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SURFICIAL GEOLOGIC MAP OF THE 
ANCHORAGE 8-7 NE QUADRANGLE, ALASKA 

BY 
Lynn A.  Yehle and Henry R. Schmoll 

The Anchorage B-7 NE map area i s  loca ted  i n  south-centra l  Alaska about 38 
km nor theast  o f  downtown Anchorage ( f i g .  1 )  w i t h i n  the  p o l i t i c a l  j u r i s d i c t i o n s  
o f  the M u n i c i p a l i t y  of Anchorage and the Matanuska-Susitna Borough. It i s  one 
i n  a se r ies  o f  geologic maps a t  1:25,000 scale i n  t h e  v i c i n i t y  o f  Knik A r m  
(Daniels,  1981a,b; Reger, 1981a,b,c,d; Yehle and Schmoll, 1987). 

The map area inc ludes p a r t s  o f  two physiographic provinces, t he  Kenai- 
Chugach Mountains and the  Cook In le t -Sus i tna  Lowland (Wahrhaftig, 19651, which 
are subdivided i n f o r m a l l y  i n  l o c a l  usage as shown on f i g u r e  1. The Cook 
In le t -Sus i  tna  lowland inc ludes the upper end o f  Knik Arm, an extension o f  Cook 
I n l e t ,  t h a t  here contains 1 arge areas o f  ti del ands i n t e r m i t t e n t l y  exposed over 
much o f  i t s  width. 

The map area i s  dominated by the  rugged Chugach Mountains composed of 
s t r u c t u r a l l y  complex and v a r i a b l y  metamorphosed sedimentary and igneous rocks 
as w e l l  as an area of u l  t r ama f i c  rocks (Rose, 1966; Clark and Bartsch, 1971; 
R.G. Updike and C.A. Ulery, Alaska D i v i s i o n  of Geological and Geophysical 
Surveys, w r i t t e n  communs., 1986, 1987; G.R. Winkler, w r i t t e n  commun., 1986). 
Mount Eklutna, 1,239 m, dominates the  south-central  p a r t  o f  the map area; 
o ther  mountain peaks are  progress ive ly  h igher  t o  the  southeast where two reach 
a1 t i t u d e s  over 1,300 m. Three major subpara l le l  va l leys ,  those o f  the Eklutna 
R iver ,  Thunder B i r d  Creek, and Peters Creek, as we1 1 as the va l l ey  o f  a major 
t r i b u t a r y  o f  Peters Creek, Four M i l e  Creek, t ransec t  the  mountains i n  a 
genera l l y  southeast t o  northwest d i rec t i on .  The va l l eys  are c u t  as much as 
700 m below the  mountain c res ts .  The Chugach Mountains are  bordered on the  
northwest by the  Anchorage lowland t o  which they descend i n  a very steep t o  
p r e c i p i t o u s  f r o n t ;  f l o o r s  o f  the major mountain va l l eys  are hanging w i t h  
respect  t o  the  lowland, l y i n g  a few hundred meters above the general a1 ti tude 
of t he  lowland. 

The Anchorage lowland (Schmoll and others, 1984), an in formal  subuni t  o f  
t he  Cook In le t -Sus i tna  Lowland, i s  character ized mainly by low- t o  moderate- 
r e l i e f  h i l l s  o f  g l a c i a l  d r i f t ,  some o f  which are  cored by bedrock. The broad, 
gen t l y  s lop ing  a l l u v i a l  fan  a t  the mouth o f  the  Eklutna River  t ransects the  
area o f  g l a c i a l  d r i f t  and extends i n t o  Knik Arm. Southwest o f  t h i s  fan the 
ou ter  margin of the  Anchorage lowland i s  marked by c l i f f s  t h a t  r i s e  about 40 m 
above the  mean l e v e l  o f  Knik Arm. Northeast o f  t he  fan  t t ie Chugach Mountains 
f r o n t  d i r e c t l y  onto the Eklutna F la t s ,  an area o f  t i d a l  estuary deposits t h a t  
border Knik Arm. 

The nor thern  p a r t  o f  the  map area cons is ts  o f  a complex o f  es tuar ine  
features t h a t  are a product  o f  the major hydrographic element o f  the area, 
Knik Arm, and o f  the  Knik and Matanuska R ivers  which d ra in  i n t o  i t  a t  i t s  
poo r l y  de f ined head. Knik A r m  i s  an estuary t h a t  i s  f looded tw ice  d a i l y  by 
b rack i sh  water t h a t  f lows i n  and out  from Cook I n l e t .  Iflean t i d a l  range a t  
Anchorage ( the  closest t i d a l  s t a t i o n )  i s  7.9 m wh i le  the  d i f f e rence  betweeri 
mean h igher  h igh  water and extreme low water approximates 10.8 m (U.S. 
Nat ional  Ocean Survey, 1982). Where the  arm and r i v e r s  merge, the complex 
i n t e r p l a y  between t h e  f l o o d  and ebb o f  t i d e  water and seasonally va r i ab le  
r i v e r  discharge r e s u l t s  i n  subs tant ia l  v a r i a t i o n  i n  s ize  o f  the numerous 
i s l ands  on a d a i l y  basis.  



Figure  1.--Location of quadrangle with respect to major geographic features.  
Double-weight dashed l ine indicates boundary between d j o r  physiographic 
provinces of Wahrhaftig ( 1  965) ; sing1 e-weight dashed 1 ine separates physio- 
graphic subprovinces of local,  informal usage. 



Principal streams w i t h i n  the  map area include the  Eklutna River, Thunder 
Bi rd  Creek, and Peters Creek, a l l  of which head i n  the Chugach Mountains where 
they emerge.from one o r  more glaciers  southeast of the map area.  The streams 
are  deeply entrenched where they descend the mountain f ront .  A t  the base of 
the mountain f ront  Thunder Bird Creek flows i n to  Eklutna River which then 
crosses the Anchorage 1 owl and close t o  i ts  northeastern l im i t  and empties i n to  
Knik  A r m  near the  southern s ide  of i t s  large a l luv ia l  fan. Peters Creek flows 
across the 1 owl and just west of the map area. 

SURFICIAL DEPOSITS 

Surf ic ia l  deposits w i t h i n  the  map area consis t  of g lacia l  d r i f t  (moraine, 
gl acioal 1 u v i  a1 , and gl ac iolacust r i  ne deposits)  t h a t  i s  en t i  re ly  Pl e i  stocene i n 
age and col luvia l ,  i n t e r t i da l  (es tuar ine) ,  a l l uv i a l ,  and minor bog and lake 
deposits  t h a t  are  mainly Holocene i n  age b u t  some of which may include 
deposits of Pleistocene age as we1 1. A ubiquitous mantle of organic soi l  and 
windblown materials ,  including minor amounts of tephra, forms a t h i n  cover 
over a l l  b u t  the most recent or s t i l l  act ively accumulating deposits. This 
mantle has not been mapped separately. 

Several g lacia l  advances and subsequent r e t r e a t s  have successively 
modified the t e r ra in  i n  the  area. Older g lac ie r s  probably had complex source 
areas t o  the  north and e a s t  and extended well south and west of the map area 
(Schmoll and Yehle, 19861, b u t  only fragmentary deposits from these events 
remain. Glaciers of the l a s t  re la t ively  widespread advance developed to  the 
northeast of the map area; they mostly f i l l e d  the K n i k  and Matanuska valleys,  
coalesced, and flowed westward and southwestward, spreading onto the  Anchorage 
lowland almost as f a r  as downtown Anchorage t o  form the Elmendorf Moraine 
(Mil ler  and Dobrovolny, 1959). The downstream ends of major valleys of the 
Chugach Mountains i n  the map area were f ree  of ice  a t  t h i s  time and were 
blocked by the glacier  covering the lowland. Local lakes thus formed i n  each 
of these valleys and probably broke out a t  times from the confines of t h e i r  
g lacier- ice  or  moraine bar r ie r s  t o  form some of the kames and the  l a t e r  
channeled deposits southwest of the valley mouths. (Similar  re1 a t i  onships 
between major g lac ie r s  and glacier- f ree  t r ibutary  valleys are  well described 
by Sturm and Benson, 1985, and by Booth, 1986). Just prior  t o  the l a s t  
g lacia l  advance i n to  the area, and probably a t  e a r l i e r  times a s  well, 
glacioestuarine deposits occupied a t  l e a s t  t ha t  par t  of the Anchorage low1 and 
within the map area t ha t  i s  c loses t  t o  K n i k  Arm; the l a t e  Pleistocene 
Bootlegger Cove Formation (Mil l e r  and Dobrovol ny, 1959; Updi ke and others, 
19821, o r  a s imilar  b u t  older deposit,  i s  probably present beneath some of the 
glacial  deposits t ha t  occur a t  the surface. 

Beginning about 12,000 y r  ago, cl imatic warming resulted in  the f inal  
stagnation and r e t r e a t  of g lac ie r  ice  tha t  ended glacier  domination of the map 
area. During the Holocene, estuarine,  a1 luvi a1 , erosional ,  coll  uvial , and 
eol ian processes have prevailed. These processes have resul ted i n :  (1) 
widespread deposits of es tuar i  ne and a1 1 u v i  a1 or igin ,  ( 2  ) 1 ocal ly  steep slopes 
along streams and along Knik  A r m ,  ( 3 )  extensive colluvial  deposits t h a t  
include a variety o f  massive landslides,  especial ly on mountain slopes, and 
(4 )  the ubiquitous eolian mantle. 



GLACIAL DEPOSITS 

G lac ia l  depos i ts  a re  l o c a t e d  ma in ly  i n  t h e  areas o f  t he  Anchorage low land  
and t h e  p r i n c i p a l  mountain v a l l e y s  and occur, i n  o rde r  o f  abundance, as 
depos i ts  o f  (1) moraines and kames, ( 2 )  mel twater  p l a i n s  and channels, and ( 3 )  
g l a c i a l  lakes. Many o f  t h e  r e s u l t i n g  landforms are  a l i g n e d  p a r a l l e l  t o  t h e  
southwestward d i r e c t i o n  o f  g l a c i e r  f l ow .  Moraine and kame depos i ts  range f r om 
d i  amicton and poo r l y  so r t ed  s i l t y  and sandy g rave l  ( t i  11 ) , t o  gravel  and sand, 
and t o  l e s s e r  amounts o f  s i l t  and c lay .  G1ac ioa l l uv i a l  depos i t s  c o n s i s t  
c h i e f l y  of g rave l  and sand. Some channels t h a t  c a r r i e d  g l a c i a l  me1 twa te r  no 
longer  c o n t a i n  even minor streams, and instead,  c o n t a i n  o rgan i c  depos i t s  t h a t  
grade l a t e r a l l y  i n t o ,  b u t  may be s u b s t a n t i a l l y  t h i c k e r  than, t he  o rgan ic  and 
eo l  i a n  mantle. Deposi ts  o f  l o c a l  g l  acier-damned 1 akes are preserved ma in ly  
a long  t he  s ides o f  t h e  p r i n c i p a l  va l l eys .  Comparable depos i ts  i n  sma l l e r  
v a l l e y s  formed i n  sma l l e r  lakes  and ( o r )  accumulated s u b a e r i a l l y  a g a i n s t  
b lockad ing  g l a c i e r  i c e  and a r e  here c a l l e d  kame-fan depos i ts .  Both 
g l a c i o l a c u s t r i  ne and kame-fan depos i ts  are v a r i e d  i n  charac te r ,  r ang ing  f r om 
s i l t  and c l a y  t o  sand, g rave l ,  and d iamicton.  

The g l a c i a l  depos i t s  a r e  i d e n t i f i e d  by t o  t he  p r i n c i p a l  named l a t e r a l  and 
end moraines w i t h  which they a re  c o r r e l a t e d ,  as discussed by Schmoll and Yehle 
(1986). The l a t e r a l  moraines t h a t  a re  most con t inuous ly  preserved along t h e  
f l a n k  o f  t h e  Chugach Mountains descend southwestward i n  t h e  map area from 
about 400 m t o  300 m i n  a1 t i t u d e .  These moraines and t he  ground moraine t h a t  
covers most o f  t h e  lowland a re  d i r e c t l y  t r aceab le  t o  t he  massive Elmendorf 
Moraine near Anchorage ( M i l l e r  and Dobrovolny, 1959, p. 59). O lder  g l a c i a l  
depos i t s  occur l o c a l l y  a t  h i ghe r  a l t i t u d e s  a long  t h e  mountain f r o n t  and 
bo rde r i ng  the mountain v a l l e y s  and a re  re1 a ted  w i t h  va ry i ng  degrees o f  
conf idence t o  t h e  success ive ly  o l d e r  Dishno Pond, F o r t  Richardson, and Rabb i t  
Creek moraines, which have i n fo rma l  type l o c a l i t i e s  about 30-40 km t o  t h e  
southwest a long  t h e  Chugach Mountain f r o n t .  Depos i ts  o f  t h e  nex t  o l d e r  Sk i  
Bowl moraine have n o t  been i d e n t i f i e d  w i t h i n  the  map area. A small pa tch  o f  
d r i f t  and s c a t t e r e d  e r r a t i c s ,  some s t r i a t e d ,  on a p laned bedrock sur face  a t  
about 950 m i n  a l t i t u d e  west-northwest o f  Mount Ek lu tna  a r e  t he  h i ghes t  known 
evidence f o r  g l a c i a t i o n  w i t h i n  t h e  map area. These depos i t s  a r e  c o r r e l a t e d  
w i t h  the  Mount Magn i f i cen t  ground moraine t h a t  occurs a t  a s i m i l a r  a1 t i t u d e  
about 10 km t o  t h e  southwest. 

I n t e r m i t t e n t l y  exposed a long  t h e  i n n e r  v a l l e y  w a l l s  o f  Ek lu tna  v a l l e y  a r e  
g l a c i a l  depos i ts  ma in ly  o f  outwash, d e l t a i c ,  and ( o r )  g l a c i o l a c u s t r i n e  o r i g i  n, 
t h a t  a re  here i n fo rma l  l y  c a l l  ed Ekl  u tna  deposi ts .  The somewhat o x i d i z e d  and 
compacted na tu re  o f  t h e  depos i ts  suggest t h a t  they  may be o l d e r  than most o r  
a l l  of the  mapped moraines, bu t ,  as discussed b r i e f l y  by Schmoll and Yehle 
(1986), t h e i r  age r e l a t i o n s h i p  t o  named l a t e r a l  moraines o r  t o  t h e  Mount 
Magn i f i cen t  ground morai ne cannot be demonstrated. The Ek l  u t n a  depos i ts  
served as the p r i n c i p a l  t ype  depos i t s  on which the  concept o f  t h e  Ek lu tna  
g l  a c i  a t i o n  of K a r l  s t rom (1964) was based. 



COLLUVIAL DEPOSITS 

Flanks o f  t h e  mountains e x h i b i t  domi nan t l y  c o l l  u v i  a1 depos i ts  o f  va r ious  
mass-wasti ng o r i g i n s  admixed w i t h  (1) g l a c i a l  deposi ts ,  ( 2 )  m i  no r  a1 1  uvium, 
( 3 )  windblown depos i ts ,  (4 )  o rgan i c  s o i l s ,  and (5)  f r o s t - r i v e n  bedrock, and 
can be de r i ved  e i t h e r  d i r e c t l y  f rom bedrock, from o the r  s u r f i c i a l  depos i ts ,  o r  
from a combinat ion o f  these. C o l l u v i a l  deposi ts ,  as t h a t  term i s  used here, 
a re  those depos i t s  t h a t  occur  on a  slope and t h a t  have accumulated p r i m a r i l y  
through t h e  a c t i o n  of g r a v i t y  and secondar i ly  w i t h  t h e  a i d  o f  runn ing  water. 
They i n c l u d e  depos i t s  t h a t  have moved en masse, bo th  r a p i d l y  (such as deb r i s  
avalanches) and s l o w l y  (such as creep),  as we l l  as depos i t s  t h a t  have 
accumulated p a r t i c l e  by p a r t i c l e  over  a  l ong  pe r i od  o f  t ime. The former 
depos i t s  commonly occur  i n  i r r e g u l a r l y  lumpy t o  humnocky topography, whereas 
t h e  l a t t e r  occur on smooth, concave-upward slopes. 

Lands1 i d e  depos i t s  a re  t h e  most impor tan t  among t h e  co l  1 u v i a l  depos i ts  ; 
t h e y  vary  f rom i n d i v i d u a l  e a r t h f l o w s  and slumps i n  s u r f i c i a l  depos i t s  and ( o r )  
bedrock t o  huge r e t r o g r e s s i v e  b lock  f a i l u r e s  i n  bedrock; o f  t h e  var ious  types 
o f  l a n d s l i d e s  present,  o n l y  ea r t h f l ows  l a r g e r  than about 100 m i n  l e n y t h  a re  
mapped separate ly .  Many o f  t h e  1  ands l ides can be p o s i t i v e l y  i d e n t i f i e d  on t h e  
bas is  o f  a i  rpho to  i n t e r p r e t a t i o n  o f  sur face morphol ogy; others,  however, are 
sub jec t  t o  va ry i ng  degrees o f  unce r ta i n t y  no t  on ly  as t o  mode and amount of 
f a i l u r e ,  b u t  a l s o  as t o  whether they a re  landsl ide-caused a t  a l l ;  such 
depos i t s  a re  que r i ed  on t h e  map. De ta i l ed  i n v e s t i g a t i o n  may suggest a1 t e r n a t e  
i n t e r p r e t a t i o n s  f o r  these fea tu res ,  and some o f  them thus migh t  become pseudo- 
1  andsl i des  (Shlemon and Davis, 1986). 

Lands l i d i ng  i n  t h e  area i s  f a c i l i t a t e d  by (1) t h e  s t r u c t u r a l  complex i ty  
and h i g h l y  f r a c t u r e d  o r  sheared na tu re  o f  t h e  rock; (2)  steepness o f  slopes, 
caused i n  p a r t  by g l a c i a l  eros ion;  and (3) s lope o r i e n t a t i o n .  Landsl ides 
occur p rominen t l y  on n o r t h e a s t - f a c i  ng mountain s l  opes. 

Rock g l  ac i  e r s  and t h e i  r depos i t s  are t r a n s i t i o n a l  1  andf orms t h a t  have 
c h a r a c t e r i s t i c s  of bo th  mass-wasti ng depos i ts  and g l a c i e r s .  An at tempt  has 
been made t o  d i f f e r e n t i a t e  a c t i v e  rocks g l ac i e r s ,  those s t i l l  i n  t h e  t r a n s p o r t  
mode, frm t h e  depos i t s  o f  those probably no longer  moving. Both forms occur 
i n  t h e  southeastern p a r t  o f  t h e  map area. 

Large areas of mountain s l  ope are covered by und i f f e ren t i a ted  c o l l  u v i  urn 
as w e l l  as by c o l l u v i u m  thought  t o  con ta in  a  l a r g e  component o f  g l a c i a l  
depos i ts ;  t h e  mixed depos i t s  u s u a l l y  l i e  on lower  s lopes t han  t he  
u n d i f f e r e n t i a t e d  depos i t s  and l o c a l l y  occur i n  assoc ia t i  on w i t h  separa te ly  
mapped remnants o f  1  a t e r a l  moraines. Talus and so l  i f l u c t i o n  deposi ts ,  as we l l  
as co l l uv i um t h a t  i s  mixed w i t h  a1 luviurn, occupy sma l le r  areas. 

The steep w a l l s  o f  v a l l e y s  and sea b lu f f s  i nc i sed  i n t o  s u r f i c i a l  depos i ts  
a re  p a r t i c u l a r l y  s u b j e c t  t o  i n s t a b i l i t y  and renewed eros ion ,  and a re  ma in ly  
veneered by a  downs1 ope- th i  ckeni  ng wedge o f  c o l l  u v i  um de r i ved  ma in ly  from 
paren t  m a t e r i a l  on which t h e  w a l l  i s  developed when i t  was l a s t  sub jec t  t o  
major  eros ion.  Such e ros ion  i s  l i k e l y  t o  occur again a t  any p o i n t  along t h e  
w a l l  when t h e  stream o r  t h e  sea renews i t s  a t tack ,  removes t h e  c o l l  uvium, and 
a d d i t i o n a l l y  erodes t h e  pa ren t  mate r ia l .  Val1 ey-wal l  c o l l  uv i  urn i s  bes t  
developed where t h e  major  streams have cu t  i n t o  re1 a t i v e l y  s o f t ,  p o t e n t i a l  l y  
uns tab le  g l  a c i o l  a c u s t r i  ne depos i ts .  Here, b l u f f s  about 100 m h igh  are common; 
e l  sewhere v a l  1 ey-wal 1  co l  1  u v i  urn forms 1  ong , narrow be1 t s  on t e r r a c e  and 
channel escarpments and on sea b l u f f s .  



A spec ia l  t ype  o f  g r a v i t a t i o n a l  s lope process t h a t  occurs on some steep 
mountain s lopes b u t  t h a t  does not  g i ve  r i s e  d i r e c t l y  t o  co l l uv i um i s  i n f e r r e d  
from smal l ,  narrow, bedrock- f lanked trenches i n t e r p r e t e d  as sackung 
features.  The t renches  occur along o r  j u s t  downslope from and subpa ra l l e l  t o  
t h e  c r e s t s  o f  a few h i g h  mountain r idges  and are i n t e r p r e t e d  t o  have formed by 
g r a v i t a t i o n a l  spreading o f  a  r i d g e  by gradual displacement along a se r i es  o f  
d isconnected planes o r  by deep-seated p l a s t i c  deformat ion o f  t h e  rock mass 
w i t h o u t  f o rma t i on  o f  a  through-goi  ng s l i d e  p lane ( Z i  sch i  nsky, 1966, 1969; 
Radbruch-Hall , 1978). The process poss ib l y  was i n i t i a t e d  a f t e r  g l  a c i e r s  
r e t r e a t e d  f rom t h e  ad jacent  v a l l e y ,  1  eav i  ng oversteepened v a l l  ey w a l l  s 
unsupported; earthquake shaking and t e c t o n i c  o r  g l  a c i  o - i  s o s t a t i  c  up1 i f t  may 
have enhanced o r  acce le ra ted  development o f  t h e  sackung features.  They are 
w e l l  e x h i b i t e d  i n  t h e  nor theas te rn  p a r t  o f  t h e  map area. S i m i l a r  bu t  more 
e x t e n s i v e l y  developed f ea tu res  have been noted on h i g h  a1 t i t u d e  mountain 
s lopes eas t  o f  t h e  map area (Schmoll and Dobrovolny, unpubl ished mappiny). 
Specia l  l i n e a t i o n s  mapped by Updike and Ulery  (1983) may a l s o  be sackung 
features.  Prominent sackung t renches a re  shown on t h e  map by 1 i n e  symbol. 

INTERTIDAL DEPOSITS 

Large areas border ing  Kni k  A r m  are occupied e n t i  r e l y  by e i t h e r  present-  
day i n t e r t i d a l  depos i t s  o r  o l d e r  i n t e r t i d a l  depos i ts  which now l i e  above 
p resen t  t i d a l  range. The modern i n t e r t i d a l  depos i ts  a re  d i v i d e d  i n t o  upper 
and lower  zones, f o l l o w i n g  t h e  usage o f  Ovenshine and o the rs  (1976) and 
Bar tsch-Wink ler  (1982). A l l  o f  t h e  i n t e r t i d a l  depos i ts  c o n s i s t  mos t l y  o f  a 
m ix tu re  o f  s i l t  and medium- t o  f i ne -g ra ined  sand; coarser  depos i ts  occur near 
major  channels, and a re  coarsest  a t  t he  p o o r l y  de f ined  head of Knik Arm i n  t h e  
zone o f  t r a n s i t i o n  from e s t u a r i n e  t o  d e l t a i c  and then  t o  a l l u v i a l  
sed imenta t ion  which occurs about 8.8 km up Knik R i ve r  f rom the  Glenn Highway 
b r i dge  (Bradley and others ,  1972). Such coarse depos i ts  are known t o  occur a t  
depth near t h e  b r i d g e  (Updike, 1984). The f i nes t -g ra i ned  depos i ts  occur on 
r e l a t i v e l y  h i ghe r  i n t e r t i d a l  sur faces away from major channels. The f ineness 
o f  these depos i t s  may have r e s u l t e d  i n  p a r t  from s e i s m i c a l l y  caused subsidence 
such as t h e  0.6 m repor ted  by P l a f k e r  (1969, f i g .  3 )  t o  have occurred i n  t h e  
map area d u r i n g  t h e  1964 Alaska earthquake. 

The boundary between l and  and water i s  c o n t i n u a l l y  chanyiny because of  
t h e  g rea t  t i d a l  range i n  upper Cook I n l e t ,  and thus d i f f i c u l t  t o  de l inea te .  
I n  e f f e c t ,  t h e  lower  i n t e r t i d a l  depos i ts  mark a broad area w i t h i n  which t h e  
1 and-water i n t e r f a c e  s h i f t s  cont inuously .  Compl i c a t i n g  t h e  p o r t r a y a l  o f  t h e  
land-water i n t e r f a c e  on t h e  topographic  base map i s  t h a t  i t  was prepared us ing  
severa l  d i f f e r e n t  s e r i e s  o f  a i r pho tos  taken a t  severa l  d i f f e r e n t  t i d e -  and 
r i v e r - l e v e l  stages i n  1972 and 1973. These var ious stages were not ad jus ted  
a l t i t u d i n a l l y  t o  a un i f o rm  stage l e v e l .  As a r e s u l t ,  and t o  a t tempt  t o  
p o r t r a y  i s l a n d s  and t h e i r  depos i ts  as accura te ly  as poss ib l e  on t h e  geo log ic  
map, severa l  a d d i t i o n a l  maps and cha r t s  were examined and i n t e r p r e t e d  (U.S. 
Geolog ica l  Survey, 1960; U.S. Nat ional  Ocean Survey, 1976, 1977, 1982). The 
water- land con tac t  t h a t  was se lec ted  i s  an approximat ion o f  a  mean t i d e  l i n e ,  
and i t  must be understood t h a t  i t  does not represent a  f i x e d  p o s i t i o n  bu t  
r a t h e r  one t h a t  occurs on l y  a t  t imes o f  m id - t i de  cond i t i ons .  



OTHER DEPOSITS 

Other s u r f i c i a l  depos i t s  mapped i n c l u d e  a1 l u v i a l  deposi ts ,  peat, bog, 
pond, and l a k e  deposi ts ,  and anthropogeni c deposi ts.  A1 1 u v i  um i s  r e s t r i c t e d  
ma in l y  t o  narrow zones i n  t h e  bottoms o f  mountain v a l l e y s  except  f o r  t h e  l a r g e  
a l l u v i a l  f a n  a t  t h e  mouth o f  t h e  Ek lu tna  River. Most of t h e  a l l u v i u m  c o n s i s t s  
o f  sand and gravel .  Lacus t r i ne  and bog depos i ts  occur  o n l y  very  l o c a l l y ,  and 
range f rom sand and s i l t  w i t h  some grave l  around M i r r o r  Lake t o  dominant ly  
peat  i n  a  few bogs. Engineered f i l l  i s  mappable a t  t h e  1:25,000 map s c a l e  
o n l y  a1 ong t h e  Glenn Highway and t h e  A1 aska Rai 1  road, b u t  o the r  areas i n  which 
n a t u r a l  l y  o c c u r r i  ng s u r f i  c i a 1  depos i t s  have been ex tens i  ve l y  reworked by human 
a c t i v i t y ,  such as g rave l  p i t s  and rock quar r ies ,  a r e  i nc l uded  i n  t h e  same map 
u n i t .  

HISTORY OF INVESTIGATIONS 

The s u r f i c i a l  geology i n i t i a l l y  was mapped a t  1:63,360 sca le  by H.R. 
Schmoll and Ernest  Dobrovolny between 1965 and 1971, by i n t e r p r e t a t i o n  of 
1:40,000-scale a i  rpho tos  taken  i n  1957 and by f i e l d  i n v e s t i g a t i o n s .  
A d d i t i o n a l  f i e l d  i n v e s t i g a t i o n s  were undertaken by H. R. Schmoll i n  1973, 1975, 
and 1976. Mapping subsequent ly was en1 arged t o  1:25,000 sca le  by L.A. Yehl e  
and H.R. Schmoll i n  1986 and 1987 w i t h  a d d i t i o n a l  d e t a i l  de r i ved  from 
i n t e r p r e t a t i o n  o f  1:24,000-scale a i r pho tos  taken i n  1972 and 1973 augmented by 
f i e l d  i n v e s t i g a t i o n s  i n  1986 and 1987. Ea r l y  ve rs ions  o f  s u r f i c i a l  geo log ic  
maps o f  t h e  area were presented by Zenone and o the rs  (1974) as de r i ved  from 
Schmoll and o the rs  (1971), and by B rune t t  and Lee (1983) as de r i ved  from 
Schmoll and Emanuel (1983). A d d i t i o n a l  s u r f i c i  a1 geo log ic  data a r e  from 
Dan ie ls  (1981a). Bedrock da ta  a re  mod i f i ed  from Clark  and Bar tsch (1971), 
Schmoll and o the rs  (1971), and R.G. Updike and C.A. Ulery ,  Alaska D i v i s i o n  of 
Geol og i  c a l  and Geophysical Surveys ( w r i t t e n  communs., 1986 and 1987). 

DESCRIPTION OF MAP UNITS 

[The map ( p l a t e  lA, i n  pocke t )  d e l i n e a t e s  depos i ts  es t imated  t o  be 1 m o r  more 
i n  th ickness.  Est imates a r e  based p r i m a r i  l y  on f i e l d  observat ions. Gra in  
s i z e s  o f  unconsol idated p a r t i c l e s  f o l l  ow t h e  c l a s s i f i c a t i o n  o f  t h e  American 
Geolog ica l  I n s t i t u t e  (1958). Slope categor ies,  f rom Schmoll and Dobrovol ny 
(1972), a re  i l l u s t r a t e d  i n  f i g u r e  2, and a re  genera l i zed  est imates de r i ved  
ma in ly  f rom t h e  s lope  map i n  Zenone and o the rs  (1974, p. 2 and f i g .  3). 
Standard age des igna t i ons  a r e  o m i t t e d  f rom map symbols because a l l  u n i t s  
except bedrock a re  e n t i r e l y  o f  Quaternary age. C o r r e l a t i o n  of map u n i t s  i s  
shown on p l a t e  1B ( i n  pocke t )  J 

SURFICIAL DEPOSITS 

Moraine Deposi ts  

Subdivided accord ing  t o  t h e  i n d i v i d u a l l y  named moraines as discussed i n  
t h e  t e x t ,  and accord ing  t o  t y p e  o f  moraine, l a t e r a l  moraines and var ious  k i nds  
of ground moraine. L a t e r a l  moraines occur as remnants a long t h e  Chugach 
Mountain f r o n t ,  whereas ground moraine occupies much o f  t h e  Anchorage 1 owl and 
and p a r t s  o f  major  t r i b u t a r y  va l l eys .  The t i l l  t h a t  composes most moraine 
depos i t s  i s  c h i e f l y  a  d iamic ton  c o n s i s t i n g  o f  massive, unsor ted t o  p o o r l y  
s o r t e d  m ix tu res  o f  gravel ,  sand, s i l t ,  and r e l a t i v e l y  minor  amounts o f  c lay ;  
i nc l udes  s c a t t e r e d  l a r g e  boulders ;  i t  i s  gene ra l l y  moderately t o  w e l l  
compacted. 



Diagrammatic representation of slope-measuring terms 
Slope in perccnt = v/h X 100 
SIopc angle in degrees = a' 
Slopc ratio = h:v (11 to v) whcrc v is equal to I unit of mcastlrcmcnt 

~ i g u r e  2.--~iagram i l lustrat ing slope categories used on this  map (after SchmoJl 
and Dobrovol ny, 1972).  

I 

5 perccnt 

1 

1 

2.2 4 6.7 20 



Latera l -mora i  ne d e p o s i t s  

fml 

r m  1  

Deposi ts  o f  t h e  E l  mendorf Moraine ( 1  a t e  Pl e i  stocene)--Thi  ckness 
p o o r l y  known, bu t  probably  severa l  t o  about t e n  meters; i n  
p laces  bedrock may occur a t  re1 a t i  v e l y  shal low depth. Contacts 
w i t h  c o l l  uv i  um g e n e r a l l y  g rada t i ona l  , o the r  con tac t s  more 
sha rp l y  def ined.  Topoyraphy moderately i r r e y u l  a r ;  s lopes gent1 e 
t o  moderate on smal l  areas on r i d g e  tops, steep on r i d g e  
sides. Re1 a t i v e l y  more s t a b l e  than  o the r  depos i ts  on mountain 
s lopes except f o r  bedrock; some i n s t a b i l i t y  1  i k e l y  on s teeper  
s lopes. Occur as remnants o f  narrow r idges  on t h e  lower  f lanks  
o f  and ad jacent  t o  t h e  Chugach Mountains 

Deposi ts  o f  t h e  Di shno Pond moraines ( ~ 1 e i s t o c e n e ) - - T h i  ckness 
poo r l y  known, probably  a t  1  east several  meters. Contacts f a i  r l y  
we1 1 defined. Topography moderately i r r e g u l a r ;  s lopes general l y  
moderate. Occur o n l y  on t h e  no r th  s i de  o f  Ek lu tna  v a l l e y  a t  t h e  
Chugach Mountain f r o n t  ; c o r r e l  a t i  on o f  t h i  s  1  a t e r a l  -morai ne 
remnant w i t h  t ype  Dishno Pond moraines i s  uncer ta in ,  based o n l y  
on i t s  p o s i t i o n  r e l a t i v e  t o  o ther  l a t e r a l  moraines nearby 

Deposi ts o f  t h e  F o r t  Richardson moraines (P le is tocene)- -Thickness 
p o o r l y  known, p robab ly  severa l  meters. Contacts g rada t iona l .  
Topography moderate ly  i r r e g u l  ar; s l  opes moderate t o  steep. 
Some i n s t a b i l  i t y  1 i k e l y  because o f  l o c a t i o n  on co l  l u v i a t e d  
v a l l e y  w a l l s  o f  Eklutna, Peters, and Four M i l e  v a l l e y s  

Deposi ts  o f  t h e  Rabbi t  Creek moraines (P le is tocene)- -Probably  more 
compacted and o x i d i z e d  than  o ther  1  a t e r a l  -morai ne deposi ts .  
Thickness p o o r l y  known, p robab ly  severa l  meters. Contacts 
g rada t i ona l  . Topography moderately i r regu l  ar, s lopes general l y  
moderate. Occur o n l y  i n  t h e  upper p a r t  o f  a  southern t r i b u t a r y  
t o  Thunder Bi  r d  v a l l  ey 

Ground-morai ne deposits 
emg Deposi ts  of t h e  Elmendorf Moraine ( l a t e  P l e i s t o c e n e ) - - T i l l  may be 

a p o o r l y  so r t ed  s i l t y  sandy g rave l  i n  places; may i n c l u d e  
d iscon t inuous  beds o f  b e t t e r  so r t ed  g rave l  and sand, Thickness 
severa l  t o  a  few tens  o f  meters, commonly o v e r l y i n y  o l d e r  
g l a c i a l  deposi ts .  Contacts general l y  we1 1 defined, g rada t iona l  
w i t h  c o l l  uvium and bedrock. Topography smooth, s lopes gene ra l l y  
moderately g e n t l e  t o  g e n t l e  

Deposi ts of t he  F o r t  Richardson moraines   lei stocene)--Thickness 
p o o r l y  known, p robab ly  severa l  meters. Contacts gene ra l l y  
g rada t iona l .  Topography smooth t o  somewhat i r regu la r ,  s lopes 
g e n t l e  t o  moderate. Occur ma in l y  i n  Ekl  u tna v a l l e y  

Deposi ts  o f  t h e  Mount Magni f i c e n t  ground morai ne--Rest r i c t e d  
ma in l y  t o  c e n t r a l  p a r t  o f  mapped area. I n  much o f  area, bedrock 
i s  e i t h e r  veneered by loose  rubb le  w i t h  some g l a c i a l  e r r a t i c s  
rang ing  i n  s i z e  from pebbles t o  boulders,  o r  i s  we1 1-exposed. 
The g l  a c i  a1 l y - p l  aned bedrock havi  ng smooth sur face  and roche- 
moutonge form; between these forms smal l  patches o f  y l  a c i  a1 
d i am ic ton  ( t i l l )  may veneer bedrock. Occurs west o f  Mount 
Ek lu tna  on a g e n t l y  s l o p i n g  mountaintop sur face  o f  low r e l i e f  
ad jacen t  t o  t h e  mountain f r o n t  a t  an average a l t i t u d e  o f  about 
950 m 



emb 

fmb 

emk 

fmk 

Ground-moraine d e p o s i t s  tha t  may t h i n l y  cover bedrock--Si mi 1 a r  t o  
ground moraine b u t  may be on ly  one t o  a few meters t h i c k .  
Bedrock may be exposed l o c a l l y  

Deposi ts  o f  t h e  Elmendorf Moraine ( l a t e  P le is tocene)- -Occur  ma in ly  
near t h e  mouth o f  Ek lu tna  v a l l e y  

Deposi ts  o f  t he  F o r t  Richardson moraines (P le is tocene)- -Occur  near 
t h e  mouth o f  Peters  Creek v a l l e y  

Ground-morai ne and kame depos i ts - -S im i l  a r  t o  depos i ts  o f  y round 
moraine but  may inc lude gravel  and sand i n  l a rge  p a r t  o r  l o c a l l y  
i n  areas t o o  smal l  t o  map separa te ly  a t  1:25,000 sca le  

Deposi ts  o f  t h e  Elmendorf Moraine ( 1  a te  P l  e i  stocene)--Occur i n  t h e  
Anchorage lowland b o t h  n o r t h  and south o f  t h e  Ek lu tna  R i v e r  

Deposi ts  o f  t h e  F o r t  Richardson moraines (P l  e i  stocene)--Occur i n  
Ek l  u tna va l  1 ey 

G l  ac i oa l  l u v i a l  and G l  a c i o l a c u s t r i n e  Deposi ts  

Subdivided i n t o  (1) kame, kame-terrace, outwash-pl a i  n, te r race ,  and 
meltwater-channel depos i t s  t h a t  a re  g l a c i o a l  l u v i a l  i n  o r i  g i n  and t h a t  c o n s i s t  
dominant ly  o f  g rave l  and sand, ( 2 )  kame-fan and g l a c i a l - l a k e  d e l t a  depos i t s  
t h a t  a re  t r a n s i t i o n a l  between g l  ac i oa l  1 u v i a l  and g l a c i o l  acust r i n e  i n  o r i g i n  
and t h a t  i n c l u d e  a v a r i e t y  o f  coarse, f i n e ,  and mixed-size ma te r i a l s ,  and ( 3 )  
g l a c i o l  a c u s t r i n e  depos i t s  t h a t  a re  dominant ly  f i  ne-grained w i t h  v a r i a b l y  
admi xed we1 1 t o  p o o r l y  so r t ed  coarser  mater i  a1 s. 

e k l  

e k t  

Kame deposits o f  the E laendor f  l b r a i  ne  (1 ate PI  e i  stocene)--Chi e f  1 y 
pebble and cobble gravel  and sand, moderately t o  w e l l  bedded and 
sor ted;  some s i l t ,  and, e s p e c i a l l y  i n  t h e  cores o f  h i 1  l s ,  
d iamic ton  s im i  l a r  t o  t h a t  o f  ground moraine; 1 ocal  l y  may i n c l  ude 
l a r g e  boulders.  Moderately loose, bu t  compact i n  cores o f  
h i l l s .  

Deposi ts  i n  kames of h i g h  t o  moderate re1 i e f - - I n c l u d e s  some areas 
of  p i t t e d  outwash. Thickness a few t o  severa l  tens o f  meters i n  
c e n t r a l  p a r t s  o f  h i 1  1s. Contacts we l l  def ined. Topography 
sha rp l y  h i  1 l y  t o  hummocky, depressions common 1 ocal  l y ;  s lopes 
moderate t o  steep, except g e n t l e  t o  nea r l y  f l a t  i n  minor  
channels, on depress ion f l o o r s ,  and on some small areas on t ops  
o f  h i l l s  

Deposi ts  i n  kames o f  low re1 ief--May a1 t e r n a t i  v e l y  be p i t t e d  
outwash-pl a i n  depos i ts .  Thickness poor ly  known, may be t h i n n e r  
than  o t h e r  kame deposi ts .  Occur i n  moderately i r r e g u l a r  
topography w i t h  gent1 e t o  moderate slopes. S i  ngl e occurrence i n  
western p a r t  o f  map area, more ex tens ive  t o  t h e  southwest (Yehle 
and Schmoll, 1987) 

Kame-terrace deposits o f  t h e  Elmendorf Cbrai ne ( l a t e  P l  e i  stocene)-- 
Gravel and sand, w e l l  bedded and sorted; may i n c l u d e  some lenses 
of d iamic ton  and some l a r g e  boulders.  Thickness probably  a few 
t o  severa l  tens of meters. Contacts w e l l  def ined. Topography 
smooth, s lopes n e a r l y  f l a t  t o  gent le ;  comnonly bordered by steep 
escarpments 

Outwash-plain and terrace deposi ts--Chief ly  gravel  and sand, we1 1 
bedded and so r t ed  



f k f  

r k f  

Deposi ts  o f  t h e  Elmendorf Moraine ( l a t e  P l  e i  stocene)--Thickness 
p o o r l y  known, probably  one t o  severa l  meters; i n  p laces  ground 

- moraine may be present  ins tead.  Contacts  w e l l  def ined.  
Topography smooth, s lopes nea r l y  f l a t  t o  very  gent le .  Occur i n  
r e l a t i v e l y  broad areas west o f  Chugach Mountain f r o n t ,  a t  l e v e l s  
lower  t han  ground-morai ne sur face  bu t  h i ghe r  than  ad jacent  
me1 t w a t e r  channels 

Deposi ts  o f  t h e  F o r t  Richardson moraines ( P l e i  s tocene) - -Ch ie f l y  
g rave l  and sand, w e l l  bedded and sorted. Thickness probably a 
few t o  severa l  meters. Contacts we1 1 d e f i  ned. Topography 
smooth, s lopes gen t le .  S tab le  except near con tac t  w i t h  va l  1  ey- 
w a l l  co l l uv i um (map u n i t  cw) where s u s c e p t i b l e  t o  e ros ion  and 
minor  l a n d s l i d i n g .  Occur o n l y  a long Four M i l e  Creek where 
t e r r a c e  extends downval ley f rom an i n f e r r e d  end moraine t o  near 
mouth o f  v a l l e y  where depos i t s  grade l a t e r a l l y  t o  g l a c i o d e l  t a i c  
depos i t s  mos t l y  eroded and no t  mappable a t  1:25,000 sca le  

Meltwater-channel deposi ts--Chi e f  l y  g rave l  and sand, we1 1 bedded and 
sor ted ;  a t  t h e  sur face  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 rgan ic  accumulations. Thickness p o o r l y  known, 
probably  one t o  a  few meters. I n  places, channel depos i t s  may 
be very  t h i n  o r  l a c k i n g  and ground moraine o r  bedrock may f l o o r  
t h e  channel o r  l i e  a t  s h a l l  ow depth 

Deposi ts  o f  t h e  Elmendorf Moraine ( l a t e  P l  e i  stocene)--General l y  
w e l l  i n c i s e d  below surface l e v e l  o f  ground moraine and outwash 
te r races .  Contacts we l l  def ined.  Topography smooth, s lopes 
n e a r l y  f l a t  t o  very  g e n t l e  

Deposi ts  o f  t h e  F o r t  Richardson moral nes (P le is tocene) - -Contac ts  
general  l y  we1 1 de f  i ned. Topography smooth, s lopes very  gent1 e 

Older  depos i ts  (P l  e i  stocene) --Gravel and sand may be 1 ess we1 1 
bedded and so r t ed  and probably  more ox id i zed  than  o t h e r  channel 
depos i ts ,  and more 1 i k e l y  t o  i n c l u d e  bedrock outcrops. 
Thickness p o o r l y  known, probably  a meter o r  less .  Contacts 
f a i r l y  we1 1 def ined.  Topography smooth, s lopes gen t l  e  t o  
moderate ly  g e n t l  e  

Kame-fan deposi ts- -Probably  main ly  gravel  and sand t h a t  i s  we l l  t o  
p o o r l y  bedded and sor ted  and t h a t  accumulated i n  a l l u v i a l  fans 
o r  smal l  l akes  i n  smal l  v a l l e y s  b locked by g l a c i e r  i ce ;  may 
i n c l u d e  beds o f  s i l t ,  f i n e  sand, and some c lay ,  as w e l l  as some 
diamicton. Thickness poo r l y  known, poss ib l y  as much as a few 
tens  o f  meters. Contacts g rada t i ona l  w i t h  c o l l  uvium. 
Topography general  l y  smooth, s lopes moderate ly  gen t l  e t o  
moderate, 1  oca l  l y  s teeper  

Deposi ts  re1 a ted  t o  t h e  F o r t  Richardson moraines (P l  e i  stocene) -- 
Well developed near mouth o f  a  southern t r i b u t a r y  t o  Thunder 
B i  r d  v a l l  ey 

Deposi ts  re1 a ted  t o  t h e  Rabbi t  Creek moraines ( P l  e i  stocene) --Occur 
on ly  i n  southern t r i b u t a r i e s  t o  Thunder B i r d  v a l l e y .  



61 aci a1 -1 ake de l ta  deposi  t s  re1 ated t o  the F o r t  R i  chardson morai  nes 
(P le is tocene)- -Chi  e f l y  g rave l  and sand, general  l y  we1 1 bedded 
and sorted; may i n c l u d e  t h i n  beds o f  f i n e r - g r a i n e d  m a t e r i a l .  
Thickness p o o r l y  known, probably  10 m o r  less.  Contacts 
gene ra l l y  we l l  def ined.  I n  Thunder B i r d  v a l l e y  i n  SE1/4  Sec. 4, 
T. 15 N., R. 1 E.?  gravel  near sur face  may be u n d e r l a i n  by 
f i n e r - g r a i  ned m a t e r i a l  s;  sur face  e x h i b i t s  prorni nent  r i d g e  and 
t r ench  form which i s  lower  i n  a l t i t u d e  c l o s e r  t o  Thunder B i r d  
Creek. Th is  re1 a t i o n s h i  p  suggests f o rma t i on  by ex tens ive  
r e t r o g r e s s i v e  r o t a t i o n a l  o r  1  a t e r a l  -spreadi  ng 1 andsl i d i  ng t h a t  
does n o t  appear p r e s e n t l y  ac t i ve .  E l  sewhere, topography 
gene ra l l y  smooth, s lopes gent1 e 

G l a c i a l - l a k e  deposits--Formed i n  major  t r i b u t a r y  v a l l e y s  when 
blocked by g l a c i e r  i c e  i n  t h e  ~ n c h o i a g e  low1 and 

e g l  G l a c i a l - l a k e  depos i t s  r e l a t e d  t o  t h e  Elmendorf Moraine ( l a t e  
P l e i  s tocene) - -Ch ie f l y  i nterbedded sand, gravel ,  d iamicton,  s i l t ,  
and c l a y  i n  va ry i ng  p ropor t ions ;  w e l l  t o  somewhat p o o r l y  
sorted. Thickness about 5-10 m. Contacts r e l a t i v e l y  we1 1 
defined. Topography general  l y  smooth, s l  opes gen t le .  
Moderately stab1 e except near con tac t  w i  t h  v a l l  ey-wal 1  c o l  1  u v i  urn 
(map u n i t  cw) where suscep t i b l e  t o  eros ion,  earthf lowaye, and 
o the r  1  andsl i d i  ny 

G I  ac i  a l - l a k e  depos i t s  re1 a ted  t o  t h e  F o r t  Richardson moraines 
( P l e i  s tocene) - -Ch ie f l y  bedded d iamicton,  in terbedded w i t h  s i l t ,  
sand, and some grave l ;  g e n e r a l l y  r a t h e r  p o o r l y  sor ted;  l o c a l l y  
m a t e r i a l  may be f i n e r  g ra ined  and somewhat b e t t e r  sor ted.  
Thickness p o o r l y  known, probably  10 m o r  more. Contacts 
re1 a t i v e l y  we1 1 def ined.  Topography smooth, s lopes gen t le ,  
except where w e l l  exposed i n  steep, i r r e y u l a r l y  eroded b l u f f s  
along Thunder B i r d  Creek. Moderately s t a b l e  except near con tac t  
w i t h  v a l l e y - w a l l  co l l uv i um (map u n i t  cw) where suscep t i b l e  t o  
e ros ion  and mi no r  1  andsl i d i  ng 

e Eklutna depos i t s  (Plei  s tocene) - -Ch ie f l y  y r ave l  , s i  1  t y  sandy yravel  , 
and g r a v e l l y  d iamic ton  of a  d i  s t i  n c t i v e  ye1 l o w i  sh-gray co lo r ;  i n  
p a r t  w e l l  bedded, w i t h  moderately d i pp ing  beds i n d i c a t i v e  o f  a  
source up Ek lu tna  v a l l e y  and p o s s i b l y  d e l t a i c  i n  o r i g i n ;  
general  l y  p o o r l y  sor ted.  Moderately compacted and s l i g h t l y  
indurated.  May represent  outwash and ( o r )  d e p o s i t i o n  i n  a  
g l a c i a l  l ake  of an o l d e r  g l a c i a t i o n .  Occurs i n  outcrops on t h e  
i n n e r  v a l l e y  w a l l  s along Ek l  utna River ;  probably  u n d e r l i e s  
younger depos i t s  mapped a t  t h e  sur face  i n  Ek lu tna  va l l ey .  
Thickness as much as 40 m i n  outcrop, base no t  exposed. 
Contacts w i t h  c o l  luv ium grada t iona l ,  many smal l  outcrops no t  
shown. Outcrops general  l y  ve ry  steep and sub jec t  t o  c o n t i  nu iny 
e ros ion  



A1 1 u v i  a1 deposi t s  

A 1  1 u v i  um deposi ted by moderate and smal l  s t  reams. General l y  we1 1 bedded 
and sor ted,  c l  a s t s  commonly we1 1 rounded. Thickness v a r i  ab l  e ,  probably  a  few 
t o  severa l  meters, and t h i c k e s t  i n  1  a rger  va l leys .  Contacts we1 1-def ined. 
Topography smooth, s lopes nea r l y  f l a t  t o  very  g e n t l e  

a t h  

a f 

a ff 

a f o  

a f e  

a 1 A1 l u v i a l  depos i t s  a long  modern streams and i n  lowest  terraces (late 
Holocene)- -Chief ly  g rave l  and sand. Genera l l y  a t  o r  no more 
than  a few meters above stream l e v e l .  Inc ludes  t h e  narrow 
a c t i v e  f l o o d p l a i n s  o f  major streams t h a t  a re  sub jec t  t o  
c o n t i n u a l  e ros ion  and redepos i t i on  o f  m a t e r i a l  as we1 1 as 
occas i  onal f 1 ood i  ng 

A l l u v i a l  d e p o s i t s  i n  t e r r a c e s  (Holocene)--Somewhat o l d e r  a1 1 uv i  um, 
c h i e f l y  g rave l  and sand, gene ra l l y  several  meters above s t  ream 
1 eve1 . We1 1 developed a1 ong Ekl u tna  R i  ve r  and Thunder B i  r d  
Creek 

A1 1 u v i a l  depos i t s  i n  high t e r r a c e s  ( e a r l y  Hol ocene)--St i 1 1 o l d e r  
a l luv ium,  c h i e f l y  gravel  and sand, t h a t  occur i n  l o c a l  remnants 
about 60 m above t h e  Ek lu tna  R i ve r  

A1 1 u v i a l - f a n  d e p o s i t s  (Hol ocene)--Formed mai n l  y i n  moderate t o  small 
fans where small t r i b u t a r i e s  en te r  l a r g e r  streams o f  lower  
g rad ien t .  Graded t o  o r  j u s t  above modern stream l e v e l s .  
M a t e r i a l s  comnonly 1  ess we1 1 sor ted  than o the r  a1 1 u v i  um. S l  opes 
moderate t o  moderate ly  gen t le ,  steeper near heads o f  fans  

Coarse-grai  ned depos i t  !+-Chiefly gravel  and sand; may i n c l  ude some 
s i l t  and t h i n  d i am ic ton  beds r e s u l t i n g  f rom minor  mudflows 

F i  ne-grained deposi  t s - - C h i e f l y  s i l t  and f i n e  sand. Occur ma in l y  
southeast  o f  t h e  i n t e r t i d a l  depos i t s  

01 d e r  a1 l u v i a l - f a n  depos i t s  (Holocene and P l e i  stocene)--Gravel and 
sand, p o s s i b l y  admi xed w i t h  some f i  ner -g ra i  ned m a t e r i a l .  
Deposi ts  may be l e s s  w e l l  so r t ed  and have steeper s lopes than i n  
o t h e r  a1 1 u v i  a1 un i t s .  Occur as remnants commonly i n a s s o c i a t i o n  
w i t h ,  bu t  graded t o  l e v e l s  above modern streams, and a t  h i ghe r  
a l t i t u d e s  t h a n  nearby, younger a l l u v i a l  fans. I n  p a r t  may 
i n c l u d e  minor  d e l t a i c  depos i ts  

P r i n c i p a l  a1 1 u v i  a1 -f an deposit a t  mouth o f  Ek l  u t n a  R i v e r  (1 a te  
Holocene)- -Chief ly  g rave l  and sand loca ted  ma in ly  nor theas t  o f  
present-day r i v e r ;  graded as f an -de l t a  mos t l y  t o  present-day 
l e v e l  of Knik  Arm. Topography smooth, s lopes gen t l e  t o  very  
gen t le .  C o n s t i t u t e s  major source o f  g rave l  and sand. 

a fp  P r i n c i p a l  a1 1 uv i  a1 f a n  depos i t s  a1 ong Peters  Creek (Hol ocene) -- 
C h i e f l y  g rave l  and sand 1 ocated southwest o f  present-day stream, 
ma in l y  west of map area; p o s s i b l y  may be graded as a f an  d e l t a  
t o  a  l e v e l  above p resen t  sea l e v e l .  Topography smooth; s lopes 
moderate ly  gen t le .  Occur i n  o n l y  one l o c a l i t y  a t  western edye 
o f  map area, b u t  e x t e n s i v e l y  developed t o  the  west (Yehle and 
Schmoll , 1987) 



Peat, Bog, Pond, and Lake Deposi ts (Holocene and l a t e  P le is tocene)  

Peat, bog, and pond deposi ts--Chi e f l y  mosses, sedges, and o the r  
o rgan ic  mater i  a1 i n  var ious stages of decomposit ion; i n c l  udes 
o r g a n i c - r i c h  s i l t ,  minor woody hor izons,  and a few t h i n  
i n te rbeds  o f  ma in ly  ash-size tephra. At depth may i nc l ude  s i l t ,  
c l a y ,  marl ,  o r  f i ne -g ra ined  sand. Developed mos t l y  i n  small 
former 1  akes o r  stream channels now t h e  s i t e  o f  bogs. So f t  and 
mois t .  Thickness as much as 4 m; ad jacent  mapped depos i t s  
extend beneath these deposi ts .  Contacts we1 1 d e f i  ned. Sur f  ace 
smooth, s lopes l e s s  than  one percent. Poor ly  d ra ined  

Lake and de l ta ic  depos i t s  o f  a formerly more extensive M i r r o r  Lake-- 
C h i e f l y  sand and gravel  reworked from nearby kame and mel twater-  
channel depos i ts ;  may i nc l ude  f i  ner-gra ined m a t e r i a l  a t  depth. 
We1 1 sor ted  and probably  w e l l  bedded. Poor ly  exposed; cha rac te r  
and genesis ma in ly  i n f e r r e d .  Thickness no t  known, p robab ly  a  
few meters. Contacts we1 1 def ined. Surface gene ra l l y  smooth, 
s lopes gent le .  Genera l ly  s tab le .  Water t a b l e  may be r e l a t i v e l y  
h i gh  

I n t e r t i d a l  Deposi ts (Holocene) 

Modern i n t e r t i d a l  depos i ts - -Ch ie f l y  s i l t y  sand; somewhat coarser  
near major  channels and toward t h e  f a r  nor theas te rn  p a r t  of t h e  
map area, e s p e c i a l l y  a t  depth. Well bedded and sorted. Loose, 
water  saturated.  Thickness l e s s  than one t o  a few meters, 
p robab ly  u n d e r l a i n  by several  meters o r  more o f  o l d e r  i n t e r t i d a l  
depos i ts .  Contacts v a r i a b l e  i n  l o c a t i o n  w i t h  each t i d e  as w e l l  
as f rom season t o  season and year  t o  year. Surface g e n e r a l l y  
smooth, bu t  i n c i s e d  one t o  a  few meters by numerous channels 
t h a t  may have steep margins, Slopes otherwise nea r l y  f l a t  t o  
gen t l e ,  commonly l e s s  than one percent.  Subdivided i n t o  lower  
and upper zones 

Deposi ts  o f  t h e  lower  i n t e r t i d a l  zone--Includes d r i f t w o o d  and 
g rave l  a t  shoreward-most p a r t  o f  depos i t  i n  a d iscon t inuous  
storm beach. Reworked several  t imes d a i l y  by t i d e s ;  covered by 
water  o f  Knik Arm estuary  a t  h i gh  t i d e ,  and exposed a t  low 
t i d e .  Lower boundary o f  map u n i t  i s  a ve ry  genera l ized mean 
t i d e  l i n e ;  upper boundary may be as much as severa l  meters above 
mean h i g h  water  1  ine.  

Depos i ts  o f  t h e  upper i n t e r t i d a l  zone--Less sandy and more s i l t y  
than  t h e  depos i ts  o f  t h e  lower  zone; covered by water o f  Kni k 
Arm on l y  d u r i n g  excep t i ona l l y  h i gh  t i d e s  coup1 ed w i t h  extreme 
storms. Contain some organic  and windblown mater i  a1 . Surface 
marked by some areas o f  s tanding water. Drainage very poor. 
Subsidence d u r i n g  1964 Alaska earthquake i n d i c a t e d  by drowned 
t r e e s  nor theas t  o f  d iked  channel o f  t h e  Ek lu tna  R i ve r  

i o Older i n t e r t i d a l  depos i t s - -Ch ie f l y  s i l t  and f i  ne-grai  ned sand, we1 1 
bedded and sor ted;  l o c a l l y  may i n c l u d e  t h i n  beds of peat and 
o t h e r  o rgan ic  m a t e r i a l  and some windblown ma te r i a l .  More f i r m  
t han  t h e  modern i n t e r t i d a l  deposi ts .  Not f looded by present-day 
h i g h  t i d e s .  Thickness severa l  t o  a  few tens  o f  meters. 
Contacts  we1 1 - d e f i  ned, except g rada t iona l  i n  p a r t  t o  younger 
i n t e r t i d a l  depos i t s  



C o l l  u v i  a1 ( i  n c l  ud ing  Lands1 i de) Deposi ts  (Hol ocene and P l  e i  stocene) 

C o l l  u v i a l  deposits on mountain slopes, und i f f e ren t i a ted - -Ma i  n l  y 
a p r o n l i  ke depos i t s  of loose sandy t o  r ubb l y  d i  amicton de r i ved  
d i  r e c t l y  f rom weather ing of bedrock upsl  ope and moving downward 
by g r a v i t y  w i t h  1  i t t l e  h y d r o f l  u i d i t y ;  a t  t imes o f  smowmelt, 
however, some sheetwash o r  minor f lowage 1  i ke ly .  Thickness 
poo r l y  known, probably  l e s s  than one t o  severa l  meters, t h i c k e r  
i n 1  ower slopes. Contacts g rada t iona l .  Topoyraphy smooth, 
su r face  g e n t l y  concave upward, s lopes g e n e r a l l y  steep t o  very 
steep, bu t  u s u a l l y  no t  i n  excess o f  70 percent .  Commonly 
veneered by t h i n  1  ow vegetat ion;  some i n s t a b i l i t y  expectab le  

Talus deposits--Cone-shaped t o  apron1 i ke depos i t s  on va1 1  ey w a l l  s  
w i t h i n  rugged mountains. Main ly  1  oose, coarse rubb l y  d iamic ton  
de r i ved  d i r e c t l y  from weather ing o f  bedrock ups l  ope and moving 
downward by g r a v i t y ,  Thickness va r i ab le ,  general  l y  t h i c k e s t  i n  
m idd le  t o  lower p a r t s  o f  cones and aprons, probably  severa l  t o  a  
few tens  of meters, t h i n n i n g  g radua l l y  upward toward apexes and 
more a b r u p t l y  downward near toes. Contacts general  l y  
g rada t i ona l ,  feather  edges a t  t o e  and a t  apex, where t a l u s  t o o  
small t o  map sepa ra te l y  occurs w i t h i n  bedrock map u n i t ;  
i n d i v i d u a l  cones commonly have we1 1 - d e f i  ned boundaries.  
Topography smooth, s lopes steep t o  very steep, as much as 100 
percen t  near apex, r a r e l y  l e s s  than  35 percen t  near toe.  
Comnonly f ree  o f  even low vege ta t ion  and sub jec t  t o  c o n t i n u i n y  
d e p o s i t i o n  f rom above, i n c l u d i n g  r o c k f a l l  s  and d e b r i  s-1 aden snow 
aval  anches; general  l y  uns tab le  

S o l i f l u c t i o n  depos i t s - -Ch ie f l y  loose, o rgan i c - r i ch ,  sandy t o  r ubb l y  
d iamicton,  commonly 1  acki  ng phenoclasts l a r g e r  than pebbles; 
g e n e r a l l y  de r i ved  f rom weather ing o f  e a s i l y  f r o s t - s h a t t e r e d  
bedrock d i r e c t l y  upslope, moving very  s low ly  down broad mountain 
s lopes e i t h e r  w i t h  t h e  a i d  o f  i n t e r s t i t i a l  i c e  ( s o l i f l u c t i o n  i n  
a  r i go rous  sense) o r  o f  water der i ved  l a r y e l y  from snowmel t. 
Thickness p o o r l y  known, probably  one t o  a  few meters. Contacts 
g rada t i ona l  t o  (1) very  t h i n l y  covered bedrock, (2 )  o the r  
co l luv ium,  and (3) t h i c k e r  accumulations o f  m a t e r i a l  t h a t  has 
moved downs1 ope by 1  andsl i d i  ng; i nc l udes  some 1  andsl i d e  depos i t s  
t o o  small t o  may separa te ly  a t  1:25,000 scale. Topography 
g e n e r a l l y  f a i r l y  smooth, bu t  w i t h  many minor  i r r e g u l a r i t i e s  
e s p e c i a l l y  i n  t h e  form o f  small lobes w i t h  f l a t t e r  upper 
sur faces  and s teeper  f r on t s .  S l  opes steep t o  moderately 
steep. Genera l ly  uns tab le  

c a  Mixed c o l l u v i a l  and a l l u v i a l  depos i t s - - I n t ima te l y  entwined areas o f  
co l l uv i um and a l l uv i um too  small t o  map separate ly .  C h i e f l y  
moderate ly  l oose  sandy t o  r ubb l y  d i am ic ton  and p a r t l y  
in terbedded p o o r l y  so r t ed  sand and gravel ,  w i t h  some organ ic  
deb r i s .  Thickness poo r l y  known, p robab ly  a  few meters. 
Contacts  general  l y  g rada t iona l .  Topography general 1  y 
i r r e g u l  a r l y  g u l l  ied,  s lopes steep t o  very steep, general l y  
rang ing  between 35 and 70 percent.  Cornmonly covered by low 
vege ta t ion ,  a c t i v e  depos i t i on  occur ing  w i t h i n  r e s t r i c t e d  
g u l l i e s .  Some i n s t a b i l i t y  expectable. Occur ma in l y  on s ide  and 
headwal ls of smal l  mountain v a l l e y s  i n  southern p a r t  o f  map area 



Mixed c o l l u v i a l  and g l a c i a l  deposi ts--Diamicton c o n s i s t i n g  c h i e f l y  
o f  g r a v e l l y  t o  r ubb l y  sand, s i l t ,  and clay;  l o c a l l y  bouldery .  
Der ived from bo th  bedrock and from g l a c i a l  deposi ts ,  e i t h e r  o f  
which are l i k e l y  t o  occur a t  the  sur face i n  areas t o o  smal l  t o  
map sepa ra te l y  a t  1:25,000 scale.  Poor ly  bedded and sor ted.  
Loosely t o  moderately compacted i n  most p l  aces. Th i  ckness 
v a r i e s  f rom a few t o  severa l  meters. Contacts g rada t i ona l .  
Slopes smooth t o  s l i g h t l y  i r r e g u l a r ,  steep t o  very  s teep 

Col l u v i a l  d e p o s i t s  derived from moraines o r  o the r  g l  a c i  a1 deposi ts- -  
Diamicton s im i  1  a r  t o  t h a t  o f  adjacent upsl  ope moraines, bu t  1  ess 
compact; i nc l udes  minor  amounts o f  b e t t e r  so r ted  sand, s i l t ,  and 
f i n e  t o  medium grave l  t h a t  occur i n  i r r e g u l a r  beds and t h a t  may 
have been de r i ved  from be t t e r - so r t ed  y l  a c i a l  depos i ts  and moved 
p a r t l y  w i t h  t h e  a i d  o f  running water. Commonly a few meters 
t h i c k .  Contacts gene ra l l y  g rada t iona l  , e s p e c i a l l y  ups l  ope, 
Slopes general  l y  moderate and moderately stab1 e 

C o l l u v i a l  deposits on walls o f  sea and stream b lu f fs - -Loose  
accumul a t i o n s  de r i ved  from adjacent,  upslope depos i t s  t h a t  form 
a veneer on b l u f f s  f o l l o w i n g  erosion. Genera l ly  a few meters 
t h i c k ,  t h i n n e r  a t  t h e  upslope pa r t ;  may be t h i c k e r  downslope. 
Some con tac t s  w e l l  def ined.  Slopes steep t o  p r e c i p i t o u s .  
A l though s t a b i  1  i zed l o c a l l y  by vege ta t i ve  cover, s u b j e c t  t o  
i n s t a b i l i t y  because o f  renewed g u l l y ,  sea, o r  stream eros ion  and 
accompanying mass-wasti ng processes 

cw Mixed coarse- t o  f i  ne-grained depos i ts - -Ch ie f l y  d iamic ton  
c o n s i s t i n g  o f  pebbly s i l t  and sand w i t h  some c l ay ,  cobbles, 
boulders ,  and a v a r i a b l e  amount o f  organic  ma te r i a l .  Poor ly  
bedded and sor ted.  Genera l ly  unstab le  when excavated 

cwf F ine-gra ined depos i t s - -Ch ie f l y  s i l t ,  c lay ,  and f i ne -g ra ined  sand; 
p o o r l y  bedded and sorted. Occurs alony Knik Arm where upslope 
depos i t s  a r e  dominant ly  f i n e  gra ined and may be equ i va len t  t o  
t h e  Boot legger  Cove Formation, Thi ckness poo r l y  known, p robab ly  
a few t o  severa l  meters. Slopes i r r e g u l a r l y  moderate t o  steep, 
and p a r t i c u l a r l y  suscep t i b l e  t o  i n s t a b l i  ty. Occurs a t  western 
edge o f  map area a lony A1 aska R a i l  road 

Landslide deposi ts ,  u n d i f f e r e n t i a t e d - - C h i e f l y  d iamic ton  c o n s i s t i n g  
o f  g r a v e l l y  s i l t  and sand and r e l a t i v e l y  minor amounts of c l a y  
and some o rgan i c  m a t e r i a l ;  may i nc l ude  boulders and some very  
1 arge masses o f  bedrock, Inc ludes  some small e a r t h - f l  ow 
depos i t s  no t  mappable a t  1:25,000 scale. Nonbedded and poo r l y  
sorted. Re1 a t i v e l y  1  oose. Thickness poor ly  known, probably  
severa l  meters t o  p o s s i b l y  hundreds o f  meters. Contacts 
moderate ly  we1 1 t o  poo r l y  d e f i  ned. Topography i r r e g u l  a r  t o  
s l  i g h t l y  hummocky, s l  opes moderate t o  steep. Quer ied  where 
i d e n t i t y  uncer ta in ;  these depos i ts  are probably s i m i l a r  t o  those  
p o s i t i v e l y  i d e n t i f i e d ,  bu t  may i n c l  ude l a r g e r  masses o f  unbroken 
bedrock. A l t e r n a t i v e l y  they  may c o n s i s t  ma in ly  of bedrock, 
perhaps t h i n l y  veneered by co l luv ium,  t h a t  has been sub jec t  t o  
very  1  i t t l e  o r  no displacement; c h a r a c t e r i s t i c  humnocky sur face 
may have r e s u l t e d  i n s t e a d  f rom o ther  processes such as 
d i f f e r e n t i a l  g l  a c i a l  e ros ion  of bedrock 



c1 e  Lands l i de  deposits i n  ea r th f l ows - -S im i l a r  t o  o the r  1  andsl i d e  
depos i t s  bu t  i n t e r p r e t e d  on t h e  bas i s  o f  landform t o  have been 
emplaced i n  a  more f l u i d  medium and t he re fo re  may i n c l u d e  a  
h i ghe r  p r o p o r t i  on o f  f i ner -g ra i  ned ma te r i  a1 . Contacts general  l y  
we1 1  de f i ned  

Rock-Gl a c i e r s  and t h e i  r Deposi ts  

r !I Rock glaciers ( l a t e  Holocene)--Accumulations o f  ma in ly  anyular  t o  
some subrounded rock fragments s t i  11 a c t i v e l y  be ing  t ranspor ted ,  
de r i ved  from upslope t a l u s  o r  l a n d s l i d e  deposi ts ;  con ta in  i ce -  
r i c h  m a t r i x  and move very s low ly  downslope; sur face gene ra l l y  
l a c k i n g  i n  vege ta t ion ;  upper p a r t  dominated by angu la r  t o  
subangul a r  cobbl  e- and bou lder -s ize  fragments ; a t  depth 
subs tan t i  a1 l y  more f i  ne-gra i  ned ma te r i  a1 may be present  t o  form 
coarse, rubb ly ,  massive, and poo r l y  so r t ed  diami cton. Thickness 
severa l  t o  a  few tens of meters. Contacts gene ra l l y  w e l l  
d e f i n e d  except g rada t i ona l  t o  t a l u s  a t  upslope margin. Sur face 
moderate ly  hummocky and rough; s lopes gene ra l l y  moderate, but  
s teep t o  very  s teep a long  margins. Unstab le because of 
c o n t i n u i n g  very  s low movement and p o t e n t i a l  f o r  m e l t i n g  of i ce -  
r i c h  m a t r i x  

r d  Rock-g lac ie r  d e p o s i t s  (Holocene)--Simi lar t o  a c t i v e  rock g l a c i e r s  
except t h a t  movement has probably  ceased and some vege ta t i on  
covers surface. Genera l l y  more s t a b l e  than rock g l a c i e r s ;  some 
i n s t a b i  1  i t y  1  i k e l y  , especi a1 l y  i f excavated, because o f  1  oose 
n a t u r e  o f  m a t e r i a l  and l i k e 1  ihood t h a t  some i n t e r s t i t i a l  i c e  may 
s t i l l  be present.  I n  p laces may s t i l l  be a c t i v e  

Anthropogeni c  Deposi ts  ( 1  a t e  Holocene) 

f Engineered f i l l  and land areas e x t e n s i v e l y  modi f ied by earthmoviny 
equipment- -Chief ly  compacted pebble gravel  under1 a i n  by a  more 
p o o r l y  so r t ed  base course o f  sandy t o  s i l t y  gravel  ; i n  mod i f i ed  
areas may i n c l u d e  a more heterogeneous assemblage of m a t e r i a l .  
Mapped ma in ly  a long A1 aska R a i l  road and Glenn Highway, and a t  
major  c o n s t r u c t i o n  s i t e s  and i n  sand and gravel  p i t s  and bedrock 
q u a r r i e s  where ad jacen t  geo log ic  u n i t s  may be exposed, 
Thickness one t o  a few meters, t h i c k e r  where r a i l r o a d s  and 
highways cross ma jo r  va l l eys .  Contacts we1 1  def ined,  w i d t h  
shown on map may be s l i g h t l y  exaggerated where necessary t o  
accommodate r a i  1  road and h i  ghway symbol s  

BEDROCK 

U n d i f f e r e n t i  a ted  (Penni an t o  Cretaceous)--Chi e f  1  y  metamorphosed 
igneous rocks o f  t he  Pen insu la r  t e r r a n e  (Jones and o thers ,  1981, 
1984, 1987; Coney and Jones, 1985), i n c l u d i n g  ma in l y  greenstone, 
greenschis t ,  and gneiss, as w e l l  as metad io r i  t e ,  metaquartz- 
d i o r i t e ,  che r t ,  m e t a a r y i l l i t e ,  and some marble. A few bodies of 
ul  t r a m a f i c  rocks are present,  e s p e c i a l l y  near  Mount Ek1 utna 
(Rose, 1966). I n  southeastern h a l f  o f  map area, inc ludes  rocks 
o f  t h e  Chugach te r rane ,  ma in l y  v a r i a b l y  metamorphosed yraywacke, 
a r g i l l  i t e ,  p h y l l  i t e ,  and conglomerat ic  yraywacke o f  the  Valdez 
Group and t h e  McHugh Complex (Clark ,  1972, 1973) 
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