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GEOLOGIC MAP OF THE ANCHORAGE B-8 SE 
A N D  PART OF THE ANCHORAGE 8-8 NE QUADRANGLES, ALASKA 

BY 
Lynn A .  Yehle,  Henry R ,  SchmolL, and Ernes t  Dobrovolny 

INTRODUCTION 

The a r e a  of t h i s  map ( p l .  IA, i n  pocke t )  i n c l u d e s  a l l  of t h e  Anchorage B- 
8 SE quadrangle  and t h a t  p a r t  of t h e  Anchorage 8-8 NE quadrangle t h a t  l i e s  
a long  t h e  s o u t h e a s t  s i d e  of Knik A r m ,  one of t h e  two upper extensions  of Cook 
I n l e t  ( f i g .  1 ) .  The map a r e a  is l o c a t e d  i n  s o u t h - c e n t r a l  Alaska mainly wi th in  
t h e  Munic ipa l i ty  of Anchorage and cen te red  about 15 km nor theas t  of downtown 
Anchorage. The nor thwestern  p a r t  of t h e  map a r e a ,  e n t i r e l y  wi thin  Knik A r m ,  
is p a r t  of t h e  Matanuska-Susitna Borough. Knik A r m ,  t oge the r  with a broad 
embayment, Eagle Bay, occupies about one q u a r t e r  of t h e  map a r e a .  The Alaska 
R a i l r o a d  and t h e  Glenn Highway t r a v e r s e  t h e  sou the rn  p a r t  of t h e  map a r e a  from 
southwest  t o  n o r t h e a s t .  Except f o r  t h e s e  r ights-of-way a l l  of the land a r e a  
is inc luded  wi thin  e i t h e r  F o r t  Richardson o r  Elmendorf Air Force Sase. T h i s  
map is one of a s e r i e s  i n  t h e  Anchorage-Knik A r m  r eg ion  f o r  which geologic  
maps have been completed r e c e n t l y  a t  a s c a l e  of 1 :25,000 (Dan ie l s ,  1981a15; 
Reger,  1 9 8 1 a , b , c , d ;  Updike and Ule ry ,  1988; Yehle and Schmoll, 1987a,b; 1988; 
1989; f i g .  2 ) .  The map of t h e  Anchorage 8-8 NE quadrangle Sy Reger (1981a) 
does not show any geology f o r  t h a t  p a r t  inc luded  i n  our map. 

The geology of t h e  map a r e a  s o u t h  of l a t i t u d e  61 20'  N .  was mapped a t  
1 :24,000 s c a l e  by H . R .  Schmoll and Ernes t  Dobrovolny between 1965 and 1971 by 
i n t e r p r e t a t i o n  of 1 :20,000-scale  a i r p h o t o s  taken i n  1 9 6 2  and by f i e l d  
i n v e s t i g a t i o n s ;  a genera l i zed  ve r s ion  of t h a t  mapping was included i n  Schmoll 
and Dobrovolny (1972a) .  The nor the rn  p a r t  of t h e  map a rea  was s i m i l a r l y  
mapped but a t  1 : 63,360 s c a l e  us ing 1 : 43,000-scale  a i r p h o t o s  taken i n  1957. 
The mapping of t h e s e  two p a r t s  of t h e  a r e a  subsequent ly  was photographical ly  
reduced and en langed ,  r e s p e c t i v e l y ,  t o  a s c a l e  of 1 :25,000 by L.A. Yehle and 
H . R .  Schmoll i n  1988 and 1989; va r ious  m o d i f i c a t i o n s  were made t o  accommodate 
t h e  change i n  base map and c o n s i d e r a b l e  a d d i t i o n a l  d e t a i l ,  e s p e c i a l l y  i n  t h e  
nor the rn  p a r t  of t h e  map a r e a ,  was de r ived  from i n t e r p r e t a t i o n  of 1 :24,000- 
s c a l e  a i r p h o t o s  taken i n  1972. S e l e c t e d  d a t a  from e a r l i e r  geologic maps of 
p a r t s  of t h e  a rea  by Dobrovolny and Y i l l e r  (1950) and Mi l l e r  and Dobrovnlny 
(1959) were a l s o  u t i l i z e d .  

PHYSIOGRAPHY 

The l a n d  a r e a  shown on t h i s  map L ies  e n t i r e l y  i n  t h e  Anchorage lowland 
( f i g .  1 ;  Schmoll and o t h e r s ,  1984) ,  an informal  s u b d i v i s i o n  of t h e  Cook I n l e t -  
S u s i t n a  Lowland (Wahrhaf t i g ,  1965) t h a t  l i e s  s o u t h e a s t  of Knik A r m .  A few 
hundred meters  sou theas t  of t h e  s o u t h e a s t  corner  of the  map area  l i e s  t h e  
boundary wi th  t h e  Kenai-Chugach Mountains physiographic  province ,  and here  t h e  
rugged Chugach Mountains r i s e  a b r u p t l y  from t h e  Anchorage lowland along t h e  
Chugach Mountain f r o n t .  The h i g h e s t  p o i n t  i n  t h e  map area ,  about 180 rr: i n  
a l t i t u d e ,  l i e s  a t  t h i s  sou theas t  co rner  near t h e  base  of the  Chugach Mountain 
f r o n t  . 



Figure 1 .--Location of map area and major geograph ic  features.  Thick dashed 
l i n e  i n d i  cates boundary between major physiographic p rov inces ,  Talkeetna 
Mountains,  Kenai-Chugach Mountains, and Cook I n l e t - S u s i  t n a  Lowland, of 
Wahrhaf t i g  ( 1 9 6 5 )  ; t h i n  dashed l i n e  and water  b o d i e s  s e p a r a t e  phys iograph ic  
subprov inces  of informal usage .  Heavy p a t t e r n  i n d i c a t e s  g l a c i e r s .  
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Figure 2.--Index map showing loca t ion  of geologic maps i n  the Anchorage-Knik 
Arm region published a t  1 :25,000 s c a l e  ( 1 ,  Daniels, 1981a; 2 ,  Daniels, 
1981b; 3 ,  Reger, 1981a; 4 ,  Reger, 1981b; 5 ,  Reger, 1981c; 6 ,  Reger, 1981d; 
7 ,  Yehle and Schmoll, 1987a; 8 ,  Yehle and Schmoll, 1987b; 9 ,  Yehle and 
Schmoll, 1988; 10, Yehle and Schmoll, 1989). A r e a . o f ' t h i s  repcrt  is 
ind ica ted  by  s t i pp led  pa t te rn .  
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The Anchorage lowland within the  map area  includes the following f i v e  
pr inc ipa l  sec tors :  
1 .  The northern and west-central pa r t s  of the map area  a r e  characterized 

mainly by elongate h i l l s  of g l a c i a l  d r i f t  t h a t  trend north- 
nor theas te r ly  and t h a t  a r e  separated i n  par t  by intervening meltwater 
channels some of which a r e  surfaced by boggy ground. The h i l l s  range 
i n  a l t i t u d e  from 50 t o  80 m i n  t h e  north t o  40 t o  60 m i n  the  south,  
and have loca l  r e l i e f  of about 20 t o  30 m .  The land is continuously 
separated from Knik A r m  by s t e e p  b l u f f s  t h a t  general ly  a r e  about 30 m 
high b u t  t h a t  r i s e  t o  as much as 43 m i n  places.  A narrow beach 
borders the base of the b l u f f s  except during highest  t i d e s  when water 
impinges d i r e c t l y  on the  base of the  b lu f f s .  

2. A system of northeast- and northwest-trending channels dominates the 
cen t r a l  par t  of t h e  map area.  These channe l s  a r e  about 300 t o  500 m 
wide and a r e  *incised about 25 t o  35 m below the surface of the 
g l a c i a l  h i l l s .  The channel of t h e  Eagle River is the  lowest-lying, 
and the  channels of Foss i l  Creek t o  t he  south and of Clunie Creek t o  
t h e  north of t he  Eagle River a r e  hanging with respect  t o  t he  Eagle 
River.  The channel t ha t  extends from Otter  Lake t o  Sixmile Lake 
(here ca l l ed  the  Otter-Sixmile channel) appears to  be a beheaded 
former cont inuat ion of the Eagle River channel. The channels a l l  
probably mark courses of t h e  ances t r a l  Eagle River during g lac ie r  
r e t r e a t  and a r e  occupied now by unde r f i t  streams. In i t s  lowermost, 
northwest-trending reach ,  t h e  Eagle River drains  through t h e  Eagle 
River F l a t s  ( p l .  1 A )  , a f i l l e d  embayment which broadens t o  nearly 3 
km i n  w i d t h  wher3 i t  merges with Eagle Bay. The embayment is part  of 
a l a rge r  f e a t u r e  t h a t  a l s o  includes a s imi la r  embayment a t  Goose Bay 
on t h e  northwest s i d e  of Knik A r m  ( f i g .  1 ) .  We r e f e r  t o  t he  la rger  
f e a t u r e  as t h e  Goose-Eagle alignment. 

a 
3. The Elmendorf  Moraine (Mi l le r  and Dobrovolny, 1959) is a prominent, 

sharply hummocky r idge  o n l y  about one kilometer i n  w i d t h  tha t  trends 
i n  a west-southwesterly d i r ec t ion  across t he  e n t i r e  southern part  of 
the map a rea  and beyond t o  t he  west, descending i n  a l t i t u d e  from 
about 150 m on the  e a s t  s i d e  t o  about 100 m on the  west s ide ;  l oca l  
r e l i e f  is  a s  much a s  80 m ,  b u t  more commonly ranges from 30 t o  50 m .  

4. South of t h e  moraine and i n  sharp cont ras t  t o  i ts  i r r egu la r  form is the 
smooth-surf aced, gent ly west-southwest s loping Mountain View a l luv ia l  
f a n  t ha t  a l s o  extends across  t he  e n t i r e  map a rea ,  descending i n  
a l t i t u d e  from about 130 m i n  t h e  e a s t  t o  about 55 m i n  the  west where 
i t  is about 3 km wide. 

5. I n  t he  southeas t  corner of the map area  a r e  a few morainal h i l l s  t h a t  
a r e  r e l a t e d  t o  t he  extensive b e l t  of l a t e r a l  moraines t h a t  l i e  along 
the  Chugach Mountain f r o n t  and t h a t  a r e  more f u l l y  developed both t o  
t he  e a s t  (Yehle and Schmoll, 1989) and south of the  map area.  These 
h i l l s  r i s e  from about 20 m t o  a s  much a s  70 m above the  sur face  of 
t h e  Mountain View fan ,  

The Eagle River is the  only l a r g e  stream within the map area and flows 
across  t h e  cen t r a l  par t  from eas t  t o  west. I t  drains  from a lake  a t  an  
a l t i t u d e  of 267 m t h a t  formed i n  h i s t o r i c a l  time a t  the fobt of the receding 
Eagle Glacier  about 35 km t o  t he  southeas t .  Clunie Creek and Foss i l  Creek a re  
both small t r i b u t a r i e s  t o  the  Eagle Ri'ver whereas drainage i n  the  Otter-  
Sixmile  channel flows d i r e c t l y  i n t o  Knik A r m  through Sixmile Creek j u s t  west 
of the  map area .  



The two l a r g e s t  lakes i n  the map a r ea ,  Ot te r  Lake and Sixmile Lake, both 
occupy the  otherwise bog-floored Otter-Sixmile channel. Sixmile Lake owes i ts , 

present exis tence t o  a manmade dam j u s t  west of the  map area .  Several other 
small l akes  and numerous ponds a r e  nes t led  among the  h i l l s  of the  Elmendorf 
Moraine. 

Almost a l l  of the  map area is covered by s u r f i c i a l  deposits pf Quaternary 
age t h a t  a r e  mapped mainly with respect  t o  t he  landforms containing them, I n  
a few places older Quaternary deposi ts  a r e  . exposed as s t r a t i g r a p h i c  uni t s  
which enhance in t e rp re t a t ion  of the  geologic chronology beyond what can be 
gleaned from the sur face  un i t s .  Metamorphic bedrock of Upper T r i a s s i c  t o  
Cretaceous age may be exposed a t  one place and s o f t  Ter t ia ry  bedrock a t  
another p lace ,  both i n  the  southeastern par t  of t h e  map area .  

SURFICIAL DEPOSITS 

S u r f i c i a l  deposits t h a t  a r e  widespread within the map area consist of 
g l a c i a l  d r i f t  tha t  includes much r e l a t e d  g l a c i o a l l u v i u ~  and t h a t  is  almost 
e n t i r e l y  Pleis tocene i n  age. Other deposi ts  t h a t  a r e  more r e s t r i c t e d  i n  a rea l  
e x t e n t ,  although some a re  widely d i s t r i b u t e d ,  include nonglacisl  a l luviun and 
i n t e r t i d a l ,  co l luv ia l ,  pond, and anthropogenic deposi ts  most of which a re  
Holocene i n  age. Glacial deposits cover l a rge  areas as drumlinoid or f l u t e d  
ground moraine t h a t  includes some intervening kame f i e l d s  i n  t h e  northern two- 
t h i r d s  of the map area and as par t  of a  c l a s s i c a l l y  arcuate  end moraine, t h e  
Elmendorf Moraine, t o  the south; the  northern (proximal, or  toward-ice part  
of the end moraine is bordered by a  s e r i e s  of kames and kame t e r r aces .  Other 
g lac ioa l luv ia l  deposi ts  occupy te r races  w i t h i n  t h e  Clunie Creek, Eagle River,  
and Foss i l  Creek val leys and dominate the southern part  of the map area as the 
broad Mountain View fan .  Nonglacia l  alluvium is r e s t r i c t e d  t o  the  narrow 
f l o o r s  of the val leys.  I n t e r t i d a l  deposi ts  occupy the Eagle River F l a t s  i n  
t he  center  of the map a rea .  Colluvial  deposi ts  of varying th ickness ,  
including a f e y  lands l ide  d e p o s i t s ,  a r e  present only on t h e  extensive b l u f f s  
t h e t  border t h e  major val leys and  t he  shore of Knik A r m .  Pond deposi ts  occur 
mainly i n  t he  numerous g l ac i a l  rneltwzter channels i n  the northern part  of the 
map a rea  and i n  t he  Otter-Sixmile channel where, adjacent t o  Otter  Lake marl 
deposi ts  a r e  present (Moxham and Eckhardt, 1956) ;  small areas of pond deposi ts  
occur within the  ZLmendorf Moraine. A ubiquitous manele of organic mater ial  
and windblown s i l t  and f i n e  s a n d ,  including minor amounts of tephra,  covers 
a l l  but t he  most recent  deposi ts .  T h i s  mantle has not been mapped separa te ly  
but is  included w i t h  the underlying depos i t s .  Anthropogenic deposi ts  a r e  
widespread but o n l y  major areas  of engineered f i l l  have Seen mapped. 



GLACIAL DEPOSITS 

Glacial  depos i t s  i n  t h e  map area  a r e  mainly the  products of s eve ra l  
g l a c i a l  advances from and r e t r e a t s  t o  d i s t an t  mountainous regions t o  t h e  nor th  
and e a s t  (Dobrovolny and Miller, 1950; Mil ler  and Dobrovolny , 1959; Karlstrom, 
1 9 6 4 ;  Cederstrom and o t h e r s ,  1964; Reger and Updike, 1983, 1989; Schmoll and 
Yehle, 1986) .  Each of t hese  g l a c i e r s  successively modified t h e  t e r r a i n  i n  t he  
map a r e a ,  but evidence f o r  only the  last two major advances and r e t r e a t s  is 
preserved a t  t h e  su r f ace .  As i n  most g lac ia ted  reg ions ,  evidence f o r  o lde r  
g l ac i a t ions  is based l a r g e l y  on r e l i c t  landforms and only those landforms 
r e s u l t i n g  frcm t h e  last g lac i e r  t o  occupy a given. area commonly a r e  
preserved. Consequently, of t he  two g l a c i a l  advances represented within the  
map a rea ,  t he  more ex tens ive  g l a c i e r  advance f o r  which t h e r e  is evidence is  
the  o l d e r ,  and t h e  l e s s  extensive advance the younger. Surface evidence f o r  
any intervening advances of l e s s e r  extent  than t h e  l a s t  advance is thus  
l ack ing ,  and s t r a t i g r a p h i c  evidence suggests t h a t  no such ice advances of any 
s ign i f i cance  occurred. 

I n  addi t ion t o  g l a c i e r s  from d i s t an t  sources,  g l a c i e r s  i n  nearby mountain 
va l l eys ,  notably Eagle River va l ley  d i r e c t l y  e a s t  of t h e  map a r e a ,  contr ibuted 
depos i t s  t o  the  a r ea .  The in t e rp l ay  between g l a c i e r s  from d i s t a n t  and nearby 
sources varied depending on t h e  r e l a t i v e  i n t e n s i t y  of g l ac i a t ion .  Four 
successively less  in t ens ive  s tages  of g l ac i a t ion  a r e  out l ined  b r i e f l y  a s  
follows: 
1 .  The most widespread g l a c i e r s  t o  reach the  map a rea  from d i s t a n t  sources 

mostly overwhelmed nearby va l ley  g l a c i e r s  i n  t h e  Chugach Mountains t o  
f i l l  t h e  Cook In l e t -Sus i tna  Lowland and cover p a r t s  of the  adjacent  
mountains with i c e .  

2. When g l a c i e r s  from the  d i s t a n t  sources were less extensive,  nearSy 
g l a c i e r s  such a s  those  i n  t h e  Eagle River va l l ey  were not overwhelmed 
and developed independently t o  grea te r  ex t en t .  They s t i l l  joined i c e  
from d i s t a n t  sources  i n  t he  lowland, however, and t h e  r e s u l t a n t  
combined g l a c i e r  flowed southwestward across  t he  map area .  

3 When g l a c i e r  advances were even 1 ess extens ive ,  nearby va l ley  g l a c i e r s  
d i d  not extend f a r  enough downvalley t o  j o i n  w i t h  dis tant-source 
lowland i c e .  The lower pa r t s  of mountain va l l eys  such as t h a t  of t he  
Eagle River (Yehle and Schmoll, 1989) were f r e e  of g l ac i e r  i c e .  
Drainage i n  such mountain val leys was commonly blocked by a  lowland 
g l a c i e r  or its Latera l  moraines, and lakes  a t  various l e v e l s  formed 
between t h e  lowland g l ac i e r  and the  upvalley g l a c i e r ,  Per iodica l ly  
t hese  l akes  dra ined ,  perhaps ca t a s t roph ica l ly ,  southwestward and 
westward across  t h e  map a rea ,  carving channels and ( o r )  leav ing  
depos i t s  a t  var ious l e v e l s ;  t h e  drainage was d iver ted  l a t e r a l l y  
around and i n  pa r t  through t h e  i c e .  

4 .  Although g l a c i e r  i c e  is no longer present i n  t h e  a r ea ,  t h e  Eagle River 
continues t o  fol low a  course influenced by t h e  remaining channels and 
gl  aci a1 depos i t s  . 



The g l a c i a l  deposi ts  t ha t  a r e  found a t  t he  land sur face  a r e  a l l  contained 
within landforms of various kinds, and i t  is mainly t h e  configuration and type 
of landform tha t  serve as  a  guide t o  mapping the type of deposit  and t o  
understanding the  r e l a t i v e  ages of the  g l ac i a l  depos i t s .  The two principal  
types of g l ac i a l  deposi ts  mapped a r e  ( 1  ) morainal depos i t s ,  mater ials  
deposited d i r e c t l y  by g l ac i e r  i c e  and t h a t  occur i n  end and ground moraines, 
and ( 2 )  g l ac ioa l luv ia l  depos i t s ,  mater ia l s  deposited by running water within, 
around, and draining away from t h e  i c e  and t h a t  occur in kames, kame t e r r aces ,  
outwash plains  , me1 twat er-channels,  and a l l u v i  a1 fans . Moraine deposits 
cons is t  of t i l l  t h a t  is composed mainly of diamicton ( a  poorly sor ted  mixture 
of c lay ,  s i l t ,  sand, a n d  gravel)  and poorly so r t ed  s i l t y  t o  sandy gravel.  
Some gravel and sand a r e  present l o c a l l y ,  as  a r e  l e s s e r  amounts of s i l t  and 
c lay .  Glacioal luvial  deposits cons is t  mostly of gravel  and sand, although 
some diamicton and f iner-grained mater ial  a r e  commonly present i n  kames. 

For purposes of ident i fy ing  the  g l a c i a l  deposi ts  and t o  serve as a  guide 
t o  t h e i r  r e l a t i v e  ages,  g l ac i a l  deposi ts  a r e  f u r t h e r  subdivided according t o ,  
and named a f t e r ,  the  named l a t e r a l  and end moraines t ha t  they form and t o  
which deposi ts  i n  other  moraines and r e l a t e d  landforms can b e  cor re la ted ,  as 
discussed by Schmoll and Yehle ( 1  986). That paper a l s o  discusses d i f f i c u l t i e s  
i n  using the g l ac i a t ion  terminology developed by Karlstrom (1957; 1 9 6 4 )  i n  
c l a s s i fy ing  g l ac i a l  deposits i n  the  Anchorage area and used by Miller and 
DoSrovolny ( 1  959) and most l a t e r  workers. The l o c a l i t i e s  from which 
Karlstrom's names a r e  derived a r e  located both i n  the  v i c i n i t y  of t h i s  nap 
area and t o  t he  south on the  Kenai Lowland ( f i g .  1 ) .  Because most of these 
typ ica l  deposi ts  a r e  not well dated and successive deposi ts  a r e  nei ther  i n  
s t r a t i g r a p h i c  or geomorphic cont igui ty ,  there  a r e  unce r t a in t i e s  i n  cor re lz t ion  
between the  two areas .  Thus we do not use Karlstrom's terminology, b u t  
i n s t ead ,  use loca l  terminology and r e l a t e  our deposi ts  direcfYly t o  t he  
standard chronology now i n  use f o r  t he  Pleis tocene (Bowen and o thers ,  1986). 
iJe apply t h i s  chronology without using que r i e s ,  but recognize tha t  there  are  
many remaining uncer ta in t ies  w i t h  regard t o  t he  temporal placement of our 
depos i t s ;  some of these uncer ta in t ies  a r e  discussed below. 

End-moraine deposi ts  within the map area are e n t i r e l y  those of the 
Elmendorf Moraine. T h i s  prominent r idge deviates  from the  trend of the 
l a t e r a l  moraines along the  Chugach Mountain f r o n t  j u s t  e a s t  of t h e  map area t o  
cross  t he  Anchorage lowland i n  a  broad a r c  t h a t  culminates about 6 km west of 
t h e  map area a t  Cairn Point on the eas t e rn  shore of K n i k  A r m  ( f i g .  1 ) .  The 
r idge  was named as a  geographic f e a t u r e  by  R . D .  Mil ler  i n  1955 (Orth, 1 9 6 7 )  
and shown by Mil ler  and Dobrovolny (1959) .  I t  is here i den t i f i ed  as the 
typ ica l  l o c a l i t y  f o r  the complex of moraine deposi ts  of the  Elmendorf 
Moraine. As defined geographically the  Elmendorf Moraine extends north as f a r  
as  Birchwood (near  t h e  mouth of Pe ters  Creek) e a s t  of Knik A r m  and t o  Big Lake 
west of the arm (fig. 1 )  and includes la teral-moraine and kame deposits as 
wel l .  We p re fe r ,  however, t o  r e s t r i c t  t h e  t yp ica l  l o c a l i t y  f o r  the deposits 
t o  t he  16-km s t r e t c h  of well-defined end-moraine r idge  t h a t  extends from Cairn 
Point eastward t o  t h e  northeast  end of map uni t  erne i n  t he  S E 1 / 4  sec 18. T .  1 4  
N., R .  2 W . ,  i n  t h e  map area t o  t h e  east (Yehle and Schmoll, 1989).  Within 
t h e  western part  of t h e  map area  t h e  r idge  has a double c r e s t ,  and i n  the SE 
1 / 4  sec .  25, T .  1 4  N . ,  R .  3 W . ,  a  more nor ther ly  r idge  .c res t  tha t  extends 
southwest from near t h e  Otter-Sixmile channel and continues southwest t o  Cairn 
Point appears t o  t runca te  a  more souther ly  r i dge  c r e s t  t ha t  extends northeast 
from t h i s  point as a  topographical ly  i r r e g u l a r  s ing le-cres ted  r idge.  The dual 
nature of the western par t  of the end moraine and the  t runca t ing  re la t ionship  
suggests  t h a t  t h e  more northerly r idge  marks a minor readvance of the 



g l a c i e r ,  We regard ,  however, t h a t  both r idges cons t i t u t e  the typ ica l  l o c a l i t y  
f o r  deposi ts  of t h e  Elmendorf Moraine. 

Ground-morai ne deposi ts  correlated with those of the Elmendorf Moraine 
a'  

cover much of t h e  northern and west-central par ts  of t he  map area. Here the  
land sur face  is marked by a  prominent s e r i e s  of elongate h i l l s  tha t  we map 
sepa ra t e ly  as drumlins although t h e y  colnmonly lack the longi tudinal  asymmetry 
(more blunt end fac ing  the d i rec t ion  from which the i c e  approached) 
c h a r a c t e r i s t i c  of many drumlins, The drumlins range widely i n  shape; sane a r e  
r e l a t i v e l y  long and narrow and i n  places where these landforms a r e  very narrow 
and c lose  together  they a re  grouped and mapped as f l u t ed  ground moraine 
(P res t  , 19681, The drumlins and associated landforms i n  .the northern part  of 
t h e  map area a r e  aligned subpara l le l  t o  t h e  Chugach Mountain f ron t  and 
probably r e f l e c t  the  southwestward d i rec t ion  of ice-flow tha t  was centered 
roughly along the  present posi t ion of Knik A r m .  Southward, however, the  
o r i en t a t ion  curves t o  a more southerly alignment t ha t  i s  more nearly 
perpendicular t o  t h e  Elmendorf end-moraine r idge.  

The pa t t e rn  of drumlinoid ar,d f l u t ed  ground moraine tha t  we map d i f f e r s  
appreciably from the  generalized pa t te rn  shown on the  g l ac i a l  geology map of 
the  upper Cook I n l e t  area by Karlstrom (1965) which by inference includes 
approximately east-west t rending end moraines a t  two pos i t ions ,  one j u s t  north 
of the Otter-Sixmile channel and the other j u s t  north of a small channel 
p a r a l l e l  t o  and about 600 m south of t he  shore of Knik Arm i n  t h e  northernmost 
p a r t  of the map a rea ,  Like Miller and Dobrovolny (1959) we f i n d  no evidence 
f o r  end moraines a t  e i t h e r  of these posi t ions.  The only l i nea r  f ea tu re s  i n  
those places a r e  channels t ha t  a r e  c l ea r ly  post-morainal erosional f e a ~ u r e s  
not i nd ica t ive  of any ice-margin posi t ion.  

Ground-moraine deposi ts  i n  the southeastern part  of t h e  map area a r e  
mapped as those of t h e  Dishno Pond moraines (Schmoll and Yehle, 1 9 8 6 ) .  They 
a r e  S e t t e r  developed i n  map areas  both t o  the  eas t  (Yehle and Schmoll, 1989) 
and t o  t he  sou th ,  where the  typ ica l  area f o r  deposi ts  of t h e  Dishno Pond 
moraines surrounds Dishno Pond ( f i g .  1 ) .  

Glacioa l luv ia l  deposi ts  a r e  s ca t t e r ed  widely throughout the map area  and, 
except near t h e  southeas t  corner,  a l l  a r e  r e l a t ed  t o  deposi ts  of t h e  Elmendorf 
Moraine. Kames are  l o c a l l y  prominent landf orms tha t  include i r r egu la r  h i l l s  
and areas  of hummocky t e r r a i n  and the  deposi ts  a r e  subdivided i n  par t  on the  
basis of d i f fe rences  i n  amount of loca l  r e l i e f  within t h e  landforms. They 
occur mainly within t h e  a rea  of predominantly ground moraine i n  the  northern 
and western p a r t s  of t he  map area.  Along the  northern (proximal, or toward- 
i c e )  s i d e  of t h e  end moraine, kames a re  aligned roughly pa ra l l e l  t o  t he  
morainal r idge .  Here they include both kames of high r e l i e f  and a sequence of 
kames and kame t e r r a c e s  t h a t  a r e  mapped separately.  T h i s  l a t t e r  sequence was 
formed by water t h a t  drained through the  Foss i l  Creek channel and presumably 
back i n t o  the  s t agna t ing  g l a c i e r ,  but behind the drainage ba r r i e r  provided by 
the  end-moraine r idge  (Mil ler  and Dobrovolny, 1959,  p.  63-64, 86-87). We here 
i d e n t i f y  these  depos i t s  as t h e  Roosevelt Road kame-terrace deposi ts  (about 1 .5  
km east  of Ot te r  Lake) and t h e  Gwenn Lake  kame depos i t s  (about 3 km eas t  of 
O t t e r  Lake). Far ther  west another sequence is ca l led  the  Tuomi Lake kame- 
t e r r a c e  deposi ts  , named f o r  a  small l ake  j u s t  west of the map a rea  about 2 km 
southwest of Sixmile Lake. The a l luv ia l  sequences of which these deposi ts  
form a  par t  a r e  discussed more f u l l y  below. 



Deposits of g l a c i a l  outwash occur i n  p la ins  i n  a  few places bordering the  
south s i d e  of t he  Elmendorf Moraine. These deposi ts  a r e  mostly eroded 
remnants of what were probably nore extensive p la ins  tha t  spread out i n  f ron t  
of t h e  moraine, deposited by meltwater streams t h a t  emerged from the  i ce .  The 
outwash remnants occur a t  successively lower l e v e l s ,  the  lowest of which is 
concordant with the  l e v e l  of the  Mountain View a l l u v i a l  fan deposi ts .  

Glacioalluviurn i n  channels and fans is extensive i n  the  map area and 
includes depos i t s  formed by meltwater from the  downwasting g l ac i e r s  as well as 
drainage from g l a c i a l  lakes i n  Eagle River va l ley  and from streams tha t  
bordered the  i c e  east of the  map area. Same of these. deposi ts  occur i n  a 
complex s e r i e s  of channels within areas of ground moraine, and include both 
depos i t s  i n  s l i g h t l y  hummocky t o  i r r e g u l a r l y  f loored channels t h a t  might have 
formed on melting i c e ,  a s  well as deposi ts  l a i d  down i n  f l a t - f l oo red  channels 
t h a t  formed somewhat l a t e r .  

Especial ly  prominent a r e  the deposi ts  of the  broad, low-gradient Mountain 
View fan  (Bartsch-Winkler and Schmoll, 1984b, p .  16)  tha t  occupy much of t h e  
southern part  of the map area and tha t  extend t o  and form the malor sur face  
depos i t s  a t  downtown Anchorage (Miller and Dobrovolny, 1959 ,  ma? u n i t  Qo; 
Schmoll and Dobrovolny, 1972a, map uni t  an ) .  Although commonly so regarded, 
most of these deposi ts  a r e  not g l ac i a l  outwash i n  a r e s t r i c t i v e  sense,  b u t  
r a the r  represent  drainage mainly from the  Eagle River va l ley ,  probably formed 
by the breakout of one or  more lakes i n  t he  va l ley  impounded by (and perhaps 
p a r t l y  wi th in)  the  Elmendorf g l a c i e r ,  as  i n t e rp re t ed  by Mil ler  and Dobrovolny 
(1959 ,  p. 86 ) .  

Subsequently drainage from the Eagle River val ley flowed a t  vzrious times 
through the  channels of Foss i l  Zreek, Eagle River,  Otter-Sixmile,  and Clunie 
Creek, each of which has a  seqaence of t e r r aces  tha t  represent s~ lccess ive ly  
lower s t ages  of drainage during t h e  waning phases of the  Elmendorf g l a c i e r .  
These deposi ts  include the  Foss i l  Creek and Clunie Creek a l l u v i a i  deposi ts  
t h a t  have been separa te ly  named (Yehle and Schrnoll, 1989) t o  f a c i l i t a t e  
t r a c i n g  t h e i r  courses across several  map areas .  In  addi t ion t o  the kame and 
kame-terrace deposi ts  named previously, other  deposi ts  t ha t  a r e  part of t h i s  
g l ac ioa l luv ia l  sequence a re  t he  Sixmile Lake and Bluff Road a l l u v i a l  deposi ts  , 
named here f o r  t he  f i r s t  time. The Sixmile Lake a l l u v i a l  deposits occur a t  
severa l  l e v e l s  within about 5 m or l e s s  of each other  and extend from about 2 
km northeast  of Ot te r  Lake through t h e  Otter-Sixmile channel, continuing 
westward f o r  about 1 krn beyond t h e  west edge of the map area.  The t yp i ca l  
l o c a l i t y  f o r  these  deposi ts  s t r add le s  Sixmile Lake i n  t he  western part  of t h e  
map area.  The H u f f  Road deposi ts  occupy a  s i n g l e  channel tha t  extends 
discontinuously possibly a s  f a r  as downtown Anchorage and a r e  named from a  
l o c a l i t y  near t he  e a s t  end of a luf f  Road about 1 .5  km south of the southwest 
corner of t h e  map area.  

The g l ac ioa l luv ia l  sequence described above, f i r s t  presented by Mil ler  
and Dobrovolny ( 1  9591, has been fu r the r  e laborated mainly by t h e  matching of 
t he  present-day gradien ts  of deposit  remnants. T h i s  s t i l l  somewhat t e n t a t i v e  
sequence may be summarized b r i e f l y  as follows: 
1 .  Drainage i n  the Eagle River and o t h e r ,  more nor ther ly ,  va l leys  

t r i b u t a r y  t o  Knik A r m  was blocked by t he  g lac ie r  t h a t  formed the  
Elrnendorf Moraine. Some water,  however, worked i ts  way through t h e  
g l ac i e r  and emanated from the  i c e  t o  form a s e r i e s  of small outwash 
p la ins  tha t  may have coalesced i n t o  a l a rge r  p la in  i n  the a r ea  now 
occupied by t h e  Mountain View fan.  The highest l e v e l  Tuomi Lake 
kame-terrace deposi ts  may have formed comtemporaneously with these  
events .  



2. Break-out of a lake i n  the Eagle River valley then eroded some of the 
outwash as well as the  margins of the  Elmendorf Moraine'. The moraine 
was most notably eroded i n  the sector j u s t  south of Fossi l  Creek, 
where a s i ng l e  ou t l i e r  of the moraine marks i ts former extent. The 
deposits of the  Mountain View Fan then were l a i d  down ei ther  i n  a 
s ingle  event or i n  a s e r i e s  of closely-timed breakout events that  are 
analagous perhaps t o  the breakout of Lake George from behind K n i k  
Glacier ( f i g .  1 )  t h a t  occurred almost annually e a r l i e r  i n  t h i s  
century (Stone, 1963; Bradley and others ,  1972) 

3. Cutting of t h e  Foss i l  Creek channel then commenced, the posit ion of the 
channel controlled by local ly  extensive erosion ,of the moraine, and 
the deposits of the  highest-level t e r race  i n  the  Foss i l  Creek channel 
were formed. The water flowed through t h i s  then-shallow channel a n d  
then entered the  glacier  , perhaps forming the  massive h i  gh-re1 i ef 
kames j u s t  north of the end-moraine ridge and emerging from the 
glacier  t o  flow across the  surface of t he  Mountain View fan in  a 
shallow channel i h a t  deepened t o  the southwest, depositing the Bluff 
Road a l l uv i a l  deposits 

4 .  As the g lac ie r  f ron t  re t rea ted,  water flowed a t  somewhat lower l eve l s  
within t he  Foss i l  Creek channel, and formed deposits that  now occupy 
the next lower te r races .  The water continued southwestward marginal 
t o  the  ice and formed the  Roosevelt Road kame-terrace deposits a n d ,  
far ther  west, the  intermediate an6 lower Tuomi Lake kame-terrace 
deposits. By t h i s  time the snout of t he  Elmendorf Moraine had been 
breached, and fo r  the f i r s t  time Eagle River water was able t o  reach 
the ancest ra l  Cook In l e t  w i t h i n  the area that  had been occupied by 
glacier  i ce  . 

5. As la rger  areas of glacier  ice became stagnant,  water was able t o  
penetrate t o  lower l eve l s ,  f i r s t  t o  form the lower ter race  deposits 
and f i n a l l y  t o  form the deposits on the f loor  of the Fossil Creek 
channel. T h i s  water then entered the  glacier  t o  form the Gwenn Lake 
kames before cut t ing through the deposits of the moraine i n  the 
Otter-Sixmile channel and laying down t h e  higher-level Sixmile L a k e  
a l luvia l  deposits  near the west edge of the map area.  

6. With continued ice stagnation and r e t r e a t  Eagle River water was able t o  
follow a more northerly course, probably joining drainage from 
northerly sources. A t  t h i s  time, water apparently flowed through a 
higher-level channel i n  the position of the present Eagle River near 
the ea s t  edge of the  map area, depositing the material that  now 
occupies the higher terraces bordering the  Eagle River. The water 
apparently continued southwestward, laying down t h e  Sixmile Lake 
a l luv ia l  deposits northeast of Otter Lake and continuing westward 
through t he  Otter-Sixmile channel. 

7. Somewhat l a t e r ,  b u t  perhaps i n  part contemporaneously, Water a lso  
flowed through t he  Clunie Creek valley a t  r e l a t i ve ly  high l eve l s .  
Some water sti l l  flowing through the Eagle River-Sixmile Lake channel 
eventual1 y made its way instead across the  Elmendorf ground moraine 
t o  jo in  water i n  Clunie Creek  valley; thus, f o r  the f i r s t  time some 
Eagle River water followed approximately along its present course. 

8. After a time, most of the water probably flowed thrbugh Clunie Creek 
valley,  and deposits of the major ter races  there  were formed; they 
were graded t o  l eve l s  lower than' those of the high terraces i n  the  
Eagle River valley bu t  higher than the  lowest ter races  along the 
Eagle River . 



9 .  Eventually,  drainage from north of the Eagle River valley was ab le  t o  
follow more d i r e c t  rou tes  across  the  lowland t o  Knik Arm, and no . 
longer joined Eagle River water.  The Eagle River F l a t s ,  which may 
have s t a r t e d  t o  form as an embayment during s tages  4 through 8 ,  
became enlarged t o  approximately its present configuration. During 
t h i s  process,  t h e  Eagle River may have cut  down t o  a sea level  below 
t h a t  of the present ,  and the  Eagle River cut the  present deeper 
channel t h a t  i t  now occupies near t he  ea s t  edge of t h e  map a rea .  

10. F ina l ly ,  sea  l e v e l  reached about its present l e v e l ,  the  Eagle River 
F l a t s  became f i l l e d  i n ,  and the  present val ley-f loor  alluvium was 
laid down. 

INTERTIDAL DEPOSITS 

I n t e r t i d a l  deposi ts  occupy a l l  of t h e  Eagle River F l a t s  and a few other 
areas  bordering Knik A r m .  The cen t r a l  and bayward par t s  of the Eagle River 
F l a t s  l i e  within the  modern t i d a l  range of t he  Cook Inlet-Knik A r m  es tuary and 
a r e  subjec t  t o  the twice-daily f lood and ebb  of brackish water tha t  c i r cu l a t e s  
within the  estuary.  Mean t i d a l  range a t  Anchorage ( t h e  c loses t  t i d a l  s t a t i o n )  
is  7 . 9  m ,  and the  d i f fe rence  between mean higher high water and extreme low 
t i d e  approximates 10.8  m (U.S. National Ocean Service,  1982). The modern 
i n t e r t i d a l  deposits a r e  divided i n t o  upper and lower zones, following the 
xsage of Ovenshine and o thers  ( 1  976) and Bartsch-Winkler (1982). Older 
i n t e r t i d a l  deposi ts  c o n s t i t u t e  much or  a l l  of the f i l l  beneath the Eagle River 
F l a t s  and t h e i r  sur face  now l i e s  above t h e  modern t i d a l  range. 

The i n t e r t i d a l  deposi ts  cons i s t  mostly of a  mixture of s i l t  and medium- 
t o  f ine-grained sand; coarser sand occurs near the  major channels, a t  a  f ev  
beaches, and a t  the head of the f l a t s  where the deposi ts  merge imperceptibly 
w i t h  alluvium. The f ines t -gra ined  deposi ts  occur on r e l a t i v e l y  higher 
i n t e r t i d a l  surfaces away from the r i v e r  channel. The fineness of such 
deposi ts  may have r e su i t ed  i n  par t  from se ismica l ly  caused subsidence such as 
the  0.6 m reported by Plafker (1969, f i g .  3) t o  have occurred i n  t h e  map area 
during the  1964 Alaska earthquake. 

The boundary between land and  water is cont inual ly changing because of 
the grea t  t i d a l  range and is t h u s  d i f f i c u l t  t o  de l inea te .  I n  e f f e c t ,  t he  
lower i n t e r t i d a l  deposi ts  mark a broad area  within which the land-water 
i n t e r f a c e  s h i f t s  continuously. Complicating the portrayal of the  land-water 
i n t e r f ace  on the topographic orthophoto base maps (U.S. Geological Survey, 
1979a, b) is tha t  they were prepared using several  d i f fe ren t  s e r i e s  of 
a irphotos taken a t  severa l  d i f f e r e n t  t i de - l eve l  s tages  i n  1972. These s tages  
were not adjusted a l t i t u d i n a l l y  t o  a  uniform s t age  l eve l .  As a  r e s u l t ,  and 
f o r  us t o  portray deposi ts  as  accura te ly  as  possible  on the geologic map, 
other maps and cha r t s  were examined and in te rpre ted  (U. S. Geological Survey, 
1952; U.S. National Ocean Serv ice ,  1982, 1986).  The water-land contact t ha t  
was se l ec t ed  is an approximation of a  mean t i d e  l i n e ,  and i t  should be 
understood t h a t  the l i n e  does not represent  a  f ixed  posi t ion but ra ther  one 
t h a t  occurs only a t  times of mid-tide i n  a  t i d a l  cycle .  



COLLWIAL DEPOSITS 

Colluvial  deposits (colluvium) , as used here ,  include those deposi ts  t h a t  
occur on or a t  the base of a s lope and t h a t  have accumulated primarily by t he  
ac t ion  of g rav i ty  and secondarily with the  a i d  of running water. Colluvium is 
broadly subdivided i n t o  deposits tha t  have accumulated p a r t i c l e  by p a r t i c l e  
over a r e l a t i v e l y  long period of time and deposi ts  t h a t  have moved en masse 
and formed i n  a r e l a t i v e l y  short  time, perhaps a few days or even hours. 

Colluvial  deposi ts  within the  map area  include mainly those deposited 
p a r t i c l e  by p a r t i c l e  on the s t eep  walls of valleys and on the  b luf fs  tha t  
border Knik A r m .  These val ley walls and sea  b lu f f s  a r e  incised i n t o  s u r f i c i a l  
deposi ts  and a r e  pa r t i cu l a r ly  subject  t o  i n s t a b i l i t y  and renewed erosion. 
They commonly ape veneered by a  downslope-thickening wedge of colluvium 
derived mainly from mater ial  i n t o  which the  wall was cut during the l a s t  
episode of erosion. Such erosion is l i k e l y  t o  occur again a t  any place along 
the  wall when the  stream or the sea  renews i ts l a t e r a l  a t t a c k ,  removes a t  
l e a s t  par t  of the  colluvium, and erodes anew the underlying mater ia l .  Where 
the b l u f f s  a r e  ac t ive ly  eroding, spectacu1arI.y so  where they cons t i t u t e  
imposing c l i f f s  along the eas t  s i d e  of Eagle Bay ,  co l luv ia l  deposits a r e  
removed as f a s t  as they accumulate a t  t he  base of the b luf fs  and the 
s t r a t i g raphy  of the g l ac i a l  deposi ts  is well exposed. Waves and t i d a l  
cur ren ts  here may be eroding the  b lu f f s  a t  r a t e s  approximating the 0.6 m/yr 
reported b y  Mil ler  and Dobrovolny (1959,  p .  89) a t  a s imi la r  bluff west of 
downtown Anchorage. I n  places valley-wall col luvi  IAI forms long,  narrow b e l t s  
along low t e r r ~ c e  and channel escarpments tha t  a r e  too narrow t o  map 
separa te ly ;  these occurrences a r e  represented by a l i n e  synbol tha t  marks 
minor d i f fe rences  i n  age of a l l uv ia l  deposi ts  within t h e  same map u n i t .  
the  southeastern corner of the map a rea  colluvium derived from moraines 
upsloge mantles the base of the  Chugach Mountain f r o n t .  

I n  a 
The only co l luv ia l  deposits within t h e  map area t h a t  have formed en rnasse 

include a f e w  l ands l ide  deposits t h a t  occur on the b luf fs  within the b e l t  of 
other co l luv ia l  deposi ts .  None of t h e  mapped lands l ide  deposi ts  is  smaller 
than 0 .3  km2 i n  s i z e ;  many others  a r e  t o o  small t o  map separa te ly .  A few 
l ands l ide  deposi ts  a r e  queried because t h e i r  idencif ica t ion  on airphotos is  
uncemtain,  t h e  morphology of these  areas  being merely suggest ive t h a t  
l ands l ide  a c t i v i ~ y  has occurred, Upon f u r t h e r  inves t iga t ion ,  such areas  may 
prove t o  be s i t e s  of more gradual accumulation of colluvium or other  f ea tu re s  
caused by p e c u l i a r i t i e s  of erosion; they thus would be relegated t o  t h e  
category of l'pseudolandslidesl' (Shlemon and Davis, 1986).  Especial ly  when sea  
b l u f f s  are eroding most ac t ive ly ,  many small earthflows occur,  but t h e  
depos i t s  a r e  cmmonly removed s h o r t l y  a f t e r  deposition. 

Because of t h e i r  rapid mode of emplacement, and t h e i r  des t ruc t ion  of 
previously s t a b l e  and perhaps inhabi ted or  developed land ,  lands l ides  have a  
high po ten t i a l  fo r  impact on human a c t i v i t y .  Within t h e  map a rea  lands l ides  
a r e  most l i k e l y  t o  occur within the b e l t s  of co l luv ia l  deposi ts  t h a t  mark the  
val ley and sea  b l u f f s ,  areas  t ha t  a r e  a l s o  the  most l i k e l y  s i t e s  of stream or 
s e a  erosion a s  well .  Thus the b lu f f s  and the  areas d i r e c t l y  landward behind 
the  tops of the  b l u f f s ,  espec ia l ly  where the  b l u f f s  a r e  eroding a c t i v e l y ,  a r e  
t h e  areas  of most l i k e l y  i n s t a b i l i t y ;  carefu l  a t t en t ion  should be given such 
areas pr ior  t o  undertaking developmental a c t i v i t i e s .  As par t  of a general 
s l o p e - s t a b i l i t y  ana lys is  of the  Anchorage area (Dobrovolny and Schmoll, 1974)  
the  b lu f f s  within par t  of t h i s  map a rea  have been c l a s s i f i e d  according t o  
degree of s t a b i l i t y  including the  l ike l ihood of occurrence of major 
lands l id ing .  Host of the b l u f f s  a r e  i n  category 4, general ly  low s t a b i l i t y ,  



o r ,  where l e s s  s t e e p ,  category 3, moderate s t a b i l i t y .  Only the ac t ive ly  
eroding b lu f f s  where s t r a t i g r a p h i c  un i t s  a r e  exposed are  i n  category 5 ,  lowest 
s t a b i l i t y .  Even here,  however, i t  is not regarded as l i k e l y  t h a t  l ands l ides  
of t h e  magnitude of those  tha t  occurred i n  and near downtown Anchorage both 
during the  1964 earthquake (Hansen, 1965) and e a r l i e r  as well (Mil ler  and 
Dobrovolny , 1959)  would occur on b lu f f s  within t h e  map area ,  

OTHER DEPOSITS 

Other s u r f i c i a l  deposits mapped include a l l u v i a l ,  peat and pond, and 
anthropogenic depos i t s .  Alluvium t h a t  is  not d i r ec t ly  r e l a t ed  t;o g l ac i a l  
a c t i v i t y  has been mapped mainly i n  t h e  Eagle River and Clunie Creek val leys.  
Alluvium a l s o  occurs within small val leys i n  areas tha t  a r e  too narrow t o  map 
sepa ra t e ly .  The a l l u v i a l  deposits a r e  subdivided i n t o  stream alluvium and fan 
alluvium, the  l a t t e r  deposited mainly along some valley walls and i n  the 
southeastern p a r t  of t h e  map a rea  a t  the  base of t h e  Chugach Mountain f r o n t .  
One l a rge  a l l u v i a l  fan is  present where the  Eagle River en ters  the head of the 
Eagle River F l a t s .  

I n  p laces ,  s i g n i f i c a n t l y  younger and older a l l uv ia l  deposits a r e  mapped 
separa te ly .  The youngest alluvium occupies the  narrow, ac t ive  flood p la in  of 
the Eagle River ,  and is  in t e rmi t t en t ly  retransported as t h i s  area i s  
cont inual ly subjected t o  inundation by t he  r ive r .  Older a l l uv ia l  deposits 
occur i n  t e r r aces  t ha t  a r e  as much as several  meters above p r e s e ~ t  s t r ean  
l e v e l s ,  but below t h e  higher t e r r a c e  l e v e l s  of g lac ioa l luv ia l  deposition. 

Alluvial  deposi ts  consis t  mostly of sand and gravel.  Locally,  alluvium 
is f i n e r  grained,  mainly s i l t  and f i n e  sand; some of these occurrences a r e  
mapped separa te ly  . 

Peat and pond deposits a r e  mapped i n  the  many areas  of boggy ground 
within glacial-meltwater channels and within t h e  i r r egu la r  t e r r a i n  of the 
Elmendorf Moraine. Deposits cons is t  of pea t ,  varying amounts of s i l t  and 
s a n d ,  and, l o c a l l y ,  t h i n  lenses  of tephra.  The deposi ts  grade l a t e r a l l y  i n t o ,  
but a r e  t h i cke r  than ,  t he  unmapped mantle of organic and eol ian deposi ts .  

Anthropogeni c deposi ts  a r e  those t h a t  have been emplaced o r  s ign i f i can t ly  
dis turbed by the  a c t i v i t i e s  of man. Engineered f i l l  has been mapped mainly 
along t h e  Glenn i-iighway and t h e  Alaska Railroad. Areas i n  which nati:rally 
occurr l  ng mater ia l s  have been extensively reworked a r e  shown by overgrint 
pa t t e rn .  They include areas of b o t h  cut  and f i l l  and occur m a i n l y  i n  gravel  
p i t s  and severa l  areas of major construct ion.  Minor rworking  of d e p o s i t s  
within the  developed areas  of t h e  m i l i t a r y  bases is  not indicated on the  map. 

QUATERNARY STRATIGRAPHY 

I n  addi t ion  t o  t he  deposi ts  mapped a t  the  su r f ace ,  other Quaternary 
deposi ts  a r e  exposed only i n  sea  and r i v e r  b lu f f s  and a r e  observed i n  a 
s t r a t i g r a p h i c  r a t h e r  than in  a  gemorphic context.  Such deposi ts  include 
older gl ac i  a1 , g l  aci  oa l luv ia l  , g lac i  oes t ua r ine ,  and in t e rg l ac i  a1 deposits tha t  
underl ie  depos i t s  a t  t h e  surface and do not have sur face  expressian, as well 
as  deposi ts  tha t  are a l so  mapped at  the  su r f ace ,  espec ia l ly  ground-moraine 
deposi ts  of t he  Elmendorf Moraine. The s t r a t i g raphy  is Sest and nearly 
continuously exposed i n  the b lu f f s  on t h e  ea s t  s i d e  of Eagle Bay. 
I n t e rmi t t en t  exposures occur elsewhere i n  t h e  bluffs both northeast: and  
southwest of Eagle Bay, and a t  widely sca t t e r ed  places i n  b lu f f s  along the  
Eagle River. Because the  d e t a i l  of these  deposi ts  cannot be adequately shown 
a t  t he  s c a l e  of the  map, they a r e  i l l u s t r a t e d  separa te ly  in  f i gu re  3 .  T h i s  



do.? I 

Figure 3.--Generalized stratigraphy exposed i n  b l u f f s  along K n i k  Arm and Eagle 
Bay. Horizontal scale is same as that  of t h e  geologic map ( p l .  1 A ) .  
Location numbers, shown a l so  on t h e  map, indicate  s i t e s  of measured sections 
or other deta i led  observations. Vertical sca le  corresponds approximately t o  
a l t i tudes  represented on the map by contours, but f i e l d  measurements were 
made w i t h  respect  t o  t h e  upper l i m i t  of the  modern beach, unit i b .  
some of which also appear on the map, a r e  explained i n  description of map 
u n i t s .  Dashed contacts are inferred.  



s t r a t i g r a p h i c  diagram is d i v i d e d  i n t o  f o u r  s e c t o r s :  ( A ) ,  two i s o l a t e d  
e x p o s u r e s  n e a r  t h e  n o r t h e a s t  c o r n e r  of t h e  map a r e a ;  (B), t h e  b l u f f s  n o r t h e a s t  
of E a g l e  Bay; (C), t h e  b l u f f s  a l o n g  t h e  e a s t  s i d e  of  E a g l e  Bay; and (Dl ,  t h e  
b l u f f s  t h a t  e x t e n d  from t h e  s o u t h  s i d e  o f  Eag le  Bay southwestward t o  t h e  west, 
edge o f  t h e  map a r e a .  Loca t ions  of i n d i v i d u a l  measured s e c t i o n s  o r  o t h e r  
d e t a i l e d  o b s e r v a t i o n s  a r e  numbered 1  t h r o u g h  30 b o t h  on f i g u r e  3 and on  t h e  
g e o l o g i c  map ( p l a t e  1A). Loca t ions  1 t h r o u g h  8 were observed  by Dobrovolny 
and M i l l e r  i n  1949  and appear  on p l a t e  3 i n  M i l l e r  and Dobrovolny (1959) .  
Some o f  t h o s e  and a l l  t h e  r ema in ing  l o c a t i o n s  were obse rved  by Dobrovolny and 
Schmoll  i n  1966 and ( o r )  1971,  i n  t h e  l a t t e r  yea r  w i t h  W . W .  Barnwell .  
P r e p a r a t i o n  o f  f i g u r e  3 was a i d e d  by o b s e r v a t i o n s  made from low- f ly ing  
a i r c r a f t  and  o b l i q u e  a i r p h o t o s  t a k e n  i n  1988 by Schmoll and Yehle, 

The d e p o s i t s  shown i n  f i g u r e  3 a r e  d i v i d e d  i n t o  t h r e e  main groups a s  
i n d i c a t e d  by heavy c o n t a c t s  on  t h e  f i g u r e :  ( 1 )  Elmendorf ground-moraine 
d e p o s i t s  and r e l a t e d  u n d e r l y i n g  g r a v e l ;  ( 2) t h e  Boot legger  Cove Formation;  and 
( 3 )  a complex o f  o l d e r  d e p o s i t s  whose l a t e r a l  r e l a t i o n s h i p s  are somewhat 
ambiguous . Each of t h e s e  groups is  s e p a r a t e d  by a minor e r o s i o n a l  
d i s c o n f  o r m i t y ;  s i m i l a r  b u t  l e s s  p e r s i s t e n t l y  r e c o g n i z a b l e  d isconf  orrni t i e s  may 
be  p r e s e n t  w i t h i n  group 3. 

T i l l  of t h e  Elmendorf ground mora ine  is t h e  h i g h e s t  u n i t  r ecogn ized  i n  
t h e  b l u f f s ;  i n  most p l a c e s  t h e  s t e e p  upper  p a r t s  of t h e  b l u f f s  were not  
examined c l o s e 1  y  , and uppermost s t r a t i g r a p h i c  d e t a i l s  a r e  no t  r e p r e s e n t e d  i n  
f i g u r e  3. I n  s e c t o r  C t h e  till is c o n s i s t e n t l y  p r e s e n t  as a u n i t  c o n s i s t i n g  
a lmos t  e n t i r e l y  o f  d i amic ton  t h a t  i s  a p p a r e n t l y  mass ive  and r ea sonab ly  uniform 
i n  t e x t u r e .  I t  i s ,  however, q u i t e  v a r i a b l e  i n  t h i c k n e s s - - a s  much as 1 2  m 
t h i c k  where t h e  ground s u r f a c e  back from t h e  b l u f f  rim is  h i g h e s t  ( i n  a  
d r u m l i n )  and t h i n n e r  e l s e w h e r e ,  e s p e c i a l l y  where channe l s  have Seen eroded  
i n t o  i t .  The till is  l a c k i n g  a l t o g e t h e r  o n l y  benea th  t h e  l a r g e s t  channel  
i n t e r s e c t e d  by t h e  b l u f f s  ( l o c a t i o n  1 7 ) .  A t  t h i s  l o c a t i o n ,  channel  g r a v e l  
a p p a r e n t l y  i s  i n  c o n t a c t  w i th  t h e  o l d e r  g r a v e l  t h a t  u n d e r l i e s  t h e  t i l l ,  
a l t h o u g h  we have  no t  obse rved  s u c h  a c o n t a c t  between t h e  two presumably 
d i f f e r e n t  g r a v e i  d e p o s i t s .  I n  s e c t o r  D t h e r e  i s  s u b s t a n t i a l l y  more g r a v e l  and 
p o o r l y  s o r t e d  s i l t y  g r a v e l  i n  t h e  uppermost  u n i t  which,  however, is s t i l l  
r e g a r d e d  a s  ma in ly  ground mora ine .  The b a s e  of t h e  t i l l  is  r e l a t i v e l y  even ,  
e s p e c i a l l y  i n  s e c t o r  C ,  imp ly ing  t h a t  t h e  g l a c i e r  i c e  ove r rode  a g r a v e l  p l a i n  
w i t h o u t  s u b s t a n t i a l l y ,  o r  a t  l e a s t  d i f f e r e n t i a l l y ,  e r o d i n g  t h i s  s u r f a c e .  

The g r a v e l  t h a t  d i r e c t l y  u n d e r l i e s  t h e  t i l l  is q u i t e  r e g u l a r  i n  
c o n f i g u r a t i o n  e x c e p t  i n  s e c t o r  D and i s  abou t  5 m t h i c k .  T h i s  g r a v e l  probably  
r e p r e s e n t s  ou twash  d e p o s i t e d  by t h e  g l a c i e r  a s  it was advancing  southwestward 
a c r o s s  t h e  Anchorage lowland ,  i n d i c a t i n g  t h a t  an outwash p l a i n  ex tended  from 
t h e  g l a c i e r  i c e  t o  an a n c e s t r a l  Knik A r m  t h a t  p robab ly  e x i s t e d  somewhat 
f a r t h e r  down t h e  a x i s  of t h e  lowland.  The b a s e  of t h e  g r a v e l  l o c a l l y  i n c l u d e s  
a l a g  c o n c e n t r a t e  of cobb le s  and some b o u l d e r s ,  and probably marks a 
d i s c o n f  o r m i t y  and i n d i c a t e s  t h e  e r o s i o n  of  b o t h  t h e  Boot legger  Cove Format ion  
and an  unde r1  y i n g  d ia rn ic ton-grave l  u n i t .  

The Boo t l egge r  Cove Format ion  ( " b l u e  c l ay"  of Dobrovolny and M i l l e r ,  
1950; t tBootLegger Cove Clayt1 of  M i l l e r  and  Dobrovolny, 1959; name r e v i s e d  t o  
i t s  p r e s e n t  form i n  Updike and o t h e r s ,  1982) u n d e r l i e s  much of the c e n t r a l  
p a r t  of t h e  Anchorage lowland s o u t h w e s t  of  t h e  map v.ea ( M i l l e r  and 
Dobrovolny,  1959; T r a i n e r  and W a l l e r ,  1965; U le ry  and Updike,  1983; Updike and 
C a r p e n t e r ,  1986;  Updike and o t h e r s ,  1988)  and is p r e s e n t  i n  t h e  b l u f f s  w i t h i n  
t h e  map a r e a  and beyond t o  t h e  n o r t h e a s t  (YehZe and Schmol l ,  1987b, map u n i t  
cwf ) .  I n  s e c t o r  D i ts  p r e s e n c e  is s p o r a d i c  and i ts  t h i c k n e s s  is a p p a r e n t l y  
q u i t e  v a r i a b l e ,  b u t  t h i c k n e s s e s  of as  much as 16 m are observed  and i n  p l a c e s  



t h e  b a s e  is n o t  exposed ,  s o  t h a t  t h e  f o r m a t i o n  may e x t e n d  below s e a  l e v e l  t o  
an unknown dep th ;  n e a r  downtown Anchorage,  f o r  example, a t  Lynn Ary Park 
(Updike and o t h e r s ,  1988) t h e  b a s e  o f  t h e  f o r m a t i o n  is  a t  about  10 m below 
mean s e a  l e v e l .  A t  most p l a c e s  i n  s e c t o r s  A t h rough  C t h e  f o r m a t i o n  is 
p r e s e n t  more c o n s i s t e n t l y  b u t  as a r e l a t i v e l y  t h i n  u n i t  i n  t h e  lower  midd le  
p a r t  o f  t h e  b l u f f s  and r a r e l y  more t h a n  a few meters t h i c k .  One t h i c k  s e c t i o n  
i n  s e c t o r  B ( l o c a t i o n  3) was o b s e r v e d  i n  1949 b u t  a p p a r e n t l y  was n o t  exposed 
i n  1966.  The  f o r m a t i o n  is c o n s w i c u o u s l ~  a b s e n t  n e a r  t h e  prominent  headland  at  
t h e  n o r t h  end  o f  E a g l e  Bay ( i ~ c a t i o n s  7 th rough  I S ) ,  ' p o s s i b l y  because  of 
n o n d e p o s i t i o n  o r  t h i n  d e p o s i t i o n  on  t o p  of a p r e e x i s t i n g  t o p o g r a p h i c  
C s u b e s t u a r i n e )  h i g h  a r e a  and s u b s e q u e n t  e r o s i o n .  The .base o f  t h e  f o r m a t i o n  
a p p a r e n t l y  is i r r e g u l a r ,  a c h a r a c t e r i s  t i c  cmmon th roughou t  t h e  Anchorage 
lowland  where  s u f f i c i e n t  data p e r m i t  s u c h  a  d e t e r m i n a t i o n .  T h i s  i r r e g u l a r  
base  has  been i n t e r p r e t e d  t o  i n d i c a t e  a p e r i o d  of s u b a e r i a l  e r o s i o n  p r e c e d i n g  
its d e p o s i t i o n  ( T r a i n e r  and WalLer,  1965) b u t  c o u l d  a l t e r n a t i v e l y  r e f l e c t  an 
i r r e g u l a r  s u r f a c e ,  e i L h e r  s u b a e r i a l  o r  s u b e s t u a r i n e ,  on  which i t  was 
d e p o s i t e d .  

I n  s e c t o r  A ,  t h e  Boo t l egge r  Cove Fo rma t ion  is  u n d e r l a i n  by d i a m i c t o n  t h a t  
is u n d e r l a i n ,  i n  t u r n ,  by g r a v e l .  These  two u n i t s  may r e p r e s e n t  t h e  g l a c i a l  
i n t e r v a l  p r i o r  t o  t h a t  of t h e  Elmendorf Moraine t h a t  is a s s o c i a t e d  w i t h  t h e  
Dishno Pond m o r a i n e s ,  b u t  s u c h  a  c o r r e l a t i o n  canno t  b e  made wi th  c e r t a i n t y .  
A t  most  p l a c e s  i n  s e c t o r s  B and  C ,  t h e  Boo t l egge r  Cove Format ion  i s  u n d e r l a i n  
by g r a v e l  w i t h  some i n t e r b e d d e d  s a n d .  The g r a v e l  and s a n d  a r e  g e n e r a l l y  w e l l  
bedded and  somewhat o x i d i z e d ,  and commonly 8 t o  1 2  m t h i c k .  A t  l o c a t i o n  18 a  
p iece  of wood i n c o r p o r a t e d  i n  t h e  gravel y i e l d e d  a  r a d i o c a r b o n  a g e  of g r e a t e r  
t h a n  45,000 y r  ( t a b l e  1 ) .  A t  l o c a t i o n  1 2  t h e  g r a v e l  is  s t r o n g l y  o x i d i z e d ,  and 
between t h e r e  and l o c a t i o n  1 3  t h e  l ower  p a r t  of t h e  b l u f f s  c o n t a i n s  main ly  
c o n t o r t e d  i n t e r b e d s  of d i a m i c t o n ,  s a n d ,  and s i l t .  The s t r o n g l y  o x i d i z e d  
g r a v e l  is p r o b a b l y  p a r t  of t h e  same s t r a t i g r a p h i c  u n i t  as t h e  l a t e r a l l y  
a d j a c e n t  g r a v e l  t h a t  is  l e s s  o x i d i z e d .  Ra the r  t h a n  b e i n g  an  i n d i c a t i o n  t h a t  
t h e  o z i d i z e d  g r a v e l  is a  s e p a r a t e ,  s i g n i f i c a n t l y  o l d e r  u n i t ,  t h e  s t r o n g  
o x i d a t i o n  i s  more l i k e l y  caused  by t h e  p r o x i m i t y  of t h e  more imperv ious  
d i a m i c t o n - s i l t  u n i t .  The  r e l a t i o n s h i p  o f  t h e  g r a v e l  t o  t h e  c o n t o r t e d  complex 
is n o t  c l e a r ,  b u t  p r o b a b l y  t h e  c o n t o r t e d  beds a r e  s t r a t i g r a p h i c a l l y  l ower ,  t h e  
g r a v e l  beds  l a p p i n g  d i s c o n f  ormably  o n t o  a p r e - e x i s  t i n g  h i g h  a r e a .  A t  l o c a t i o n  
13, and exposed  only a t  v e r y  low t i d e s ,  t h e  contorted beds a r e  u n d e r l a i n  by 
h o r i z o n t a l l y - b e d d e d  s i l t  and c lay  c o n t a i n i n g  some s c a t t e r e d  s t o n e s ;  t h e s e  beds 
a r e  more i n d u r a t e d  t h a n  t h e  Boo t l egge r  Cove Format ion  and between l o c a t i o n s  1 9  
and 20 t h e  bedd ing  a p p e a r s  g e n t l y  warped as viewed from the  a i r .  The 
r e l a t i o n s h i p  between t h e  two u n i t s  may b e  g r a d a t i o n a l ,  b u t  t h e y  a r e  s e p a r a t e d  
by a cove red  i n t e r v a l  occup ied  by t h e  modern beach;  i t  is p o s s i b l e  t h a t  t h e  
s t r a t i g r a p h i c a l l y  low s i l t - c l a y  u n i t  is s u b s t a n t i a l l y  o l d e r  t h a n  t h e  o t h e r  
u n i t s .  Only a t  l o c a t i o n  7 is t h e r e  a d i a m i c t o n  t h a t  was i n t e r p r e t e d  a s  t i l l  
i n  1949,  but t h i s  d e p o s i t  was n o t  exposed  a t  times of l a t e r  o b s e r v a t i o n s  t o  
p e r m i t  r e e v a l u a t i o n .  

I n  s e c t o r  D wherever  t h e  Boo t l egge r  Cove Format ion  does  n o t  ex t end  t o  t h e  
base of t h e  b l u f f s  it is u n d e r l a i n  by d i a m i c t o n  t h a t  e x h i b i t s  a bedded 
c h a r a c t e r .  T h i s  d i a m i c t o n  u n i t  c o u l d  b e  e q u i v a l e n t  t o  t h e  d i amic ton  exposed 
i n  b lu f f s  o n  t h e  w e s t  s ide  o f  Knik Arm that has s e r v e d  as t h e  type d e p o s i t  for 
t h e  Knik g l a c i a t i o n  of Kar l s t rom (1964,  p l  6,  s e c t i o n  X) and t h a t  we 
i n f o r m a l l y  r e f e r  t o  as t h e  "Knik d i a m i c t o n , "  and w e  show it as u n i t  kd  on 
f i g u r e  3. A l t e r n a t i v e l y ,  t h e  bedded d i amic ton  c o u l d  r e p r e s e n t  a l a t e r a l  
change  o f  facies w i t h i n  t h e  B o o t l e g g e r  Cove Format ion  and be e q u i v a l e n t  t o  t h e  
pebble-  and c o b b l e - b e a r i n g  facies V of that f o r m a t i o n  i n  t h e  t e rmino logy  Of 



Updike and  C a r p e n t e r  (1986) .  T h i s  i n t e r p r e t a t i o n  is s u g g e s t e d  by t h e  l a t e r a l  
j u x t a p o s i t i o n  of t h i s  u n i t  and t h e  Boo t l egge r  Cove Format ion  between l o c a t i o n s  , 
28 and  29. I t  is a l s o  p o s s i b l e  t h a t  t h e  "Knik d i a m i c t o n u  and Bootlegger  Cove 
f a c i e s  V a r e  t h e  same u n i t ,  b u t  t h i s  i s  r e g a r d e d  a s  u n l i k e l y  (R.G. Updike,  
o r a l  commun., 1984) .  The wel l -exposed  d i a m i c t o n  a l o n g  t h e  n o r t h  s i d e  of t h e  
E a g l e  R i v e r ,  ma in ly  i n  t h e  N .  1 / 2  s e c ,  17 ,  T. 1 4  N . ,  R .  2 W,, may a l s o  be 
llKnik d i amic ton t t  b u t  its r e l a t i o n s h i p  t o  o t h e r  s t r a t i g r a p h i c  un ' i ts  o r  t o  any 
named l a t e r a l  mora ines  cannot  be de t e rmined  w i t h  c e r t a i n t y .  

Although some d i amic ton  b e d s ,  i n c l u d i n g  t h e  p o s s i b l e  IIKnik d i amic ton , "  
c o u l d  b e  c o r r e l a t i v e  w i t h  t h e  Dishno Pond m o r a i n e s ,  we i n t e r p r e t  t h a t  most of  
t h e  u n i t s  s t r a t i g r a p h i c a l l y  lower t h a n  t h e  Boo t l egge r  Cove Formation a r e  
r e l a t e d  t o  g l a c i e r  i c e  w i t h i n  t h e  Anchorage lowland  t h a t  p robab ly  remained 
f a r t h e r  n o r t h  and  e a s t  of t h e  map a r e a  most  of t h e  t i m e .  Thus, t h e s e  lower 
u n i t s  cannot  be a s s o c i a t e d  w i t h  c e r t a i n t y  w i t h  t h e  g l a c i a l  advances  
r e p r e s e n t e d  by l a t e r a l  mora ines  a l o n g  t h e  Chugach Mountain f r o n t  . 

I n t e r g l a c i a l  d e p o s i t s  a r e  n o t  r e c o g n i z e d  i n  t h e  b l u f f s  shown on  f i g u r e  3 ,  
b u t  i n t e r g l a c i a l  i n t e r v a l s  may be r e p r e s e n t e d  by d i s c o n f  ormi t i e s  t h a t  a r e  
p r e s e n t  between some of t h e  u n i t s .  I n t e r g l a c i a l  d e p o s i t s  have been found ,  
a l b e i t  p o o r l y  exposed ,  a l o n g  t h e  Eagle R i v e r  i n  t h e  SW1/4 SE1/4 sec. 9 ,  T. 14 
N . ,  R .  2 W .  ( M i l l e r  and Dobrovolny,  1959,  p.  571, and are mapped s e p a r a t e l y  
t h e r e ,  The d e p o s i t s  i n c l u d e  p e a t ,  s i l t ,  and clay;  f r e s h - w a t e r  gas t ropods  a r e  
prominent  i n  a few t h i n  beds .  The p e a t  y i e l d e d  an  a g e  beyond t h e  r a n g e  of t h e  
r a d i o c a r b o n - d a t i n g  method ( t a b l e  1 ) . We i n f e r  t h a t  t h e s e  d e p o s i t s  are 
p robab ly  of Sangamon age, app rox ima te ly  125 ,000  y r  B.P. (Bowen and o t h e r s ,  
1986) .  That  t h e y  a r e  at: l e a s t  t h i s  o l d  is f u r t h e r  suggested by t h e  
thermoluminescence  a g e  of 175,000 y r  (Reger  and  Updi.ke, 1989) de te rmined  f o r  
t h e  2-m t h i c k  Goose Bay p e a t  bed ( i n f o r m a l  name; Reger and Updike,  1983; 
K a r l s t r m ,  1 9 6 4 ,  p .  35, u n i t  7 )  exposed  a l o n g  t h e  n o r t h w e s t  s h o r e  of Knik A r m  
n o r t h e a s t  of Goose Bay t h a t  i s  i n  a seeming ly  comparable s t r a t i g r a p h i c  
p o s i t i o n .  

CHRONOLOGY 

The d e p o s i t s  a t  t h e  s u r f a c e  w i t h i n  t h i s  map a r e a  w e  b e t t e r  d a t e d  t h a n  
t h o s e  of many of t h e  o t h e r  map a r e a s  w i t h i n  t h e  Anchorage lowland.  Although 
no  f i n i t e  r a d i o c a r b o n  a g e s  have been  o b t a i n e d  w i t h i n  t h e  map a r e a ,  f o u r  s i t e s  
i n  nearby  a r e a s  p r o v i d e  good age  d a t a  f o r  many o f  t h e  s u r f i c i a l  d e p o s i t s  
w i t h i n  t h e  area ( t a b l e  1 ) .  Bo th  t h e  depos i t s  of t h e  Elmendorf Moraine and t h e  
g l a c i o a l l u v i a l  sequence  r e l a t e d  t o  t h e  waning s t a g e s  of g l a c i e r  i c e  i n  t h e  
a r e a  are b r a c k e t e d  by r a d i o c a r b o n  d a t e s  t h a t  seem t o  l i m i t  t h e i r  a g e s  f a i r l y  
c l o s e l y  ( t a b l e  1 ) .  An age  of  abou t  o r  pe rhaps  somewhat o l d e r  t h a n  14,000 y r  
i s  r e g a r d e d  as t h e  most r e a s o n a b l e  r a d i o c a r b o n  age f o r  a m a c r o f o s s i l - b e a r i n g  
zone w i t h i n  t h e  upper  p a r t  of t h e  Boo t l egge r  Cove Format ion  (Schmoll and 
o t h e r s ,  1972) .  Radiocarbon l o c a l i t y  5 ( f i g .  1 )  is t h e  c l o s e s t  t o  this map 
area o f  s e v e r a l  s i tes  from which similar d a t e s  have been o b t a i n e d ,  and 
p r o v i d e s  t h e  younges t  of  t h e  s e v e r a l  d a t e s .  A t  t h i s  s i t e  t h e  d a t e d  upper  p a r t  
of t h e  Boo t l egge r  Cove Format ion  has been o b s e r v e d  c l e a r l y  i n  p l a c e  b e n e a t h  
t h e  d e p o s i t s  of  t h e  Elmendorf Mora ine ,  and  it a p p e a r s  that; d e p o s i t i o n  of t h e  
Elmendorf d e p o s i t s  began s h o r t l y  a f t e r  t h e  time o f  t h e  d a t e d . h o r i z o n .  



Table 1 . - - L i s t  of radiocarbon dates I n  the Anchorage J3-8 SE quadrangle, Alaska, and nearby areas 

Loca l i ty  number Location ' 
and name 

Lab Radiocarbon Date of 
4 

Reference 
number 2 age3 collect ion 

Anchorage B-8 SE quadrangle 

1. Eagle.River SM1/4 SE1/4 sec.9,  W-535 >38,000 1949 Miller and Dobrovolny , 
T. 1 4  N . ,  R .  2 W. 1959, p .  57 

2. Eagle Bay NW1/4 NW1/4 sec .  30, W-2911 >45,000 September 3, ( f  l r s t  p u b l i c a t i o n  
T. 15 N . ,  R .  2 W .  1971 here 1 

Nearby areas 

3. Sixmile SEt/4 NE1/4 sec. 20, W-2936 9,760+350 June13 ,  1969 ( f i r s t p u b l i c a t i o n  
T. 14N., R .  3W. here 1 

4. Cairn Point SE1/4 NE1/4  sec. 31 , W-2589 12,350+350 August 26, 1970 ( f i r s t  publication 
. north T.  1 4  N . ,  R .  3 W .  here 1 

5. Bridge p o i n t  N W 1 / 4  N W 1 / 4  sec. 36 W-2389 1 3,730+500 June 1 4 ,  1969 Schmoll and others,  
(informal name) T. 1 4  N . ,  R .  4 W. 1972 

6. Goose Bay t i d a l  SE1/4NW1/4sec. 17 I-11,717 3,270k90 J u l y  1 1 ,  7 980 Bartsch-Winkler and 
bog T.  15 N . ,  R. 3 W. Schmoll, 198Qa 

shown on geologic map, plate 1 A ,  or on f igure  1 .  

5-, Data from Meyer Rubin, U.S. Geological S u r v e y  radiocarbon laboratory,  Washington, D . C .  (now 
Reston, Virginia); I - ,  Data from Teledyne Isotopes. 

31n years before present ( 1950). 

4 ~ o l l e c t o r s :  1 .  Ernest Dobrovolny a n d  R.D. Miller; 2-5, Ernest Dobrovolny and H.R. Schmoll; 
6 ,  H.R. Schmoll and C.A.  Gardner. 



The age of the lowest un i t  a t  the base of a  bog overlying the  Elmendorf 
Moraine a t  l o c a l i t y  4 is about 12,000 yr .  This age probably follows closely 
the deposi t ion of the moraine, because t h e r e  is only an in t e rva l  of about 
2,000 years within which g lac ie r  i c e  advanced from a point northeast  of t h e  
map a rea ,  deposited the  massive, perhaps multi-phased moraine, and then a t  
l e a s t  began its r e t r e a t .  That s o  massive a  depos i t ,  one of the  most prominent 
end moraines within the  upper Cook I n l e t  region,  should have formed i n  s o  
sho r t  a  time is perhaps smewhat su rp r i s ing .  I t  is,  however, thought t o  be 
ind ica t ive  t h a t  such end moraines can form i n  r e l a t i v e l y  sho r t  periods of 
time, perhaps even much l e s s  than the  2,000-year period permitted by t h e  
da t e s ,  e spec i a l ly  when they form on dry land r a t h e r  than i n  contact w i t h  
e s tua r ine  water. Although t h e  Elmendorf g l a c i e r  i n i t i a l l y  advanced i n t o  such 
water (Cederstrom and o the r s ,  1964) t he  water probably soon receded, 
permit t ing the  massive moraine t o  form, Other g l a c i a l  advances within the 
upper Cook I n l e t  region,  fo r  which l a t e r a l  moraines have been preserved on the  
f lanks of t h e  Chugach Mountains, but which lack  recognizable end moraines, 
probably terminated i n  es tuar ine  water of considerable depth (Schmoll and 
Yehle, 1986). These l a t e r a l  moraines a l s o  may have been the  product of 
r e l  a t i  vel y short-1 i ved advances even though t h e r e  were longer periods of time 
ava i l ab l e  within the  Wisconsin g lac ia t ion  during which they could form. We 
bel ieve t h a t  t h i s  pa t t e rn  of shor t - l ived  advances and r e t r e a t s  interspersed 
with r e l a t i v e l y  longer periods when upper Cook I n l e t  was dominated by 
e s tua r ine  water may have baen dominant during much of the Wisconsin g l ac i a t ion  
and perhaps during many of the  older g l ac i a t ions  as well .  

The g l3c ioa l luv ia l  sequence, bracketed by t h e  12,000 yr-age of the base 
of t he  post-moraine bog a t  l o c a l i t y  4 and an age of about 10,000 yr f o r  peat 
overlying alluvium of t h e  sequence a t  l o c a l i t y  3, a l s o  appears t o  have been 
deposited within about 2,000 years .  A p o s s i b i l i t y  t h a t  the  r e t r e a t  o f  the  
g lac ie r  might have been even f a s t e r ,  and the  a l l u v i a l  sequence deposited 
within an  even sho r t e r  period of t ime, perhaps only a  f e w  hundred years ,  is 
in t r igu ing ly  suggested by dates  a t  the  base of a  bog near the  present-day 
Matanuska Glac ier ,  about 120 km t o  the  nor theas t  (Williams, 1986). The ages 
fo r  the  base of t h i s  bog, as old as  13,100 y r ,  a r e  seemingly incompatible with 
the  dates given here f o r  deposi t ion of t h e  Elrnendorf Moraine, and the 
r e l a t i onsh ips  between the  two areas  a r e  not f u l l y  understood. Assuming, 
however, t h a t  da tes  f r m  both areas  a r e  reasonably c o r r e c t ,  s tagnat ion  of t he  
g l ac i e r  and its consequent withdrawal t o  a reas  f a r  t o  t he  nor theas t  of the map 
a rea  m u s t  have been very rapid.  

Although the  age of the upper par t  of t he  Bootlegger Cove Formation is 
known, t he re  a r e  present ly  no dates f o r  t h e  lower par t  of t he  formation and 
t h u s  the  length  of time i t  represents  i s  not known. A few thousand years is 
perhaps a reasonable est imate,  but a  longer  period of time might b e  more 
compatible with the  concept of shor t - l ived  g l a c i e r  advances espoused above. A 
major g l ac i e r  r e t r e a t  has been postulated f o r  t h i s  period of time i n  Turnagain 
A r m  t o  t he  south ( f i g .  1 ;  Bartsch-Winkler and Schmoll, 1984b). A r e t r e a t  of 
smewhat l e s s e r  magnitude appears t o  have occurred i n  Knik A r m ,  extending only 
into t h e  pa r t  of t h e  map a rea  near Knik A r m ,  and perhaps not much f a r the r  
northeast .  This may be because of t h e  much g rea t e r  source a rea  f o r  g lac ie rs  
i n  t he  combined Knik and Matanuska va l leys  at  t h e  head of Knik A r m  i n  cont ras t  
t o  t h e  much more l imi t ed  source areas  a t  t h e  head of ~ w n a g a i n  A r m .  



The g l a c i a l  i n t e r v a l  preceding d e p o s i t i o n  of t h e  Bootlegger Cove 
Formation is probably  r e p r e s e n t e d  by t h e  Dishno Pond moraines and perhaps by 
poor ly  preserved s t r a t i g r a p h i c  u n i t s  beneath t h e  fo rmat ion  i n  t h e  nor the rn  
p a r t  of t h e  b lu f f  exposures  ( f i g .  3, s e c t o r s  A and B). Such c o r r e l a t i o n s  a r e  
t e n t a t i v e ,  however, and can be made on ly  on t h e  b a s i s  of s i m i l a r i t y  of 
sequences of pr  @served d e p o s i t s .  The i n a b i l i t y  t o  c o r r e l a t e  between 
s t r a t i g r a p h i c  units commonly exposed i n  t h e  c e n t e r  of t h e  Anchorage lowland 
and l a t e r a l  moraines of t h e  mountain f l a n k s  is a major l i m i t a t i o n  t o  
e s t a b l i s h i n g  a s a t i s f a c t o r y  chronology.  Also of import i s  t h e  l ack  of  f i n i t e  
ages  f o r  any of t h e  o l d e r  s t r a t i g r a p h i c  u n i t s .  For example, a t tempts  t o  
determine r a d i o m e t r i c  ages f o r  s i n g l e  s t r a t i g r a p h i c  u n i t s  from each of two 
s i t e s  w i t h i n  t h e  map a r e a  have y i e l d e d  ages beyond t h e  range of t h e  
rad ioca rbon  method as then  employed ( t a b l e  I ) ,  These l i m i t a t i o n s  are 
emphasized by Schmoll and Yehle (1986) and form t h e  b a s i s  f o r  t h e i r  o f f e r i n g  
a1 t e r n a t e  ch rono log ies  f o r  t h e  o l d e r  d e p o s i t s .  Consequently,  we be1 ieve  t h a t  
t h e  d e p o s i t s  of t h e  Dishno Pond moraines form a t  l e a s t  a  p a r t  of t h e  major 
g l a c i a l  i n t e r v a l  of t h e  l a t e  P l e i s t o c e n e ,  but  whether almost a l l  of t h a t  
i n t e r v a l  or o n l y  some l a t e r  p a r t  of  i t  i s  r e p r e s e n t e d  by  t h e  Dishno Pond and 
c o r r e l a t i v e  d e p o s i t s  is not c l e a r  w i t h  p resen t  da ta .  The l a t t e r  
i n t e r p r e t a t i o n  is p r e f e r r e d  a t  p r e s e n t  and used i n  c o r r e l a t i o n s  i n  t h e  map 
a r e a  t o  t h e  eas t  (Yehle and Schmoll , 1989) . 

The chronology d e s c r i b e d  b r i e f l y  above d i f f e r s  s u b s t a n t i a l l y  from t h a t  
proposed by Karlstrom (1957; 1964)  whose terminology was a l s o  used,  a l b e i t  
w i t h  some s u b s t a n t i a l  d i f f e r e n c e s  i n  c o r r e l a t i o n ,  by Miller and Dobrovolny 
(1959) and has g e n e r a l l y  been used,  i f  wi th  i n c r e a s i n g  depar tu res  from 
K a r l s t r o m l s  i n t e r p r e t a t i o n s ,  by subsequent  workers ( f o r  example, Reger and 
Updike, 1983; 1989; Hamilton,  1986).  Fur the r  changes i n  c o r r e l a t i o n  have 
evolved from t h e  de te rmina t ion  by bo th  radiocarbon and uranium-seri es  methods 
t h a t  t h e  age of a mol lusk-bear ing hor izon  i n  t h e  upper p a r t  of t h e  Bootlegger 

a 
Cove Formation probably  is about 14,000 yr  (Schmoll and o t h e r s ,  1972)  i n  
c o n t r a s t  t o  t h e  age of about 45,000 yr  i n t e r p r e t e d  by Karlstrom (1964) from 
e a r l i e r  uranium-ser ies  d a t e s  on mollusk s h e l l s  from t h e  same hor izon.  

Changes i n  c o r r e l a t i o n  between t h e  d e p o s i t s  of t h e  Elmendorf Moraine a t  
Anchorage and t h o s e  of t h e  moraine complex n e a r  Naptowne on t h e  Kenai Lowland 
( f i g .  I ) ,  t h e  t y p i c a l  a r e a  f o r  Naptowne moraines ,  a r e  most p e r t i n e n t  t o  t h e  
p r e s e n t  map a r e a .  The Naptowne moraines  i n c l u d e  f o u r  i n d i v i d u a l l y  named and 
geomorphically s e p a r a t e  moraine r i d g e s ,  from o l d e s t  t o  youngest t h e  Moosehorn, 
K i l l e y ,  S k i l a k ,  and Tanya moraines.  A l l  of t h e s e  moraines were c o r r e l a t e d  
d i r e c t l y  by Karlstrom t o  t h e  Elmendorf Moraine, a l l  but  t h e  Moosehorn moraine 
corresponding t o  end p o s i t i o n s  (Kar ls t rom,  1965, f i g .  9-47) t h a t  we do not. 
r e c o g n i z e  as such w i t h i n  a r e a s  of ground-moraine d e p o s i t s .  The term Naptowne 
has been widely used i n  d e s c r i b i n g  t h e  Elmendorf and r e l a t e d  d e p o s i t s  i n  t h e  
Anchorage a r e a ;  i n  p a r t i c u l a r  t h e  d e p o s i t s  of t h e  Mountain View a l l u v i a l  fan 
have been c m o n l y  ref e r r e d  t o  a s  "Naptowne outwash." 

As impl ied ,  a t  least, i n  Schmoll and Yehle (1986) we p r e f e r  c o r r e l a t i o n  
of t h e  Elmendorf d e p o s i t s  wi th  t h e  d e p o s i t s  of on ly  one of t h e  i n n e r  Naptowne 
moraines ,  perhaps  t h e  Tanya, r a t h e r  than  w i t h  t h e  Naptowne moraines a s  a 
whole, as d i d  Kar ls t rom.  Such a c o r r e l a t i o n  has been suggested by Bar tsch and 
Schrnoll (1984b, p .  12) on t h e  b a s i s  of radiocarbon-based work by Rymer and 
Sims (1982)  i n d i c a t i n g  t h a t  d e p o s i t s  of t h e  S k i l a k  moraine a r e  o l d e r  than 
about 14,500 y r .  I n  t h a t  c a s e  i t  i s  more r e a s o n a b l e  t o  c o r r e l a t e  Sk i l ak  
d e p o s i t s  w i t h  t h o s e  of. t h e  Dishno Pond moraines i n  t h e  Anchorage area. The 
Dishno Pond moraines ,  however, a r e  e q u i v a l e n t  t o  Kar ls t roml  s Kni k moraines,  
which he c o r r e l a t e d  w i t h  subdued moraines beyond t h e  limits of t h e  t y p e  



Naptowne moral nes . We prefer t o  c o r r e l a t e  t he  subdued moraines with la teral .  
moraines higher on t h e  Chugach Mountain f r o n t  near Anchorage. Because of 
these unce r t a in t i e s  of co r r e l a t ion ,  and the  lack of radiometric ages t o  
r e so lve  them, we bel ieve t h a t  t h e  term Naptowne should be r e s t r i c t e d  t o  l o c a l  
use on t h e  Kenai Lowland. Thus, we prefer  t o  use l o c a l  names i n  t he  Anchorage 
a rea  r a t h e r  than  t o  continue t o  use t h e  term Naptowne f o r  deposi ts  there .  

Following, and perhaps in pa r t  coincident with a t  l e a s t  t he  l a t e r  s t ages  
of the  g lac ioa l luv i  a1 sequence, t h e  most prominent geologic processes 
operat ing during Holocene time within t h e  map a rea  r e l a t e  t o  r e t r e a t  of the 
sea  b lu f f s .  The b lu f f s  probably r e t r e a t e d  by a process of d i f f e r e n t i a l  
erosion from an unknown pos i t ion  out beyond t h e i r  present posi t ion;  l o c a l l y  
t h e  r e t r e a t  may have been acce lera ted  by massive lands l id ing  caused by great  
earthquakes, such as occurred near downtown Anchorage i n  1964 (Hansen, 19651, 
even though no evidence f o r  such l ands l id ing  is now present .  

The embayment a t  the Eagle River F l a t s  probably developed slowly 
throughout Holocene time, b u t  may have reached i ts present configuration only 
a f t e r  deposi t ion 'of the Eagle River g l ac ioa l luv ia l  sequence. I t  may have 
occurred concurrent ly w i t h  deposi t ion represented by l e v e l s  of lower t e r r aces  
along the  r i v e r .  Neither the  thickness  nor the  age of the  base of the in t e r -  
t i d a l  depos i t s  t h a t  underl ie  t h e  f l a t s  is known. However, a t  t h e  Goose Bay 
t i d a l  bog i n  a s i m i l a r  but l a rge r  f i l l e d  embayment on the  northwest s i d e  of 
Knik A r m  ( f i g .  1 ;  K a r l s t r m ,  1964, p l .  6 ,  l i n e  X ,  l o c a l i t y  A-2; Reger, 1981b1, 
i n t e r t i d a l  depos i t s  a r e  exposed a t  lowest t i d e s  , These deposi ts  a r e  be1 ieved 
t o  be comparable t o  deposi ts  i n  t h e  Eagle River F l a t s ,  and have yielded 
radiocarbon ages as old 3s about 3,270 yr  B, P. ( t a b l e  1 ; Bartsch-Winkler a n d  
Schmoll, 1984a). Although the  dated mater ia l  probably was reworked i n  the 
e s tua r ine  environment, s t r a t i g r a p h i c  cont inui ty  and the  occurrence of 
s equen t i a l l y  younger dates  upward i n  t h e  s t r a t i g raphy  suggest t h a t  t he  dates  
provide a reasonably cons is ten t  age f o r  t h e  upper pa r t  of the deposi ts .  

BEDROCK AND STRUCTURAL GEOLOGY 

Bedrock is not known t o  crop out with ce r t a in ty  within the  map a rea .  
However, rocks of  both  the  Chugach and Peninsular tec tonos t ra t igraphic  
t e r r anes  (Coney and Jones, 1985; Jones and o thers ,  1987) t h a t  have accreted t o  
t h e  North American p l a t e  probably under l ie  the  area.  One possible  bedrock 
outcrop i n  t h e  southeast  corner of t h e  map area  may cons is t  of s t r u c t u r a l l y  
compl ex and var i  ably metamorphosed sedimentary and igneous rocks of t he  McHugh 
Complex ( C l a r k ,  1973; Clark and Bartsch, 1971) t h a t  are Upper T r i a s s i c  t o  
Cretaceous i n  age of assemblage but include p ro to l i t h s  as old as  Late  
Mississ ippian (P lafker  and o the r s ,  1989; Winkler, 1990). 

Rocks of the Peninsular t e r r a n e  probably under l ie  t he  remainder of the 
map a rea  at; considerable depth. They a r e  l i k e l y  t o  include metamorphic rocks 
similar t o  those  observed along t h e  Chugach Mountain f r o n t  ( C l a r k  and Bartsch, 
1971 ; C l a r k ,  1972) and may include igneous rocks and ( o r )  T r i a s s i c  t o  Ju ra s s i c  
sedimentary rocks a s  well (Plafker  and o the r s ,  1982). These rocks are 
over la in  by r e l a t i v e l y  s o f t  , cont inenta l  sandstone, s i l t s t o n e ,  c laystone,  and 
minor coal of the  post-accretionary Kenai Group of Te r t i a ry  age. Most of 
t hese  rocks a re  probably Tyonek Formation (Calderwood and Fackler ,  19721, as 
determined on paleobotani ca l  evidence from outcrops along t h e  Eagle River j u s t  
east of t h e  map area  (Wolfs and o the r s ,  1966; Wolfe and Tanai, 1980; Wolfe, 
1981) It is poss ib le ,  however, t h a t  t h e  upper par t  of the Kenai Group rocks,  
e spec i a l ly  i n  t h e  southwestern pa r t  of t h e  map area ,  could ins tead  be S t e r l i n g  
Formation. Rocks of t h i s  formation a r e  thought t o  be present i n  a hole 



d r i l l e d  i n  1984 abou t  5.5 km s o u t h  of t h e  s o u t h w e s t  co rne r  of t h e  map a r e a ,  as 
i n t e r p r e t e d  from e x a m i n a t i o n  of p l a n t  m i c r o f o s s i l s  ( S t r i c k e r  and o t h e r s ,  
1988) .  The s e d i m e n t a r y  r o c k s  are n o t  p o s i t i v e l y  i d e n t i f i e d  as c r o p p i n g  o u t  
w i t h i n  t h e  map a r e a ,  b u t  may o c c u r  a t  o n e  s i t e ,  shown on t h e  map as a q u e r i e d  
o c c u r r e n c e ,  a l o n g  t h e  e a s t  s i d e  o f  t h e  Glenn Highway; t h e  c o a l y  m a t e r i a l  
o b s e r v e d  t h e r e ,  however, may a1 t e r n a  ti  v e l y  have been reworked by g l a c i  a 1  
a c t i v i t y  r a t h e r  t h a n  b e i n g  i n d i c a t i v e  of I n - p l a c e  r o c k .  

No known g e o l o g i c  s t r u c t u r e s  have been  mapped w i t h i n  t h e  map a r e a ,  
p robab ly  because  of t h e  p a u c i t y  of  s u b s u r f  ace i n f o r m a t i  on. However, t h e  Kni k 
f a u l t  ( C l a r k ,  1372; W i n k l e r ,  19901,  more commonly r e f e r r e d  t o  as t h e  Border  
Ranges f a u l t  (MacKevett and P l a f k e r ,  1974) is i n f e r r e d  t o  c r o s s  t h e  
s o u t h e a s t e r n  p a r t  of  t h e  map a r e a  at  a p o s i t i o n  about  halfway between t h e  
Glenn Highway and t h e  s o u t h e a s t  c o r n e r  ( C l a r k ,  1972; Magoon and o t h e r s ,  
1976) .  T h i s  f a u l t  is d e f i n e d  a s  marking  t h e  a c c r e t i o n a r y  boundary between 
r o c k s  of t h e  P e n i n s u l a r  and Chugach t e r r a n e s .  Although p o s s i b l e  e v i d e n c e  f o r  
Holocene  a c t i v i t y  t h a t  might  r e l a t e  t o  t h i s  f a u l t  f a r t h e r  t o  t h e  n o r t h e a s t  h a s  
been d i s c u s s e d  (Updike and U l e r y ,  1983; Updike and Schmol l ,  1984) ,  we have no  
e v i d e n c e  f o r  any s u c h  a c t i v i t y  e i t h e r  w i t h i n  t h i s  map a r e a  o r  d i r e c t l y  t o  t h e  
n o r t h e a s t  (Yeh le  and  Schmol l ,  1989). 

S e v e r a l  a n t i c l i n e s  t h a t  t r e n d  i n  t h e  same n o r t h e a s t e r l y  d i r e c t i o n  as do 
t h e  Border  Ranges f a u l t  and  t h e  Chugach Mountain f r o n t  have been  mapped 
e l s e w h e r e  i n  t h e  Cook I n l e t  b a s i n  (Magoon and o t h e r s ,  1976) o n  t h e  basis  of 
s u b s u r f a c e  i n f o r m a t i o n  deve loped  d u r i n g  e x p l o r a t i o n  for o i l  and gas. None of 
t h e s e  s t r u c t u r e s  is shown t r a n s e c t i n g  t h e  map a r e a ,  t h e  n e a r e s t  b e i n g  on  t h e  
n o r t h w e s t  s i d e  o f  Knik A r m  a p p r o x i m a t e l y  c o i n c i d e n t  w i t h  t h e  n o r t h w e s t e r n  
s h o r e .  I n  t h e  n o r t h e r n  Kenai Lowland, however,  i n  a p o s i t i o n  w i t h  r e s p e c t  t o  
t h e  mounta in  f r o n t  comparable  t o  t h a t  of  t h e  map a r e a ,  b o t h  a n t i c l i n a l  
s t r u c t u r e s  (Magoon and o t h e r s ,  1976) and minor f a u l t i n g  ( P l a f k e r  and o t h e r s ,  
1982) are known, and i t  is l i k e l y  t h a t  similar f e a t u r e s  , a r e  p r e s e n t  i n  t h e  map 
a r e a .  I n  n e i t h e r  p l a c e  are s u c h  f e a t u r e s  e v i d e n t  a t  t h e  surface n o r  have  t h e y  
been  s t u d i e d  i n  d e t a i l .  

A f e a t u r e  e x p r e s s e d  a t  t h e  surf ace t h a t  might  have s t r u c t u r a l  a n t e c e d e n t s  
is  t h e  n o r t h w e s t - s o u t h e a s t  t r e n d i n g  Goose-Eagle a l ignment  a l t h o u g h  i ts  o r i g i n  
is o b s c u r e .  T h i s  f e a t u r e  c o n s i s t s  o f  t h e  E a g l e  R i v e r  Flats w i t h i n  the map 
a r e a  and t h e  similar b u t  l a r g e r  Goose Bay embayment o n  t h e  n o r t h w e s t  s i d e  of 
Knik A r m  w i t h  which i t  is  a l i g n e d  ( f i g .  1) .  Both embayments appea r  t o  be 
f i l l e d  w i t h  i n t e r t i d a l  d e p o s i t s ,  a s  are o t h e r  embayments a round t h e  margins of 
upper Cook I n l e t  (Schmoll  and  o the r s ,  1984) .  The Goose-Eagle a l i g n m e n t  i s  
anomalous w i t h  r e s p e c t  t o  t h e  d i s t r i b u t i o n a l  p a t t e r n  of g l a c i a l  d e p o s i t s  i n  
t h a t  i t  does n o t  a p p e a r  t o  be a p r o d u c t  of g l a c i a l  d e p o s i t i o n  o r  e r o s i o n .  I t  
a p p a r e n t l y  is pos  t - g l a c i  a1 i n  a g e ,  b e c a u s e  it t r a n s e c t s  Elmendorf m o r a i n a l  
d e p o s i t s  and is  related more c l o s e l y  t o  t h e  younger a l l u v i a l  s equences  i n  t h e  
E a g l e  R i v e r  and C l u n i e  C r e e k  v a l l e y s  r a t h e r  t h a n  t h e  o l d e r  g l a c i o a l l u v i a l  
s e q u e n c e s .  Al though t r a n s e c t i n g  ma jo r  g e o l o g i  c s t r u c t u r e s  i n  t h e  Cook I n l e t  
b a s i n ,  t h e  t r o u g h  is r o u g h l y  p a r a l l e l  t o ,  b u t  n o t  a l i g n e d  w i t h ,  o t h e r  f e a t u r e s  
t h a t  t r e n d  n o r t h w e s t - s o u t h e a s t  , s u c h  as r e l a t i v e l y  b road  v a l l e y s  w i t h i n  t h e  
nearby Chugach Mounta ins  (Yehle and Schmol l ,  1 9 8 9 ) ,  and t h a t  a l so  might  be 
e x p r e s s i o n s  o f  g e o l o g i c  s t r u c t u r e .  



Other  ev idence  f o r  p o s s i b l e  s t r u c t u r a l  g e n e s i s  of t h e  Goose-Eagle 
a l i g r m e n t  is  provided  by t h e  d i s p a r a t e  ages  of  Q u a t e r n a r y  d e p o s i t s  on e i t h e r  , 

s i d e  of t h e  i t .  N o r t h e a s t  of t h e  a l i g n m e n t ,  s t r a t i g r a p h i c  u n i t s  exposed i n  
t h e  lower  p a r t  of t h e  b l u f f s  on  both sides of Knik A r m  are a p p a r e n t l y  o l d e r  
t h a n  s t r a t i  g r aph i  c u n i t s  a t  comparable  l e v e l s  sou thwes t  of  t h e  a1 ignment . 
Such o l d e r  d e p o s i t s  i n c l u d e  t h o s e  w i t h i n  t h e  map a r e a  n e a r  t h e  n o r t h  end of 
t h e  b l u f f  exposures  a long  t h e  e a s t  s i d e  of Eagle Bay ( l o c .  4-15; f i g .  3) and 
t h e  175,000 y r  o l d  Goose Bay p e a t  bed on t h e  o p p o s i t e  s i d e  of  Knik Am. 
S t r a t i  g r a p h i  cal l  y benea th  t h e  p e a t  bed and unde r ly ing  g r a v e l  and s a n d  d e p o s i t s  
i n  t h e  r a re ly -exposed  Goose Bay beach  s i t e  n o r t h e a s t  o f  Goose Bay is a silt- 
clay complex t ha t  is s p a r s e l y  o r g a n i c  and c o n t a i n s  fragments of f r a g i l e  s h e l l s  
( K a r l s t r u n ,  1964,  p l .  6 ,  l i n e  X ,  l o c a l i t y  1 ) .  Although t h o u g h t  by K a r l s t r a n  
t o  be  e q u i v a l e n t  t o  t h e  Boo t l egge r  Cove Format ion ,  we found t h e s e  d e p o s i t s  t o  
have  t h e  appea rance  of b e i n g  much o l d e r ,  i n  part  because  o f  t h e i r  g r e a t e r  
i n d u r a t i o n  and a s s o c i a t i o n  w i t h  o x i d i z e d  and p a r t l y  i n d u r a t e d  s a n d  and g r a v e l  
(Schmol l  , Yehle, and Bar tsch-Winkler  , f i e l d  o b s e r v a t i o n s ,  19861, and now 
r e g a r d  them as p o s s i b l y  m i d d l e  o r  even e a r l y  P l e i s t o c e n e  i n  age  (Schmoll  and 
Yehle, 1986,  p .  204) .  Southwest  of t h e  Goose-Eagle a l i g m e n t ,  o n  t h e  o t h e r  
hand,  t h e  14,000-yr-old upper part  of  t h e  Bootlegger Cove Forma t ion  is  exposed 
i n t e r m i t t e n t l y  i n  t h e  lower  p a r t  of b l u f f s  on b o t h  sides o f  t h e  arm. 

Elsewhere  i n  Cook I n l e t  b a s i n ,  n o t a b l y  a t  Chickaloon Bay ( f i g .  1 ) .  K e l l y  
(1961)  no ted  broad  ( b u t  no t  p a i r e d )  embayments and h a s  p o s t u l a t e d  t h a t  s u c h  
f e a t u r e s  might  be a r e s u l t  o f  p r e s e n t - d a y  a n t i c l i n e  f o r m a t i o n .  One i n d i c a t i o n  
o f  t h i s  p r o c e s s  is t h a t  t h e  m a r g i n s  o f  Chickaloon Bay are c h a r a c t e r i z e d  by 
raised beach and o t h e r  s h o r e  f e a t u r e s .  The Chickaloon Bay feature l ies  on  a 
known n o r t h e a s t - t r e n d i n g  a n t i c l i n e  (Magoon and o t h e r s ,  1 9 7 6 ) ,  a l t h o u g h  no 
measurements  of any p r e s e n t  a n t i c l i n e  growth are known t o  have  been made i n  
t h a t  area. Geode t i c  r e l e v e l l i n g  f a r t h e r  e a s t  a l o n g  T u r n a g a i n  A r m  ( f i g .  1 )  
several y e a r s  after t h e  1964 e a r t h q u a k e  (Brown and o t h e r s ,  1977) h a s  r e v e a l e d  
a g e n t l e  a r c h i n g  upward o f  t h e  l a n d  s u r f a c e  e a s t  of t h i s  a l i g n m e n t  t h a t  has  
been a s c r i b e d  t o  rebound f o l l o w i n g  s u b s i d e n c e  t h a t  o c c u r r e d  d u r i n g  t h a t  
e a r t h q u a k e .  A l t e r n a t i v e l y ,  however,  s u c h  changes i n  s u r f a c e  l e v e l  cou ld  be  a t  
l eas t  i n  p a r t  t h e  r e s u l t  of p r e s e n t - d a y  a n t i c l i n e  g rowth ,  p o s s i b l y  on  t h e  
s o u t h e a s t  l i m b  of t h e  a n t i c l i n e  t h a t  might  pas s  t h r o u g h  Ch icka loon  Bay. Two 
f a c t o r s  s eeming ly  m i t i  g a t e  against t h e  Goose-Eagle t r o u g h  b e i n g  t h e  p roduc t  of 
a n a l o g o u s  c o n d i t i o n s :  ( 1 )  b e c a u s e  of its o r i e n t a t i o n  t h e  Goose-Eagle t r o u g h  
canno t  l i e  on a n o r t h e a s t - t r e n d i n g  a n t i  c l i n e ,  and ( 2 )  t h e  Goose-Eagle t r o u g h  
l a c k s  prominent  raised beaches .  

We conc lude ,  n e v e r t h e l e s s ,  t h a t  t h e  Goose-Eagle t r o u g h  c o u l d  be  r e l a t e d  
t o  p o s s i b l e  s t r u c t u r e s  t h a t  are d e v e l o p i n g  p a r a l l e l  t o  t h e  n o r t h w e s t - t r e n d i n g  
s e c o n d a r y  s t r u c t u r a l  g r a i n  o f  t h e  r e g i o n .  Thus, a l t h o u g h  t h e  o r i g i n  of t h e  
t r o u g h  r ema ins  o b s c u r e ,  we p o s t u l a t e  t h a t  it might  have  s t r u c t u r a l  
s i g n i f i c a n c e .  



Diagrammatic reprcscntation of slopc-measuring terms 
Slopc in ptrccnt * v/h X J 00 
Slope anglc in degrees = r0 
Slopc ratio a h:v Ch to v) where v is equal 10 1 unit of mcasuremsnt 

Figure 4.--Diagram illustrating s lope  categories used on t h i s  map (after Schmoll 
and Dobrovolny, 1972b). 
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DESCRI PTIOW OF HAP UNITS 

Characterist ics of the geologic materials delineated by the  u n i t s  of the  
geologic map ( p l .  1 A )  described here are  based primarily on f i e l d  
observations; they are  supported i n  part by laboratory analyses, especially of 
grain s i z e ,  the  description of which follows the modified Wentworth grade 
scale (American Geological I n s t i t u t e ,  1982). Slope data a re  generalized 
es t ina tes  derived mainly from Schmoll and Dobrovolny ( 1972b) whose slope 
categories are  used ( f i g .  4) .  Standard age designations a r e  omitted from map 
symbo:s because a l l  units  except bedrock a re  of Quaternary age. The 
corre la t ion of map u n i t s  i s  shown on plate 15 ( i n  pocket]. U n i t s  that  appear 
only on f igure  3 a re  marked by an as ter isk .  The uni ts  described here may be 
overlain by as much as one meter of mainly organic and windblown materials as 
discussed above. 

SURFICIAL DEPOSITS 

Moraine Deposits 

Subdivided according t o  type of moraine (end and several  types of ground 
moraine) and according t o  correlat ions with named end and l a t e r a l  moraines 
w i t h i n  and south of t he  map area. The till that  composes most moraine 
deposits is chiefly a diamicton consisting of massive, unsorted t o  poorly 
sorted mixtures of gravel ,  sand, s i l t ,  and re la t ive ly  minor amounts of clay; 
loca l ly  mainly poorly sor ted  s i l t y  sandy gravel; includes scat tered large  
boul ders ; generall y rnoder a t  e l  y t o  well compacted. 

End-moraine deposits (late Pleistocene)--Thickness probably about 20 m 
or more. Contacts sharply defined. Topography highly i r regular ;  
slopes gentle t o  moderate i n  small areas on some ridge tops and i n  
bottoms of k e t t l e  holes, mainly steep elsewhere 

em e Deposits of the Elmendorf Moraine--Occur i n  a wide arc  across the 
southern part of the  map area where they mark l i m i t  of glaciers 
during t h i s  advance of ice.  Alung w i t h  adjacent high-relief kame 
and other high-rel ief  moraine deposits ,  form a massive and 
topographi ca l ly  b o l d  complex of glaci er- ice wastage landforms that  
const i tu te  the  Elmendorf Moraine, a formally-named geographic 
f e a t w e  

emY Deposits of a younger phase of the Elmendorf Morai ne--Occur south 
of Sixmile Lake and may mark a s l igh t  readvance of the  glacier  

Ground-moraine deposits ( l a t e  Pleistocene) 
emg Deposits of t he  Elmendorf Moraine, undi vi ded--Thi ckness several t o  

about 12 meters, commonly over l ie  gravel r e la ted  t o  advance of the 
Elmendorf g lacier  or older glaci a1 deposits . Contacts generally 
well defined except where gradational w i t h  other moraine 
deposits. Topography smooth t o  gently hummocky, slopes generall y 
gentle t o  moderate. Occur i n  the northern and centra l  parts  of the 
map area 

Deposits of the Elmendorf Moraine w i t h  high relief--Similar t o  other 
ground-moraine deposits bu t  w i t h  more boldly hummocky t o  h i l l y  
topography. Occur i n  association w i t h  end-moraine deposits 

emh 



em d Deposits of the Elmendorf Moraine i n  well-developed drum1 in  forms-- 
Thickness a t  l e a s t  5 t o  perhaps 15 meters. Occur i n  elongate h i l l s  
w i t h  moderately s teep slopes on t he i r  s ides  that  merge l a t e r a l l y  
in to  low-relief t e r r a in  of other deposits,  usually ground 
moraine. Extensively developed i n  northern and centra l  par ts  of 
map area 

emf Deposits of the Elmendorf Moraine i n  f lu ted terrain--Similar t o  other 
ground moraine b u t  occur i n  elongated low ridges a few meters high 
that  para l le l  d i rec t ion of i c e  flow. Occur only i n  northern part 
of map area associated w i t h  drumlin deposits w i t h  which t h e y  are 
gr adat i onal in 1 andf orm 

emk Deposits of the Elmendorf Moraf ne tha t  include some kame depoai ts-- 
Similar t o  ground-moraine deposits, b u t  may include gravel and sand 
ei ther  in  large part  or local ly  i n  areas too small t o  map 
separately. O n l y  a few occurrences i n  northern and western par ts  
part of map area  

dmg Deposits of the Dishno Pond moraines--Thickness probably several  t o  
10 meters. Contacts generally well defined. Topography smooth t o  
somewhat i r regu la r ,  slopes generally moderate, s t eep  on s ides  of 
h i l l s  tha t  comprise moraines. Present only i n  the  southeastern 
part of map area  

dmk Deposits of the Dishno Pond moraines that  include some kame deposits- 
-Similar t o  ground-moraine deposits , but may include gravel and 
sand i n  large part  or loca l ly  i n  areas too small t o  map 
separately. Single occurrence near base of Chugach Mountain f ront  
i n  southeastern corner of map area 

k d Knik diamicton (late Pleistocene)--Diamicton consist ing of 
sorted mixture of gravel ,  sand, s i l t ,  and clay; loca l ly  includes . interbeds of s i l t ,  sand, and gravel and may have rudely bedded 
appearance. May be a t  l e a s t  part ly glacioestuarine i n  origin.  
Except for queried occurrence along the Eagle River i n  east-central  
pa r t  of map area  shown only on f igure  3 

*od Older diamicton deposit3 (Pleistocene)--Diami cton consist ing of poorly 
sorted mixture of gravel ,  sand, s i l t ,  and clay; material is 
somewhat oxidized and more compact than most deposits of ground 
moraine a t  t h e  surface.  Thickness a t  l e a s t  10 m .  Shown only on 
f igure  3 as occuring sporadically i n  lower part of b luffs  along 
Knik A r m  and Eagle Bay. Probably present as remnant deposits 
underlying deposits r e la ted  t o  t he  Dishno Pond moraines, the  
Bootlegger Cove Formati on, o r ,  loca l ly ,  in te rg lac ia l  deposits . 
Cannot be d i r ec t l y  corre la ted w i t h  surface moraines 



Glacioa l luv ia l  Deposits 

Subdivided i n t o  ( 1 )  kame depos i t s ,  (2)  kame-terrace depos i t s ,  and ( 3 )  
' meltwater-channel deposi ts  t h a t  cons i s t  dominantly of gravel and sand. 

ekh 

ek 

ekc 

Kame depos i t s  ( late  Pleistocene)--Chief1 y pebble and cobble gravel and  
sand,  moderately t o  well  bedded and sor ted ;  some s i l t ,  and, 
espec ia l ly  i n  the cores  of h i l l s ,  diamicton; l o c a l l y  may include 
la rge  boulders. Include deposi ts  i n  small eskers ,  some of which 
a r e  shown by symbol. Moderately loose ,  b u t  compact i n  cores of 
h i l l s .  Contacts genera l ly  well defined; l o c a l l y  merge with moraine 
deposits.  Topography sharp ly  h i l l y  t o  hummocky with some l o c a l  
depressions; s lopes  moderate t o  s t e e p ,  except g e n t l e  t o  nearly f l a t  
i n  minor channels,  on depression f l o o r s ,  and on sane small a reas  on 
tops of h i l l s  

Kame deposi ts  of the Elmendorf Moraine near Gwenn Lake--In landforms 
of f a i r l y  high r e l i e f .  Thickness possibly a  few t ens  of meters.  
Form part  of a  g l a c i o a l l u v i a l  t r a i n  t h a t  extended from a former 
g l ac i a l  l ake  e a s t  of t h e  map area  i n  t h e  Eagle River va l l ey ,  
through Foss i l  Creek channel ,  and i n t o  the  Otter-Sixmile channel 

Kame deposi ts  of t h e  Elrnendorf Moraine t h a t  exh ib i t  h i g h  r e l i e f - - I n  
landforms of general1 y higher r e1  ie f  and l o c a l l y  broader shape than 
most kames. Thickness probably severa l  t ens  of meters.  Located 
mainly along t h e  proximal margin of the end-moraine r idge;  may f orm 
part  of the  g l a c i o a l l u v i a l  t r a i n  t h a t  extended from a former 
g l a c i a l  lake e a s t  of the  map a rea  i n  t he  Eagle River va l l ey ,  
through Fossil Creek channel,  and i n t o  t h e  Bluff Road channel 

Kame deposi ts  of the  Elmendorf Moraine, undi vi ded--In landforms of 
moderate t o  low r e l i e f ,  includes sane areas  of p i t t e d  outwash. 
Thickness a few t o  s eve ra l  t e n s  of meters. Extensive i n  northern 
par t  of map a rea  

Kame-channel d e p o s i t s  of the Elmendorf Moraine--In landforms of 
generally low r e l i e f  t h a t  mainly l i e  a t  Levels of t h e  f l o o r s  of 
major channels eroded i n t o  moraine sur f  ace. Thickness poor1 y known 
b u t  probably only a  few meters,  Include p i t t e d  outwash-plain and 
p i t t e d  rneltwat er-channel deposi ts  . Merge w i t h  meltwater-channel 
deposi ts  and undivided kame deposi ts .  Occur i n  moderately 
i r r egu la r  topography having mostly gent1 e  but some moderate 
s lopes.  Located mainly i n  northern part  of map area 

e k t t  Kame- t e r r a c e  deposi t s  of t h e  Elmendorf Moraine near Tuomi Lake--In 
t e r r a c e s ,  a t  3 l e v e l s  separated by scarp  symbol, t h a t  were formed 
marginal t o  g l a c i e r  i c e .  Located south of Sixmile  Lake 

e k t r  Kame-terrace depos i t s  of t h e  Elmendorf Moraine near  Roosevelt Road-- 
In t e r r a c e s ,  a t  3 l e v e l s  separated by s ca rp  symbol, t h a t  were 
formed mainly marginal t o  g l a c i e r  ice .  Part  of t h e  g l ac ioa l luv ia l  
t r a i n  t h a t  extended from a former g l a c i a l  l a k e  e a s t  of the  map a rea  
i n  t h e  Eagle River v a l l e y ,  through Foss i l  Creek channel,  and i n t o  
the Otter-Sixmile channel.  Located southeas t  of O t t e r  L a k e  

Kame deposi ts  of t h e  Dishno Pond moraines, undivided--In landforms of 
of moderate t o  high r e l i e f .  Thickness probably a few t ens  of 
meters. Occur only i n  southeastern par t  of map area 
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Kame d e p o s i t s  of t h e  Dishno Pond mora ines  t h a t  may t h i n l y  m a n t l e  
bed rock- -S imi l a r  t o  kame d e p o s i t s  bu t  t h i c k n e s s  may be o n l y  o n e  t o  
a  few m e t e r s  o v e r l y i n g  bedrock which may be exposed l o c a l l y .  
S i n g l e  o c c u r r e n c e  i n  s o u t h e a s t e r n  p a r t  o f  map a r e a  a d j a c e n t  t o  a 
me1 twat  er channe l  and t h e  Chugach Mountain f r o n t  

Me1 twat e r -channe l  and meltwater-fan d e p o s l b  of the Elmendorf Harat n e  
( late P l e i s t o c e n e ) - - C h i e f l y  g r a v e l  and s a n d ,  w e l l  bedded and 
s o r t e d ;  a t  t h e  s u r f a c e  may i n c l u d e  some f i n e r - g r a i n e d  m a t e r i a l  w i t h  
t h i n  o r g a n i c  beds.  Th ickness  poor ly  known, p robab ly  o n e  t o  s e v e r a l  
m e t e r s .  I n  p l a c e s  Channel d e p o s i t s  may be  v e r y  t h i n  o r  a b s e n t  and 
ground-moraine d e p o s i t s  may f l o o r  t h e  channe l  o r  l i e  a t  s h a l l o w  
d e p t h  

Channel depos i t s - -Occur  ma in ly  i n  t h e  c e n t r a l  p a r t  of t h e  map a r e a  
w i t h i n  a r e a s  of ground mora ine .  Merge l o c a l l y  w i t h  kame-channel 
d e p o s i t s  and some o f  t h e  named g l a c i o a l l u v i a l  d e p o s i t s  

F o s s i l  Creek g l a c i o a l l u v i a l  depos i t s - -Occur  i n  a series of well- 
formed terrace l e v e l s  w i t h i n  t h e  p rominen t ,  s i n g l e  channel  of 
F o s s i l  Creek t h a t  i s  c u t  as much as 50 m l ower  t h a n  t h e  s u r f a c e  of 
t h e  Elmendorf Moraine and Mountain V i e w  f a n .  Graded t o  v a r i o u s  
l e v e l s  o f  R o o s e v e l t  Road kame- ter race  d e p o s i t s  and Gwenn Lake kame 
d e p o s i t s  t h a t  l i e  w i t h i n  area of  t h e  Elmendorf Moraine. T h i s  
o c c u r r e n c e  and i t s  headward c o n t i  n u a t i o n  e a s t w a r d  c o n s t i t u t e  t h e  
t y p i c a l  l o c a l i t y  f o r  t h e  F o s s i l  Creek d e p o s i t s  

Mountain V i e w  g l a c i o a l l u v i a l  f a n  depos i t s - -Occur  i n  b r o a d ,  l a r g e ,  
l ow-grad ien t  f a n  t h a t  heads from major m e l t w a t e r  channel  e a s t  o f  
t h e  map area, widening  h e r e  and e x t e n d i n g  southwestward  toward  and 
beyond t h e  community o f  Mountain View ( a b o u t  2.5 km s o u t h  of t h e  
s o u t h w e s t  c o r n e r  o f  t h e  map a r e a )  t o  downtown Anchorage. The a r e a  
of t h e  e n t i r e  f a n  c o n s t i t u t e s  t h e  t y p i c a l  l o c a l i t y  

Outwash-fan d e p o s i t s - - P r e s e n t  main ly  a l o n g  t h e  d i s t a l  margin  of t h e  
Elmendorf Mora ine .  Occur i n  three l e v e l s ,  t h e  upper two of  which 
a r e  e r o s i o n a l  remnants  and t h e  lower  o f  which is graded t o  t h e  
l e v e l  of the Mountain V i e w  fan 

S i x m i l e  Lake  a l l u v i a l  depos i t s - -Occur  n e a r  and n o r t h  o f  S i x m i l e  Lake  
i n  w e s t e r n  p a r t  of' map a r e a ,  s u b d i v i d e d  i n t o  s e v e r a l  d i f f e r e n t  
l e v e l s  s e p a r a t e d  o n  t h e  map by s c a r p  symbols.  Th ickness  p robab ly  a 
few m e t e r s .  

Bluff  Road a l l u v i a l  depos i t s - -Occur  i n  s h a l l o w  channel  i n  
s o u t h w e s t e r n  p a r t  o f  map area. T h i c k n e s s  p r o b a b l y  a few meters 

C l u n i e  C r e e k  g l a c i o a l l u v i  dl depos i  ts--Occur i n  major  channe l s  c u t  
t y p i c a l l y  a b o u t  20 m lower  t h a n  t h e  g e n e r a l  s u r f a c e  of t h e  
Elmendorf ground-morai ne  d e p o s i t s  and g r a d e d  t o  1 e v e l s  below t h a t  
of  t h e  g round  mora ine  but  well above  modern sea l e v e l .  Th ickness  
may be a few t e n s  of meters, commonly p robab ly  less t h a n  10 m ,  
D e p o s i t s  i n  t e r r a c e s  a l o n g  C l u n i e  C r e e k  i n  e a s t - c e n t r a l  p a r t  of map 
area, s u b d i v i d e d  by scarp symbol i n t o  t h r e e  l e v e l s ,  c o n s t i t u t e  
t y p i c a l  l o c a l i t y  

Advance ou twash  u n d e r l y i n g  ground-moraine d e p o s i t s - - F a i r l y  well 
bedded and  s o r t e d  p e b b l e  and c o b b l e  g r a v e l  w i t h  minor i n t e r b e d s  of  
s a n d .  T h i c k n e s s  abou t  10 m .  Exposed i n  b l u f f s  a l o n g  east s i d e  o f  
Eag le  Bay a n d  shown only o n  f i g u r e  3.  

Meltwat er-channel and m e l t w a t  er-f an deposits of the Distmo Pond 
m o r a i n s s  ( la te  P l e i s t o c e n e ) - - C h i e f l y  g r a v e l  and s a n d ,  well bedded 
and s o r t e d  



d c  Channel  depos i  t s - - S i n g l e  o c c u r r e n c e  near t h e  b a s e  of  t h e  Chugach 
Mountain f r o n t  i n  s o u t h e a s t e r n  p a r t  of map a r e a .  T h i c k n e s s  
p robab ly  a few meters 

*doa Advance outwash  d e p o s i t s - - Q u e r i e d  o c c u r r e n c e  on f i g u r e  3 u n d e r l y i n g  
d i a m i c t o n  p o s s i b l y  c o r r e l a t i v e  w i t h  Dishno Pond mora ine  d e p o s i t s .  
T h i c k n e s s  2 t o  6 m ,  b a s e  o f  u n i t  n o t  exposed 

* 0g O l d e r  g l a c l o a l l u v i a l  deposits ( P l e i s t o c e n e ) - - F a i r l y  well bedded and  
s o r t e d  g r a v e l  and i n t e r b e d d e d  s a n d .  Modera te ly  0x1 d i z e d  t o  
y e l l o w i s h  g r a y  i n  most p l a c e s .  Th ickness  about  8 t o  15 m ,  b a s e  of 
u n i t  n o t  exposed ,  Occur m a i n l y  i n  b l u f f s  a l o n g  east  s i d e  o f  Eagle 
Bay and  shown on  f i g u r e  3; s i n g l e  o c c u r r e n c e  a l o n g  t h e  E a g l e  R i v e r  

*ogx O l d e r  g l a c i o a l l u v i  a1 d e p o s i t s ,  o x i  d i zed - -S imi l a r  t o  o t h e r  o l d e r  
g l a c i  o a l l u v i a l  d e p o s i t s  and may b e  s t r a t i  g r aph i  c a l l y  e q u i v a l e n t  t o  
them,  b u t  more s t r o n g l y  o x i d i z e d  t o  ye l lowi sh -o range  c o l o r .  

A l l u v i a l  D e p o s i t s  

A l l u v i  urn d e p o s i t e d  by p re sen t -day  s t r e a m s .  G e n e r a l l y  w e l l  bedded and 
s o r t e d ,  c lasts  commonly w e l l  rounded.  T h i c k n e s s  v a r i a b l e ,  p r o b a b l y  a few t o  
s e v e r a l  m e t e r s ;  t h i c k e s t  i n  l a r g e  v a l l e y s .  C o n t a c t s  we l l  d e f i n e d .  Topography 
smooth ,  s l o p e s  n e a r l y  f l a t  t o  v e r y  g e n t l e  

a  a Alluviun i n  active f l o o d  p la in  of the Eagle River (latest Holocene)-- 
Grave l  and s a n d  t h a t  is t r a n s p o r t e d  i n t e r m i t t e n t l y  and d e p o s i t e d  
te rnporar i  l y  i n  b a r s  whi ch commonly change t h e i r  p o s i t i o n  a l o n g  
b r a i  ded and  s i n g l e  c h a n n e l s .  V e g e t a t i o n  cover  g e n e r a l 1  y  a b s e n t  o r  
j u s t  beg inn ing  t o  deve lop  i n  areas t h a t  have n o t  been a f f e c t e d  
d i r e c t l y  by t h e  stream f o r  a  few y e a r s .  Area s u b j e c t  t o  c o n t i n u i n g  
e r o s i o n  and f l o o d i n g ;  i n  p l a c e s  s t r e a m  may enc roach  upon areas 
a d j a c e n t  t o  t h i s  map u n i t  

a1 Alluvial deposits along modern streams and i n  lawest terraces 
(Holocene) - -Chief ly  sand and g r a v e l .  G e n e r a l l y  a t  o r  no more t h a n  
a few meters above stream l e v e l .  I n c l u d e s  narrow a c t i v e  f l o o d  
p l a i n s  where t o o  s m a l l  t o  map s e p a r a t e l y .  Loca t ed  m a i n l y  a l o n g  
E a g l e  R i v e r  and Clunie Creek 

a 1  f F i n e - g r a i n e d  d e p o s i t s  a l o n g  some minor s t r eams- -Ch ie f ly  silt and 
f i n e - g r a i n e d  sand ;  may i n c l u d e  s a n e  p e a t  d e p o s i t s  n e a r  s u r f a c e .  
Occur main ly  i n  t h e  O t t e r - S i x m i l e  channe l  sou thwes t  of  Otter Lake  

a t  Alluvial  d e p o s i t s  i n  terraces, undivided (Holocene)--Somewhat o l d e r  
a l l u v i u m ,  c h i e f l y  g r a v e l  and  s a n d ,  g e n e r a l l y  s e v e r a l  meters above  
s t r e a m  l e v e l .  Developed a l o n g  t h e  E a g l e  R i v e r  and C l u n i e  C r e e k  

a t h  D e p o s i t s  i n  h i g h e r  t e r r aces - -Occur  a t  v a r i o u s  l e v e l s  at least  5 m 
above s t r e a m  l e v e l  main ly  a l o n g  t h e  E a g l e  R i v e r  (where  t h e y  a r e  
h i g h e s t )  and its t r i b u t a r i e s .  P robab ly  graded  t o  sea l e v e l s  
r e l a t i v e l y  h i g h e r  t h a n  t h o s e  of t h e  p r e s e n t  and most r e c e n t  p a s t  

Alluvial-fan deposits (Holocene)--Formed where  there  is a r e d u c t i o n  of  
s t r e a m  g r a d i e n t  as s t r e a m s  emerge o n t o  a l a r g e r ,  f l a t t e r  v a l l e y  
f l o o r .  M a t e r i a l s  commonly less well s o r t e d  t h a n  o t h e r  a l l u v i u m .  
S l o p e s  low i n  l a r g e r  fans, m o d e r a t e  t o  mode ra t e ly  . g e n t l e  i n  smaller 
f an s ,  b u t  s t e e p e r  n e a r  heads  o f  fans 



aff  
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Coar se -g ra ined  depos i t s - -Chi  e f l y  g r a v e l  and sand ;  may dnc lude  some ' <  

s i l t  and t h i n  d i amic ton  beds r e s u l t i n g  from minor mudflows. Occur 
i n  modera t e - s i zed  f a n s  a l o n g  t h e  b a s e  o f  Chugach Mountain f r o n t  i n  
s o u t h e a s t e r n  p a r t  of map a r e a  and a l o n g  t h e  Eag le  R i v e r  where i t  
emerges o n t o  t h e  Eag le  R ive r  F l a t s ,  and l o c a l l y  i n  small f a n s  a t  
t h e  b a s e  o f  r i v e r  b l u f f s .  

F i n e - g r a i  ned depos i  t s - - C h i e f l y  silt and f i n e  sand.  Occur ma in ly  
a l o n g  t h e  O t t e r - S i x m i l e  channel  

Older al luvial-fan deposits  (Holocene)--Chi e f l y  silt  and f i n e  s a n d .  
Occur n e a r  t h e  mouth o f  C l u n i e  Creek as remnant graded t o  a  l e v e l  
above a d j a c e n t  a l l u v l a l  f a n  and p robab ly  c o r r e l a t i v e  t o  d e p o s i t s  of 
o n e  of  t h e  h i g h e r  terraces 

E s t u a r i n e  D e p o s i t s  

Modern in ter t ida l  deposits (latest Holocene)- -Chief ly  s i l t  and f i n e  
sand; somewhat Coarser  n e a r  ma jo r  t i d a l  c h a n n e l s .  Well bedded and 
s o r t e d .  Loose ,  wa te r  s a t u r a t e d ,  Th ickness  less t h a n  one  t o  a  few 
m e t e r s ,  p robab ly  u n d e r l a i n  by s e v e r a l  meters o r  more of o l d e r  
i n t e r t i d a l  d e p o s i t s .  C o n t a c t s  v a r i a b l e  i n  l o c a t i o n  w i t h  e a c h  t i d e  
as well as from s e a s o n  t o  s e a s o n  and y e a r  t o  year .  S u r f a c e  
g e n e r a l l y  smooth ,  bu t  incised o n e  t o  a few me te r s  by numerous 
c h a n n e l s  t h a t  may have  s t e e p  marg ins .  S l o p e s  o t h e r w i s e  n e a r l y  f l a t  
t o  g e n t l e ,  commonly less t h a n  o n e  p e r c e n t .  Commonly s u b d i v i d e d  
i n t o  lower  and upper zones 

D e p o s i t s  of t h e  lower i n t e r t i d a l  zone--In some p l a c e s  i n c l u d e  
d r i f t w o o d  and g r a v e l  a t  shoreward-most p a r t  of d e p o s i t  i n  a 
d i s c o n t i n u o u s  s t o r m  beach.  Reworked s e v e r a l  times d a i l y  by t i d e s ;  
cove red  by  w a t e r  a t  h i g h  t i d e ;  exposed  a t  low t i d e .  Lower boundary 
of  map u n i t  i s  c o n s i d e r e d  t o  be  a v e r y  g e n e r a l i z e d ,  a r b i t r a r y  mean 
t i d e  l i n e ;  upper  boundary may be  as much as s e v e r a l  m e t e r s  above  
mean h i g h  water l i n e  

D e p o s i t s  of t h e  upper i n t e r t i d a l  zone--Local ly  more sandy ,  g r a v e l l y ,  
and d r i f t w o o d  l a d e n  t h a n  t h e  d e p o s i t s  of  t h e  lower zone;  covered  by 
wa te r  o n l y  d u r i n g  e x c e p t i o n a l l y  h i g h  t i d e s  coupled  w i t h  ex t r eme  
s t o r m s .  C o n t a i n  same o r g a n i c  and windblown m a t e r i a l .  Surf  ace 
marked by some areas of s t a n d i n g  w a t e r .  Dra inage  v e r y  poor .  
Loca ted  c h i e f l y  i n  t h e  E a g l e  R i v e r  F l a t s ;  a l o n g  most s e a  b l u f f s  n o t  
d i f f e r e n t i a b l e  from lower  zone 

Older in ter t ida l  d e p o s i t s  (Holocene)--Chiefly s i l t  and f  i n e - g r a i n e d  
s a n d ,  well bedded and s o r t e d ;  l o c a l l y  may i n c l u d e  t h i n  beds of  p e a t  
and o t h e r  o r g a n i c  material i n c l u d i n g  d r i f t w o o d  and same windblown 
material .  More firm t h a n  t h e  modern i n t e r t i d a l  d e p o s i t s .  Not 
f l o o d e d  by p r e s e n t - d a y  h i g h  t i d e s .  T h i c k n e s s  s e v e r a l  t o  a few t e n s  
of m e t e r s .  C o n t a c t s  well d e f i n e d ,  e x c e p t  g r a d a t i o n a l  i n  p a r t  t o  
younger i n t e r t i d a l  d e p o s i t s .  Loca ted  i n  E a g l e  R i v e r  F l a t s  and  a t  
o n e  l o c a l i t y  a l o n g  c o a s t  i n  n o r t h e r n  p a r t  of  map area 

Deposits of the modern beach (latest Holocene)--Chief  ly s a n d  w i t h  some 
g r a v e l ;  l o c a l l y  d r i f twood  laden n e a r  base of  b l u f f s .  Shown ma in ly  
on f i g u r e  3. Encompass t h e  upper and lower i n t e r t i d a l  zones  
c o n t a i n i n g  similar m a t e r i a l  e x t e n d i n g  below t h e  upper beach 

Older beach deposits ( ~ 0 1 o c e n e ) - - C h i e f l y  s a n d  w i t h  some g r a v e l ;  occw 
m a i n l y  along t h e  s o u t h w e s t  marg in  of t h e  E a g l e  R ive r  F l a t s  



*bc Bootlegger Cove Formation (late P l e i s t o c e n e ) - - S i l t y  c l a y  a n d  c l a y e y  
s i l t  w i t h  m i n o r  i n t e r b e d d e d  s i l t ,  f i n e  s a n d ,  a n d  f i n e  t o  medium 
s a n d ,  and  w i t h  s c a t t e r e d  p e b b l e s  and  c o b b l e s  i n  w i d e l y  v a r y i n g  
c o n c e n t r a t i o n s .  P r o b a b l y  d e p o s i t e d  i n  a g l a c i o e s t u a r i n e  
e n v i r o n m e n t  m a i n l y  f o l l o w i n g  w i  t b d r a w a l  of D i s h n o  Pond ice and 
p r i o r  t o  and d u r i n g  a d v a n c e  o f  g l a c i e r  t o  Elmendor f  Mora ine .  
T h i c k n e s s  ranges f rom a b o u t  1  t o  more  t h a n  10 m .  Exposed i n  b l u f f s  
a l o n g  Knik A r m  a n d  E a g l e  Bay a n d  shown o n l y  o n  f i g u r e  3. 

*oe Older glacioestuarine deposits  (Pleistocene)--1nterbedded d i  ami c t b n ,  
v a r i a b l y  p e b b l y  t o  c o b b l y  s i l t y  c l a y  and  c l a y e y  s i l t ,  s i l t ,  and 
f i n e  t o  medium s a n d .  Bedding commonly c o n t o r t e d  a t  l o c a t i o n s  1 4  
and 1 5 ,  f a i r l y  e v e n  b u t  less d i s t i n c t  e l s e w h e r e .  T h i c k n e s s  
a b o u t  1 0  t o  1 4  m ,  base o f  u n i t  n o t  e x p o s e d ,  Occur i n  b l u f f s  a l o n g  
east  s i d e  of E a g l e  Bay and  shown o n l y  o n  f i g u r e  3 

* o e i  Older glacioestuarine deposits ,  samewhat indurated ( P l e i s t o c e n e ) - - W e l l  
bedded  silt  and  c l a y  t h a t  is more i n d u r a t e d  t h a n  o t h e r  e s t u a r i n e  
d e p o s i t s  and  t h a t  i s  i n t e r m i t t e n t l y  e x p o s e d  a t  l e v e l s  below mean 
sea  l e v e l  w h e r e  modern b e a c h  d e p o s i t s  h a v e  b e e n  e r o d e d  by t i d a l  
c u r r e n t s .  Bedding g e n t l y  warped i n  o n e  p l a c e .  About 6 m 
e x p o s e d .  O c c u r  i n  b l u f f s  a l o n g  east s i d e  o f  E a g l e  Bay and shown 
o n l y  o n  f i g u r e  3 

P e a t  and  Pond D e p o s i t s  

P Postgl acial peat and pond deposits (Holocene and late Pleistocene)-- 
C h i e f l y  m o s s e s ,  s e d g e s ,  and o t h e r  o r g a n i c  material i n  v a r i o u s  
s t a g e s  of d e c o m p o s i t i o n ;  i n c l u d e s  o r g a n i c - r i c h  s i l t ,  minor  woody 
h o r i z o n s ,  a n d  a  f e w  t h i n  i n t e r b e d s  o f  m a i n l y  a s h - s i z e d  t e p h r a .  A t  
s h a l l o w  d e p t h  may i n c l u d e  s i l t ,  c l a y ,  marl, o r  f i n e - g r a i n e d  s a n d ;  
a t  d e e p e r  l e v e l s  may b e  m o s t l y  s a n d y  g r a v e l .  Form b o g s ,  a c c u m u l a t e d  
m a i n l y  a t  s i tes  of s m a l l  fo rmer  l a k e s  o r  f o r m e r  stream c h a n n e l s .  
So f t  a n d  m o i s t .  T h i c k n e s s  as  much as 4 m; a d j a c e n t  mapped d e p o s i t s  
e x t e n d  b e n e a t h  t h e s e  d e p o s i t s .  C o n t a c t s  well d e f i n e d ,  Sur f  a c e  
s m o o t h ,  s l o p e s  less  t h a n  o n e  p e r c e n t .  P o o r l y  d r a i n e d .  D i s t r i b u t e d  
e x t e n s i v e l y  w i t h i n  and  n o r t h  of t h e  E lmendor f  M o r a i n e  

p i  Interglacial pond deposits ( P l e i s t o c e n e ) - - C h i e f l y  s i l t  a n d  c l a y  w i t h  
sane b e d s  of f i n e  s a n d ;  commonly i n c l u d e  i n t e r m i x e d  a n d  i n t e r b e d d e d  
o r g a n i c  mater ia l ,  A s  much as a few meters t h i c k ,  o v e r l a i n  and  
u n d e r l a i n  by g l a c i a l  d e p o s i t s .  Exposed o n l y  a l o n g  t h e  E a g l e  R i v e r  
i n  t h e  SW1/4 SE1/4 see. 9, T. 1 4  N . ,  R.  2 W .  R a d i o c a r b o n  a n a l y s e s  
o f  o r g a n i c  m a t e r i a l  i n d i c a t e s  a n  a g e  f o r  t h e s e  d e p o s i t s  beyond t h e  
range of t h e  r a d i o c a r b o n  method ( loc .  1 ,  t a b l e  1 ) 

C o l l u v i a l  D e p o s i t s  ( H o l o c e n e  a n d  1 a t e  P l e i s t o c e n e )  

cm Colluvial deposits  derived mainly f r a  moraines--Diami c t o n  simil a r  t o  
t h a t  o f  a d j a c e n t  u p s l o p e  m o r a i n e s ,  b u t  less  compac t ;  i n c l u d e s  minor  
amounts  of b e t t e r  s o r t e d  s a n d ,  s i l t ,  a n d  g r a v e l  that o c c u r  i n  
i r r e g u l a r  b e d s  a n d  t h a t  may h a v e  b e e n  d e r i v e d  $ r a n  b e t t e r - s o r t e d  
g l a c i a l  d e p o s i t s  and  moved p a r t l y  w i t h  t h e  a i d  o f  r u n n i n g  w a t e r .  
Cmmonly  a  few meters t h i c k .  C o n t a c t s  g e n e r a l l y  g r a d a t i o n a l ,  
e s p e c i a l l y  u p s l o p e .  S l o p e s  g e n e r a l 1  y  m o d e r a t e  a n d  modera t  e l  y  
s t a b l e .  O c c u r  o n l y  i n  t h e  s o u t h e a s t  c o r n e r  o f  t h e  map a r e a  



cw Col luv ia l  depos i t s  on w a l l s  of stream and sea bluffs--Loose accumu- 
l a t ions  derived from adjacent, upslope deposits t h a t  form a veneer 
on b lu f f s  following erosion. Chiefly diami cton consisting of peb- 
b l y  s i l t  and sand w i t h  some clay,  wbbles ,  boulders, and a variable 
amount of organic materi a1 . Non-bedded t o  poorly bedded; poor1 y 
sor ted .  Generally a few meters th ick ,  thinner at  t h e  upslope part ;  
usual1 y thicker downs1 ope. Contacts generally well defined. 
Slopes s teep t o  precipitous. Although s tabi l ized local ly  by 
vegetative cover, subject t o  i n s t a b i l i t y  because of renewed gul ly ,  
stream, or coastal erosion and accompanying mass-was t ing processes 

Fine-grained colluvial  deposits on walls of sea bluffs--Chiefly s i l t ,  
clay,  and fine-grained sand; non-bedded to poorly bedded; poorly 
sor ted .  Occur northeast of Eagle Bay i n  northern part of map area;  
may obscure Pleistocene Boot1 egger Cove Formation behind bluff 
face.  Thickness probably as much as a few meters. Slopes 
i r regu la r ly  moderate t o  s t eep ,  and par t icular ly  susceptible t o  
i n s t a b i l i t y  

c l Lands1 ide deposits ,  undivided--Include a w i  de variety of mat e r i  a l  s , 
chief ly  diamicton, gravelly s i l t  and sand w i t h  r e la t ive ly  minor 
amounts of clay,  and some organic material .  No individual s l i de s  
larger  than  about 0.3 km2, Include earthflow deposits too small t o  
map separately.  Nonbodded, and nonsorted t o  poorly sor ted .  
Relat ively loose. Thickness poorly known, probably several 
meters . Contacts moder ate1 y well t o  poorly defined. Topography 
i r regu la r  t o  s l i gh t l y  hummocky, slopes moderate t o  s teep.  Queried 
where iden t i ty  uncertain. Occur loca l ly  on bluffs  i n  association 
w i t h  other colluvi a1 deposits 

Anthropogeni c Deposits (1 a t  est Holocene) 

f Engineered f ill--Chief l y  compacted pebble gravel underlain by a more 
poorly sor ted  base course of sandy t o  s i l t y  gravel; in  some areas 
f i l l  may include a more heterogeneous assemblage of material .  
Mapped mainly along the Glenn Highway, the Alaska Railroad, a t  
a i r f i e l d  runways, and in  a few areas of other construction, 
Thickness one t o  several meters, thicker where roads and ra i l roads  
cross deep valleys. Contacts well defined, w i d t h  shown on map may 
be exaggerated t o  accommodate l i nea r  symbols for  the highway and 
ra i l road  

BEDROCK 

by Younger rocks (Tertiary)--Uncertain occurrence of s i l t s t o n e ,  claystone, 
and coal; probably Miocene and Oligocene Tyonek Formation. Exposed 
during reconstruction of the  Glenn Highway during the  1970s i n  
southeastern part of map area. Alternatively could represent 
incorporation of a g lacia l ly  eroded and transported mass of 
Ter t i a ry  rock i n to  the s u r f i c i a l  deposits 

bo Older rocks (Cretaceous t o  Upper Triassi c)--Possi b l  e. outcrop of rocks 
of the  Cretaceous t o  Upper Tr iass ic  McHugh Cmplex, which includes 
variably metamorphosed graywacke, a r g i l l i t e ,  phy l l i t e ,  and 
conglmerat i  c graywacke 
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