o g i c  

m a t e r i a l  o f  Q u a t e r n a r y  age were recogn ized :  ( 1 )  m ixed  d e p o s i t s  c o n s i s t i n g  

o f  d i a m i c t o n ,  s i l  t - c l a y ,  and sand o r  sandy pebb le  g r a v e l ,  ( 2 )  a1 l u v i a l  

d e p o s i t s ,  ( 3 )  sho re  and d e l t a  d e p o s i t s ,  ( 4 )  o r g a n i c  d e p o s i t s ,  and ( 5 )  a r t i f i -  

c i a l  f i l l .  

Geolog i  c  s t r u c t u r e  i n  s o u t h e a s t e r n  A laska i s  compl ex because s e v e r a l  

c y c l e s  o f  t e c t o n i c  d e f o r m a t i o n  s i n c e  a t  l e a s t  e a r l y  P a e l o z o i c  t i m e  have 

a f f e c t e d  d i f f e r e n t  p a r t s  o f  t h e  r e g i o n .  The l a t e s t  o f  t h e  m a j o r  t e c t o n i c  

even ts  i n  s o u t h e a s t e r n  A laska  o c c u r r e d  i n  T e r t i a r y  t i m e ,  w i t h  some m i n o r  

a c t i v i t y  c o n t i n u i n g  i n t o  t h e  Q u a t e r n a r y  P e r i o d .  A long  t h e  o u t e r  c o a s t  o f  

s o u t h e a s t e r n  A laska,  a c t i v e  s t r i  k e - s l  i p  movement i s  o c c u r r i n g  a l o n g  t h e  

Ch ichagof -Baranof  and Queen C h a r l o t t e  f a u l t s .  A segment o f  t h e  p rominen t  

Coast Range l i n e a m e n t ,  p a r t  o f  wh ich  may be a f a u l t ,  l i e s  18 km n o r t h e a s t  

o f  P e t e r s b u r g .  



Many ear thquakes o c c u r  a l o n g  t h e  o u t e r  c o a s t  of  i o u t h e a s t e r n  A laska.  

Most of t h e s e  shocks a r e  a s s o c i a t e d  w i t h  niovements a l o n g  t h e  Ch ichagof -  

Baranof, Queen Char1 o t t e ,  and T r a n s i t i o n  f a u l  t s .  A few sma l l  ear thquakes 

occu r  i n  t h e  r e g i o n  between t h e  o u t e r  c o a s t  and t h e  sou the rn  p a r t  o f  t h e  

Coast  Mounta ins .  On ly  a  few ear thquakes have been r e c o r d e d  as  f e l t  a t  

Pe te rsbu rg ;  these shocks and o t h e r s  p o s s i b l y  f e l t  i n  the P e t e r s b u r g  r e g i o n  

a r e  t a b u l a t e d .  Among t h e  r e c o r d e d  ear thquakes t h e  h i g h e s t  i n t e n s i t y  ( a b o u t  V- 

V I )  was t h e  magni tude 7.1 ea r thquake  o f  October  24, 1927, t h a t  o c c u r r e d  

p r o b a b l y  a l o n g  t h e  Chichagof-Baranof  f a u l  t , and about  225 km n o r t h w e s t  o f  

Pe te rsbu rg ;  damage was r e p o r t e d  as m ino r .  Other  l a r q e  m r t h q u a k e s  a l o n g  

t h e  Chichagof-Baranof  f a u l t  t h a t  a f f e c t e d  o r  p r o b a b l y  a f f e c t e d  t h e  P e t e r s -  

b u r g  area i n  a rn inor way o c c u r r e d  on August  1 2 ,  1949, (magni tude 8.1 ) and on 

J u l y  30, 1972 (n~ac jn i tude 7 . 2 5 ) .  

From a c o n s i d e r a t i o n  o f  t h e  t e c t o n i c s  and ea r thquake  h i s t o r y  o f  t h e  

r e g i o n ,  ear thquakes s i m i l a r  t o  t h e  1927, 1949, and 1972 shocks a r e  expected 

t o  r e c u r  on segrlients o f  t h e  Ch ichagof -Baranof  o r  Queen C h a r l o t t e  f a u l t s .  

The c l o s e s t  o f  t h e s e  f a u l t  segments i s  abou t  170 km southwest  f r o m  P e t e r s -  

burg .  The 1 i kel i hood o f  d e s t r u c t i v e  ear thquakes be inq  qenera ted a l o n g  

f a u l t s  closer t o  Pe te rsbu rg  i s  unknown. 



A ve ry  gene ra l i zed  d i scuss ion  o f  p o s s i b l e  geo log i c  e f f e c t s  t h a t  cou ld  

occur  i n  t h e  area d u r i n g  a  pos tu l a ted ,  t h e o r e t i c a l l y  reasonable  wo rs t  case 

earthquake of magnitude 8 o c c u r r i n g  a long  t h e  o u t e r  coast  about 170 km 

southwest from Petersburg no tes  t h a t  ground shak ing  p robab ly  would be  

s t r o n g e s t  on o rgan ic  depos i t s  and l e a s t  on bedrock and on f i r m ,  compact 

d iamic ton .  Among o t h e r  e f fec ts  t h a t  cou l  d happen are:  (1 ) 1 i q u e f a c t i o n  

o f  some o f  t h e  few d e l t a  and a l l u v i a l  depos i t s ,  ( 2 )  e j e c t i o n  o f  w a t e r  and 

sediment f rom some o f  t h e  few a l l u v i a l  and d e l t a  depos i t s ,  ( 3 )  compaction 

and d i f f e r e n t i a 1  subsidence o f  some o f  t h e  few a l l u v i a l  and d e l t a  depos i t s ,  

( 4 )  l o c a l  lands1 ides ,  ( 5 )  perhaps, minor  a l t e r a t i o n s  i n  t h e  movement o f  

ground wate r  w i t h i n  a l l u v i a l  and d e l t a  depos i t s ,  and ( 6 )  earthquake- 

induced water  waves i n c l u d i n g  tsunamis, se iches , and l o c a l  waves generated 

by  l ands l i des ;  waves cou ld  develop t o  he igh t s  p o s s i b l y  1 -2  m above normal t i d e  

l eve l .  Earthquakes o f  l e s s e r  magnitude and/or a t  g rea te r  d i s t ance  a long  t h e  

same f a u l t  s t r u c t u r e  would, o f  course, a f f e c t  t h e  area l e s s  s t r o n g l y .  

Geologic hazards n o t  n e c e s s a r i l y  r e l a t e d  t o  earthquakes i n c l u d e :  

( 1 )  h i g h  water waves, ( 2 )  l a n d s l i d e s  i n  areas o f  s teep slopes, ( 3 )  d r i f t i n g  

icebergs,  and ( 4 )  stream f l oods  and e ros i on  o f  depos i t s  by runn ing  water and 

sheet  f l o o d s .  



Recommended addit ional  inves t iga t ions  in the  Petersburg area and region 

i  ncl ude : 

1.  Continued geologic work in order  to  determine ( a )  physical proper t ies  o f  

special  s u r f i c i a l  deposi ts  1 ike the  s i l  t -c lay  of  the  mixed deposi t s ,  

( b )  potential  l y  1  iquefiabl e geologic material s ,  ( c )  a reas  most sui tab1 e 

fo r  cons t ruct ion ,  and ( d )  po ten t i a l ly  unstable slopes e spec ia l ly  in the  

region along the  northeast  shore of Frederick Sound and a t  the  Crystal 

Lake hydroelectr ic  power f a c i l  i  t y  . 
2. Determination of the  approximate locat ion of possible fu ture  l a rge  ear th-  

quakes through use of  geophysics, t ec ton ic  ana lys i s ,  and h igh-sens i t iv i ty  

seismologic instruments. 

3. Examination of  the  pc tent ia l  fo r  large-scal  e  f a i l u r e  of  underwater s lopes 

along the  rapid ly  extending S t ik ine  River d e l t a .  

4. Determination of the  o s c i l l a t i o n  period of  la rge  bodies of water l i k e  

Frederick Sound in order  t o  help predict  possible wave heights  during 

seiching.  A companion study should determine tsunami t ravel  times 

along the several routes from the  open ocean. 

5.  Studies o f  the  f luc tuat ions  of growth and r e t r e a t  of t i d a l  and near- t idal  

g lac ie r s ,  to  a s s i s t  predict ion o f  regional iceberg abundance in waterways. 



INTRODUCTION 

Soon a f t e r  t h e  g r e a t  Alaska earthquake o f  1964 (March 28, u. t. l), 

t h e  U.S. Geolog ica l  Survey began a program o f  geo log i c  s tudy and e v a l u a t i o n  

o f  earthquake-damaged c i t i e s  i n  Alaska. Subsequently, t h e  Federal  Recon- 

s t r u c t  i o n  and Development P lanning Commission f o r  Alaska recommended t h a t  

t h e  program be extended t o  o t h e r  communit ies i n  Alaska t h a t  had a h i s t o r y  

o f  earthquakes, e s p e c i a l l y  c o r n u n i t i e s  near t i dewa te r .  As a r e s u l t ,  Pe te rs -  

burg  and severa l  o t h e r  c i t i e s  i n  southeastern Alaska were se lec ted  f o r  i n -  

v e s t i g a t i o n .  Reports have been completed f o r  ( 1  ) Haines (Lemke and Yehle, 

1972a), "2) Juneau ( M i l  1 er ,  1972), ( 3 )  Ke tch i  kan (~emke,  1975), ( 4 )  Met la -  

k a t l a  (Yehle, 1977), ( 5 )  S i t k a  (Yehle, 1974), ( 6 )  Skagway (Yehle and Lemke, 

1972), ( 7 )  Wrangell (Lemke, 1974), and ( 8 )  Yakutat  (Yehle, 1975, 1978); a 

general  i z e d  r e g i o n a l  r e p o r t  was prepared f o r  southeastern Alaska (Lemke and 

Yehle, 1972b). Th i s  r e p o r t  on t h e  Petersburg area h i g h l i g h t s  t h e  geology, 

emphasizes t he  e v a l u a t i o n  o f  p o t e n t i a l  e f f e c t s  f rom major  earthquakes, and 

descr ibes  o t h e r  geo log i c  hazards, i n c l u d i n g  h i g h  water  waves, stream f l o o d i n g ,  

and e ros ion .  A l though geo log ic  d e s c r i p t i o n s  and eva lua t i ons  o f  hazards a r e  

p r e l i m i n a r y ,  they  should be h e l p f u l  i n  some measure i n  land-use p lann ing  f o r  

Petersburg and nearby areas on M i t k o f  I s l and .  

'The dates o f  a l l  earthquakes i n  t h i s  r e p o r t  a r e  g i ven  i n  u n i v e r s a l  
t ime  whenever poss ib le ;  f o r  t he  Petersburg area, un i ve rsa l  t ime  i s  l o c a l  
t i m e  p l u s  8 hours. 

2Complete da ta  on t i t l e  and pub1 i s h e r  o f  r e p o r t s  mentioned i n  t h e  
t e x t  a r e  g i ven  i n  t he  s e c t i o n  "References c i t e d . "  



Mapping and col lect ion of geologic information were done in the Peters- 

burg area fo r  short  periods during 1965 by R .  W. Lernke and L .  A .  Yehle, during 

1968 by L .  A .  Yehle, and during 1972 by R.  W .  Lemke ( R .  W. Lemke, unpub. 

data 1965, 1972; writ ten commun., 1966; L .  A .  Yehle, u n p u b .  d a t a ,  1968). 

Approximately 2 weeks were spent in the  study area.  In addit ion t h i s  study 

was suppleniented by geologic work of others (c i ted  where referred t o  in the 

repor t )  and by in terpreta t ion of airphotos by L .  A .  Yehle using year 1963 

U.S. Forest Service airphotos, A large  par t  of the mapping should be 

considered of a reconnaissance nature. 

Several U .S .  Geological Survey coll  eagues gave important he1 p during 

phases of t h e  study; sample analyses were done by E. E .  McGregor, P .  S .  Powers, 

Meyer Rubin, R.  A .  Speirer ,  and R. C. Trumbly. I n  addit ion,  helpful infor-  

mation was obtained from Federal, S ta te ,  and c i t y  of Petersburg o f f i c i a l s ,  

pr ivate  c i t i z ens ,  and personnel of engineering and  construction companies 

w h o  have worked in the Petersburg area. 

A glossary i s  included near the end of the report  to  a s s i s t  readers who 

may be unfamiliar with some o f  the geologic terms used. 



GEOGRAPHY 

Petersburg i s  s i t u a t e d  on northernmost M i t k o f  I s l a n d  i n  the  eas t - cen t ra l  

p a r t  of  southeastern Alaska, 195 km south-southeast  o f  Juneau ( f i g .  1; f i g .  2, 

i n  pocket )  a t  l a t  56'49' N. and l o n g  132O57' W. The Petersburg area i s  

cons idered i n  t h i s  r e p o r t  as t h e  area shown i n  f i g u r e  3 ( i n  pocke t ) ;  i t  inc ludes  m 
t h e  c i t y  o f  Petersburg and v i c i n i t y .  The Petersburg r e g i o n  i s  h e r e i n  cons idered 

t o  be t h e  r e g i o n  shown i n  f i g u r e  2 and i nc l udes  M i  t k o f  I s l a n d  and t h e  eas te rn  

p a r t s  o f  Kupreanof and Woewodski I s l ands  i n  a d d i t i o n  t o  many sma l l e r  i s l a n d s  

and a p a r t  o f  t h e  Coast Mountains on t he  mainland. P r i n c i p a l  waterways 

surrounding M i t k o f  I s l a n d  a r e  ( 1 )  a long t h e  eas t  and nor theas t ,  t h e  mos t l y  ve ry  

deep water F rede r i ck  Sound, ( 2 )  a long  t h e  west and nor thwest ,  t h e  c o n s t r i c t e d ,  

r e l a t i v e l y  sha l low Wrangell Narrows, and ( 3 )  a long t h e  south, t h e  mos t l y  

deep water Sumner S t r a i t .  

Petersburg is l o c a t e d  on t h e  g e n t l y  s l o p i n g  margins and upper sur face  o f  

a  l o w - r e l i e f  muskeg t e r r a i n  t h a t  covers c h i e f l y  an emerged marine-shore zone 

whose a l t i t u d e  mos t l y  i s  below about 30 m; few l a r g e  areas o f  s i m i l a r l y  low-  

r e 1  i e f  t e r r a i n  occur  elsewhere on M i t k o f  I s l and .  Most o f  t h e  remainder o f  

t h e  i s l a n d  c o n s i s t s  o f  gen t l e -  t o  s teep-s ided g l a c i a t e d  v a l l e y s  and moderate ly  

rugged t o  rugged mountains t h a t  have a maximum a l t i t u d e  o f  1,011 m on t h e  

southwest p a r t  o f  t h e  i s l a n d  near C r y s t a l  Lake ( a t  des ig .  5, f i g .  2) .  The 

l a r g e  d e l t a  o f  t h e  S t i k i n e  R i ve r  i s  t h e  dominant geographic f e a t u r e  ad jacen t  

t o  t h e  easternmost p a r t  o f  M i  t k o f  I s 1  and. The major  d i s t r i b u t a r i e s ,  des ignated 

1, 2, and 3 i n  f i g u r e  2, carry vas t  amounts o f  sediments which are depos i ted  i n  

t he  sha l low ing  heads of F rede r i ck  Sound and Sumner and Dry S t r a i t s .  



06 Sumner Stra i t  

Figure I. --Index map of southeastern Alaska and a d j  acent Canada 
showing location of Petersburg, Mitkof Island. 



Petersburg and i t s  harbor  f a c i l  i t i e s  f r o n t  northwestward on to  Wrangel 1  

Narrows; a t  t h e  c i t y  t h e  narrows a r e  about 0.8 km wide and have depths 

averaging 9 m. There i s  no con t inuous- record ing  t i d a l  gage a t  Petersburg 

Harbor; t i d a l  benchmarks were i n s t a l l e d  and t i d a l  l e v e l s  measured i n  1910, 

1917, 1958, and 1960 (U.S. Coast and Geod. Survey, 1960; Hicks and Shofnos, 

1965). From t h e  l a t e s t  (1960) data t h e  mean t i d e  range i s  g i ven  as 4.5 m, 

t h e  es t imated  h ighes t  t i d e  i s  6.2 m, and t h e  es t imated  lowes t  t i d e  i s  

minus 1.4 m. 

Despi te  i t s  130-km d i r e c t  d i s t ance  from the  o u t e r  coas t  o f  t h e  P a c i f i c  

Ocean, Petersburg has a mar i t ime  c l i m a t e  because o f  t h e  l a r g e  numbers o f  

w i d e , - t i d a l  waterways. C l i m a t o l o g i c a l  data f o r  Petersburg f o r  1973 l i s t  a mean 

annual temperature o f  4.6" C .  and p r e c i p i t a t i o n  o f  2,743 mm/y r  (U.S. Na t l  . 
Weather Service, 1973). M i  1  ler (1963) es t imated  t h a t  t h e  t h e o r e t i c a l  

maximum 100-year r a i n f a l l  i n  any 24-hour p e r i o d  f o r  no r t he rn  M i t k o f  I s l a n d  

i s  about  200 mm. 

Petersburg was founded i n  1897, b u t  cont inuous occupat ion d i d  n o t  beg in  

u n t i l  1905 (Alaska S ta te  Housing A u t h o r i t y ,  1966, p. 10) .  The f i r s t  dwe l l i ngs  

were es tab l i shed  near t h e  mouth o f  Hammer Slough ( f i g .  3) .  Loca t ions  o f  some 

of t h e  mun ic ipa l  and t r a n s p o r t a t i o n  f a c i l i t i e s  t h a t  se rve  the Petersburg 

area a re  shown i n  f i g u r e s  2 and 3; t h e  main water-supply  r e s e r v o i r  i s  about  

7 km southeast  o f  Petersburg (des ig .  4, f i g .  2)  and t h e  C r y s t a l  Lake p o r t i o n  

of t h e  h y d r . o e l e c t r i c i t y  system i s  l o c a t e d  26 km south-southeast  o f  t h e  c i t y  

(des ig .  5, f i g .  2) .  



GLACIATION AND ASSOCIATED LAND- A N D  S E A - L E V E L  CHANGES 

The Petersburg area probably was covered by g lac ie r  i c e  during several 

d i f f e r en t  in te rva l s  of the Pleistocene Epoch when huge i c e f i e l d s  developed 

and valley g lac ie r s  flowed outward from the Coast Mountains. During the 

culmination of the  l a s t  major g lacia l  advance, i c e  overlying the s i t e  of 

Petersburg may have been between 1,160 and 1,220 m thick (gstrem, 1972; 

U .S .  Geol . Survey, 1965). Near the c lose  of the P l  eistocene Epoch, g lac ie r s  

melted a n d  re t rea ted because of worldwide, major c l imat ic  warming; most g lac ie r  

i c e  probably disappeared from the Petersburg area between 13,000 and 12,000 

years ago. In many low areas of southeastern Alaska and coastal Br i t i sh  

Columbia, a s  the i c e  became r e l a t i ve ly  thin and sea level rose, the  i ce  f loa ted .  

In the Petersburg area ,  f loat ing o r  shel f  i c e  probably was very common f o r  

several thousand years near the end of the l a s t  major deglaciat ion.  The 

gl aciomarine sediments deposited in t h i s  environment beneath the f loat ing i c e  

were of several types representat ive of ice,  marine, and submarine lands1 ide 

or ig ins .  Locally, marine l i f e  was abundant; t ab le  1 l i s t s  marine megafossil 

she l l s  from four col lec t ing l o c a l i t i e s  on Mitkof Island. Armstrong and Brown 

(1 954) and Mi 1 l e r  (1 973, 1975) described s imi lar  gl aciomarine environments 

f o r  the Vancouver, Br i t i sh  Columbia, and Juneau, Alaska, areas respectively.  

Following major deglaciat ion,  numerous glacia l  erosional landforms were 

exposed in the mountainous par ts  o f  Mitkof Island; charac te r i s t i c  landforms 

such as  large ,  par t ly  rounded knobs of bedrock and U-shaped valleys a re  

common. Locally, constructional landforms o f  g lacia l  or ig in  probably a r e  

present. Below an a l t i t u d e  of a b o u t  75 m g lac ia l  erosional and glacia l  

depositional landforms are  mostly overlain by glaciomarine, marine, and r e l i c t  

shore and de l t a  deposits .  All deposits generally a r e  obscured by a mantle of 

organic deposits .  



Table 1.--Cenozoic marine megafossils collected from Mitkof Island, southeastern Alaska - 
[See f i g .  2 for collection localities; ---- , not fqund] 

Fossil type 
U.S. Geol, Survey Cenozoic collection @ 
designation; lacation in fig. 2 

Gascropoda (Snails) 
~cmaea C f .  A. mitra Eschschololtz 
Buccinum - plectrum Stimpson 
Colus sp. 
Fissurellid? 
Lepeta concentrica Middendorf 
Margarites sp. 
Neptunea cf. - N, -- decemcostata (Say) 
Neptunea cf. - N. -- lirata (Gmelin) 
Ocnopota? sp. 
Pyramidellid, worn 
A- 

Scrpulorbis sp. 

Pelecypoda (8ivalves) 
As tarte fabula Kecve -- 
Chlamys rubida hindsii (Carpenter) X ---- ---- ---- 
Chlamys c f .  C. rubida hindsii (Carpenter) ---- X X ---- 
~1 i.nnca.rdium? --- - X ---- ---- - 
Mytilus sp. ---- ---- ---- -- X 
Protothaca staminea (Conrad) ---- ---- ---- -- X 

---- ---- +--- X 
Z 

Saxidomus giganteus Dcshayes 

Cirripedia (Barnacles) 
Balanus crenatus Bruguiere 
Balanus sp. 

Amphineura (Chitons) C 
(fragments only) -...-- +--- ---- X 

M2543 - collected by R. W. Lernke, 1965, field loc. N-7, L-23, alt. 
16 m ; identification by F. S. MacNeil (written commun., 1965). 

M3944 - collected by L. A. Yeble, 1968, field l oc .  68AYe-P2h, alt. * 
38 m ; identification by W. 0 .  Addicott (written commun., 1968). 

M2542 - collected hy R. W. Lemke, 1965, ficld loc. N-6, L-22, alt. 
14 m ; identification by F. S. MacNeil (written comrnun., 1965). 

M2541 - collected by R. W. Lernke, 1965, field loc. N-1, L-21b, a l t .  
8 m ; identification by F. S. MacNeil (written commun., 1968). 

1 Some of the fossi1.s from this locality dated by radiocarbon method. 
See table 2. 



Dur ing t h e  Holocene Epoch (about  t he  l a s t  10,000 years ) ,  minor  

f l u c t u a t i o n s  o f  c l i m a t e  caused advances and r e t r e a t s  o f  g l a c i e r s  t h a t  a re  

we1 1  documented e l  sewhere i n  southeastern A1 as ka (Barnwel l  and Boning , 1968; 

Goldthwai t ,  1963, 1966; Heusser, 1960; McKenzie, 1970; Pew&, 1975). For 

M i t k o f  I s l and ,  i t  seems l i k e l y  t h a t  a  few g l a c i e r s  re-formed i n  some of t h e  

heads o f  t he  h i ghes t  v a l l e y s  o f  the  i s l a n d  and advanced and r e t r e a t e d  i n  a  

s i m i l a r  manner. A t  t he  p resen t  t ime t h e r e  a r e  no g l a c i e r s  on M i t k o f  I s l and ,  

but ,  i n  t h e  Coast Mountains no r theas t  and eas t  o f  Petersburg, g l a c i e r s  fo rm 

a prominent p a r t  o f  t h e  t e r r a i n ;  icebergs from one o f  t h e  g l a c i e r s  a r e  a  

comnon s i g h t  i n  p a r t s  o f  F rede r i ck  Sound. 

The abso lu te  ages o f  Quaternary depos i ts  i n  t h e  Petersburg r e g i o n  a r e  

unknown. However, t h r e e  rad iocarbon  dates on mar ine megafossi l  she1 1  s from 

severa l  l o c a l i t i e s  on M i t k o f  I s l a n d  (des igs.  6, D, and E, f i g .  2; t a b l e  2) 

were determined t h a t  p rov ide  a minimum age f o r  some marine, g l ac i omar i ne (? ) ,  

and r e l i c t  shore and d e l t a  depos i ts .  F o s s i l s  f rom l o c a l i t y  E ( f i g .  2 )  a t  

an e l e v a t i o n  o f  65 m on no r the rn  M i t k o f  I s l a n d  were a l t i t u d i n a l l y  t h e  h i ghes t  

f o s s i l s  observed; they  dated as 12,400~800 years  B.P. ( be fo re  p resen t )  ( t a b l e  2 ) .  

The p o s i t i o n  of l e v e l  o f  l a n d  i n  r e l a t i o n  t o  sea l e v e l  i n  t h e  Peters-  

burg  area has changed g r e a t l y  w i t h i n  t h e  pas t  tens of  thousands o f  years,  and 

i t  appa ren t l y  i s  c o n t i n u i n g  t o  change. The p r imary  cause o f  change has 

been t he  response o f  t he  e a r t h ' s  c r u s t  t o  expansion and advance, and then t h e  

c o n t r a c t i o n  and r e t r e a t ,  o f  l a r g e  g l a c i e r s  d u r i n g  t h e  P le i s tocene  and Holocene 

Epochs. The we igh t  o f  l a r g e  volumes o f  g l a c i e r  i c e  depresses land;  Gutenberg 

(1951, p.  172) noted t h a t  205 m of i c e  i s  t h e o r e t i c a l l y  capable o f  caus ing 

a  depress ion of  t h e  e a r t h ' s  c r u s t  o f  83 m. M e l t i n g  o f  i c e  pe rm i t s  l a n d  t o  

rebound. I n  most areas, however, t h e r e  i s  enough of a  t ime  l a g  between 

m e l t i n g  and complete rebound t o  a l l o w  mar ine waters t o  cover low areas f o r  

1 3  



T a b l e  2.--Radiocarbon d e t e r m i n a t i o n  o f  age  of marine  m e g a f o s s i l  s h e l l s ,  Mitkof I s l a n d ,  s o u t h e a s t e r n  
Alaska [See fig. 2 f o r  1oc.a t ion o f  s h e l l  samples ]  

Loca- U.S. Geol. Age, y r s .  Type o r  p a r t  o f  Enc los ing  Environment 
t i o n  Survey B.P. f o s s i l  s h e l l  d a t e d ;  sediment  o f  Under1 y i n g  

( f i g . 2 )  f i e l d  no. (before p a l e o n t o l o g i c a f  d a t a  d e p o s i t  i o n  d e p o s i t  
and  al- and rad io -  p r e s e n t )  
t i t u d e  carbon l a b .  

no. 

I B ;  38 N-6 ; 1 2 , 1 7 0  B a r n a c l e  p l a t e s ;  F i n e  sand Shore  Mixed, g r a d i n g  
68AYe-P2a; 2 4 0 0  s e e  t a b l e  1 f o r  from diarnicton 
W-2327 i d e n t i f i c a t i o n  o f  t o  s t o n e - f r e e  

f o s s i l s  a t  l o c .  B s i l t  ; c o n t a i n s  
m i c r o f o s s i l s  

2 
D; 8 N-1; 9 ,970 Pelecypod s h e l l s ;  F i n e  sand  Shore  Diamicton w i t h  

L-21a ; 2300 s e e  t a b l e  1 f o r  numerous s h e l l  

--I 
W-1738 i d e n t l f  i c a t i o n  of f ragments  

P f o s s i l s  a t  l o c .  D 
3 

E ;  65 N-18 ;  
N-28b ; 12,400 F o s s i l  s h e l l s  of Clay Marine 

W-1734 2800 s m a l l  b i v a l v e s  
Diamicton? 

' ~ n f o r n a t i o n  from R. C.  T r m b l y  ( w r i t t e n  commun., f 968), Meyer Rubin 
( w r i t t e n  commun., 1969) ,  and from R. W. Lemke (unpub. d a t a ,  l 9 6 5 ) ,  
and L. A .  Yehle (unpub. d a t a ,  1968. 

2 ~ ,  R. W. Lemke ( i n  - Ives and o t h e r s ,  1967, p .  523-524) and 
Ynpub. d a t a :  R .  W. Lemke, 1965. 

3 ~ ,  R. W. Lemke ( i n  - Ives and o t h e r s ,  1967, p. 524)  and 
Unpub. d a t a :  R .  W. Lemke, 1965. 



severa l  thousands o f  years  (Andrews, 1976; Clague, 1975). Only an approx i -  

mat ion of t h e  t o t a l  amount o f  r e l a t i v e  emergence o f  M i t k o f  I s l a n d  can be 

made. The approx imat ion i s  p rov ided  by t he  maximum a l t i t u d e  (abou t  75 m) 

o f  d i a g n o s t i c  landforms o r  depos i ts ,  namely, ( 1 )  t he  upper l i m i t  o f  g e n t l e  

s lopes a long mountain s ides,  ( 2 )  t h e  presence o f  mar ine and g lac iomar ine  

depos i t s  of s i l t  and c l a y  t h a t  i n c l u d e  v a r i a b l e  amounts o f  stones and mar ine 

f o s s i l s ,  o r  (3 )  t h e  presence o f  smal l ,  r e l i c t  shore and d e l t a  depos i t s  of 

she l l - bea r i ng  sand and/or pebble g rave l .  The h ighes t  known, r e a d i l y  access ib l e  

depos i t  o f  assured ly  marine o r i g i n  near Petersburg i s  a t  an a l t i t u d e  o f  

65 m ( l o c .  E, f i g .  2; t a b l e  2 ) .  A t  lower  a1 t i t u d e s  i n  t h e  Petersburg area 

occurs a  s c a t t e r i n g  o f  o t h e r  smal l ,  r e l i c t  shore depos i ts ,  mos t l y  o f  sand 

and some pebble g rave l ,  which mant le  c h i e f l y  mar ine and g lac iomar ine  depos i ts .  

A t  Twin Creek ( f i g .  2 )  a h o u t  11 km south-southeast o f  Petersburg i s  a r e l i c t  

de l t a ;  t h e  o u t e r  marg in  o f  t h e  d e l t a  l i e s  a t  an a l t i t u d e  o f  a b o u t 6 0  m and t he  

i n n e r  marg in  l i e s  a t  about 75 m. On southern M i t k o f  I s l a n d  r e l i c t  shore 

depos i ts ,  many o f  which c o n t a i n  f o s s i l  s h e l l s  ( t a b l e  1 ) ,  a r e  w e l l  exposed i n  

severa l  p laces near t h e  highway; t h e  a l t i t u d i n a l l y  h i ghes t  d e p o s i t  was a t  

38 m ( l o c .  B ,  f i g .  2 ) .  S h e l l s  f rom t h i s  depos i t  and a nearby one ( l o c .  D, 

f i g .  2)  have been r a d i o m e t r i c a l l y  dated ( t a b l e  2 ) .  Along t he  p a r t  o f  t h e  

no r theas te rn  shore o f  F rede r i ck  Sound shown i n  f i g u r e  2, and f a r t h e r  northward 

and northwestward a long  t he  same shore, severa l  r e l i c t  shore and d e l t a  

depos i t s  were noted by Buddington and Chapin (1929, p. 277-278) a t  a l t i t u d e s  

between 4 and 18 m. 



Many p laces i n  southeastern Alaska and nearby B r i t i s h  Columbia have 

been descri,bed by Twenhofel (1  952) where emerged shore, marine, and g l a c i o -  

marine depos i ts  a r e  present .  The maximum recorded a l t i t u d e  o f  marine 

f o s s i l - b e a r i n g  depos i t s  i s  near Juneau where A. C. Spencer no ted  (Budding- 

t o n  and Chapin, 1929, p .  278; Smith, 1965, p. 27) beach depos i t s  and mega- 

f o s s i l  s h e l l s  a t  a l t i t u d e s  o f  193 m o r  more, and M i l l e r  (1975) showed 

m i c r o f o s s i l  l o c a t i o n s  i n  g lac iomar ine  depos i t s  a t  a l t i t u d e s  as h i g h  as 

192 m. 

Land a t  Petersburg i s  thought  t o  have emerged r e l a t i v e  t o  sea l e v e l  

a t  a  r a t e  of 0.37cw,/yr between 1910 and 1960, the  most r ecen t  p e r i o d  of 

s tudy (Hicks and Shofnos, 1965).  Closer  t o  l a r g e  areas of  m e l t i n g  g l a c i e r s  

than  Petersburg, emergence r a t e s  should be h igher ;  a t  Thomas Bay, 26 km 

no r theas t  o f  Petersburg, an emergence r a t e  o f  0.79 c d y r  was determined f o r  

t h e  p e r i o d  o f  1887-1906 (H icks  and Shofnos, 1965).  The most r a p i d  r a t e  o f  

emergence known i n  southeastern Alaska i s  a t  G l a c i e r  Bay ( f i g .  1  ) where t h e  

r a t e  was determined t o  be 3 .96cmly r  f o r  t h e  p e r i o d  1938-1959 ( ~ i c k s  and 

Shofnos, 1965).  I f  t h e  r a t e  of emergence and o t h e r  phys i ca l  f a c t o r s  such as 

t i d a l  c u r r e n t s  remained cons tan t  f o r  a p e r i o d  o f  50 years,  t h e o r e t i c a l l y ,  

a t  Petersburg t he  harbor  would sha l low 19.8 cm and t h e  s h o r e l i n e  where 

s l o p i n g  g e n t l y  ( l o ,  1.75 percen t )  would be d i sp laced  outward 11 rn. 

The above d i scuss ion  o f  r e l a t i v e  land-  and sea- leve l  changes t r e a t s  

mean sea l e v e l  as a long- te rm f i x e d  level. Th i s  i s  o n l y  an approx imat ion,  

because many f a c t o r s  may combine t o  s l o w l y  change t h e  l e v e l  o f  water  i n  

t he  oceans. A major f a c t o r  i s  t he  wor ldwide r e l a t i o n s h i p  o f  sea l e v e l  

t o  the  me1 t i n g  and nour ishment o f  g l a c i e r s  throughout  t h e  w o r l d  (Higg ins,  

1965; Shepard and Curray, 1967). 



DESCRIPTIVE GEOLOGY 

Formal s tud ies  o f  t h e  geology o f  t h a t  p a r t  o f  t h e  Petersburg r e g i o n  t h a t  

i nc l udes  M i t k o f  I s l a n d  havebeen conducted on o n l y  a l i m i t e d  sca le  s ince  t he  

e a r l y  1900 's .  The few r e p o r t s  a v a i l a b l e  p rov ide  a  general  v iew o f  t he  frame- 

work o f  t h e  geology o f  t he  r e g i o n  (Berg and o thers ,  1972; Brew and o thers ,  

1976; Buddington and Chapin, 1929; Page and o thers ,  1977; Tay lo r ,  1967). The 

var ious  types of bedrock and s u r f i c i a l  depos i t s  and t h e i r  d i s t r i b u t i o n  i n  t h e  

Petersburg area a r e  l a r g e l y  the  r e s u l t  o f  severa l  cyc les  o f  sedimentat ion,  

i n t r u s i o n ,  deformat ion,  and e ros ion  t h a t  took  p lace  s i nce  M i d d l e ( ? )  Ju rass i c  

t ime.  The major geo log ic  f a u l t s  and o t h e r  p o s s i b l e  d i s c o n t i n u i t i e s  i n  

bedrock o f  t he  r e g i o n  a r e  descr ibed  under " S t r u c t u r a l  geology."  

Bedrock forming most o f  M i t k o f  I s l a n d  i s  grouped w i t h i n  t h e  Grav ins-  

N u t z o t i n  b e l t  o f  r ocks  t h a t  p a r a l l e l s  t h e  coas t  o f  southeastern Alaska and 

extends northwestward t o  c e n t r a l  Alaska (Berg arid o thers ,  1972). Bedrock on 

M i t k o f  I s l a n d  c o n s i s t s  c h i e f l y  o f  metamorphosed, f i n e - g r a i n e d  sedimentary 

and some in terbedded vo l can i c  rocks  o f  M i d d l e ( ? )  Ju rass i c  t o  E a r l y  Cretaceous 

age. I n t r u s i v e  a c t i v i t y  occur red  d u r i n g  p a r t  o f  t h e  same t i m e  i n t e r v a l  and 

con t inued  u n t i l  somewhat l a t e r .  The c l o s e s t  known igneous rocks  on Mi tko f  

I s l a n d  t o  Petersburg a r e  g r a n o d i o r i  t e  rocks exposed i n  a  quar ry  about  1 .6  km 

south-southeast  o f  Sandy Beach and about 0.8 km south o f  t he  map area ( f i g .  3) .  

Some o f  t h e  i n t r u s i v e  rocks  on M i t k o f  I s l a n d  a r e  u l  t rarnaf ic  (Berg and o thers ,  

1972, f i g .  2; P a g e a n d o t h e r s ,  1977, p. 632; Tay lo r ,  1967, p. 97, 111). Dur ing 

T e r t i a r y  and e a r l i e r  t imes, ex tens ive  e ros ion  and d e p o s i t i o n  by streams 

profoundly  mod i f i ed  t he  l and  sur face .  These processes con t inued  and were 

supplemented du r i ng  t he  Quate rnary  Per iod  by ex tens ive  g l a c i a l  e ros ion  and 

depos i t i on .  



Genera1 i z e d  i n f o r m a t i o n  on t he  probable types o f  bedrock i n  t h e  Peters-  

burg area i s  a v a i l a b l e  f rom t h e  few known outcrops i n  my mapped area and 

f rom i n t e r p r e t a t i o n  o f  geo log ic  mapping by o the rs  i n  t h e  surrounding reg ion .  

Bedrock i n  t he  mapped area i s  composed mos t l y  o f  ve ry  t h i n  bedded o r  f o l i a t e d  
1 

p h y l l i t e  ( f i g .  3, i n  pocke t ) ,  a r ock  t ype  c h a r a c t e r i s t i c  

of s l i g h t  t o  moderate r e g i o n a l  metamorphism; such rocks form o r i g i n a l l y  as 

f i ne -g ra ined  sediments. Loca l l y ,  lenses o f  qua r t z  a r e  prominent w i t h i n  t he  

p h y l l i t e .  A1 though n o t  known t o  be exposed i n  t h e  map area, i t  i s  l i k e l y  t h a t  

t h e r e  i s  some concealed bedrock t h a t  i s  composed of graywacke and l e s s e r  

amounts o f  a r g i l l i t e  and s l a t e .  Outs ide t h e  mapped area, graywacke i s  w e l l  

exposed about  0.8 km south o f  t he  a i r p o r t  i n  a qua r r y  f rom which most o f  t h e  

fill f o r  t h e  a i r p o r t  was obta ined.  Bedrock may l i e  concealed a t  sha l low 

depth (1.5 m) beneath t he  o rgan ic  o r  o t h e r  s u r f i c i a l  depos i t s  a t  severa l  

p laces  i n  t he  Petersburg area. Where such t h i n l y  covered ou t c ropp i  ngs of 

bedrock a r e  thought  t o  be present ,  t h e  bedrock map u n i t  des igna t i on  on t he  

geo log ic  map bears a query . Bedrock exposed i n  t h e  Petersburg area 

i s  r e l a t i v e l y  hard when f r esh ,  b u t  upon weather ing, l o c a l l y ,  i t  breaks down 

r e a d i l y  i n t o  very  t h i n  beds o r  f o l i a t i o n s .  Data on j o i n t i n g  and a t t i t u d e s  

o f  bedding o r  f o l i a t i o n  a r e  g i ven  under "Local  s t r u c t u r e . "  The age o f  bed- 

r o c k  i s  i n t e r p r e t e d  as  M i d d l e ( ? )  Ju rass i c  t o  E a r l y  Cretaceous. None o f  t h e  

bedrock exposed i n  t h e  Petersburg map area ( f i g .  3) i s  known t o  have been 

u t i  1 i zed f o r  c o n s t r u c t i o n  purposes. 

lWhere map u n i t s  a r e  f i r s t  descr ibed,  t h e  name i s  under1 ined.  
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To i n d i c a t e  t h e  d i s t r i b u t i o n  of s u r f i c i a l  geo log ic  depos i ts  i n  t h e  

Petersburg map area, severa l  mapping u n i t s  were estab l ' ished on t he  bas i s  o f  

geo log ic  cons ide ra t i ons  and a i r p h o t o  i n t e r p r e t a t i o n .  The u n i t s  i n  approx- 

imate ascending o rde r  of age are,  o l d e s t  t o  youngest:  mixed depos i ts ,  

c h i e f l y  d iamic ton  and s i l t - c l a y ;  a l l u v i a l  depos i ts ;  modern shore and d e l t a  

depos i ts ;  o rgan ic  depos i ts ;  and a r t i f i c i a l  f i l l .  The t o t a l  th ickness  of 

s u r f i c i a l  depos i t s  i s  v a r i a b l e  and ranges f rom a  few meters t o  as much as 

44 m (Kenneth Welde, o r a l  commun. t o  R .  W.  Lemke, 1965), t he  th ickness  

repo r ted  i n  t h e  c i t y ' s  t e s t  we1 1 No. 1, sou th  o f  Lumber S t r e e t  ( f i g .  3) .  

The geo log ic  map u n i t  mixed depos i t s  i s  a  complex o f  severa l  types of 

s u r f i c i a l  geo log ic  m a t e r i a l s .  Deposi ts  may be considered i n  t h r e e  d i f f e r e n t  

groups. These i n c l u d e  (1  ) s tony d iamicton,  which probably  i s  t h e  most prev-  

a l e n t  t ype  o f  d e p o s i t  a t  depth;  ( 2 )  s t one - f r ee  s i l t - c l a y ;  and ( 3 )  un i form 

sand o r  sandy pebble g rave l .  F o s s i l s  o f  mar ine organisms, some of which 

have been i d e n t i f i e d  and dated from elsewhere on M i t k o f  I s l a n d  ( t a b l e s  1  and 

2 ) ,  a r e  p resen t  i n  severa l  depos i ts .  

The d i f f e r e n t  types of mixed depos i t s  a r e  n o t  d i f f e r e n t i a t e d  on t h e  

geo log ic  map because o f  ( 1 )  l a c k  of  exposures because depos i t s  a r e  commonly 

obscured by o v e r l y i n g  t h i c k  o rgan ic  depos i t s  , and ( 2 )  evidence, where 

depos i t s  v i s i b l e ,  of changes i n  t e x t u r e s  and m a t e r i a l s  by i n t e r g r a d i n g  

of depos i t s  b o t h  l a t e r a l l y  and v e r t i c a l l y .  Deposi ts  o f  groups 1  and 2 

(d iamic ton  and s i  1 t - c l a y )  a r e  w ide l y  d i s t r i b u t e d ;  t h e i r  combined th ickness  

may average 15 m and have a  maximum o f  about 60 m. Deposi ts  o f  group 3 

(sand and g rave l  ) a r e  very  s p o t t y  i n  d i s t r i b u t i o n .  They a r e  as much as 

2 m t h i c k  a t  t h e  few p laces where they  have been observed bo th  i n  t he  area 

mapped g e o l o g i c a l l y  and nearby: ( 1 )  a long  roads southwest o f  t h e  n o r t h  

p o i n t  o f  M i t ko f  I s l and ,  and ( 2 )  about 0.4 km south o f  t he  map area ( f i g .  3 )  

i n  abandoned borrow and t e s t  p i t s  ( l o c .  E, f i g .  2) .  

19 



Most geologic materials of groups 1 and 2 were deposited in a glacio- 

marine or marine environment in which icebergs were abundant during most 

of the time before emergence of the region. Diamicton deposits of d i rec t  

glacial origin prevail a t  a l t i tudes higher than about 75 m ,  and they 

probably are  common, locally, a t  lower a l t i tudes .  Included in the materials 

may be a few deposits of sandy pebble gravel. Deposits of group 3 were 

deposited in a shore environment. In places where waves and t idal  currents 

could have eroded stony diamicton deposits or bedrock, group 3 deposits 

would tend to be coarsest. 

Mixed deposits are  underlain by bedrock and overlain almost every- 

where by an obscuring mantle of organic materials. Where the mantle of 

organic materials i s  thought to be thicker than about 2 m ,  organic 

d e p o ~ i t s ~ i n s t e a d ,  are shown on the geologic map. 

Use of mixed deposits for  construction purposes has been 1 imi ted. 

Some diamicton deposits have been used as f i l l .  The stony diamicton group 

of deposits should make a good foundation because of i t s  firmness and 

compactness. Si l t -c lay deposits are  moderately sof t  in consistencjl and 

generally only f a i r  for foundations even where surface drainage i s  

adequate; some deposits provide very poor foundations, because of extreme 

softness, poor drainage, and probably a very high content of  clay-sized 

part ic les .  The sand and gravel deposits a re  generally excellent as 

construction materials and foundations. The age of mixed deposits i s  

P l  ei s tocene and Hol ocene. 



A l l u v i a l  depos i t s  p robab ly  c o n s i s t  c h i e f l y  o f  sand and pebble g rave l  - 

w i t h  some cobbles and boulders .  The d i s t r i b u t i o n  o f  depos i ts  shown on t h e  

geo log ic  map ( f i g .  3)  was determined e x c l u s i v e l y  by a i r p h o t o  i n t e r p r e t a t i o n  

of stream courses. A l l u v i a l  depos i ts  merge i n t o  d e l t a s .  Thickness o f  depos- 

i t s  may average 1.5 m and reach a maximum of 4.5 m. The unde r l y i ng  geo log ic  

m a t e r i a l s  a r e  i n t e r p r e t e d  as  be ing  mos t l y  d iamic ton  and some s i l t  and c l a y .  

Organic m a t e r i a l s  o v e r l i e  t h e  a l l u v i a l  depos i t s  i n  many places, e s p e c i a l l y  

i n  upper reaches o f  smal l  v a l l e y s .  A t  some l o c a t i o n s  o rgan ic  m a t e r i a l s  may 

be more than 1 m t h i c k .  

O r i g i n  o f  a l l u v i a l  depos i t s  i s  by stream e ros ion  of  unde r l y i ng  and 

ad jacen t  m a t e r i a l s  i n  upstream areas, stream t r a n s p o r t ,  and, u l t i m a t e l y ,  

d e p o s i t i o n  i n  downstream areas. 

The a l l u v i a l  depos i t s  a r e  e n t i r e l y  o f  Holocene age. No eng ineer ing  use 

i s  known t o  have been made o f  a l l u v i a l  depos i t s  i n  t he  area, 

The map u n i t  modern shore and d e l t a  depos i ts  c o n s i s t s  of two compo- 

nents--a shore component and a d e l t a  component, n e i t h e r  o f  which i s  sepa- 

r a t e l y  de l i nea ted  on t h e  geo log ic  map ( f i g .  3 ) .  Both components a r e  l a r g e l y  

i n t e r t i d a l .  The shore component i nc l udes  t h e  berm of t h e  storm beach and 

m a t e r i a l s  a long  t he  modern shore t h a t  a r e  moderate ly  w e l l  so r t ed  and char-  

a c t e r i z e d  c h i e f l y  by pebbles and ( o r )  cobbles w i t h  l e s s e r  amounts o f  sand 

and boulders;  t h e  s torm beach con ta ins  cobbles, pebbles, and some boulders  

and d r i f twood.  Near bedrock outcrops and southeast  o f  t h e  n o r t h  p o i n t  o f  

M i t k o f  I s l a n d  t h e r e  i s  l e s s  sand and pebbles, and t h e r e  a r e  more cobbles 

and boulders  a long  t he  shore. 

Diamicton u n d e r l i e s  most o f  t he  modern shore area a t  depths t h a t  

probably  average 1.5 m. Maximum th i ckness  of depos i ts  may be 3 m. I n  

some places bedrock i s  p robab ly  the  unde r l y i ng  m a t e r i a l  , 



The d e l t a  component c o n s i s t s  o f  depos i t s  i n  small.modern d e l t a s  t h a t  

a r e  developed a t  t he  mouths of  t h e  smal l  t o  moderate streams t h a t  d r a i n  

the area. The most prominent d e l t a s  a r e  a t  Hammer Slough and Long Pond. 

Deposi ts  o f  most d e l t a s  probably  c o n s i s t  c h i e f l y  o f  pebbly  sand and sand 

c o n t a i n i n g  some s i l t ,  e s p e c i a l l y  near Hammer Slough and Long Pond. Dia- 

m i c ton  p robab ly  under1 i e s  most of the  modern d e l t a  depos i t s  a t  depths 

averaging 2 m. I n  some p laces bedrock p robab ly  i s  t h e  u n d e r l y i n g  m a t e r i a l .  

Maximum th icknesses o f  depos i t s  may be 6 m a t  t h e  o u t e r  edges o f  some 

depos i ts .  The o r i g i n  o f  d e l t a  depos i t s  i s  l a r g e l y  by a  s e t t l  i ng -ou t  process 

of stream sediments as they  e n t e r  bodies o f  r e l a t i v e l y  q u i e t  water  and a r e  

reworked and so r t ed  by t i d a l  c u r r e n t s  and waves and p rog ress i ve l y  en larged 

by growing outward i n t o  t he  more o r  l e s s  q u i e t  water.  

Use o f  modern shore and d e l t a  depos i t s  may be l i m i t e d  t o  a  few areas 

near Hammer Slough, Long Pond, Sandy Beach, and near t h e  n o r t h  p o i n t  o f  

M i t k o f  I s l and .  As a foundat ion  m a t e r i a l ,  t h e  depos i t s  o f  t h i s  map u n i t  may 

be we1 1  s u i t e d  f o r  s t r u c t u r e s  adequate ly  p r o t e c t e d  f rom waves and t i d e s .  



The map u n i t  o rgan ic  depos i ts  has as i t s  uppermost ( su r f ace )  p a r t  t h e  

r e a d i l y  v i s i b l e  o rgan ic  m a t e r i a l ,  muskeg. Only those depos i t s  2 m o r  more 

t h i c k  a r e  mapped. Where o rgan ic  m a t e r i a l s  a r e  considered t o  be o f  l e s s e r  

th ickness ,  t he  u n d e r l y i n g  m a t e r i a l ,  ma in l y  s i l t - c l a y ,  i s  shown on t h e  map. 

C o l l e c t i v e l y ,  t he  o rgan ic  depos i t s  a r e  c a l l e d  peat .  A t  t h e  ground sur face,  

o rgan ic  m a t e r i a l s  c o n s i s t  o f  wet ground dominated by sphagnum and o the r  

mosses, va r ious  sedges and o t h e r  m o i s t u r e - l o v i n g  p l an t s ,  p l u s  severa l  types 

o f  heaths and o t h e r  smal l  woody p lan t s ;  i nc l uded  w i t h i n  t h e  map u n i t  a r e  

numerous smal l  ponds. A t  depth a r e  i n t e r s t r a t i f i e d  o rgan ic  m a t e r i a l s ,  mos t l y  

sedges, p l u s  a v a r i a b l e  amount o f  woody fragments (Dachnowski -Stokes, 1941 , 

p. 19) ;  a1 1 m a t e r i a l s  a r e  i n  va ry i ng  s t a t e s  o f  decomposit ion and conso l ida-  

t i o n .  Fragments of vo l can i c  g l ass  were noted a t  depths o f  0.5, 1  .O, and 

1.1 m w i t h i n  peat  f rom one t e s t  ho le  i n t e n s i v e l y  s tud ied  by Heusser (1952, 

p. 341); g l ass  was a l s o  p resen t  a t  s i m i l a r  depths i n  peat  f rom a  second ho le  

about 16 km south o f  Petersburg. 

Thickness of depos i t s  may average 2.5 m (Kenneth Welde, o r a l  commun. t o  

R. W. Lemke, 1972); t h e  maximum th ickness  p o s s i b l y  i s  7 .5  m. 



Phys ica l  p r o p e r t i e s  o f  peats have been i n v e s t i g a t e d  i n t e n s i v e l y  i n  

severa l  n o r t h e r n  hemisphere areas. C h a r a c t e r i s t i c  f ea tu res  a r e  h i g h  p o r o s i t y ,  

ease of conso l i da t i on ,  and a v e r y  h i g h  mo i s tu re  con ten t .  Mo i s tu re  r e t e n t i o n  

c a p a b i l i t y  i s  ve ry  h igh;  mo i s tu re  con ten ts  rang ing  f rom 180 t o  860 percen t  o f  

d r y  weight  of  s o l i d  m a t e r i a l  were determined by t h e  Alaska Highway Department 

i n  t h e  g e n e r a l l y  s i m i l a r  S i t k a  area, Alaska (F rank le t ,  1965). Because o f  

ve ry  h i g h  mo i s tu re  and p o r o s i t y ,  most pea t  can be compressed. Other t e s t i n g  

of peat by t h e  Alaska Highway Department i n d i c a t e d  75-95 percen t  compression 

of t h e  m a t e r i a l  beneath load; compression va lue  depended upon t h e  percentage 

of wood fragments i n  t h e  p a r t i c u l a r  depos i t .  Shear s t r e n g t h  o f  peat  i s  

u s u a l l y  v a r i a b l e ,  though low; t h e  range of sample- in-place values repo r ted  by 

MacFarlane (1969, p. 96) from areas i n  Canada v a r i e s  from 0.05 t o  2.0 g/cm?. 

Peat may l o s e  i t s  coherence and approach a  phys i ca l  s t a t e  resembl ing l i que fac -  

t i o n  d u r i n g  t imes o f  heavy c o n s t r u c t i o n  a c t i v i t y  because o f  t h e  genera t ion  of 

c e r t a i n  types o f  v i b r a t i o n s  by power equipment. 

Muskeg depos i t s  o v e r l i e  map u n i t  mixed d e ~ o s i t s  (d iamicton,  s i l t - c l a y ,  

and sand and sandy pebble g r a v e l ) ,  a l l u v i a l  depos i ts ,  and bedrock. I n  some 
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places,  muskeg i s  o v e r l a i n  t o  a  depth of m by a r t i f i c i a l  f i l l .  

Muskeg and pea t  develop where t h e  c l i m a t e  i s  coo l  and m o i s t  and where 

subsurface d ra inage  i s  genera l  l y  poor (Dachnows k i  -Stokes, 1941 ; Nei land, 

1971 ; Stephens and o thers ,  1970). A l though t h e  r a t e  o f  accumulat ion of peat  

va r i es ,  an average r a t e  o f  accumulat ion, us i ng  es t imates  f rom severa l  o t h e r  

n o r t h e r n  hemisphere areas, may be 0.3 m per  thousand years  (Cameron, 1970, 

p. A23). 



No commercial use i s  known t o  have been made of pea t  i n  t h e  Petersburg 

area, a l though  s t u d i e s  o f  t h e  m a t e r i a l  as a resource  were accomplished by 

Dachnowski-Stokes (1  941, p. 18-22).  Road, a i r p o r t ,  and b u i l d i n g  c o n s t r u c t i o n  

i n  areas of t h i c k  muskeg must employ va r i ous  techniques t o  p a r t i a l l y  overcome 

t h e  problems o f  t h e  so f tness  and ease o f  c o n s o l i d a t i o n  o f  t h e  m a t e r i a l .  A t  a 

c o n s t r u c t i o n  s i t e ,  i t  i s  p r e f e r a b l e  t o  remove most o f  t h e  peat,  bu t ,  except  

where peat  i s  l e s s  than about 3 m t h i c k ,  removal i s  g e n e r a l l y  i m p r a c t i c a l .  

Where peat  i s  t h i c k ,  founda t ions  f o r  b u i l d i n g s  u s u a l l y  a r e  s e t  on p i l e s  

p laced through t h e  peat  and r e s t i n g  on o r  w i t h i n  t h e  u n d e r l y i n g  m a t e r i a l .  

Roads o r  a i r p o r t  runways designed t o  c ross  t h i c k  pea t  can be planned so as t o  

c o n s o l i d a t e  pea t  u n i f o r m l y ,  by c o r r e c t l y  p l a c i n g  a  f i l l  t h a t  i s  s p e c i f i c  i n  

t h i c kness  f o r  t h e  t y p e  and t h i ckness  o f  p e a t  t o  be o v e r l a i n .  MacFarlane 

(1969, p. 106) noted t h e  d e s i r a b i l i t y  o f  us i ng  no more than  2.4 m o f  f i l l  

over  peat  depos i t s  more than  4.6 m t h i c k  t o  ach ieve a uni form f l o t a t i o n  o f  

t h e  f i l l  w i t h o u t  founder ing  o r  w i t h o u t  excess ive l a t e r a l  f lowage o f  t h e  peat .  

A new method o f  suppo r t i ng  roads cons t ruc ted  over  t h i c k  o rgan i c  depos i t s  has 

been t r i e d  s u c c e s s f u l l y  by t h e  U.S. Fo res t  Se rv i ce  a t  I d e a l  Cove, M i t ko f  

I s l a n d  ( f i g .  2) ,  about 26 km southeast  o f  Petersburg.  T h e i r  procedure was t o  

d i r e c t l y  cover  t he  depos i t s  w i t h  foamed-in-place urethane, which i n  t u r n  was 

covered by road  fill (Sel  kregg, 1976, p. 113).  Con t ro l  l e d  flowage (resem- 

b l i n g  l i q u e f a c t i o n )  o f  pea t  has been used as an excava t ion  method near  

P r i nce  Rupert ,  B r i t i s h  Columbia ( f i g .  1  ; Stanwood, 1958).  There, i n  areas 

where s lopes were moderate t o  r e l a t i v e l y  s teep and u n d e r l y i n g  m a t e r i a l s  were 

f i r m ,  l a r g e  b u l l d o z e r s  pushed and were a b l e  t o  1  i q u e f y  masses of  peat  as  

much as about 3 .5  m h i gh  and 75  m i n  l onges t  dimension. The age o f  o rgan i c  

depos i t s  i s  Holocene. 



A r t i f i c i a l  fill as shown on t h e  geo log ic  map incl'udes ( 1 )  those 

m a t e r i a l s  t h a t  have been used t o  cover n a t u r a l  ground, and ( 2 )  those areas 

o f  ground t h a t  have been mod i f i ed  d u r i n g  cons t ruc t i on ;  thus, t h e i r  o r i g i n  

cannot be r e a d i l y  determined. Only l a r g e  jo ined-areas o f  f i l l  and mod i f i ed  

ground a r k  shown on the  map; n e i t h e r  separate minor  f i l l s  no r  most road 

embankments a r e  mapped. Several  v a r i e t i e s  o f  geo log i c  m a t e r i a l s  have been 

used f o r  fill i n  t h e  Petersburg map area. In decreas ing o rde r  o f  volume 

used, fill inc ludes :  ( 1 )  r o c k  q u a r r i e d  f rom south o f  t h e  a i r p o r t  and mapped 

area, f o r  use as u n c l a s s i f i e d  f i l l  f o r  a i r p o r t  cons t ruc t i on ;  ( 2 )  r o c k  quar- 

r i e d  from south of Sandy Beach and t he  map area; ( 3 )  sandy pebble g rave l  

f rom modern shore and d e l t a  depos i ts ,  p robab ly  f rom severa l  l o c a l i t i e s ;  

( 4 )  sand and pebble g rave l  f rom emerged shore depos i t s  south of Sandy Beach 

and t he  mapped area; and ( 5 )  pebbly  sandy s i l t  f rom d iamic ton  depos i ts ,  

p robab ly  f rom severa l  l o c a l i t i e s .  

Th ick  f i  11 s  p laced over  t h i c k  o rgan i c  depos i t s  a r e  s u s c e p t i b l e  t o  

subsidence and l a t e r a l  f lowage because of  compaction of the  unde r l y i ng ,  

e a s i l y  compressible o rgan ic  depos i ts .  

Thickness o f  a r t i f i c i a l  f i l l  depos i t s  may average 1.5 m, and t h e  

maximum, a t  t he  a i r p o r t ,  p o s s i b l y  i s  9 m. 



STRUCTURAL GEOLOGY 

Regiona l  s e t t i n g  

Sou theas te rn  A laska  i s  a segment o f  a  b e l t  o f  a c t i v e  t e c t o n i c  r e g i o n s  

t h a t  r i m s  a  l a r g e  p a r t  o f  t h e  P a c i f i c  Ocean. From t i m e  t o  t ime ,  a t  l e a s t  

s i n c e  t h e  l a t e  Mesozoic, g e o l o g i c  events  such as l a r g e - s c a l e  p l u t o n i c  

i n t r u s i o n s ,  w idespread metamorphism, and l a r g e - s c a l e  s t r u c t u r a l  d e f o r m a t i o n  

have taken  p l a c e  i n  t h a t  segment o f  t h e  b e l t  wh ich  i n c l u d e s  s o u t h e a s t e r n  

A laska (Berg,  1972b; Berg  and o t h e r s ,  1972; Brew and o t h e r s ,  1966; Budd ing ton  

and Chapin, 1929) .  The l a t e s t  ma jo r  t e c t o n i c  even ts  i n  s o u t h e a s t e r n  A laska  

o c c u r r e d  i n  T e r t i a r y  t ime ,  some m i n o r  a c t i v i t y  c o n t i n u i n g  i n t o  t h e  Q u a t e r n a r y  

P e r i o d .  Most s t r u c t u r a l  f e a t u r e s  such as f o l d  axes and f a u l t s  t r e n d  n o r t h -  

w e s t e r l y ,  b u t  some t r e n d  n o r t h e r l y  and a few t r e n d  n o r t h e a s t e r l y  (Reeves, 

1976; Twenhofel and Sa insbury ,  1958).  Prominent  among s t r u c t u r a l  f e a t u r e s  

a r e  s e v e r a l  f a u l t s  a l o n g  wh ich  c o n s i d e r a b l e  movement i s  suggested.  Some 

o f  t hese  m a j o r  f a u l t  zones and l i n e a m e n t s  i n  s o u t h e a s t e r n  A laska and nearby  

r e g i o n s  a r e  shown i n  f i g u r e  4. The most  s i g n i f i c a n t  a r e :  Queen C h a r l o t t e  

f a u l t  and a d j o i n e d ( ? )  f a u l t  segments t o  t h e  n o r t h w e s t ;  namely, T r a n s i t i o n ,  

Ch ichagof -Baranof ,  Fa i rwea the r ,  and Chugach-St. El  i a s  f a u l  t s  (nos. 1-5, 

r e s p e c t i v e l y ,  f i g .  4 ) ;  Chatham S t r a i t  f a u l t  and a d j o i n e d ( ? )  f a u l t  segments 

t o  t h e  n o r t h  and no r thwes t ;  namely, Lynn Canal, C h i l k a t  R i v e r ,  Da l ton ,  Duke 

R i v e r ,  Totschunda, Shakwa k  Val 1 ey, and Denal i f a u l  t s  (nos.  6-1 3, r e s p e c t i v e l y ,  

f i g .  4 ) ;  C larence S t r a i t  l i n e a m e n t  (no.  15, f i g .  4 ) ;  and Coast P,ange 

l i n e a m e n t  (no.  16,  f i g .  4 ) .  The p o s i t i o n  o f  o f f s h o r e  and most  onshore  

segments o f  f a u l t s  shown i n  f i g u r e  4 i s  g e n e r a l i z e d  w i t h i n  zones t h a t  

p r o b a b l y  range f rom s e v e r a l  me te rs  t o  p o s s i b l y  a s  much a s  5 km wide;  i t  i s  

based upon ( 1 )  i d e a l l y ,  t h e  l o c a t i o n s  o f  d e t e c t a b l e  ear thquakes caused by  

r e c u r r e n t  f a u l t i n g ;  ( 2 )  1  i m i  t e d  geophys ica l  da ta ;  ( 3 )  t o p o g r a p h i c  da ta  o r  

l i m i t e d  sound ing da ta ;  and ( 4 )  t h e o r e t i c a l  c o n s i d e r a t i o n s  o f  g e o l o g i c  s t r u c t u r e .  
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E W L A N A T  I O N  

----- 
Known ' I n f e r r e d  

High-ang1.e f a u l t  o r  l i neamen t  - A A A A A  
Known Tnf e r r e d  

T h r u s t  f a u l t ;  s a w t e e t h  on upper p l . a t e  

l a ,  b 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
1.5 
1 6 ,  16 
1 7  

Queen C h a r l o t t e  f a u l t  
T r a n s i t i o n  f a u l t  
C h i c h a p  f-Baranof f a u l t  
F a i r w c a t h e r  f a u l t  
Chug,~cli- S t . E l  i a s  f a u l t  
Chatliarn S t r a i t  f a u l t  
Lynn Cana l  f a u l t  
C h i l k a t  R i v e r  f a u l t  
Dal-tun f a u l t  
Duke R i v e r  f a u l t  
Ta t schunda  f a u l t  
Shakwak V a l l e y  f a u l t  
D e n a l i  f a u l t  
S a n d s p i t  f a u l t  
C l a r e n c e  S t r a i t  l i n e a m e n t  
Coas t  Rangc l i n e a m e n t  
S i t k a  f a u l t  

F i g u r e  4.--Map a f  s o u t h e a s t e r n  Alaska  and a d j a c e n t  r e g i o n s  showing major  
f a u l t s  and s e l e c t e d  l i n e a m e n t s  t h a t  tnay be p o s s i h l c  f a u l t s ,  s h e a r  
zones ,  o r  j o i n t s  (Beikman, 1975;  Berg and  o t h e r s ,  1972;  B r e w  and 
o t h e r s ,  1966;  Canada Geol .  Su rvey ,  1969a ,  b ;  C a h r i e l s e  and Wheeler ,  
1961;  Johnson  and Couch, 1973;  King,  1969;  Loney and o t h e r s ,  1975 ;  
P l a f k e r ,  1969,  1971;  P l a f k e r  and o t h e r s ,  1976;  Read, 1976;  R i c h t e r  
and Matson,  1971;  S o u t h e r ,  1970;  Tobin  and Sykes ,  1968;  Twenhofel  and 
S a i n s b u r y ,  1958 ;  w i t h  a d d i t i o n s  and  m o d i f i c a t i o n s  b y  t h e  w r i t e r ) .  



The Queen C h a r l o t t e  and ad jo i ned  ( ? ) ,  p robab ly  r e l a t e d  f a u l t s ,  a r e  t e c t o n i c  

features t h a t  p robab ly  c o n s i s t  o f  ( 1 )  severa l  l i n e a r  zones o f  v e r t i c a l  t o  

s t e e p l y  d i p p i n g  f a u l t  segments a long  t h e  Queen Cha r l o t t e ,  Chichagof-Baranof,  

and Fa i rwea ther  f a u l t s  ( S t .  Amand, 1957; P l a f k e r ,  1967; Tobin and Sykes, 1968; 

Page and Lahr, 1971; Page, 1973; Page and Gawthrop, 1973; S i l v e r  and o thers ,  

1974; Beikman, 1975), and ( 2 )  ad jo i ned  zones o f  t h r u s t  f a u l t s ,  t h e  T r a n s i t i o n  

f a u l t  and t h e  Chugach-St. E l i a s  f a u l t  ( P l a f k e r ,  1969, 1971; Gawthrop and o thers ,  

1973; P l a f k e r  and o thers ,  1975). Movement a long  t h e  Queen Cha r l o t t e ,  Chichagof-  

Baranof, and Fai rweather  f a u l t s  i s  though t  t o  be s i m i l a r  i n  s t y l e  t o  movement 

a long  t h e  San Andreas f a u l t  system i n  C a l i f o r n i a  which i s  a  dominan t l y  h o r i -  

zon ta l  northwestward movement o f  t h a t  p a r t  o f  t h e  e a r t h ' s  c r u s t  l y i n g  southwest 

o f  t h e  f a u l t , r e l a t i v e  t o  f i x e d  p o i n t s  l y i n g  across t h e  f a u l t .  T h i s  i s  termed 

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 n g .  Both groups o f  f a u l t s  a re  though t  t o  be 

m a n i f e s t a t i o n s  o f  t h e  same apparent  t e c t o n i c  movement o f  a l a r g e  p l a t e  ( b l o c k )  

o f  t h e  ear th ,  c a l l e d  t h e  P a c i f i c  P la te ,  p a s t  an ad jacen t  p l a t e  termed t h e  

No r th  American P l a t e  ( I sacks  and o thers ,  1968; Le Pichon, 1968; Morgan, 1968; 

Atwater ,  1970). A popu la r  account  o f  p l a t e  mot ion  i s  g i ven  by Yanev (1974, 

p. 25) .  T h e o r e t i c a l  c a l c u l a t i o n s  i n d i c a t e  t h a t  r e l a t i v e  mot ion  between t h e  

p l a t e s  may average 5.8 cm/yr, which r a t e  i s  g e n e r a l l y  supported by g e o l o g i c  

s t u d i e s  o f  P l a f k e r  and o t h e r s  (1976),  who i n d i c a t e d ,  f u r t h e r ,  t h a t  t h i s  

r e l a t i v e l y  h i g h  r a t e  o f  h o r i z o n t a l  d isp lacement  m i g h t  have begun as r e c e n t l y  

as 100,000 yea rs  ago. R i g h t - l a t e r a l  s l  i p  a long  t h e  Fa i rwea ther  f a u l t  of as 

much as 6.6 m  was measured a f t e r  t h e  southeastern Alaska earthquake o f  July 70, 

1958 (Tocher, 1960, p. 280). Cumulat ive h o r i z o n t a l  movement a1 ong t h e  of fshore 

Queen Char1 o t t e  and Chichagof-Baranof f a u l t s  i s  unknown b u t  p robab ly  i s  ve r y  

l a r g e .  



S i g n i f i c a n t  v e r t i c a l  movements a long  t h e  Queen Cha r l o t t e ,  Chichagof- 

Baranof, and Fai rweather  f a u l t s  may have occurred, a l though s u b s t a n t i a l l y  

l e s s  than t h e  h o r i z o n t a l  movements. Grantz (1966) suggested t h a t  t he  no r th -  

eas t  s i d e  o f  t he  f a u l t  zone migh t  have been r e l a t i v e l y  u p l i f t e d  a t o t a l  

o f  4.8 km o r  more. 

An area o f  a c t i v e  t h r u s t  f a u l t i n g  a long t he  T r a n s i t i o n  f a u l t  i s  

suggested by t h e  Cross Sound sequence of earthquakes w i t h  major  shocks 

on J u l y  1  and 3, 1973, about 56 km o f fshore  f rom t h e  nor thwestern p a r t  

o f  Chichagof I s l a n d  (Gawthrop and o thers ,  1973; P l a f k e r  and o thers ,  1975).  

The zone o f  i n f e r r e d  f a u l t i n g  under1 i es t h e  Cont inen ta l  Slope. Thrus t  

f a u l t  mot ion  a long t he  T r a n s i t i o n  f a u l t  would be compat ib le  w i t h  movement 

a long t h e  Chugach-St. E l  i a s  g r o u p  o f  f a u l t s .  

The i n i t i a t i o n  o f  movement a long t h e  Queen Cha r l o t t e ,  Chichagof-  

Baranof, and Fai rweather  f a u l t  zones may have been i n  m idd le  Eocene t ime  

(P la fker ,  1972, 1973). 

The Chatham S t r a i t  and ad jo i ned (? ) ,  p robab ly  r e l a t e d  f a u l t s  t o  t h e  

n o r t h  and nor thwest  ( f i g .  4 )  may comprise p a r t  o f  a  s e r i e s  of f a u l t  seg- 

ments t h a t  extend f o r  a g rea t  d i s t ance  s u b p a r a l l e l  t o  and i n l a n d  f rom t h e  

G u l f  o f  Alaska (Berg and P la fker ,  1973; Berg  and o thers ,  1972;  Grantz, 

1966; Read, 1976; S t .  Amand, 1957; Twenhofel and Sainsbury, 1958). Along 

t h e  Chatham S t r a i t  segment, cumula t i ve  r i g h t - l a t e r a l  o f f s e t  o f  205 km i s  

cons idered 1 i k e l y  (Ovenshine and Brew, 1972). The Chatham S t r a i t  f a u l t  

was a c t i v e  a f t e r  Miocene t ime  and p a r t  o f  i t  might  be a c t i v e  a t  present .  



The number and d i s t r i b u t i o n  o f  f a u l t s  i n  t h e  Petersburg r e g i o n  

i s  a lmost  e n t i r e l y  unknown because of t h e  l i m i t e d  arnount o f  

d e t a i l e d  geo log ic  mapping i n  t h e  r eg ion .  Numerous f a u l t s  have been 

mapped elsewhere w i t h i n  t h e  Grav ina-Nutzo t in  b e l t  o f  rocks  (Berg, 1972a, 

b, 1973; Berg and o the rs ,  1972).  They i n c l u d e  bo th  h igh-ang le  normal o r  

s t r i  ke -s l  i p  f a u l t s  and low-angl e  t h r u s t  f a u l t s ;  zones o f  sheared rock  

compr is ing  t h e  f a u l t  zones vary  f rom severa l  cen t ime te r s  t o  about  1.6 km 

wide. Most f a u l t i n g  i n  t h e  r e g i o n  p robab ly  took  p l ace  d u r i n g  m idd le  

T e r t i a r y  t ime.  

Lineaments a r e  s t r a i g h t  o r  g e n t l y  curved f e a t u r e s  t h a t  a r e  prominent  

enough t o  be expressed, g e n e r a l l y  i n  a  topographic  sense, on a i r p h o t o s  

o r  o t h e r  imagery, and on some topographic  maps and hydrographic  cha r t s ,  

depending upon sca le .  I n  many cases, l ineaments  r e f l e c t  u n d e r l y i n g  geo log ic  

f ea tu res ,  I n  t h e  Petersburg r e g i o n  and i n  much o f  t h e  r e s t  o f  south- 

eas te rn  Alaska, many l ineaments  a r e  a l i n e d  waterways o r  vege ta t i on - c l ad  

v a l  1  eys t h a t  conceal  bedrock and s u r f i c i a l  depos i t s .  Consequently, t h e  

o r i g i n  o f  most l ineaments  i s  l a r g e l y  specu la t i ve .  Some may be f a u l t s ,  b u t  

o t h e r  l ineaments  may be i n t e r s e c t i o n s  o f  t h e  ground su r f ace  w i t h  p lanes 

o f  bedding o r  f o l i a t i o n  o f  bedrock. Other l ineaments  may be j o i n t s ,  w h i l e  

s t i l l  o t h e r s  may be d e p o s i t i o n a l l y  a l i n e d  s u r f i c i a l  depos i t s  o r  may be 

f ea tu res  formed by g l a c i a l  e ros i on  independent o f  bedrock s t r u c t u r e .  I n  

many p laces,  l ineaments  a r e  g r e a t l y  emphasized t o p o g r a p h i c a l l y  because of  

d i f f e r e n t i a l  e r o s i o n  by streams o r  by former  g l a c i e r s  a long  these  features.  

Two prominent  l ineaments  t h a t  c ross  t h e  e a s t - c e n t r a l  p a r t  o f  sou theas te rn  

Alaska a r e  t h e  Clarence S t r a i t  and t h e  Coast Range l ineaments .  



The Clarence S t r a i t  l ineament  i s  a major  f e a t u r e  t h a t  co inc ides  w i t h  a  

waterway o f  the  same name (Grantz,  1966; Twenhofel and Sainsbury, 1958; 

(no. 15, f i g .  4 ) .  Northwestward f rom Clarence S t r a i t ,  a l i n e d  stream 

courses on severa l  i s l ands ,  i n c l u d i n g  Kupreanof ( f i g .  I ) ,  may c o n s t i t u t e  an 

extens ion.  T o t a l  l e n g t h  o f  t h e  l ineament  p l u s  t he  ex tens ion  i s  about 350 km. 

A t  i t s  nor thwest  end, t h e  1 ineament appears t o  merge w i t h  Chatham 

S t r a i t .  The o r i g i n  o f  t h e  Clarence S t r a i t  1  ineament i s  unce r ta i n .  Large- 

sca le  f a u l t  o f f s e t  i n  a  r i g h t - l a t e r a l  sense has been pos tu l a ted  ( ~ u r n e r  and 

o thers ,  1974); however, near  M e t l a k a t l a  ( f i g .  1 ) many of t he  same types of 

rocks  were mapped on bo th  s ides  o f  t h e  l ineament ,  thus i n d i c a t i n g  no apparent 

o f f s e t  between them. Thus, l a rge -sca le  l a t e r a l  movement a long a  pos tu l a ted  

f a u l t  seems u n l  i k e l y  (H. C. Berg, o r a l  commun. , 1974). I specu la te  t h a t  t h e  

1  ineament i s  a  r i f t  o r  graben t h a t  developed s l o w l y  s i nce  t he  major  t e c t o n i c  

deformat ions o f  m idd le  T e r t i a r y  t ime and p robab ly  i s  n o t  c u r r e n t l y  a c t i v e .  

S i m i l a r  r i f t s  o r  grabens were i n t e r p r e t e d  by Souther (1970, 1974) t o  be 

develop ing a long  nor th -sou th - t rend ing  l i n e s  a t  severa l  p laces i n  B r i t i s h  

Columbia eas t  o f  t he  Alaskan border.  

T h e C o a s t R a n g e l i n e a m e n t  (no. 1 6 , f i g .  4 )  i s a n o r t h w e s t - t r e n d i n g  

f ea tu re  t h a t  crosses much of southeastern Alaska w i t h i n  t he  Coast Mountains 

( ~ w e n h o f e l  and Sainsbury, 1958; f i g .  4 ) .  The l ineament  has n o t  been s tud ied  

i n  d e t a i l ,  b u t  i n  genera l  i t  appears t o  c o n s i s t  of severa l  d i f f e r e n t  segments 

t h a t  va ry  f rom wide, a l i n e d  waterways and stream v a l l e y s  t o  s i n g l e  o r  m u l t i p l e  

narrow zones of sheared rock .  The c l o s e s t  segment t o  Petersburg i s  t he  broad, 

lower  v a l l e y  of  Muddy R iver  ( f i g .  2 ) ;  upper F rede r i ck  Sound, Horn C l i f f s ,  

and severa l  smal l  v a l l e y s  near Le Conte Bay ( f i g .  2 )  have a1 i n m e n t s  t h a t  

p a r a l l e l  lower  Muddy River ,  thus  i n d i c a t i n g  a p o s s i b l y  s i m i l a r  o r i g i n .  

P a r a l l e l i n g  and c l o s e  t o  t h e  l ineament  a long a t  l e a s t  a  p a r t  o f  i t s  l e n g t h  
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north of Petersburg i s  a possibly related s i l l  of graphitic rock that  i s  

3-8 km wide (Brew and others, 1976). The origin of the Coast Range lineament 

i s  unclear, b u t  i t  seems 1 i kely that  some segments of the 1 ineament may be 

steeply dipping fau l t s .  I f  the lineament i s  a major f a u l t ,  most movement 

may have occurred a f t e r  Late Cretaceous time. The level o f  present-day 

ac t iv i ty  i s  unknown. I t  i s  suggested here, however, that those parts o f  

the lineament that  are fau l t s  probably a re  currently inactive. 

Local structure 

Bedrock exposed in the Petersburg area ( f ig .  3) exhibits a variety of 

a t t i tudes that  r e f l ec t  the several tectonic deformations to which the area 

has been subjected. The occasional outcrops of bedrock in the Petersburg 

area have bedding that  varies in s t r i k e  from N. 60' W. to N. 40" E . ,  and 

varies in dip from vertical  to about 40' in an easterly direction. 

Most joints are  very small fractures developed during the cycles of 

s t ra in  that accompany multiple tectonic deformation of a region throughout 

i t s  history. In the Petersburg area most bedrock probably i s  moderately 

jointed as  exposed a t  the ground surface. A t  depth joints  probably are  t igh t .  

GEOLOGIC HAZARDS DUE TO EARTHQUAKES 

Earthquakes and their  possible effects  consti tute the most important 

geologic hazard t o  the Petersburg area. To be considered f i r s t  are seis-  

micity, relation of earthquakes t o  f au l t s ,  and earthquake potential ; earth- 

quake effects  are discussed in the l a t t e r  part o f  t h i s  section. Effects 

are considered, for the purpose of discussion, from the standpoint of a 

postulated, theoretically reasonable, worst case earthquake of magnitude 8 

occurring about 170 km southwest from Petersburg. Earthquakes of 1 esser 

magnitude along the same fau l t  structure and/or occurring a t  greater distance 



would, as i n  t h e  past ,  a f f e c t  t h e  area l e s s  s t r ong l y .  I n f o r m a t i o n  on geo log ic  

e f f e c t s  i s  based bo th  on observa t ions  from h i s t o r i c  earthquakes f e l t  i n  

southeastern Alaska and on very  genera l i zed  est imates o f  t h e  poss ib l e  response 

of l o c a l  geo log ic  mater ia ls  as i n f e r r e d  from t h e  known response o f  s i m i l a r  

m a t e r i a l s  d u r i n g  earthquakes elsewhere. Effects discussed i nc l ude :  ( 1 )  ground 

shaking, ( 2 )  1  i que fac t i on ,  ( 3 )  ground f r a c t u r i n g  and water-sediment e j e c t i o n ,  

( 4 )  compaction and re1  ated subsidence, and ( 5 )  1 andsl i d i n g .  A lso  considered 

i s  t he  e f f e c t  o f  earthquake shak ing on ground water  and streamflow, and on 

g l a c i e r s .  Separa te ly  discussed are tsunamis, seiches, and o the r  earthquake- 

re1 ated wate r  waves. 

Sei smi c i t y  

I n d i v i d u a l  d e s t r u c t i v e  earthquakes cannot as y e t  be p r e d i c t e d  accu ra te l y  

as t o  p lace  and t ime  of occurrence. However, t h e  l i k e l y  l o c a t i o n ,  s i ze ,  and 

frequency o f  earthquakes can be es t imated  on t h e  bas i s  o f  a  r e g i o n ' s  h i s t o r i c  

and c u r r e n t  s e i s m i c i t y  and i t s  geo log ic  o r  t e c t o n i c  s e t t i n g .  

Petersburg l i e s  w i t h i n  a broad r e g i o n  o f  r e l a t i v e l y  h i gh  earthquake a c t i v -  

i t y  t h a t  inc ludes  much o f  coas ta l  southeastern Alaska, southwestern Yukon 

T e r r i t o r y ,  and nor thwestern and coas ta l  B r i t i s h  Columbia. Un fo r tuna te ly ,  

the  w r i t t e n  reco rd  of earthquakes i n  t h i s  r e g i o n  i s  meager because t he  popu la t i on  

i s  sparse, the  t ime  s i nce  se t t lement  i s  shor t ,  and on l y  one permanent seismo- 

l o g i c  s t a t i o n  e x i s t s  w i t h i n  the reg ion .  

The earthquakes i n  southeastern Alaska and ad jacen t  reg ions  t h a t  have been 

i n s t r u m e n t a l l y  recorded and l oca ted  d u r i n g  t h e  p e r i o d  1899 th raugh 1977 a re  

p l o t t e d  i n  f i g u r e  5 .  These earthquakes are thought  t o  be o f  sha l low o r i g i n ,  

l e s s  than  about 30 km. Because techniques o f  earthquake d e t e c t i o n  and reco rd ing  



~ i & r e  5 .--(See following page for caption and additional explanation.) 
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Dates  and magnitudes o f  some ea r thquakes  o f  magnitude 26 

Designation 
on map 

Date 
( u n i v e r s a l  t i .me)  

Magnitude 

September 4,  1899 
September 1 0 ,  1899 
September 10, 1899 
Oc tobe r  9, 1900 
May 15 ,  1908 

J u l y  7 ,  1920 
A p r i l  LO, 1921  
October 24, 1927 
February 3 ,  1944 
August 2 ,  1945 

F e b r u a r y  28, 1948 
Augus t  22 ,  1949 
October 31., 1949 
March 9,  1952 
November 1 7 ,  1956 

.July 1.0, 1958 
J u l y  30, 1972 
Ju ly  I., 1973 
Ju1.y 3, 1973 

F i g u r e  5.--Map showing l o c a t i o n  o f  ea r thquakes  i n  s o u t h e a s t e r n  Alaska and 
a d j a c e n t  r e g i o n s ,  1899-1977 (Davis and Echols ,  1962; W. H. Gawthrop, o r a l  
commun., 1975; I n t e r n a t .  Seismol.  Centre, 1967-1973; Lander,  1973; Meyers, 
1976; Page and Gawthrop, 1973; R. A. Page and W. H. Gawthrop, w r i t t e n  corn- 
mun., 1973; Rogers,  1976b; Seismol.  S e r v i c e  of Canada (Bashaw and o t h e r s ,  
1977; Horner and o t h e r s ,  1974, 1975, 1976; Meid le r ,  1962; Milne ,  1956, 
1963; Milne and Lombardo, 1953a,  b ,  1955a, b;  Milne and Lukas, 1961; Milne 
and Smi th ,  1961, 1962, 1963, 1966; Smith, 1961; Smith  and Milne,  1969, 
1970; Stevens and o t h e r s ,  1972, 1973, 1976; Wetmi l l e r ,  1976a,  b ,  1977) ;  
Tobin and Sykes,  1968; U.S.  Coast  and Geod. Survey,  1930-1970; U.S. Natl. 
Geophys. and S o l a r - T e r r e s t r i a l  Data Cen te r ,  1969,  1973, 1975, 1976, 1977; 
U.S. Natl. Oceanic and Atmospheric Adm., 1971-1973, 1974; U.S. N a t l .  
Oceanic and Atmospheric Adrn. and U.S. Geol. Survey,  1975-1977; Wood, 
1966) .  



have improved over  t he  years, i t  i s  probable t h a t  f i g u r e  5 i s  complete f o r  a l l  

magnitude 5 and g r e a t e r  earthquakes s i nce  A p r i l  1964, f o r  a l l  magnitude 6 and 

g rea te r  earthquakes s i nce  the  e a r l y  19301s, and f o r  a1 1 magnitude 7.75 and 

g r e a t e r  earthquakes s i nce  1899 (Page, 1975). Extremely smal l  earthquakes, 

termed microearthquakes, a r e  n o t  shown i n  f i g u r e  5 because o f  t he  d i f f i c u l t y  

of  de tec t i on ;  knowledge o f  t h e i r  d i s t r i b u t i o n  i s  o f  importance, however, be- 

cause t h e i r  occurrence may p rov ide  a d d i t i o n a l  i n f o r m a t i o n  on the  t e c t o n i c s  o f  

an area by  i n d i c a t i n g  t h e  l o c a t i o n  o f  unknown a c t i v e  f a u l t s  t h a t  may be capable 

of causing l a r g e  earthquakes. Data on some o f  t he  microearthquakes o c c u r r i n g  

i n  southeastern Alaska have been presented by Rogers (1972, 1973, 1976a). 

These se ismic events  were de tec ted  du r i ng  p a r t s  o f  June and J u l y  1969, when 

severa l  p o r t a b l e  se ismo log ica l  ins t ruments  were operated, one o f  which was a t  

Petersburg. The c l o s e s t  events were r e s t r i c t e d  t o  an area 30 t o  55 km eas t  o f  

t he  c i t y  near Le Conte G l a c i e r  which flows i n t o  Le Conte Bay ( f i g .  2 ) .  Rogers 

concluded (1972, 1973) t h a t  these events  probably were r e l a t e d  t o  movements 

o f  1 arge, p a r t l y  f l o a t i n g  g l a c i e r s .  Some o f  t h e  o t h e r  microearthquakes 

recorded i n  t he  r e g i o n  may have t e c t o n i c  o r i g i n s .  



As noted, no permanent seisrnologic s t a t i o n s  e x i s t  i n  t he  v i c i n i t y  o f  

Petersburg; t h e  c l o s e s t  i s  a t  S i t ka ,  145 km t o  t h e  west-northwest.  Strong 

mot ion  accelerographs capable o f  accura te  reco rd ing  o f  s t r ong  shaking from 

p o t e n t i a l l y  d a m a g i n g  earthquakes h a v e b e e n i n s t a l l e d a t  

severa l  l o c a t i o n s  i n  southeastern Alaska; two ins t ruments  a r e  a t  S i t ka ,  and 

one each a t  Ke tch i  kan (175 krn t o  t h e  southeast ) ,  Juneau (195 km t o  t h e  no r th -  

nor thwest ) ,  and Snett isham Dam (1 70 km t o  t h e  nor th -nor thwes t )  (N ie l son  

and E l l i s ,  1976). 

The f o l  1  owing 1 arge- and moderate-si  zed earthquakes have occur red  

w i t h i n  240 km o f  Petersburg ( f i g .  5 ) :  two o f  magnitude 7 b u t  l e s s  than  8 

(nos. H a n d Q ,  f i g .  5 ) ,  o n e o f m a g n i t u d e 6 b u t l e s s  t h a n 7  (no. M, 

f i g .  5 ) ,  and f o u r  o f  magnitude 5 o r  g r e a t e r  b u t  l e s s  than 6. I n  a d d i t i o n ,  

about  23 sma l le r  earthquakes have been i n s t r u m e n t a l l y  recorded w i t h i n  240 km 

o f  Petersburg. 



Table 3 i s  a l i s t i n g  o f  earthquakes f e l t  o r  l a r g e  enough t o  have been 

f e l t  a t  t h e  l o c a t i o n  o f  Petersburg f rom 1847 through 1977 as compi led 

and i n t e r p r e t e d  from r e a d i l y  a v a i l a b l e  pub l i shed  r e p o r t s  and f rom ins t rumenta l  

records .  Only minor  damage has occur red  s i nce  Petersburg was founded i n  1897. 

Among the  major and moderate-sized earthquakes f e l t ,  severa l  have been assigned 

i n t e n s i t y  va lues (Modi f ied M e r c a l l i  sca le ;  t a b l e  4 ) .  Apparent ly ,  t h e  h i ghes t  

i n t e n s i t y  ( i n t e r p r e t e d  as V t o  V I )  was f rom t h e  magnitude 7.1 earthquake o f  

October 24, 1927 (des ig .  H ,  f i g .  5),  when severa l  windows were broken. 

Dur ing t h r e e  o t h e r  se ismic events,  none o f  which, apparen t l y ,  caused damage, 

i n t e n s i t i e s  o f  as much as V occurred: ( 1 )  t h e  magnitude 7.9 earthquake o f  

J u l y  10, 1958 (des ig .  P, f i g .  5 ) ,  ( 2 )  the-magni tude 7.25 earthquake of July 30, 

1972 (desig.  M, f i g .  5) ,  and ( 3 )  t h e  magnitude 5.8 earthquake o f  August 4, 

1972. The o n l y  earthquake-induced e f f e c t  r e p o r t e d  i n  bodies o f  water  i n  

t h e  area took  p l ace  p robab ly  d u r i n g  t h e  passage o f  earthquake waves o f  t he  

Alaska earthquake o f  1964, when a surge o f  water about  0.9 m h igh ,  probably  

a  se ismic seiche, was observed a t  t he  harbor  ( t a b l e  3) .  



Table  3 . - - P a r t i a l  l i s t  o f  e a r t h q u a k e s  f e l t  o r  l a r g e  enough t o  have been f e l t  i n  t h e  P e t e r s b u r g  a r e a ,  Alaska  

1 8 4 7  - 1977 
1n.a. - n o t  unk. - unknown] 

- - - 

E f f e c t s  and D i s t a n c e ,  k i l o -  Magni- R a d i r s  o f  D i s t a n c e ,  k i l o m e t e r s ,  
i n t e n s i t y  m e t e r s ,  and t u d e  o f  p e r c e p t i -  d i r e c t i o n ,  and l o c a l i t y  

( t a b l e  4) d i r e c t i o n  t o  i n s t r u -  b i l i t y  f o r  ( i f  any) n e a r e s t  P e t e r s -  Refer-  
 ate' o f  e a r t h -  e a r t h q u a k e  i f  m e n t a l l y  g i v e n  mag- burg a t  which e a r t h -  enc e 4 

quake a t  i n s t r u m e n t a l l y  l o c a t e d  n i t u d e ,  quake f e l t .  Data on 
~ e t e r s b u r  g 2  l o c a t e d  e a r t h -  k i l o m e t e r s  e a r t h q u a k e  

( f i g .  5 )  quake3 ( t a b l e  4 )  
-- - 

Apr.  6 ,  1847 unk . 145 WNW, S i t k a ;  g e n e r a l l y  f e l t  I 
a l o n g  c o a s t  

55 NhW; mainland E o f  SE end of 2 
Admiral ty  I s l a n d  

120 NW, n e a r  Angoon 3 
155 SE, Lor ing  4 
S e v e r a l  windows broken;  e a r t h -  1, 5 

quake i n t e n s i t y  V I I  on Rossi-  
Fore1  s c a l e  

145 ITPTW, S i t k a  1 
120 SW, L i t t l e  P o r t  Wal ter  4 
Genera l ly  f e l t  s o u t h e r n  p a r t  6 

s o u t h e a s  t e r n  Alaska . Water 
a g i t a t e d  i n  h a r b o r ,  t e l ephone  
p o l e s  swayed (Bern ice  Stokke,  
o r a l  commun., t o  R .  W. Lemke, 1965) 

145  WNIJ, S i t k a  - 1 

Oct. 26, 1880 unk . 
Oct .  5,  1907 
Apr. 1 0 ,  1921  
Oct. 2 4 ,  1927 

unk . 
6 . 5  
7 .1  

n . a .  
320 SSW 
225 hW 

5 
Nov. 1 3 ,  1927 
Nov. 30, 1948 
Aug. 22, 1949 

195 WSW 
n . a .  

355 SSW 

unk . 
unk . 
8 . 1  

Oct. 31, 1949 Felt?------- 255 SW 
Nov. 1 7 ,  1956 I V  250 SSW 
Play 5 ,  1958 I11 250 NW 
J u l y  1 0 ,  1958 V 280 NU 
Mar. 28, 1964 11-111 980 NhT 

6 . 2 5  
6.5 
unk. 
7 . 9  
8.4 

F e l t  by and a larmed many people  1 
F e l t  by s e v e r a l ;  two j i g g l i n g  1, 7  

motions a b o u t  4 minu tes  a p a r t .  
Wave i n  h a r b o r  (Fred Magi l l  and 
Dick M i l l e r ,  o r a l  communs., to 
R. Id. Lernke, 1965) 

A g i t a t i o n  o f  w a t e r  i n  ponds------ 1 J u l y  30, 1972 V 185 W 
Aug. 4 ,  1972 V 170 WSW 
Aug. 15,  1972 Felt?------- 175  WSW 
Nov. 17,  1972 111 195  SW 
J u l y  1, 1973 Felt?------- 290 NW 

N.a.----------------------------- 1 

145 k%T.J, S i t k a  1 
N * .  a ............................. 1 

145 WNW, S i t k a  1 



Table  3 . - - P a r t i a l  l i s t  of e a r t h q u a k e s  f e l t  o r  l a r g e  enough t o  h a v e  been f e l t  i n  t h e  P e t e r s b u r g  a r e a ,  Alaska  
1847-19 77 --Continued 

[n.a. - n o t  a p p l i c a b l e ;  unk. - unk:nown] 

l ~ a t e s  a r e  u. t .  ( u n i v e r s a l  t ime)  e x c e p t  f i r s t  e n t r y .  

2 ~ e l t ,  P u b l i s h e d  r e p o r t  of s i n g l e  o r  m u l t i p l e  e a r t h q u a k e  s h o c k s  of unknown i n t e n s i t y .  

F e l t ? ,  Ear thquake p o s s i b l y  f e l t  somewhere a t  P e t e r s b u r g  b u t  s o  f a r  a s  can b e  de te rmined  r h e r e  i s  no 
r e a d i l y  a v a i l a b l e  pub l i shed  r e p o r t  of t h e  e v e n t  b e i n g  f e l t  a t  P e t e r s b u r g .  An e a r t h q u a k e  i s  known t o  have 
o c c u r r e d ,  however, because  (1) t h e r e  i s  a p u b l i s h e d  r e p o r t  of its b e i n g  f e l t  e l s e w h e r e ,  and ( o r )  ( 2 )  t h e r e  
e x i s t s  an i n s t r u m e n t a l  r ecord  and e p i c e n t e r  p l o t  ( f i g .  5 )  o f  t h e  e a r t h q u a k e .  ( T a b u l a t i o n  based on (1)  r a d i u s  
of a v e r a g e  d i s t a n c e  of p e r c e p t i b i l i t y  o f  ea r thquakes  as d e s c r i b e d  by Gutenberg and R i c h t e r  (1956, p .  1 4 1 ;  
t a b l e  4 )  i f  e p i c e n t e r  and magnitude a r e  known, and ( 2 )  g e n e r a l  e v a l u a t i o n  of r e g i o n a l  g e o l o g i c  s t r u c t u r e . )  

Roman numeral ,  Pub l i shed  r e p o r t  o f  e a r t h q u a k e  i n t e n s i t y ,  Modif ied  M e r c a l l i  s c a l e  ( s e e  t a b l e  4 ) .  

3klagnitude, R i c h t e r  (1958) 

4 
1 Lander (1973) ,  Meyers (1976) ,  l i eye r s  and o t h e r s  (1976), U. S .  Coast  and G e o d e t i c  Survey (1930-1970) , U. S . 

N a t i o n a l  Geophys ica l  and S o l a r  T e r r e s t r i a l  Data Cen te r  (1975) ,  U.S. N a t i o n a l  Ocean ic  and h rmospher ic  Adminis t ra-  
t i o n  (1971-1973 and 19741, C.S .  E a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n  and U . S .  G e o l o g i c a l  Survey 
(1975-1977), Wood (1966).  

2 Rockwood (1881) o r  U .  S .  War Department (1881).  
3 Tarr and Y a r t i n  (1912 ) .  
4 U.S. Weather Bureau (1918-1958) o r  Olson (1949).  
5 Sommer (19 31) . 
6 Milne  (1956) .  
7 Cloud and S c o t t  (1959, p.  40)  . 



Table 4 . - -Desc i ip t i on  of Mod i f i ed  M e r c a l l i  i n t e n s i t y  s c a l e  of 
e a r t h q u a k e s  and a p p r o x i m a t e  d i s t a n c e  of yerce t i b i l i t y  ----- +--- 

of earttiqu-alles of v a r i o u s  mag_nitudes 

I D e t e c t e d  o n l y  by s e n s i t i v e  i n s t r u m e n t s .  

11 F e l t  by a few p e r s o n s  a t  r e s t ,  e s p e c i a l l y  on uppe r  f l o o r s ;  
d e l i c a t e  suspended  o b j e c t s  may swing .  

ILL F e l t  n o t i c e a b l y  i n d o o r s ,  b u t  n o t  a lways  r e c o g n i z e d  as a quake ;  
s t a n d i n g  a u t o s  r o c k  s l i g h t l y ,  v i b r a t i o n  l i k e  pass ing  t r u c k .  

I V  P e l t  i n d o o r s  by many, o u t d o o r s  by a f e w ;  a t  n i g h t  some awaken; 
dishes, windows, d o o r s  d i s t u r b e d ;  motor  c a r s  r o c k  n o t i c e a b l y .  

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

V L  F e l t  by a l l ;  many f r i g h t e n e d  and run  o u t d o o r s ;  f a l l i n g  p l a s t e r  
arid c h i n ~ n e y s  ; damage s l i g h  t . 

V I I  Everybody runs  o u t d o o r s ;  damage t o  b u i l d i n g s  v a r i e s ,  depend ing  
• o n  q u a l i t y  of c o n s t r u c t  i o n ;  n o t i c e d  by d r i v e r s  o f  c a r s .  

VlII Panel  w a l l s  th rown o u t  of f ra roes ;  f a l l  of wa l l s ,  monuments, 
ch imneys ;  s a n d  and rnud e j e c t e d ;  d r i v e r s  o f  a u t o s  d i s t u r b e d .  

I X  B u i l d i ~ l g s  s h i f t e d  o f f  f o u n d a t i o n s ,  c r a c k e d ,  tlirown o u t  of plumb;  
ground c r a c k e d ;  unde rg round  p i p e s  b roken .  

X Most masonry and  frame s t r u c t u r e s  d e s t r o y e d ;  ground c r a c k e d ;  
r a i l s  b e n t ;  landslides. 

X 1  Few s t r u c t u r e s  renlairl s t a n d i n g ;  b r i d g e s  d e s t r o y e d ;  f i s s u r e s  i n  
g round ;  p i p e s  b r o k c n ;  l a n d s l i d e s ;  r a i l s  b e n t .  

X I 1  Ijamagc total; waves s e e n  on ground s u r f a c e ;  l i n e s  of  s i g h t  and 
l e v e l  d i s t o r t e d ;  o b j e c t s  thrown up i n t o  a i r .  

DISTANCE, I N  KILOf lETEKS 

MAGNITUDE 
- ----- -------- ----- - - - 
' hdap ted  f rom Wood and  l.leurn,lnn (1931) .  

2 ~ r o r n  Gu tenbe rg  and  K i c h t e r  (1956, p. 141)  a n d  Hodgson ( 1 9 6 6 , ~ .  11-9) .  



R e l a t i o n  o f  earthquakes t o  known o r  i n f e r r e d  

f a u l t s  and recency o f  f a u l t  movement 

I n  some earthquake-prone r e y i o n s ,  a  c l o s e  r e l a t i o n  can be e s t a b l i s h e d  

between earthquakes and s p e c i f i c  f a u l t s .  I n  most o f  sou theas te rn  Alaska, 

however, such r e l a t i o n s h i p s  cannot  as y e t  be e s t a b l i s h e d  because (1  ) most 

earthquake e p i c e n t e r s  a r e  l o c a t e d  a t  b e s t  w i t h i n  an accuracy o f  o n l y  15-25 km 

and (2) t h e  l o c a t i o n  o f  many f a u l t s  i s  n o t  p r e c i s e l y  known because of conceal -  

ment by water ,  v e g e t a t i o n ,  o r  t h i c k  s u r f i c i a l  d e p o s i t s .  There appears, 

never the less ,  t o  be a  genera l  c o r r e l a t i o n  between t h e  wide, i r r e g u l a r  b e l t  

of e p i c e n t e r s  shown i n  f i g u r e  5 and t h e  zones o f  f a u l t s  t h a t  r o u g h l y  p a r a l l e l  

t h e  c o a s t  of t h e  P a c i f i c  Ocean. These earthquakes appear t o  be a s s o c i a t e d  w i t h  

movement, c h i e f l y  a t  depth,  a l o n g  i n d i v i d u a l  f a u l t s  w i t h i n  t h e  Queen C h a r l o t t e ,  

Chichayof-Baranof,  Fa i rwea ther ,  and t h e  connec t ing  T r a n s i t i o n  f a u l t  and t h e  

Chuyach-St. E l  i a s  f a u l t  zones. 

The magni tude 7.25 S i t k a  ear thquake o f  J u l y  30, 1972 ( d e s i y .  Q, f i g .  5 ) ,  

185 km west o f  Petersburg,  r e p r e s e n t s  t h e  most r e c e n t  l a r g e - s c a l e  mot ion  a l o n g  

f a u l t s  o f f s h o r e  f r o m  sou theas te rn  A laska.  F a u l t i n y  d u r i n g  t h i s  even t  occur red  

o f f s h o r e .  A f t e r s h o c k s  f o l l o w i n g  t h e  main shock were recorded  on p o r t a b l e  

se ismo loy ic  i n s t r u m e n t s  i n s t a l  l e d  f o r  a month (Page, 1973; Page and Gawthrop, 

1973; R. A. Page and W. H. Gawthrop, w r i t t e n  commun., 1973).  The e p i c e n t e r s  of 

t h e  a f t e r s h o c k s  d e f i n e d  a  l i n e a r  zone about  190 km l o n g  and l e s s  t h a n  10 km wide 

The c l o s e s t  o f  t h e  a f t e r s h o c k s  t o  Pe te rsburg  was abou t  170 km t o  t h e  west- 

southwest.  Frequent b u t  m inor  a c t i v i t y  a l o n g  o t h e r  segments o f  t h e  f a u l t s  

o f f s h o r e  f r o m  sou theas te rn  Alaska and Queen C h a r l o t t e  I s l a n d s  i s  suyyested by 

t h e  widespread d i s t r i b u t i o n  o f  earthquakes shown i n  f i g u r e  5. 



The most r ecen t  a c t i v i t y  a lqng  t h e  Chatham S t r a i t  f a u l t  ( f i g .  4 )  i s  

unce r ta i n  because earthquakes i n  i t s  v i c i n i t y  a r e  r a r e  ( f i g .  5 ) .  I n  

a d d i t i o n ,  no l o c a l  microearthquakes were recorded (1  ) d u r i n g  a b r i e f  m ic ro -  

earthquake survey i n  J u l y  1970 (Johnson, 1971 ; Johnson and o thers ,  1972), 

( 2 )  du r i ng  a t o t a l  of  about twe lve  months o f  i n t e r m i t t e n t  s tudy  (1968- 

1971) by t h e  Seismologica l  Serv ice  o f  Canada (Rogers, 1972, 1973, 1976a), 

no r  ( 3 )  d u r i n g  t h e  August 1972 s tudy by Page and Gawthrop (1973; 

R. A. Page and W. H. Gawthrop, w r i t t e n  comrnun., 1973). However, p o s s i b l e  

Holocene o f f s e t  has been i n t e r p r e t e d  f rom se ismic p r o f i l e s  f o r  t h e  area 

a t  t h e  south end of  t he  Chatham S t r a i t  f a u l t  west o f  Coronat ion I s l and  

( f i g .  1 ) , where deformat ion, i n c l u d i n g  f a u l t i n g  o f  sediments, i s  suggested 

(Ovenshine and Berg, 1971 ; Ovenshine and Brew, 1972). 

The most r e c e n t  a c t i v i t y  a long  p o s s i b l e  f a u l t s  t h a t  may be assoc ia ted  

w i t h  t he  Clarence S t r a i t  and Coast Range l ineaments i s  unknown. I t  i s  

suggested t h a t  f a u l t s  r e l a t e d  t o  these f ea tu res  a r e  c u r r e n t l y  i n a c t i v e .  

None o f  t h e  w ide l y  d i s t r i b u t e d  microearthquakes repo r ted  on P r i nce  

o f  Wales I s l and ,  and near Ketchikan, and elsewhere i n  t h e  Coast Mountains 

nor thward t o  t h e  Juneau area ( f i g .  1 ; Rogers, 1976a; Stevens and o thers ,  

1976) have been r e l a t e d  t o  s p e c i f i c  f a u l t s  o r  l ineaments.  



Earthquake p o t e n t i a l  

i n  t h e  Petersburg area 

Only a general  d i s cuss ion  of  earthquake p o t e n t i a l  can be made f o r  

t h e  Petersburg area, because da ta  on many aspects o f  s e i s m i c i t y  and t h e  

t e c t o n i c  framework o f  southeastern Alaska a r e  l i m i t e d .  To p o r t r a y  the 

earthquake hazard f o r  t h e  r eg ion ,  two types o f  maps a r e  a v a i l a b l e .  One 

t ype  cons iders  o n l y  t h e  maximum l e v e l  o f  shak ing t h a t  can be expected t o  

occur  i n  a r e g i o n  sometime i n  t h e  f u t u r e ;  t h e  second t ype  cons iders  t h e  

expec tab le  l e v e l s  o f  shak ing w i t h  r ega rd  t o  s p e c i f i c  pe r i ods  o f  t ime .  

Bo th  types o f  maps g e n e r a l l y  a r e  d e r i v e d  f rom a n a l y s i s  o f  t h e  h i s t o r i c  

s e i s m i c i t y  and some c o n s i d e r a t i o n  o f  t h e  t e c t o n i c  framework. 

The Pe te rsburg  area i s  shown on two examples ( f i g s .  6 and 7 )  o f  t h e  

f i r s t  t ype  of  earthquake hazard map t h a t  es t imates  o n l y  t h e  maximum shaki-ng 

t o  which a  r e g i o n  i s  sub jec t .  The f i r s t  example i s  a redrawn, en la rged  

r e n d i t i o n  o f  t h e  se ismic  zone map i n c l u d e d  i n  t h e  1976 e d i t i o n  o f  t h e  

Un i fo rm B u i l d i n g  Code ( f i g .  6; I n t e r n a t .  Conf. B u i l d i n g  O f f i c i a l s ,  1976).  

The map r e l a t e s  a  p a r t i c u l a r  zone t o  t h e  M o d i f i e d  M e r c a l l i  i n t e n s i t i e s  

o f  earthquakes expected t o  a f f ec t  t h a t  zone. The Petersburg area i s  shown as 

be ing  i n  t h e  zone o f  moderate expec tab le  earthquake damage, one which 

m igh t  exper ience M o d i f i e d  M e r c a l l i  i n t e n s i t i e s  o f  as  much as V I I  ( t a b l e  4 ) .  

For  t h e  Petersburg area, t h e  map d e p i c t i o n  i s  i d e n t i c a l  t o  t h a t  shown on 

se ismic  zone maps i n  the  1973 e d i t i o n  o f  t h e  Un i fo rm B u i l d i n g  Code and i n  

pub1 i c a t i o n s  by  Johnson and Hartman (1  969, p l  . 49), and Alaska I n d u s t r y  

(1  9 7 0 ) ,  



EXPLANATION 

Zone Damage 

I Minor Distant earthquakes may cause damage to 
structures with fundamental periods 
>1.0 s; corresponds to intensities1 V 
and V I  

2 Moder- Corresponds to intensity1 VII 
ate 

3 Major Corresponds to intensity1 VIII 
and higher 

4 Major Those areas within zone 3 determined by 
proximity to certain major fault systems 

'Ffodif i e d  Mercalli intensity scale (table f ) 

E, P E T f Q S B U R C  

F, h R A N G E L L  

, , , I;-I ;;a I S ? % I ~ C S  G, I < E T C U l K 4  Irl 

I** i.4 3.- 4- H, M E T L A  I ~ A T L  A 

Figure 6.--Seismic zone map of Alaska modified from Uniform Building Code, 
1976 edition (Internat. Conf. Building Officials, 1976). 



The second example of t he  f i r s t  t ype  of earthqu'ake hazard map i s  a  

suggested p r e l i m i n a r y  map, termed a se ismic  r i s k  map ( f i g .  7 ) ,  t h a t  was 

prepared by t h e  U.S. A r m y  Corps o f  Engineers,  Alaska D i s t r i c t ,  i n  1973 

(H. W .  H o l l i d a y ,  w r i t t e n  commun., 1975; Selkregg, 1974, 1976). The map 

r e l a t e s  p o s s i b l e  damage d u r i n g  earthquakes t o  t h e  magnitude o f  t h e  l a r g e s t  

p robab le  earthquake and i t  shows t h e  Petersburg area s u b j e c t  t o  ma jo r  

damage f rom earthquakes which wou ld  have magnitudes equal t o  o r  g r e a t e r  

than  6. 

The Petersburg area a l s o  i s  dep i c t ed  on t h e  second t ype  of  se ismic  

hazard map ( f i g .  i?) which shows p robab le  peak a c c e l e r a t i o n  o f  earthquakes 

as a  percen t  o f  g r a v i t y  d u r i n g  any p e r i o d  o f  one hundred years  ( M i l n e  and 

Davenport, 1969; Klohn, 1972).  For  t h e  Petersburg area, the map i n d i c a t e s  

t h a t  a  peak a c c e l e r a t i o n  o f  a s  much as 15 percen t  g r a v i t y  m igh t  be expected 

w i t h i n  any one-hundred-year pe r i od .  That  s e c t i o n  o f  t h e  map showing t h e  

con tour  o f  6  pe rcen t  o f  g r a v i t y  i s  t h e  same con tour  used f o r  p a r t  o f  t h e  

1970 Seismic Zoning Map o f  Canada (Whitham and Hasegawa, 1975).  

Any d e t a i l e d  discussion of  earthquake p o t e n t i a l  f o r  s p e c i f i c  s i t e s  

must z t , i a i t  more 3et? '7 ,e ;  < ? o ? ~ ? i c .  s" i s i ~ i ~ , l \ ~ g i ~ .  :rsc r c \ a t e c  g ~ o p h y s i c a l  

s t u d i e s  i n  t h e  e a s t - c e n t r a l  par t  o f  southeastern Alaska. Probleilis t o  be 

reso l ved  a r e  ( 1  ) p r e c i s e  l o c a t i o n  o f  major  f a u l t s  i n  t h e  Pe te rsburg  

r eg ion ,  ( 2 )  degree of  a c t i v i t y  a long  t h e  va r i ous  p a r t s  o f  t h e  Queen 

C h a r l o t t e  and Chichagof-Baranof f a u l t s ,  and ( 3 )  s i g n i f i c a n c e  o f  t h e  re- -  

l a t i v e l y  widespread microearthquakes t h a t  have been repo r t ed  on P r i n c e  o f  

Wales I s l a n d ,  near Ketchikan, and i n  t h e  Coast Mountains ( f i g .  1; Rogers, 

1976a). 



F i g n r e  7.--Suggested p r e l i m i n a r y  s e i s m i c  r i s k  map of Alaska by U.S. Army Corps 
Eng ineers ,  Alaska  D i s t r i c t .  Modified from d e s c r i p t i o n  developed by E .  L. Long 
and G .  H .  G r e e l e y  ( H .  W .  H o l l i d a y ,  w r i t t e n  commun., 1 9 7 5 ) .  

EXPLANATION 

P o s s i b l e  maximum damage 
t o  s t r u c t u r e s  

Moderate 

4 2  Major t o  very s e v e r e  

Magn?tudel of l a r g e s t  
p r o b a b l e  e a r t h q u a k e  

< 6 . 0  
h6.0 
S 6 . 0  

' ~ a r ~ e s t  e a r t h q u a k e s  of t h e  world have had recorded  
magni tudes  of 8 . 9  ( R i c h t e r ,  1958, p. 711-712). 

2 ~ o n e  c h a r a c t e r i z e d  by f r e q u e n t  e a r t h q u a k e s  of long  
d u r a t i o n ;  ex tens ive  f a u l t s ,  some of which a r e  
a c t i v e ;  and a r e a s  w i t h  t h i c k  s u r f f c i a l  d e p o s i t s  
which &end t o  i n c r e a s e  ground s h a k i n g  and which 
in,many p l a c e s  a r e  s u s c e p t i b l e  t o  l i q u e f a c t i o n .  
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EXPLANATION 

Contours show peak accelerations from earthquakes as a percentage of gravity. 

A Skagway 
B Haines 
C Hoonah 
D Sitka 

E Petersburg 
F Wrangell 
E Ketchikan 
H Metlakatla 

Map is based upon the amount of energy r e l e a s e d  by t h e  l a r g e s t  
earthquakes (above magnitude 2.5) t h a t  occurred each year in a 
unit area of 10,000 km2 during the period from 1899 through 
1960, p r o j e c t e d  to a 100-year interval. 

Figure 8.--One-hundred year probability map showing distribution of peak 
accelerations from earthquakes as percentage of gravity for southeastern 
Alaska and p a r t  of Canada. Modified from Milne and Davenport (1969). 



General agreement as t o  the level of earthquake hazards in the  Petersburg 

area ex i s t s  among t h e  three described s e i s m i c  hazard maps. Full agreement 

i s  n o t  possible because of d i f fe ren t  assumptions used in developing the  maps. 

I t  i s  c l e a r ,  however, t h a t  earthquakes of r e l a t i ve ly  large  s i z e  will continue 

to  a f f e c t  the Petersburg area .  Of importance i s  the expectation t h a t  sometime 

i n  the future, earthquakes s imi lar  in s i z e  t o  the A u g u s t  2 2 ,  1949,and t h e  July 30,  

1972, shocks will occur along the Queen Charlotte or  Chichagof-Baranof 

f au l t s  a t  a minimum of 170 km southwest from Petersburg. Important b u t  

unknown i s  t h e  potential occurrence of smaller b u t  c loser  earthquakes along 

f a u l t s  re la ted  t o  the  southern part  c f  C h a t h a m  S t r a i t  f a u l t  zone o r  to  the 

Clarence S t r a i t  o r  Coast Range lineaments or along unknown f a u l t s  in the  

Petersburg region. 



Ground shaking during earthquakes 

Ground shaking causes most o f  the damage to build3ngs and other structures 

during earthquakes. A t  a given local i ty ,  the severity of ground shaking i s  

control led by several factors.  Major factors include (1  ) the amount of 

earthquake energy released during the earthquake, ( 2 )  the distance of the 

particular local i ty  from the fau l t  t h a t  caused the earthquake, and ( 3 )  the 

response of surf ic ial  deposits t o  the motion of the bedrock beneath the 

locality (Page and others, 1975a, b ) .  Other factors of possible significance 

are the earthquake mechanism and the type of fau l t  motion. 

During the postulated theoretically reasonable worst case magnitude 8 

earthquake that  could occur offshore and about 170 km southwest o f  Petersburg, 

ground shaking probably would be most severe on geologic materials that  are 

loose, f ine grained, water saturated, and thick. Conversely, shaking probably 

would be least  severe on geologic materials that  are hard, firm, and 

unfractured. 



A g r o u p i n g  o f  t h e  g e o l o g i c  map u n i t s  ( f i g .  3 )  by  t h e i r  i n f e r r e d  r e l a t i v e  

a response t o  bedrock  shak ing  d u r i n g  t h i s  p o s s i b l e  ea r thquake  i s  g i v e n  below. 

The g r o u p i n g  i s  based on v e r y  g e n e r a l i z e d  o b s e r v a t i o n s  o f  t h e  p h y s i c a l  

c h a r a c t e r i s t i c s  o f  t h e  map u n i t s ,  m a i n l y  t h i c k n e s s  and f i rmness ,  and compar ison 

a w i t h  t h e  response o f  s i m i l a r  m a t e r i a l s  e l  sewhere. (The t o t a l  t h i c k n e s s  o f  

s u r f i c i a l  d e p o s i t s  p r o b a b l y  averages 15  m; maximum known t h i c k n e s s  i s  44 m.) 

A  g e n e r a l l y  s i m i l a r  scheme o f  g r o u p i n g  and c l a s s i f i c a t i o n  o f  g e o l o g i c  m a t e r i a l s  

e lsewhere t h a t  i s  based on much more e x t e n s i v e  da ta  t h a n  a r e  a v a i l a b l e  i n  

t h e  P e t e r s b u r g  area was comple ted f o r  p a r t s  o f  t h e  San F ranc isco  Bay r e g i o n ,  

Cal i f o r n i a ,  b y  L a j o i e  and He1 1  ey  ( 1  975 ) .  

As f a r  as  p o s s i b l e ,  t h e  g e o l o g i c  map u n i t s  ( f i g .  3 )  a r e  a r r a n g e d  w i t h i n  

c a t e g o r i e s  i n  o r d e r  o f  d e c r e a s i n g  i n f e r r e d  response t o  shak ing;  t h e  p o s i t i o n  

o f  u n i t s  i n  t h e s e  c a t e g o r i e s  i s  v e r y  t e n t a t i v e .  

Category  1  . - - S t r o n g e s t  expec tab l  e shak ing  i n  t h e  map area : 

A. Organ ic  d e p o s i t s  

B. A r t i f i c i a l  f i l l  

C. S o f t  s i l t  and c l a y  o f  t h e  mixed d e p o s i t s  

Category  2 . - - I n t e r m e d i a t e  e x p e c t a b l e  shak ing  i n  t h e  map a r e a :  

A. D e l t a  component o f  shore  and d e l t a  d e p o s i t s  

B. A1 1 u v i a l  d e p o s i t s  

C. Shore component o f  shore  and d e l t a  d e p o s i t s  

Category  3.- -Least  e x p e c t a b l e  s h a k i n g  i n  t h e  map a r e a :  - 

A. Firm, compact d i a m i c t o n  o f  t h e  mixed d e p o s i t s  

B.  Metamorphic r o c k s  



Ear thquake- induced 1  i q u e f a c t i o n  , 

D u r i n g  l a r g e  ear thquakes i n  o t h e r  a reas ,  g round shak ing  has caused 

l i q u e f a c t i o n  o f  c e r t a i n  types o f  s a t u r a t e d  unconsol  i d a t e d  s u r f i c i a l  d e p o s i t s  . 

E s p e c i a l l y  s u s c e p t i b l e  a r e  d e p o s i t s  t h a t  c o n t a i n  sed iments  w i t h  v e r y  l o w  

cohes ion  and un i fo rm,  we1 1  - s o r t e d ,  f i n e -  t o  medium-grained p a r t i c l  es such 

as  f i n e  sand and coa rse  s i l t  (Seed and I d r i s s ,  1971 ) .  A m a j o r  consequence 

o f  l i q u e f a c t i o n  i s  t h a t  sediments t h a t  a r e  n o t  c o n f i n e d  a t  t h e  n la rg in  o f  

t h e  body o f  sed iment  w i l l  t e n d  t o  f l o w  o r  spread toward  t h o s e  u n c o n f i n e d  

marg ins ,  and t h e  sediments w i l l  f l o w  o r  sp read  as  l o n g  as  po re -wa te r  p ressu res  

remain  h i g h  and shak ing  c o n t i n u e s  (Youd, 1973; Youd and o t h e r s ,  1975) .  I f  

1  i q u e f a c t i o n  occu rs  i n  s a t u r a t e d  sediments t h a t  - a r e  c o n f i n e d  a t  t h e  marg in  

o f  t h e  sediment,  t h e  r e s u l t  i s  t h e  f a m i l i a r  qu i cksand  c o n d i t i o n .  A p r e l i m i n a r y  

a n a l y s i s  o f  t h e  p o t e n t i a l  f o r  l i q u e f a c t i o n  o f  mapped g e o l o g i c  d e p o s i t s  i n  t h e  

P e t e r s b u r g  area i n d i c a t e s  t h a t  some d e p o s i t s  a r e  p r e s e n t  t h a t  m i g h t  l i q u e f y  

if t h e  a m p l i t u d e  and d u r a t i o n  o f  ground shak ing  were s u f f i c i e n t  d u r i n g  t h e  pos- 

t u l a t e d  magni tude 8 ea r thquake  t h a t  c o u l d  o c c u r  o f f  t h e  c o a s t  about  170 km 

southwest  f r o m  Pe te rsbu rg .  However, e x t e n s i v e  d e p o s i t s  o f  u n i f o r m  f i n e  

sand or coarse  s i l t  a p p a r e n t l y  a r e  l a c k i n g  i n  t h e  a rea  and t h u s  t h e r e  i s  

o n l y  a minimum l i k e l i h o o d  o f  l i q u e f a c t i o n  b e i n g  a m a j o r  e f f e c t  d u r i n g  e a r t h -  

quakes. O f  t h e  l i q u e f i a b l e  d e p o s i t s  t h e  p o s s i b l e  f i n e  sand i n  t h e  sma l l  

d e l t a s  i s  t h e  most  s i g n i f i c a n t  because i t  would  have a  moderate t o  h i g h  l i k e -  

1 i hood o f  1  i q u e f y i n g .  The d e l t a s ,  however, a r e  a p p a r e n t l y  t h i n  and damage 

t o  s t r u c t u r e s  founded on them p r o b a b l y  wou ld  be o n l y  s l i g h t  t o  moderate.  

Organ ic  d e p o s i t s  i n  t h e  a r e a  p r o b a b l y  wou ld  n o t  1  i q u e f y .  



Earthquake- induced ground f r a c t u r i n g  

and water-sediment e j e c t i o n  

Ground f r a c t u r i n g  and e j e c t i o n  o f  water  o r  s l u r r i e s  o f  wa te r  and sediments 

f r om  c e r t a i n  depos i t s  a re  common d u r i n g  t h e  s t r o n g  shak ing t h a t  accompanies 

many l a r g e  earthquakes (Dav is  and Sanders, 1960, p. 243; Wa l le r ,  1966, 1968) .  

The e j e c t i o n  process i s  c a l l e d  foun ta in ing ;  compaction and d i f f e r e n t i a l  sub- 

s idence o f  ground commonly accompany e j e c t i o n .  E j e c t i o n  takes p lace  most 

o f t en  where loose, sand-s ized m a t e r i a l s  a re  dominant i n  a  depos i t  and where 

t he  wa te r  t a b l e  i s  sha l low and r e s t r i c t e d  by  a  c o n f i n i n g  layer - -wh ich  can be  

seasona l l y  f r o z e n  ground. Seismic shak ing o f  conf ined ground wate r  and sed i -  

ment causes pore-water  p ressure  t o  i nc rease  and then l i q u e f a c t i o n  may occur .  

I f  l i q u e f a c t i o n  does occur  and t he  c o n f i n i n g  l a y e r  r up tu res ,  t h e  wa te r  and 

sediment e r u p t  f r om  p o i n t  sources o r  a l ong  ground f r ac tu res .  

I n  t h e  Petersburg area t h e  o n l y  depos i t s  t h a t  con ta i n  sediments o f  t h e  

app rop r i a t e  s i z e  range t h a t  m igh t  b e  s u b j e c t  t o  ground f r a c t u r i n g  and wate r -  

sediment e j e c t i o n  d u r i n g  t h e  p o s t u l a t e d  magnitude 8 ear thquake t h a t  coul  d  

occur  o f f s h o r e  about 170 km southwest o f  Petersburg a r e  p a r t s  o f  some o f  t h e  

few a l l u v i a l  depos i t s  and some o f  t h e  d e l t a  component o f  t h e  few modern shore 

and d e l t a  depos i t s .  On these  depos i t s  t h e r e  i s  o n l y  a s l i g h t  t o  moderate l i k e -  

l i h o o d  of t h e  occurrence o f  ground f r a c t u r i n g  and water-sediment e j e c t i o n .  

Earthquake-induced compaction and r e 1  a ted  subsidence 

St rong shak ing  o f  l oose  geo log i c  m a t e r i a l s  d u r i n g  l a r g e  earthquakes may r e s u l t  

i n  compaction and volume r e d u c t i o n  of depos i t s  c o n t a i n i n g  such m a t e r i a l s .  Compac- 

t i o n  i s  o f t e n  subsequent t o  l i q u e f a c t i o n  and e j e c t i o n  o f  wa te r  and water-sediment 

m i x tu res .  As a r e s u l t  o f  these processes t h e  surface o f  t h e  ground l o c a l l y  

may s e t t l e  d i f f e r e n t i a l l y  by as much as  a few meters. 

I n  t h e  Petersburg area d u r i n g  t h e  p o s t u l a t e d  magnitude 8 ear thquake t h e r e  i s  

o n l y  a  ve ry  s l i g h t  l i k e l i h o o d  o f  ex tens i ve  compaction and subsidence o f  depos i t s .  

Only l o c a l  areas o f  t he  few a l l u v i a l  and d e l t a  depos i t s  have even a s l i g h t  t o  

moderate 1  i k e l  i hood o f  compacting an apprec iab le  amount d u r i n g  severe ground 

shaking. 
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Earthquake-induced subae r i a l  and 

underwater 1 ands 1  ides 

Dur ing  ground shaking, geo log ic  m a t e r i a l s  may exper ience a v a r i e t y  o f  

downslope mass movements termed, c o l l e c t i v e l y ,  " l ands l  i des "  ( N i l  sen and Brabb, 

1975). Movements may c o n s i s t  o f  s i n g l e  o r  m u l t i p l e  s l i d i n g  events t h a t  i nc l ude  

rocks1 ides,  ea r t hs1  ides, 1  and spreading, smal l  - sca le  s l  umping, ear th f lowage,  

minor  creep, and f a i l u r e s  o f  r a p i d l y  ex tend ing  d e l t a  f r o n t s  o r  s p i t s  (Eckel, 

1958, 1970). Loose, wa te r -sa tu ra ted ,  unconso l ida ted  depos i t s  on steep s lopes 

a re  espec ia l  l y  prone t o  downslope movements. L i q u e f a c t i o n  may t r i g g e r  s l  i d i n g  

and f lowage o f  e s p e c i a l l y  s u s c e p t i b l e  m a t e r i a l s  even on very  g e n t l e  s lopes.  

I n  t h e  Petersburg area, d u r i  ng t h e  pos tu l  a ted  magnitude 8 earthquake, e a r t h -  

quake-induced 1  andsl i d i n g  probably  would b e  re1 a t i v e l y  uncommon because very  

few steep s lopes occur .  O f  those s l i d e s  t h a t  m igh t  occur  on land,  most o f  them 

probab ly  would be o f  t h e  t h i n ,  e a r t h f l o w  t ype  and would develop i n  water-  

sa tu ra ted  s i l t  and c l a y  m a t e r i a l s  o f  t h e  mixed depos i ts ;  l o c a l l y ,  a  few l a r g e  

l a n d s l i d e s  m igh t  develop. On t h e  steep s lopes o f  mountain v a l l e y s  i n  the 

Petersburg reg ion ,  l a n d s l  i d i n g  o f  severa l  types would be of a moderate li k e l i -  

hood. Some o f  t h i s  a c t i v i t y  cou ld  damage p a r t s  o f  t h e  water-supply  r e s e r v o i r  

o r  h y d r o e l e c t r i c  f a c i l i t i e s  o f  t he  c i t y .  Steep areas o f  p a r t i c u l a r  suscep t i -  

b i l i t y  t o  l a n d s l i d e s  p robab ly  would be t h e  areas o f  ground t h a t  have been 

newly d i s t u r b e d  by heavy equipment d u r i n g  f o r e s t - c u t t i n g .  Offshore, most 

s lopes as shown on U.S.  Na t i ona l  Ocean Survey c h a r t s  17360 and 17375 (20 th  ed., 

May 15, 1976, and 16 th  ed., May 26, 1973, r e s p e c t i v e l y )  a r e  g e n t l e  on t h e  f l o o r  

of Wrangel l  Narrows b u t  s lopes a r e  r e l a t i v e l y  steep a long  the  margin o f  t h e  

f l o o r  of F rede r i ck  Sound i n  t h e  map area. A1 though t h e  s p e c i f i c  types of 

geo log i c  m a t e r i a l s  beneath t h e  f l o o r  o f  F rede r i ck  Sound i n  t he  map area a r e  

unknown, i t  i s  1  i k e l y  t h a t  they a r e  a t  l e a s t  i n  p a r t  composed o f  bedrock and 

p robab ly  n o t  sub jec t  t o  ex tens i ve  l a n d s l i d i n g .  $1 i d i n g  o f  t he  f r o n t s  of  

d e l t a s  i n  t he  area d u r i n g  ground shak ing probably  would be minor  because of  

s h o r t  s lopes and t h e  smal l  s i z e  o f  the  d e l t a s .  



Effects of earthquake shaking on 

ground water and streamfl ow 

The flow of ground water may be changed by strong ground shaking and by 

the permanent ground displacement that  might resu l t .  Examples of changes 

reported by Waller (1966, 1968) from south-central A1 aska show that  the 1964 

Alaska earthquake especially affected semiconfined ground water in alluvial  

and delta deposits. After the earthquake, ground-water levels locally were 

raised because of (1) subsidence of ground, ( 2 )  increase in hydrostatic 

pressure, or ( 3 )  compaction of sediments. Other ground-water levels locally 

were lowered because of ( 1 )  pressure losses, ( 2 )  rearrangement of sediment 

grains, ( 3 )  la teral  spreading of deposits, or ( 4 )  greater discharge of ground 

water a f te r  sl iding of delta fronts.  I n  the Petersburg area the ground-water 

table i s  very near the surface. The strong shaking accompanying the postulated 

magni tude 8 earthquake has a moderate 1 ikelihood of a1 tering the level of t h e  

water table and a1 tering some ground-water flow especial ly in permeable 

horizons containing mixed, alluvial  , and delta deposits. 

Alterations t o  streamflow can be important consequences of large earth- 

quakes. Streams flowing on alluvial  and delta deposits can experience a 

temporarily diminished flow because of water loss into fractures opened by 

shaking. In the Petersburg area these effects  would l ikely be s l ight  because 

of the presumed thinness of alluvial and del ta ic  deposits. 



Effects of earthquake shaking on glacicrk 

Although no g lac ie r s  occur on Mitkof Island,  the respons? to earth-  

quakes by nearby glaciers  might a f f ec t  the Petersburg area.  Strong ground 

shaking and tec tonic  change of land levels  during earthquakes have caused 

short-  and long-term changes in g laciers  and re la ted  drainage features  in 

some regions i n  southeastern Alaska, especia l ly  in the Yakutat region ( f i g .  1 )  

(Tarr and Martin, 1912, 1914; Post, 1 9 6 7 ) .  The tr iggering of large numbers 

o f  ava7anches a n d  lands1 ides t h a t  can spread  over extensive areas on glaciers  

i s  one of the important r e su l t s  of ground shaking. However, advances of 

g lac ie r s ,  postulated by Tarr and Martin as having been caused by extensive 

avalanching during and following the  very large  September 1899 earthquakes, 

a r e  thought not t o  have been controlled by e f fec t s  of the earthquake. 

During the postulated magnitude 8 earthquake t ha t  could occur offshore about 170 kni 

southwest of Petersburg there  i s  a s l i g h t  t o  moderate 1 ikel ihood o f  strong 

ground shaking causing extensive forma t ion o f  icebergs by breakage of the 

t h e  termini of f loat ing glaciers  in the Coast Mountains. I f  a  l a rge  number 

o f  icebergs broke from Le Conte Glacier, waterways l i k e  Le Conte Bay, Frederick 

Sound, and Wrangell Narrows probably would be subjected, temporarily, to 

more iceberg-caused r e s t r i c t i ons  to navigation and f ishing than a r e  usual. 



Tsunamis, seiches,  and o ther  earthquake-related 

water waves 

Earthquake-induced water waves of ten  develop during major earthquakes. 

Such waves may a f f e c t  shore a reas ,  even a t  g rea t  d is tances ,  f o r  several days 

t h e r e a f t e r .  Types o f  waves include: ( 1 )  tsunamis (seismic sea waves), 

( 2 )  se iches ,  and ( 3 )  waves generated by subaqueous and subaerial lands1 i d e s .  

Tsunamis a r e  long-period water waves t h a t  a r e  caused by sudden displace-  

ment of water.  The l a r g e s t  tsunamis o r ig ina te  where l a rge  ve r t i ca l  displace-  

ments of the sea f loor  and vast  displacements of water occur; such displace-  

ments have resul ted  ch ie f ly  from major underthrust f a u l t i n g .  Horizontal 

o f f s e t s  t h a t  accompany s t r i  ke-sl i p  faul t i n g  cause much  small e r  movements 

of water and smaller waves. 



I n  t h e  deep ocean, t r a i n s  of tsunami waves t r a v e l .  long d i s tances  a t  h i g h  

speed (550-800 km/h) b u t  w i t h  low heights; however, as t h e  waves approach 

shal lower  water o f  t h e  Cont inen ta l  Shelf and nearshore areas t h e i r  speeds 

decrease g r e a t l y  and t h e  energy i s  t ransformed i n t o  a manyfold h e i g h t  increase.  

Many tsunami waves t h a t  have s t r u c k  coas ta l  areas a long t he  P a c i f i c  Ocean 8 

have been as h i gh  as 12 m (Wiegel , 1970, 1976). N i l  son and Tfirurn (1  968) 

noted t h a t  i n  shal low water  t he  wave h e i g h t  and wave t ype  a r e  c o n t r o l l e d  

l a r g e l y  by ( 1 )  i n i t i a l  s i z e  of t h e  tsunami wave, ( 2 )  depth and c o n f i g u r a t i o n  

o f  t he  sea f l o o r ,  ( 3 )  c o n f i g u r a t i o n  of t h e  shore1 ine,  ( 4 )  n a t u r a l  p e r i o d  of 

o s c i l l a t i o n  of t he  water on t he  s h e l f  o r  coas ta l  i nden ta t i on ,  and ( 5 )  t i d a l  

stage. 

Seiches a r e  water  waves t h a t  a r e  s e t  i n  mot ion  as induced o s c i l l a t i o n s  o r  

s losh ings  o f  c losed  o r  semiclosed bodies o f  water .  They a r e  s e t  i n  mot ion  

by (1)  passage o f  a i r - p r e s s u r e  d is tu rbances  o r  se ismic waves, ( 2 )  t i 1  t i n g  of t he  

basins,  o r  ( 3 )  impact o f  l a r g e  lands1 i des  i n t o  bodies of water .  A1 though 

seiches commonly a r e  smal l  and masked by o t h e r  types of waves, t h e r e  were 

r e p o r t s  o f  se iches or p o s s i b l e  seiches as much as 7.6 m h igh  o c c u r r i n g  d u r i n g  

t h e  1964 Alaska earthquake (McCulloch, 1966; McGarr and Vorh is ,  1968, 1972; 

U.S. Geol. Survey, unpub. f i e l d  data,  1964). 



Table 5 l i s t s  t h e  tsunamis and o t h e r  earthquake-induced waves t h a t  

a f f e c t e d  o r  p o s s i b l y  a f f e c t e d  t he  Petersburg area from 1880, 

through 1975. Because t h e  U.S. Na t iona l  Ocean Survey has no cont inuous-  

r eco rd ing  t i d a l  gage a t  Petersburg, t h e  t a b l e  i s  based ma in l y  upon my i n t e r -  

p r e t a t i o n  o f  known occurrences o f  waves t h a t  reached a t  l e a s t  some p a r t  of 

t h e  c e n t r a l  o u t e r  coas t  o f  southeastern Alaska c h i e f l y  f rom d i s t a n t  genera t ing  

areas i n  t h e  P a c i f i c  Ocean. Most t abu la ted  data were de r i ved  from records  

o f  t h e  cont inuous-record ing t i d a l  gage a t  S i t k a  (Yehle, 1974, t a b l e  8 ) .  For 

t h e  Petersburg area, t a b l e  5 l i s t s  o n l y  a s i n g l e  wave about 1 m h i gh  which 

was observed i n  t he  harbor  about t h e  t ime  o f  t h e  1964 Alaska earthquake. The 

wave p robab ly  was a seiche caused by the  passage of seismic waves; a  wave about 

4.5-6 m h i g h  s t r u c k  t he  community o f  Baranof, 130 km ( f i g .  1 )  west-northwest 

o f  Petersburg (Mrs. W i l l i a m  Short ,  i n  Cloud and Scot t ,  1969, p. 40) .  The 

tsunami waves f rom t h e  1964 Alaska earthquake t h a t  reached some o f  t h e  c i t i e s  

i n  southeasterbn Alaska a t  a  somewhat s i m i l a r  d i s t ance  f rom the  open ocean 

as Petersburg (145 o r  225 km, depending upon which waterway i s  p o s t u l a t e d  

f o r  wave t r a v e l )  a r e  as f o l l o w s :  ( 1 )  Juneau, a t  195 or 225 km f rom t h e  ocean, 

had a maximum wave o f  2.5 m (Wi lson and Tdrum, 1968, p. l o o ) ,  and ( 2 )  Skagway, 

a t  about 255 km, had a  maximum wave o f  5 rn h i g h  (J. C. Lee, i n  Cloud and 

Sco t t ,  1969, p .  37).  



Table  5.--Tsunamis and o t h e r  ear thquake- induced waves t h a t  a f f e c t e d  o r  p o s s i b l y  a f f e c t e d  t h e  

P e t e r s b u r  g a r e a ,  Alaska,  1880-19 75l 

Date, 
l o c a l  t ime  

D i s t a n c e ,  km, 
d i r e c t i o n ,  

and l o c a l i t y  
General  r e g i o n  of e a r t h q u a k e  and n e a r e s t  

a r e a  of g e n e r a t i o n  o f  t sunami P e t e r s b u r g  a t  
which wave 

exper ienced  

A t  n e a r e s t  l o c a l i t y ,  
max. runup h e i g h t  o r  
ampl i tude2 ,  max. rise 
o r  f a l l  of  wave3; 

comment . 
(mete r s )  

Oct.  26, 1880-- N o r t h e a s t e r n  North P a c i f i c  Ocean------ 

Nov. 1 0 ,  1938-- Western Gulf of Alaska n e a r  Alaska 
P e n i n s u l a .  

Apr. 1, 1946--- Northern North P a c i f i c  Ocean near  
A l e u t i a n  I s l a n d s .  

Dec. 20, 1946-- Northwestern  North P a c i f i c  Ocean n e a r  
t\3 Japan.  

. 21, 1949-- N o r t h e a s t e r n  North P a c i f i c  Ocean n e a r  
Queen C h a r l o t t e  I s l a n d s ,  B r i t i s h  
Columbia. 

Mar. 4,  1952--- Northwestern  Korth P a c i f i c  Ocean n e a r  
Japan .  

Nov. 4,  1952--- Northern North P a c i f i c  Ocean n e a r  
C.S.S .R.  

Mar. 9, 1957--- Northern North P a c i f i c  Ocean n e a r  
A l e u t i a n  I s l a n d s .  

May 22, 1960--- S o u t h e a s t e r n  South P a c i f i c  Ocean n e a r  
C h i l e .  

Mar. 27-28, 1964 Northwestern  Gulf o f  Alaska a l o n g  s o u t h  
c o a s t  of Alaska.  

130  W ;  Whale Bay. " H U ~ ~ " ~  

320 o r  more SE; 
B r i t i s h  Columbia c o a s t  

1 4 5  W; S i t k a  0. z 2  

145 WNW; S i t k a  0 . 4 ' ;  0 . 8 ~  

Wave p o s s i b l y  
from t h i s  
e v e n t ,  145 
WNW; S i t k a  

175 SE;  
Ket ch ikan  

145  k%W; S i t k a  

145 WNW; S i t k a  

145 WNW; S i t k a  

145  WNW; S i t k a  

145 WNW; S i t k a  

Max. h e i g h t  0 . 3 ~  

0 . 1 . ~ ;  0 . 6 ~ .  
P r o b a b l e  s e i c h e .  

2 . 4 2 ;  4 - 4 3 .  A t  
P e t e r s b u r g  Harbor ,  
wave abou t  0 .  ; 
p r o b a b l e  s e i c h e .  



Table 5.--Tsunamis and o t h e r  ear thquake- induced waves t h a t  a f f e c t e d  o r  p o s s i b l y  a f f e c t e d  t h e  
1 - 

P e t e r s b u r g  a r e a ,  Alaska,  1880-1975--Continued 

Date 
local t ime 

General  r e g i o n  o f  e a r t h q u a k e  and 
a r e a  of g e n e r a t i o n  of t sunami 

D i s t a n c e ,  km. 
d i r e c t  i o n  

and l o c a l i t y  
n e a r e s t  

P e t e r s b u r g  a 
which wave 

e x p e r i e n c e d  

A t  n e a r e s t  l o c a l i t y ,  
max. runup h e i g h t  o r  
a m p l i t u d e 2 ,  max. rise 
o r  f a l l  o f  wave3; 

comment, 
(mete r s )  

Feb. 3 ,  1965--- Northern North P a c i f i c  Ocean n e a r  
A l e u t i a n  I s l a n d s .  

145 W$; Sitka 0 . 2 ~  

May 1 6 ,  1968--- Northwestern North P a c i f i c  Ocean near 1 4 5  W; S i t k a  
Japan.  

l e s s  than 0.12 

July 30, 1972-- N o r t h e a s t e r n  North P a c i f i c  Ocean n e a r  1 4 5  I W ;  S i t k a  0 . 2 ~  
S i t k a  

Nov. 29, 1 9 7 5 - -  Hawaii ---------------- -------------- 145  InJN; S i t k a  P o s s i b l e  tsunami wave 0 . 0 6 ~  

'&Tewspapers pub l i shed  i n  s o u t h e a s t e r n  Alaska were  n o t  
examined; t h e s e  p a p e r s  might p rov ide  accounts  o f  a d d i t i o n a l  
t sunamis  and o t h e r  ear thquake- induced waves. 

2 ~ o x  and o t h e r s  ( 1 9 7 6 ) .  
3 ~ p a e t h  and Berkman (196 7 ) .  
4 ~ .  S . War Department (1881) . 
'~arnes and Moore (1971) .  
601son (1949).  
7 ~ r e d  N a g i l l  and Dick b l i l l e r  ( o r a l  communs. co R. U. Lemke, 1965).  
S ~ . ~ ,  C o a s t  and Geode t ic  Survey (1967).  

'U. S. ~ational Oceanic & Atmospheric A d m i n i s t r a t i o n  and U .  S. Geo log ica l  Survey (1977, p. 115)  



Massive underwater and subaer ia l  l a n d s l i d e s  generated by shaking du r i ng  

earthquakes have caused smal l  t o  very  l a r g e  waves i n  some bodies o f  water  i n  

Alaska. A1 though some waves were l o c a l  and d i s s i p a t e d  w i t h i n  s h o r t  d is tances,  

o t h e r s  t r a v e l e d  fa r .  S l i d i n g  o f  d e l t a  f r o n t s  e s p e c i a l l y  can generate waves. 

Several d e l t a s  t h a t  f a i l e d  elsewhere i n  Alaska d u r i n g  t h e  1964 earthquake 

generated waves as much as 10 m h igh  (Kachadoorian, 1965; Coul t e r  and M ig l  i a c c i o ,  

1966; Lemke, 1967; Von Huene and Cox, 1972). Subaer ia l  l a n d s l i d i n g  t r i g g e r e d  

by earthquake shaking a l s o  generated l a r g e  waves. The w o r l d ' s  r eco rd  h e i g h t  

of wave runup i s  probably  530 m t r i g g e r e d  by a l a n d s l i d e  i n  L i t u y a  Bay ( f i g .  1 )  

near t h e  ep i cen te r  o f  t h e  magnitude 7.9 southeastern Alaska earthquake o f  

J u l y  10, 1958 ( M i l l e r ,  1960). As f a r  as i s  known, no waves have reached t he  

Petersburg area t h a t  a r e  a t t r i  bu tab l  e t o  ea r t hquake - t r i  ggered subae r i a l  o r  

underwater l a n d s l i d e s .  I t  must be noted, however, t h a t  some o f  t h e  underwater 

s l i d e s  t h a t  have occurred a long t h a t  p a r t  o f  t h e  l a r g e  S t i k i n e  R i ve r  d e l t a  a t  

t h e  head of F rede r i ck  Sound about  22 krn southeast  o f  Petersburg ( f i g .  2)  have 

been o f  s u f f i c i e n t  s i z e  t o  break submarine communication cables (Heezen and 

Johnson, 1969, p.  41 4-41 9 ) .  Approximately one-ha1 f o f  t h e  breaks o c c u r r i n g  

between November 19, 1912, and J u l y  10, 1958, happened a t  t h e  t ime, o r  soon 

a f t e r ,  major earthquakes were repor ted .  The p o s s i b i l i t y  e x i s t s  t h a t  ve ry  l a r g e  

s l i d e  Fa i l u res  o f  t he  S t i k i n e  o r  o t h e r  l a r g e  d e l t a s  i n  t h e  r e g i o n  m igh t  occur  

d u r i n g  f u t u r e  l a r g e  earthquakes t h a t  cou ld  r e s u l t  i n  f a r - r each ing  waves. In 

l i k e  manner, massive subaer ia l  l a n d s l i d e s  and r e s u l t a n t  waves m igh t  develop 

l o c a l l y  a long t h e  s teeper  s lopes t h a t  fo rm t h e  no r theas t  shore o f  F rede r i ck  

Sound, e s p e c i a l l y  t h e  area 11 krn eas t  no r t heas t  o f  Petersburg and near Horn 

C l i f f s  ( f i g .  2) .  Waves from t h a t  source cou ld  have a n e a r l y  imned ia te  e f f e c t  

on some shores. I n  s i m i l a r  geographic s e t t i n g s  a long  Norwegian f i o r d s  

massive f a i l u r e s  o f  s lopes have developed even i n  t h e  absence o f  earthquakes 

(J#rs t a d ,  1968). 
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Damage t o  l o w - l y i n g  areas a t  Petersburg f rom ts,unamis and seiches i s  

one o f  t he  p o s s i b l e  consequences o f  earthquakes. The occurrence of such 

waves should be a n t i c i p a t e d  a t  Petersburg as a t  o t h e r  c i t i e s  connected by 

t i d a l  waterways t o  t he  P a c i f i c  Ocean. However, t h e  exac t  he igh t s  of waves 

and t h e  amounts o f  damage cannot be est imated.  I f  a l l  tsunamis were of 

t he  nonbreaking ( s w e l l )  type, and o f  low he igh t ,  and occurred a t  low t i d e ,  

no damage would r e s u l t .  On t he  o t h e r  hand, i f  a group o f  moderate ly  h igh,  

break ing- type waves were t o  s t r i k e  a t  h i ghes t  h i g h  t i d e ,  damage p robab ly  

would r e s u l t  t o  boats,  harbor  f a c i l i t i e s ,  and o t h e r  l o w - l y i n y  areas. 

S e i c h i n g  o f  lakes  i n  t he  r e g i o n  m i g h t  damage o u t l e t  works o f  s t r u c t u r e s  

t h a t  a r e  p a r t s  o f  t h e  water-supply  and h y d r o e l e c t r i c i t y  systems f o r  

Petersburg ( f i g .  2 ) .  



One may specu la te  on severa l  p o s s i b l e  he igh t s  o f  tsunamis t h a t  m igh t  

reach  t h e  Petersbury  area from t h e  P a c i f i c  Ocean e i t h e r  by way o f  Sumner 

S t r a i t  o r  F rede r i c k  Sound ( f i g .  1  ) .  When cons ide r i ng  poss i  b l  e he i yh t s ,  one 

must cons ider  t h a t  wave focus ing and sympathet ic  resonance o f  l o c a l  waves 

m igh t  t e n d  t o  i nc rease  t h e  h e i g h t  of waves i n  a  body o f  water .  Tending t o  

g r e a t l y  reduce t h e  h e i g h t  of waves a r e  (1  ) t h e  l a r g e  number o f  r e e f s  and t h e  

c i r c u i t o u s  channel of Wranyel l  Narrows a t  Petersbury  and v i c i n i t y ,  and ( 2 )  

t h e  cons iderab le  d i s t a n c e  from t h e  P a c i f i c  Ocean: ( a )  145 km, by way o f  Sumner 

S t r a i t  ( f i g .  I ) ,  and ( b )  225 km, by way o f  F r e d e r i c k  Sound ( f i g .  1 ) .  

The U.S. Coast and Geodetic Survey (1965a) cau t ioned  t h a t  a l l  l a n d  w i t h  

d i r e c t  access t o  t h e  open ocean, l e s s  than about 15 m above sea l e v e l  and 

w i t h i n  1.6 km o f  t i d a l  waterways should  be cons idered p o t e n t i a l l y  s u s c e p t i b l e  

t o  tsunamis generated even a t  cons ide rab le  d is tances .  

For t h e  ear thquake- re la ted  waves o r i g i n a t e d  by t h e  1964 Alaska earthquake, 

personnel  o f  t h e  Juneau o f f i c e  o f  t h e  U.S. Weather Bureau (now U.S. N a t l .  

Weather Se rv i ce )  p r e d i c t e d  (J. P. Bauer, w r i t t e n  commun., 1964) a maximum 

wave h e i g h t  f o r  most i n n e r  waterways o f  southeastern Alaska o f  1  t o  2 m above 

normal t i d e  l e v e l s .  Ac tua l  wave he igh t s  were approx imate ly  the va lues p r e d i c t e d  

I t  i s  here concluded t h a t  these va lues f o r  t h e  Petersbury  area p robab ly  a r e  

reasonable.  



Warnings t o  coastal Alaska regarding the a r r iva l  time of potent ia l ly  

damaging tsunamis are  issued by the Tsunami Warning System of the U.S. National 

Weather Service (Butler ,  1971; Cox and Stewart, 1972; Cox and others,  1976; 

Haas and Trainer, 1974) .  For Petersburg, such warnings about tsunamis 

or ig inat ing a t  g rea t  distances probably  will  a l low ample t i m e  t o  evacuate 

8 the harbor and low-lying areas.  

Substantial  wave damage t o  shore areas a t  Petersburg from massive, ear th-  

quake-triggered submarine and subaerial landslides i s  thought to be unlikely,  

b u t  cannot be ruled out because of the re1 a t ively  great  1 ikel ihood of land- 

s l ides  developing in the region even during moderate shaking and especial ly 

developing during the postulated magnitude 8 earthquake. I f  waves were generated 

by earthquake-triggered landsl ides ,  i t  i s  l i ke ly  t ha t  most of the  waves probably 

would d i s s ipa te  t o  1 ow heights before reaching Petersburg. 

Wave damage t o  shores c f  lakes and reservoirs  from earthquake-triggered 

l  andsl ides m i  g h t  occur, 1 ocal l  y , d u r i  ng strong earthquake s ha k i  n g  . 



OTHER GEOLOGIC HAZARDS 

I n  a d d i t i o n  t o  t h e  hazard  f rom ear thquakes,  a p o t e n t i a l  e x i s t s  f o r  

damage t o  t h e  P e t e r s b u r g  area and r e g i o n  f rom o t h e r  g e o l o g i c  hazards .  These 

hazards  i n c l u d e  ( 1 )  h i g h  w a t e r  waves n o t  a s s o c i a t e d  w i t h  l o c a l  o r  d i s t a n t  

ear thquakes,  ( 2 )  l a n d s l i d e s ,  ( 3 )  i c e b e r g s ,  and ( 4 )  s t ream f l o o d s  and e r o s i o n  

o f  d e p o s i t s  b y  r u n n i n g  w a t e r  and s h e e t  f l o o d s .  

H igh  w a t e r  waves 

Nonear thquake- re la ted  w a t e r  waves h i g h  enough t o  a f f e c t  some shores  

o c c a s i o n a l l y  may o c c u r  i n  t h e  P e t e r s b u r g  a rea ,  e s p e c i a l l y  a l o n g  t h e  s o u t h e a s t  

s h o r e  o f  F r e d e r i c k  Sound. Waves o f  two o r i g i n s  a r e  p o s s i b l e ;  t h o s e  genera ted  

by  i m p a c t  o f  e i t h e r  s u b a e r i a l  o r  o f  underwater  l a n d s l i d e s  e n t e r i n g  l a r g e  

bod ies  o f  w a t e r .  A b r i e f  d i s c u s s i o n  o f  l ands1  i d e - g e n e r a t e d  waves i s  g i v e n  

i n  t h e  p r e c e d i n g  s e c t i o n ,  "Tsunamis, se iches,  and o t h e r  e a r t h q u a k e - r e l a t e d  

w a t e r  waves. " 



Lands1 ides 

Some of the steep slopes of Mitkof and nearby islands and on the rnain- 

land probably are  subject to lands1 iding. Although many fai lures  of steep 

slopes,especially those slopes underlain by thin unconsolidated geologic 

materials,occur during earthquakes, most fai lures  probably occur a t  other 

times--during (1  ) heavy rainfal l  , ( 2 )  rapid snowrnel t ,  (3 )  seasonal freezing 

and thawing, or ( 4 )  as a resul t  of  overloading or a l terat ion of slopes 

during construction or following intensive timber cutting. A 1  though 

slopes near the margin of the lakes and reservoir used for Petersburg's 

water supply and generation of hydroelectricity ( f i g ,  2 )  were n o t  examined, 

i t  i s  anticipated that landslides will occur near the margins of these 

bodies of water because of steep slopes and some slide-prone surf ic ial  

deposits. Massive landslides along the steep t o  very steep slopes consti- 

tuting the margins of waterways l ike  Frederick Sound may occur. I f  such 

s l ides  occurred, they might cause waves as they dropped into the deep 

water characteristic of near-shore areas in some places. As noted above 

in the discussion of earthquakes, the Horn Mountain and Horn Cliff  area 

( f ig .  2 )  would seem to be susceptible to  landsliding on the basis of 

steepness o f  slopes that  range up to  200 percent (63") (as  measured on 

1 :63,360-scale topographic maps). Landsliding in the c i ty  o f  Petersburg 

probably i s  not common, because most slopes are gentle to  moderate; small 

s l ides  could occur, however, in some of the fine-grained unconsolidated 

geologic materials along the  steeper b u t  short slcpes bordering the small 

streams in the area,especially those tributary to Hammer Slough, Long 

Pond, and other streams direct ly  to  the west. 



An example o f  c o n s t r u c t i o n  a c t i v i t y  t h a t  r e s u l t e d  i n  s lope  f a i l u r e  i s  

a long  t h e  n o r t h  s i d e  of t h e  west end of t h e  a i r p o r t  runway. ,There, f i l l  

and t h e  unde r l y i ng  o rgan ic  ( ? )  and so f t ,  f ine-g ra ined  depos i t s  became 

sa tu ra ted  and g r a v i t a t i o n a l l y  unstab le ,  and a lands1 i d e  developed. Subsequently, 

a d d i t i o n a l  f i l l  was p laced a long t h a t  p a r t  o f  t he  runway. 

Examples of l a n d s l i d e s  o f  severa l  types be ing  caused i n d i r e c t l y  by 

i n t e n s i v e  t imber  c u t t i n g  and r e l a t e d  land-sur face  m o d i f i c a t i o n  have been 

g i v e n  by Swanston (1969, 1974). 

The s teep underwater s lopes of  a c t i v e  d e l t a s  and even some s l ow l y  

extending s p i t s  may f a i l .  No f a i l u r e s ,  however, have been documented i n  t h e  

Petersburg r e g i o n  except  a long t h e  d e l t a  o f  t h e  S t i k i n e  R iver ,  where numerous 

f a i l u r e s ,  bo th  earthquake and nonearthquake r e l a t e d ,  have broken submarine 

communication cab les  l a i d  across o f f s h o r e  p a r t s  o f  t h e  d e l t a  (Heezen and 

Johnson, 1969, p.  41 4-41 9) .  



Icebergs 

Icebergs f rom t i d a l  g l a c i e r s  form a  hazard t o  nav iga t i on .  I n  t he  

Petersburg reg ion ,  icebergs f rom Le Conte G l a c i e r  leave  Le Conte Bay ( f i g .  2) 

and a r e  g e n e r a l l y  p resen t  i n  t he  no r theas t  p a r t  o f  F rede r i ck  Sound and some- 

t i n e s  p resen t  i n  t h e  southwest p a r t  as  f a r  northwestward as F rede r i ck  P o i n t  

(U.S. Coast and Geod. Survey, 1969, p. 131; f i g .  2 ) .  Occas ional ly ,  on 

r i s i n g  t i des ,  icebergs move i n t o  c o n s t r i c t e d  Wrangel 1  Narrows where they  

c o n s t i t u t e  b o t h  a hazard t o  n a v i g a t i o n  and, a t  c e r t a i n  t i d a l  stages, r e s t r i c t  

f u l l  usage o f  Petersburg harbor .  Concern about a  s u b s t a n t i a l  i nc rease  i n  

fo rward  movement o f  t he  terminus o f  Le Conte G l a c i e r  t h a t  cou ld  inc rease  t h e  

number o f  i cebergs  and t he  hazard t o  n a v i g a t i o n  seems unfounded. From obser-  

va t i ons  made of t h e  g l a c i e r  i n  1974, i t  i s  thought  t h a t  t h e  p roduc t i on  o f  

i cebergs  w i l l  con t i nue  i n  the  near f u t u r e  a t  about t h e  same r a t e  as i n  t he  r e c e n t  

p a s t  ( A u s t i n  Post, o r a l  comnun., 1977). - ff 
Streamfloods and e ros ion  of depos i ts  by runn ing  water  

Extens ive muskegs, ponds, and smal l  streams e a s i l y  accomniodate and 

adequate ly  c a r r y  normal r a i n f a l l  and me1 t i n g  snows i n  t h e  Petersburg area. 

Thus, the p o s s i b i l i t y  o f  e ros ion  by stream f l o o d i n g  and sheet f l o o d i n g  i s  

r a r e .  I n  t h e  moderate ly  steep t o  s teep t e r r a i n  o f  most o f  t h e  r e s t  o f  t h e  

reg ion ,  however, eros ion,  espec ia l  l y  o f  t h i n  s u r f i c i a l  depos i t s  s t r i p p e d  o f  

vege ta t ion ,  may occur because o f  t h e  steeper s lopes and g r e a t e r  p r e c i p i t a t i o n  

of h i ghe r  a1 t i t u d e s .  The 100-year probable maximum r a i n f a l l  i n  any 24-hour 

p e r i o d  i s  abou t  200 mm ( M i l l e r ,  1963); Ch i l de rs  (1970, p .  19)  l i s t e d  t he  

maximum discharge o f  t h e  creek f l o w i n g  i n t o  Hammer Slough as 17.0 m3/s d u r i n g  

t h e  p e r i o d  1964 through 1967; maximum occur red  on October 22, 1965,when 

p r e c i p i t a t i o n  was recorded as 80 mm (U  .S.  Weather Bureau, 1965). 
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RECOMMENDATIONS FOR ADDITIONAL STUDIES 

The reconnaissance nature of th is  geologic investigation did not 

permit a thorough examination of a11 aspects of the general geology and 

potential geologic hazards in the Petersburg area. Therefore, the follow- 

ing recommendations for additional investigations, in general order of 

decreasing importance, are l i s ted  below. 

1 .  Detailed geologic mapping and f ie ld  study ut i l iz ing current a i r -  

photos and updated geologic maps and hydrographic charts should be u n d ~ r -  

taken. This work should include the collecting of data on distribution 

and physical properties of surf ic ial  geologic materials in the area. 

Such an undertaking would lead t o  a better understanding of the general 

geology, and probably would resul t  in locating specific zones sub jec t  t o  

slope fai  1 ure and identifying areas most suitable for  construction. 

2. In order to  help indicate possible locations of future large 

earthquakes, the types of potential movements along known faul t s  and 

inferred fau l t s  in the region and especially along the Chatham S t r a i t  

fau l t  and along the Coast Range lineament should be determined. To 

accompl ish th i s  and t o  help locate any presently unknown act ive fau l t s ,  

geophysical studies should be undertaken and permanent, high-sensitivity 

seismological instruments should be installed in the region in cooperatioq 

with the Seismological Service of Canada. 

3. A general reconnaissance of the steepest a n d  potentially most 

unstable slopes in the region should be made. For i n i t i a l  study the 

following are suggested: ( 1 )  the northeast margins of Frederick Sound, 

( 2 )  tr ibutary bays and in le t s  t o  Frederick Sound t h a t  have been recently 

deulaciated, and ( 3 )  the rapidly extending margins of the Stikine River 

del ta . 



4. Because o f  t h e  p o t e n t i a l  f o r  some wave damage i n  t he  Petersburg 

area, t h e  p o t e n t i a l  t r a v e l  t ime o f  tsunamis from t h e  P a c i f i c  Ocean 

should be determined, and t he  c o n f i g u r a t i o n  and n a t u r a l  o s c i l  l a t i o n  per iods  

o f  bas ins t h a t  h o l d  l a r g e  bodies o f  water  i n  t h e  r e g i o n  ( e s p e c i a l l y  

F rede r i ck  Sound) should be determined. Th is  knowledge would a s s i s t  i n  t he  

p r e d i c t i o n  o f  p o s s i b l e  wave he igh t s  r e s u l t i n g  from se ismic se i ch ing  and 

lands l ide-caused se ich ing .  

5. A general  reconnaissance s tudy should be undertaken o f  t h e  accumulat ion 

areas and r a t e s  o f  movement o f  t i d a l  and n e a r - t i d a l  g l a c i e r s  i n  t he  r e g i o n  

t o  a s s i s t  p r e d i c t i o n  o f  i ceberg  abundance i n  h e a v i l y  used waterways. 



GLOSSARY 

Accelerograph: An instrument designed t o  record the time history o f  

ground acceleration for  strong ground shaking generated by a nearby 

earthquake. Motion i s  recorded in three mutual ly perpendicular 

directions,  one vertical and two horizontal. 

Argill i  t e :  A dense, s l ight ly  metamorphosed rock formed from shale or 

mudstone. 

Diamicton: - A nonsorted or poorly sorted unconsolidated sedimentary deposit 

that contains a mixture of wide-ranging part ic le  sizes (boulders, 

cobbles, pebbles, and sand) dispersed in a f iner  grained matrix, 

generally s i l t  and sand. The term may be applied to deposits of any 

origin. 

Drift :  A general term for earth materials of any kind that  have been 

transported from one place to  another by glacial ice or associated 

streams. Material may range in s ize from c lay  to boulders and may 

be sorted or unsorted. 

Epicenter-: .-- The paint on the ea r th ' s  surface direct ly  above the origin 

point of an earthquake. 



Fault: A fracture along which there has been relat ive displacement of 

the two blocks parallel to the fracture.  There a re  several kinds of 

fau l t s :  A normal f au l t  i s  one in which the hanging wall ( the block 

above the f au l t  plane) has moved downward in relation t o  the footwall 

( the block below the f a u l t  plane). A thrust  f au l t  i s  a  low-angle f a u l t  

in which the hanging wall has moved upward relat ive to the footwall. A 

s t r i  ke-sl ip f a u l t  involves la teral  displacement. 

approximately para1 le l  to  the s t r ike  of the f au l t .  If one of the f a u l t  

blocks has moved relatively t o  the r ight ,  the f au l t  i s  a  r ight- la teral  

s t r i  ke-sl ip fau l t ;  re la t ive  movement t o  the l e f t  defines a le f t - la te ra l  

s t r ike-s l ip  f au l t .  The term active f a u l t  i s  in common usage, b u t  

agreement i s  lacking a s  t o  the meaning of the term in r e l a t i o ~  -LO 

time. I n  general, an active f au l t  i s  one along which intermittent 

movement can be expected. 

Graben: A re lat ively depressed, elongate t r ac t  of land that  i s  bounded by 

normal fau l t s  on i t s  long sides. 

Granodiorite: A coarse-grained plutonic igneous rock composed of quartz, 

plagioclase, and potassium feldspar with b io t i te  and hornblende. 

Graywacke: A hard, fine- t o  medium-grained sandstone composed o f  fragments 

of principally quartz and feldspar and, locally,  a rg i l l  i t e ,  s l a t e ,  

and fine-grained rocks of volcanic origin; may include some lenses of 

f iner  or coarser rock fragments. Slightly metamorphosed. 

Joint:  A fracture i n  bedrock along which there has been no movement parallel 

to the fracture.  



Lineament: A l inear  feature of the landscape, such as 'a l ined valleys, 

streams, r ivers ,  shore1 ines, f iords,  scarps, and glacial grooves 

that may ref lec t  f au l t s ,  shear zones, joints ,  beds, or other 

structural geologic features; a lso,  the representation of such a 

ground feature on topographic maps, airphotos, or on other remote- 

sensing imagery. 

Liquefaction: --- The transformation of a material having very low cohesion 

from a solid s t a t e  to  a liquid s t a t e  owing t o  a process of shock or 

s t ra in  that  increased pore-fl u i d  pressure. 

Magnitude: A measure of the strength of an earthquake or the s t ra in  energy 

released by i t ,  as determined by seismographic observations. As originally 

defined, refers to the logarithm of the maximum amplitude on a seismogram 

written by a standard-type seisnlograph 100 km from the epicenter of an 

earthquake (Richter, 1958). A1 though magnitude does not direct ly  re la te  

to seismic energy, a l-unit  increase in magnitude correlates with a 32-fold 

increase in seismic energy. 

Microearthquake: An earthquake too small t o  be fe1 t and that  can be detected 

only instrunentally, generally considered t o  be less than magnitude 2 or 3. 

Phyl 1 i t e :  A f i  ne-grai ned argi 11 aceous rock formed by regional metamorphism. 

Plutonic: A word used to  refer to  igneous rocks that  have cooled a t  consider- 

able distance below the ground surface. 

Seismicity: A term used to  denote the occurrence of earthquakes. 

Strike: The compass direction of a l ine formed by the intersection of a 

bed, bedding surface, fracture,  f au l t ,  fo l ia t ion ,  or other essentially 

planar geologic feature with a horizontal plane. 

Tectonics: The part of geologic study dealing with origin,  development, 

and structural relations of large-sized blocks o f  the ea r th ' s  crust .  



T i l l  : An u n s t r a t i f i e d  and unsor ted m ix tu re  o f  c l ay ;  s i l t ,  sand, pebbles, 

cobbles, and bou lde r - s i ze  m a t e r i a l  deposi ted by g l a c i a l  i c e  on land; 

a d iamic ton  depos i ted  d i r e c t l y  by g l a c i e r s .  

Ul t rarnaf ic :  An igneous rock  t h a t  i s  r i c h  i n  i r o n  and magnesium minera ls .  
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