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, PRELIMINARY R;EPORT ON THE GEOLOGY AND GROUND-WATER RESOURCES 

OF THE MATANUSKAVALLEY AGRICULTURAL AREA, ALASKA 

By Frank W. Trainer 

ABSTRACT 

This report  descr ibes  the geology and 
ground-water resources of an area  of present  
and p o t e n t i a l  a g r i c u l t u r a l  development i n  
south-central  Alaska. The a g r l c u l t u r a l  a rea  
l i e s  on a wide v a l l e y  f loo r ,  most of which i s  
formed by g l a c i a l  deposi t s .  Nonglacial un- 
consolidated deposi t s  include windblown 
mater ia l  d i s t r i b u t e d  genera l ly  over the ag r i -  
c u l t u r a l  a r ea  and s lope  deposi t s  along t h e  
va l l ey  walls .  Small bodies of perennia l ly  
frozen ground (permafrost) a r e  present  Zn 
some bogs. 

T i l l  ("hardpanw), possibly of l a t e  
Wisconsin (Mankato) age, occurs a t  the  sur-  
f ace  o r  beneath s u r f i c l a l  outwash gravel  de- 
p o s i t s  i n  a l a r g e  p r t  of the v a l l e y  f loo r .  
I n  seve ra l  widely separated l o c a l i t i e s  the  
t i l l  i s  known t o  be underlain by o lde r  gla-  
c i a l  gravel ,  and the  presence of an o lder  
till beneath t h i s  gravel  is  suspected. 
Several  types of outwash deposi t s ,  most of 
them formed during g l a c i a l  ~ e c e s s i o n  i n  t h i s  
a rea ,  a r e  d i f f e r e n t i a t e d  on the  geologic map 
whlch accompanies the  report .  Associated 
w i t h  g l a c i o f l u v i a l  depos i t s  of  e x i s t i n g  
streams a r e  e s tua r ine  deposi t s  of g l a c i a l  
s i l t .  The topography developed on the uncon- 
so l ida t ed  deposi t s  is  due c h i e f l y  t o  g l a c i a l  
deposit ion,  large-scale s tagnat ion  of ice ,  
and trenching of g l a c i a l  deposi t s  by outwash 
streams. 

Most wells  i n  the  a g r i c u l t u r a l  a rea  
obta in  water from gravel .  Supplies s u f f i c i e n t  
f o r  domestic and farm use a r e  genera l ly  ava i l -  
ab l e  vherever t he  gravel  i s  s a tu ra t ed .  Only 
a l i t t l e  i s  known of t h e  q u a n t i t i e s  of water 
ava i l ab le .  T f l l  i n  this area  i s  r e l a f  ively 
impermeable; most wel ls  i n  till obta in  water 
from included t h i n  o r  gravel  layers .  Bedrock 
here  appears t o  be a r e l a t i v e l y  poor water- 
bearing material. 

The area  is  divided I n t o  s i x  physiograph- 
i c  u n i t s  t o  f a c i l i t a t e  desc r ip t ion  of t he  
occurrence o r  ground water. 

Recharge of ground water i s  ch ie f ly  
from p rec ip i t a t ion ,  but pa r t s  of t h e  area  
rece ive  drainage from adjacent  mountain slopes.  
F luctuat ions  of t he  water t a b l e  a s  much a s  
seve ra l  f e e t  were observed during t h e  period 
1949-51. 

Chemical analyses show t h a t  the  ground 
water ranges from moderately hard t o  very  
hard but i s  s u i t a b l e  f o r  genera l  domestic 
ahd farm uses.  

1/ See page 3lfor l i a t  of references.  - 
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A t a b l e  g iv ing records of 333 wells  i s  
included I n  t h i s  r epor t .  The locat lona  of 
the  we l l s  a r e  shown on the geologic map. 

Location and =tent  of Area 

The Matanuska Valley i s  a pa r t  of the  
lowland ly ing  nor th  of t he  Coast Range i n  
south-central  Alaska. The va l l ey  of t he  
Matanuska River and the  lowland extending 
westward from i t  t o  t h e  Susitna TlIver a r e  i n  
the  Matanuska and l l a s i l l a  d i s t r i c t s  de- 
f ined  by P. 3. Stntth (1939, p l .  3) .AT !he a- 
rea  described by the  present  repor t ,  here- 
a f t e r  termed. the  Matanuska Valley ag r i cu l tu r -  
a l  area,  is  bes t  known ae Including the  s i t e  
of a g r l c u l t u r a l  colonization undertaken by 
t he  Federal  Government i n  1939. It l i e s  be- 
tween the  Talkeetna Mountains on the  no r th  
and the  Chugach Range on the  south ( f ig .  2 ) .  
It i s  bounded on the  nor th  by the  Talkeetna 
Mountains and the  L i t t l e  Sus i tna  River, and 
on t h e  south by the  Knlk River and Knik Arm. 
It; l i e s  between Eska Creak pn the  nor theas t  
and Goose Bay on the  southwest. A s  thua de- 
f ined  the  area  l i e s  approximately between 
1 4 ~ ~ 5 5 ~  and 1490501 west longitude and between 
61'25' and 61°45' nor th  l a t i t ude ;  I t  covers 
about 350 square miles.  (See f i g .  1.) 

Puraose and Scone of Inves t ina t ion  

Studles  I n  the  Matanuska Valley ag r i -  
c u l t u r a l  a rea  were made by the  wr i t e r  during 
the  1949 and 1950 f l e l d  seasons and p a r t  of 
t h e  1951 season, a s  a pa r t  of t he  inves t i -  
ga t ion  of ground-water resources of Alaska 
begun by t h e  U. 3. Cteological Survey i n  1947. 
m e  purpose of the s tud ie s  I n  the  area  was 
t o  map the  water-bearing ma te r i a l s  and t o  
determine the  occurrence, a v a i l a b i l i t y ,  and 
q u a l i t y  of ground water i n  t h e  area .  The 
need f o r  the compilation and i n t e r p r e t a t i o n  
of geologic and hydrologic da t a  became in -  
c reas ingly  important a f t e r  coloniza t ion  i n  
1935, and t h i s  need has increased during the  
postwar period of continuing set t lement.  
Many homea and farms are completely dependent 
upon wel ls  f o r  t h e i r  water supply, and home- 
s t eade r s  taking up new land i n  undeveloped 
a reas  have lacked da ta  on the  a v a i l a b i l i t y  of 
ground water. More extensive u t l l l z a t i o n  of 
ground water, poss ib ly  including i r r i g a t i o n ,  
undoubtedly w i l l  come i n  t h e  fu ture .  



During the 1949 f i e l d  seaaon n wall in-  
ventory and a water-level observation program 
were begun. Locations and descriptions of 
ex i s t ing  wells were recorded. The a l t i t u d e  
of t h e  land surface a t  each we l l  was deter -  
mined with an a l t ime te r  from benchmark con- 
t r o l .  Depths t o  water l eve l s  i n  wells were 
measured wherever possible with a s t e e l  tape, 
and p e ~ i o d i c  measurement of water l e v e l s  i n  
se lec ted  wells was begun. This program i s  
being continued as of the  da te  of writ ing of 
t h i s  repor t  (spring 1952). I n  addi t ion  t o  
t h e  well  inventory, preliminary geologic 
f i e l d  work was done i n  1949; the  geology was 
mapped on a r e a l  photographs during 1950 and 
1951. Data were t r ans fe r red  from the  photo- 
graphs t o  a base map nrlth a v e r t i c a l  sketch- 
master. The base used f o r  the  s u r f l c i a l -  
geology map (pl. 1 )  was taken from pa r t s  of 
the  Sutton, Matanuska, Eklutna, Bouton,  and 

h i k  quadrangles of the  Corpe of m i n e e r a  
of t h e  U. 9. Army. 

Three t e s t  wells were d r i l l e d  by the  
Geological Survey, using the  je t -pe~cusaion 
method. 

Samples of unmnaolidated mater ia ls  ex- 
posed i n  the  a rea  ware col lec ted  f o r  labora- 
to ry  atudy. Mechanical analyses were made 
by the  wri ter ,  us ing alevea f o r  the  coaraer 
f r a c t i o n s  and t h e  hyd~ometer o r  the  p ipe t t e  
method f o r  the  f i n e r  f r ac t ions .  (For a de- 
so r ip t ion  o f  methods i n  general  use f o r  
mechanical analyaia of granular materials ,  
l e e  Am. Soc. Testin Materials, 1950.) The 
permeabil i ty of amafl undisturbed aarnples 
was determined i n  t h e  f i e l d  wlth a variable- 
head permeameter (Wenzel, 1942, p. 64). 

Figure 1. Index map showing the  locat ion of the  Matanuska Valley a g r i c u l t u r a l  area. 

2 



Eats representing 333 wells  a r e  tabula- 
ted  i n  the  well  records which a r e  par t  of 
t h i a  report. Included a r e  the  locat ions  and 
a b r i e f  descr ip t ion of t h e  topographic s i tua -  
t i o n  of  each well, and such information as  
i a  sva i l ab le  on the depth of t h e  well, the  
water level ,  t h e  y le ld  of the  well ,  and t h e  
type of water-bearing mater ia l .  The loca- 
t iona  of wella a r e  shown on p la t e  1. 

The ground-water inves t igat ion was made 
under the  general  d l r eo t ion  of A. N. Sayl3e, 
chief of t he  Ground Water Branch of the  Water 
Resources Division of the  Geological Survey. 
The f i e l d  work was supex-vised by D. J. Ceder- 
atrom, dia tri c t  geologist  of t h e  Qround Water 
Branch. M. J. Slaughter, G. W. Whetstone, 
and Mrs. Arlina Day, of t h e  Water Resource8 
Mvielon a t  Palmer d id  much t o  f a c i l i t a t e  the  
f i e l d  work. E. C. Casey, D. C, Phi l l ip s ,  
Clieiord Shaw, Mr. Slaughter, and M r .  Whet- 

stone made a number of water-level meaaure- 
ment s r 

Previous Inves t igat ions  

No published repor t s  deacriba i n  d e t a i l  
t h e  geology of the  Matanuska Valley agr icul -  
t u r a l  area,  although pa r t s  oT the  a rea  a r e  
discussed i n  aeveral  publlcationa. Martln 
and Katz (1912) describe t h a t  p a r t  of t h e  
a rea  i n  t h e  v i c i n i t y  of Moose and Eska Creeks, 
and Eandes (1927) describes the  d i s t r i c t  be- 
tween the  Knik and Matanuska Rivers, includ- 
ing  par t  of the  Chugach Range. The geology 
of the  e n e r a l r e  ion  is  diacussed b r i e f l y  by 
Capps (f940) and the  b,gsiography bg Martin 
(1942). Rockle (19467 @ves the  most colo- 
p l e t e  desor lp t ion of t he  phyaical geo raph 
of t h e  a g r i c u l t u r a l  area.  Karlstrom 719507 
includes t h e  area  diacussed i n  the  present 

5 0 10 Miles 
I I I l 1 1  I I 

Flgure 2. F'hysiographic u n i t s  i n  the  Matanuska Valley a g r i c u l t u r a l  area, 
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r epor t  i n  a nap of t he  l a rge r  area  bordering 
Cook I n l e t .  Other papers Including those by 
Black (1951), Rockie (1946), and Tuck (1938), 
t r e a t  of s p e c i a l  problems of the  geology of 
t he  area .  

Method of Well Numberinq 

Wells described i n  this repor t  a r e  de- 
signated by simple consecutive numbera; blank 
numbers have been l e f t  t o  accomodats wells  
t h a t  may be constructed i n  t h e  fu ture .  I n  
sequence t h e  well  numbers follow approximately 
the  physiographic u n i t s  o r  subareas descr ib-  
ed i n  t h i s  repor t .  (See p. 20.) The f i r s t  
wells  l i s t e d  a r e  on the lower slope of Lazy 
Mountain (pl .  1). Wells e a s t  of t he  Matanus- 
ka River and nor th  of the Knik River a r e  l i s t -  
ed next. Then follow, i n  order,  wells on OEOQRAPHY 
t h e  t e r r a c e  a t  and south of Palmer, wel ls  be- 
tween Eska Creek, Four Corners, and t h e  Climate 
v i c i n i t y  of the Matanuska Agr icul tura l  Ex- 
periment S ta t ion ,  and wells  loca ted  i n  the The cl imate of t he  e a s t e r n  pa r t  of t he  
remainder of t h e  a g r i c u l t u r a l  a rea  t o  t h e  Cook I n l e t  lowland, wMch includes the  Mata- 
west and southwest. nuska Valley a g r i c u l t u r a l  a rea ,  i s  the  r e s u l t  

of a combination of marine and cont inenta l  

Without exoeption, r e s iden t s  of t he  area  
wi l l i ng ly  permitted aocess t o  wella on t h e i r  
property o r  provided i n f o m a t i o n  regarding 
them. Henry LaRose, A. R. and Thomaa Mofflt t ,  
and James and Albert  Frey, d r i l l e r s ,  desorlb- 
ed t h e i r  experience i n  the Matanuska Valley 
and gave the  w r i t e r  much valuable in foma-  
t ion .  T. B. Bourne and Associates,  Inc. 
consul t ing  engineers, provided data  obtatned 
during cons t ruc t ion  of a t e s t  wall  f o r  t he  
c i t y  of Palmer. The owners of t he  observa- 
t i o n  wel ls  l i s t e d  i n  t h e  well  records p e m t t -  
t e d  uae of t h e i r  wel ls  f o r  t h i s  aurpose, and 
J. C, Balawin Henry LaRose, F. B. L i m ,  
Loren Idckechnie, 0 .  E. Murphy, Oscar Tryck, 
and Noel Woods made per iodic  water-level  meas- 
urement. 

For many cour tes ies  t h e  wr i t e r  i s  indebt- 
ed t o  W. A .  Rlck ie , 'So l l  Consemration Ser- 
vice, Portland, Oreg., t o  C. W. Wilson and 
T. H. Day, S o i l  Conservation Sewice ,  Palmar, 
and t o  D. L. I rwin  and A. R. Mick Alaska 
AgricultUral  Experiment S t a t i o n  halmer. 
James Rurleg made ava i l ab le  coplea of well  
logs from the  f i l e s  of t he  Alaska Rural  Re- 
h a b i l i t a t i o n  Corp. The Matanuska Valley 
F a i r  Association permitted t h e  use of s torage  
space. 

Specia l  thanks a r e  due t he  l a t e  Kirk 
Bryan, and M.  P, Bi l l ings ,  K. F. Mather, 
B, C. Stetson,  and C. E. Steams ,  of Harvard 
Universi ty,  f o r  t h e i r  d iscuss ion  of and many 
suggestions regarding the w r i t e r ' s  work. 

influences.  The lowland lacks both the  h igh 
r a i n f a l l  of coas t a l  a r eas  and the  temperature 
extremes of t h e  i n t e r i o r  of  Alaska. 

Although c l ima t i c  da t a  have been co l l ec t -  
ed a t  s eve ra l  l o c a l i t i e s  i n  the a g r i c u l t u r a l  
a r ea  i n  recent  years, t he  only  extended Pea- 
ord l s  t h a t  f o r  t h e  Alaaka Agr icul tura l  &- 
perlment S ta t ion  near Matanuska. Selec ted  
data  f o r  t h i s  l o c a l i t y  a r e  presented i n  t a b l e  
1. 

The departure from t h e  mean annual preoip- 
i t a t i o n  and the  seasonal  d i s t r i b u t i o n  of 
g r e c i p i t a t i o n  a r e  s ign i f i can t .  In  a given 
year  t t e  t o t a l  p rec ip i t a t ion  may be about one- 
t h i r d  g r e a t e r  or  l e s s  than the  mean. The 
mean t o t a l  annual snowfall Is about 3& foe t ,  
but  t he  annual departure from the  mean may 
be a s  g rea t  a s  ha l f  this amount. I n  most 

NOnglocbol dspaslts 
OE Windblown sand and $#It  
Ot Tahs k p n t s  
Oaf Allw~ol-fan deposits 
Of Frost-dlsturbed 6W61t6 

Glacial deposits 
Qfe Fluvmestuarine deposits 
Qgr Modern elluvlal- plalr, deposns 
Oga Older ~lluvtol-plolndeposlts 

Oqp Pltted w t w s n  dewsits 
p m  Ground moro~n. (includirq mferred& till) QUATERNARY 

0n-d Lateral m*anc 
MT Bedrock 

i 
}MESOZOIC AND TERTIARY 

Figure 3. Generalized sec t ion  of t h e  Matanuska Valley a g r i c u l t u r a l  
a rea  showing s t r a t i  graphic un i t s .  
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years  t he  wlnter  and spr lng  a r e  r e l a t i v e l y  
dry. On the  average about two-thirds of t h e  
annual p r e c i p i t a t i o n  occurs during the  5- 
month period June-October. 

There i s  a l s o  a wide range i n  departure 
from mean temperature. This i s  bes t  i l l u s -  
t r a t e d  by the  l eng th  of t he  growing aeason. 
The l a s t  spr ing  f r o s t  commonly occurs i n  l a t e  

t h e  e a r l i e s t  autumn f r o s t  i n  l a t e  August 
f:y&eptember , k r i n g  the  10-year period 
1939-48, however, t he  length  of the  growing 
season ranged from 67 t o  151 days. 

Midsummer temperatures i n  the  agr icul -  
t u r a l  area range from 45 t o  70 F; tempera- 
t u r e s  a s  h igh  a s  80' F a r e  unusual. The 
winters a r e  moderately cold; periods during 
which the  temperature reaches -20 t o  -30 F 
a r e  usual ly  shor t .  The freezeup i n  autumn 
comes i n  October o r  November. Seasonal f r o s t  
commonly reaches deptha of 6 f e e t  o r  more. 
The ground begins t o  thaw i n  Apr i l  o r  May, 
but seasonal  f r o s t  may p e r s i s t  beneath the  
surface  i n  protec ted  spots  a s  l a t e  a s  July. 

The d i s t r i b u t i o n  of r a i n f a l l  and t h e  
danger of l a t e  sp r ing  and e a r l y  autumn f r o s t  
a r e  responsible f o r  a measure of unce r t a in ty  
of crop y i e lds  i n  t h e  Matanuaka Valley ag r i -  
cuLtura1 area. 

The dominant wind of the  a g r i c u l t u r a l  
a rea ,  known l o c a l l y  a s  t h e  "Matanuska wind," 
i s  from the  nor theas t .  I t  i s  an autumn and 
winter  wind. During s t o m a  it may blow more 
o r  l e s s  continuously f o r  periods of s eve ra l  
daya; Weather Bureau records ind ica t e  t h a t  
gus t s  reaching v e l o c i t i e s  of 50 mllea per 
hour o r  more ocour dur in  the more severe 
storms. The "Knik wind,' oceanic a i r  from 
t h e  south moving dow the  Knik Valley, i s  
r e l a t i v e l y  warm. During l a t e  winter  and 
spr ing  it br ings  mild weather and, together  
wi th  ra in ,  may remove much of t he  snow cover 
from the  a g r i c u l t u r a l  a rea  before the  ground 
begins t o  thaw. 

T o e o g r a ~ h r  and Drainam 

The Matanuska Valley a g r i c u l t u r a l  a r ea  
l i e s  i n  a wide, f l a t - f loo red  va l l ey  formed by ' 
t h e  merging of t h e  Matanuska and Knik Valleys 
a t  t h e  eas tern  end of Knik A m .  Figure 2 
shows the  p r inc ipa l  physiographic uni ts .  The 
va l l ey  3.8 bounded by ragged mountains wl-dch 
r i s e  abrupt ly  above i t a  f l o o r .  I n  t h e  Chu- 
gach Range, a t  the  southern edge of t h e  val- 
ley,  Pioneer Peak rises t o  an  a l t i t u d e  
g r e a t e r  than 6,300 f ee t ;  s eve ra l  o ther  peaks 
surpass 4,000 f e e t  and a l t i t u d e s  of 3,000 
f e e t  a r e  common. Along t h e  northern edge of 
t he  va l ley ,  peaka i n  the  Talkeetna Mountains 
reach a l t i t u d e s  of 3,000 t o  5,000 f e e t .  

Although t h e  a l t t i tude  of the va l l ey  
f l o o r  ranges from t i d e  l e v e l  on Knik Arm t o  
1,000 f e e t  a t  the  base of Wishbone H i l l  

( p l .  I), t h e  l o c a l  r e l i e f  i s  genera l ly  not  
mope than 100 t o  200 fee t .  Features provid- 
ing  g rea t e r  l o c a l  r e l i e f  include Bodenburg 
Butte, which i s  almost 800 f e e t  higher than 
the  surrounding lowland, and seve ra l  s imi l a r  
h i l l s  of rock. The b lu f f s  along the  Mata- 
nuska River nor th  of P a l m r  r i s e  200 t o  300 
f e e t  above the  r i v e r  ohannel. 

Most of t h e  va l l ey  f loo r ,  extending 
westward from the  Matanuska RLver nor th  of 
Palmer, i s  a gen t ly  r o l l i n g  surface .  In 
much of it, the  h i l l s  and val leys  have a 
southwest trend; t h i s  o r i en ta t ion  is  shown 
most conspicuously by t h e  s e r i e s  of lakes 
whose ax i s  passes aouth of Wasilla and l e a s  
s t r i k i n g l y  by a second s e r i e s  of lakes  t o  
the  nor theas t .  In the  northwestern pa r t  of 
t he  a g r i c u l t u r a l  area,  west and northwest of 
Pittman, the h i l l s  and val leys  t rend south- 
southwest. Two t r a c t s ,  one between Ealta and 
Moose creeks and extending 2 t o  3 miles west 
of loose  Creek and the  o ther  between Palmer 
and the ~ ~ r i c u i t u r a l  Experiment Sta t ion ,  a r e  
charac ter ized  by i r r e g u l a r  h i l l s  and swales 
and' conspicuoua ridges.  The l o c a l  r e l i e f  
i n  these  t r a c t s  i s  a s  much a s  150 f e e t .  The 
r idgea a r e  most conspicuous near t h e  experi- 
ment s t a t i o n ,  where they a r e  continuous and 
pa ra l l e l .  

A conspicuous b e l t  of h i l l s  which r i s e  
50 t o  150 f e e t  above the surrounding country 
extends southwestwaxd past  Plttman. A chain 
of s imi l a r  h i l l s  borders Big Lake on the  
south and extends southwestward out of the  
area  described i n  this repor t ,  beyond wWch 
i t  cumea t o  the south and then t o  the  south- 
eas t ,  ending a t  iloose Bay. 

Palmer is on a wide, f la t - topped bench. 
S imi l a r  benches l i e  e a s t  o r  the Matanuska 
River south of Wolverine Creek, between the  
Knik and Matanuska Rivers, and along par t  of 
t he  t o p  of t h e  b luff  overlooking Knik Am. 
Smaller  benchea north of Palmer and through- 
out t he  r o l l i n g  country t o  t h e  west a r e  l e s s  
conspicuous. The r o l l i n g  country and benches 
no r th  of Knik A r m  a r e  separated from it, and 
from t h e  low-lying f l a t  ground near i t ,  by a 
conspicuous b lu f f  50 f e e t  o r  more high which 
extends from Goose Bay eastward and grades 
i n t o  the  b luff  of t he  MatanusKa River near 
Matanuska. 

Most of the a rea  d ra ins  i n t o  the  Yata- 
nuslta and Knik Rivers, hat severa l  m a l l  
streams flow d i r e c t l y  i n t o  Rnik Ann. The 
L i t t l e  Sus i tna  River d ra ins  p r t  of  tho  
nor thern  sec t ion  of t h e  area.  The drainage 
3x1 s l y  In ters t ream t r a c t s  i s  poor because 
of t he  i r r e g u l a r  topography and t h e  vegeta- w 

t i v e  cover. There a r e  l a rge  a reas  of swampy 
ground and ahallow lakes occupy many of 
t h e  hoflows. The o r i en ted  lakes  west of P l t t -  
man and t h e  tm southwestward-trending a e r i e s  
of Iakea nea r  Warrilla a r e  among t h e  prominent 
f ea tu res  of t h e  va l l ey  f loo r .  



The Knik River f loods annually i n  July 
o r  A u e t  when Lake George, impounded by 
K n i k ~ l a c l e r ,  i s  drained a s  8 r e s u l t  of its 
overflow and t h e  r eau l t ing  erosion or the 
ioe  along one edge of t h e  g l ac i e r .  

I n  i t s  na tu ra l  s t a t e  most of t he  area  
discussed i n  t h i s  r epor t  was fores ted .  White 
spruce, aspen, cottonwood, and b i r ch  a r e  
c h a r a c t e r i s t i c  of t he  b e t t e r  drained s o i l a .  
Willow i s  found on a l l  types of deposits .  
Black spruce i s  common only i n  bogs. Alder 
i s  common both i n  moist spots on the lowland 
and with wlllows on the  mountain slopes bor- 
der ing  the  valley.  The a l t i t u d e  of t r e e  l i n e  
depends upon exposure; l o c a l l y  i t  i s  above 
2,000 f e e t .  Trees i n  this  area  a r e  shallow 
rooted and a r e  e a s i l y  blown down. Windfalls 
a r e  ccaunon i n  f o r e s t s  composed of o lder  
t reea .  

. Fi re ,  probably i n  p r t  natural. but large- 
l y  accompanying sett lement and r a i l r o a d  con- 
s txuct ion ,  has burned over many pa r t s  of t he  
va l l ey  f loo r .  Extensive burned a reas  have 
become refores ted .  

The ground cover I n  the  f o r e s t  cons i s t s  
of various shrubs, herbs, grasses ,  and o ther  
emall plants.  Mosses and grasses a r e  charac- 
t e r i s t i c  of poorly drained areas .  Fireweed 
i s  the  cormnonest p lant  on newly burned land. 
Fireweed and grass  may p e r s i s t  f o r  long per i -  
ods on burned land nea r  t he  t r e e  l i n e .  

The f l a t s  along Knik A r m  a re ,  o r  recent- 
l y  have been, subjec t  t o  t i d a l  f looding; 
over moat of t h e i r  a r ea  they bear only small  
a d t - t o l e r a n t  p lants .  The wide a l l u v i a l  
f lood p l a ins  of t h e  Matanuska and Knik Rivera 
a r e  p r a c t i c a l l y  bare of vegetat ion because a t  
some t h e  during every seaaon o r  two the 
gravel  bars  e i t h e r  a r e  submerged o r  a r e  re- 
moved and r e b u i l t  during the  channel s h i f t l n g  
t h a t  accompanies flooding. The middle slopes 
of t h e  mountains f lanking the  va l l ey  bear a 
cover of moss and low o r  p ros t r a t e  shrubs; 
near t h e  summlts t he re  i s  no vegeta t ive  
cgver. 

Culture 

A s  a r e s u l t  of t h e  f inding of gold i n  
t h e  Talkeetna Mountains, the  se t t lement  a t  
Rnik was ea tabl i shed i n  1898 on t h e  s i t e  of 
an Indian Vil lage and Russian mission. I n  
1916 the  Alaska Railroad was extended through 
the  Matanuska Valley, and where i t  crossed 
the  t r a i l  between Knik and the  Talkeetna 
Mountains t h e  community of Wasilla was estab- 
l iahed,  Matanuska grew a t  t he  junction of 
t he  main l i n e  and t h e  spur l i n e  leading t o  
the  hdatanuska Valley coal f ie lds .  After  t he  
establishment of t he  a g r i o u l t u r a l  colony i n  
1936 the  cen te r  of population of the  va l l ey  
s h i f t e d  toward the  community of Palmer. 

The population of Palmep i s  estimated a t  
about 800. Waailla i s  much amaller, and only 
a few fami l i e s  remain i n  Matanuska and Knik. 
The farm population of the  area  i s  2,000 t o  
3,000; It i s  d i s t r i b u t e d  ch ie f ly  around Pal- 
mer and, t o  a l e s s e r  extent ,  around Wasilla. 

The a g r i c u l t u r a l  a rea  i s  t raversed  by 
t h e  main l i n e  of the  Alaska Railroad, which 
passes through Matanuska and Wasilla north- 
ward t o  Fairbanks. A branch of the r a i l road  
extends from Matanuska through P a h e r  t o  
Jonesvil le,  on Eska Creek. The Glenn Highway 
begins a t  Anchorage, 48 miles southwest of 
Palmer, and extends through Palmer and i n t o  
the  i n t e r i o r  of Alaska. Daily bua service  
i s  maintained between Wasilla, P a h e r ,  and 
Anchorage. All the s e t t l e d  sec t ions  of t h e  
va l l ey  l i e  on a road n e t  maintained by t h e  
Alaska Road Commission. A i r  t r a v e l  has long 
been popular i n  t h i s  area,  a s  elsewhere i n  
Alaska. Several  small l o c a l  f i e l d s  have been 
used, and a new a i r p o r t  was completed a t  
Palmer i n  1950. 

Development of ag r i cu l tu re  i n  the  a rea  
has continued s ince  establishment of t he  
a g r i c u l t u r a l  colony; dairying and vegetable 
growing a r e  the  most important types of farm- 
ing .  The h i s t o 4  of the a g r i c u l t u r a l  colony 
i s  t h e  subjec t  of a recent  study by Stone 
(1950). 

Mesozoic and T e r t i a m  Rocks 

The charac ter  of t he  rocks underlying 
t h e  g r e a t e r  pa r t  of t h e  Matanuaka Valley 
a g r i c u l t u r a l  a rea  i s  unknown. The wr i t e r  
est imates t h a t  bedrock 1 s  exposed a t  t h e  
surface i n  l a s s  than 1 percent of the  area ;  
elsewhere t h e  bedrock i s  covered by unconsol- 
i da t ed  depoalts  whose th ickness  i a  known a t  
r e l a t i v e l y  few places.  Exposures of bedrock 
i n  t h e  area  a r e  indica ted  on p l a t e  1. 

The bedrocks exposed i n  and adjacent t o  
the  a g r i c u l t u r a l  a rea  have been deacribed by 
Martin and Katz (1912) Capps (1940), and 
Landes (1927). The ~ a i k e e t n a  Yountaina t o  
the  north,  composed mostly of igneous rocks 
predominantly g r a n i t i c  i n t r u s i v e s  ( ~ e s o z o i c q )  
and t o  a l e s s e r  extent  lava and t u f f .  A b e l t  
of Cretaceous and Ter t ia ry  sedimentary rocks 
forms the south f lank of t h e  mountains. 
Mesozoic rocks I n  the  Chugach Range, t o  t h e  
south, include g r a n i t i c  i n t m a i v e s ,  meta- 
morphosed sedimentary PO cka bhief ly  a l a t e  
and a r g i l l i t e ) ,  and greenstone. 

Cretaceous sedimentary rocks extend down 
t h e  Matanuaka Valley t o  Moose Creek; they are 
sandstone ( including eaywacke) and shale .  
Conglomerate and sandstone (graywacke) ex- 
posed i n  small  h i l l s  south of Palmer may be 



the  southwestward extenalon of these  rocks. 
Conglomerate, sandstone, shale,  and coal  of 
Te r t i a ry  age a r e  exposed i n  the  Eska Creek- 
Wishbone Bill-Moose Creek a rea .  Ter t ia ry  
coal-bearing rocks a l s o  occur a t  Houston, 
jus t  beyond the  northwestern corner of t he  
area  described i n  t h i s  repor t .  

Wishbone H i l l ,  a t  the  nor theas tern  cor- 
ner  of the  a g r i c u l t u r a l  a r ea ,  i s  a cynclinal. 
h i l l  he ld  up by the  Te r t i a rg  Eska conglomer- 
a t e .  Martin and Katz (1912 p, 72-75, 
pla.  15, 16) descr ibe  the s t r a i g h t  f r o n t  of 
t he  Talkeetna Mountains a s  represent ing  a 
zone of faul t ing;  they be l i eve  t h a t  t h e  course 
of t he  L i t t l e  Susitna River i s  approximately 
along the  f a u l t  downstream from the point  
where the  stream emerges fmm the  mountains. 
Recent work by F. F. Barnes, of the U. 5 .  
Ueologica1 Survey, shows the  presence of coal- 
bearing Te r t i a rg  rocks nor th  of t he  L i t t l e  
Susitna River; these  Te r t i a ry  rocks, with 
o the r  evidence, suggest t h a t  t he  mountain 
f ron t  r a t h e r  than the  stream coarse marks 
the  western extension of the  f a u l t  (Barnes, 
F. C.. personal  communication. 1952). Martin 
and Katz (1912, p. 74) suggest a l s o  t h a t  t he  
r e l a t i v e l y  s t r a i g h t  f r o n t  of t h e  Chugach 
Range, t o  the  south, a l so  may be due t o  f a u l t -  
ing, but they do not  f i n d  enough evidence t o  
form a d e f i n i t e  aonclusion. Exposupss along 
the  Matanuska River and Moose and Wolverine 
Creeks show t h a t  the  folded sedimentary rocks 
a t r i k e  northeastward and a r e  faul ted .  The 
ava i l ab le  data a r e  i n s u f f i c i e n t  t o  j u s t i f y  
conclusions regarding the  s t r u c t u r e  of t h e  
sedimentary rocks underlying most of t h e  
va l l ey  f l o o r  t o  the  west o r  t h e i r  depth of 
b u r i a l  beneath the  overlying unconsolidated 
deposi t s .  

Quatdrnarv Deaosfts 

Unconsolidated deposi t s  of both g l a c i a l  
and nonglac ia l  o r i g i n  cover the  bedmok of 
t he  va l l ey  f l o o r  i n  most of t he  area  descr ib-  
ed i n  this  repor t .  The g l a c i a l  deposi t s  con- 
s i s t  of till, o r  outwgsh sand and gravel ,  
and f luv ioes tua r ine  deposi t s  i n  and a10 
Knik Arm.  The e x i s t i n g  Matanuska a d  ~n% 
Glaciers  l i e  beyond the  l i m i t s  of thSa area ;  
but, because the  Matanuska and Knik Rivers de- 
r i v e  lduch of t h e i r  water and sediment from 
these g l ao ie r s ,  t he  modern deposi t s  of t hese  
streams a r e  considered g l ac io f luv ia l .  The 
nonglac ia l  deposi t s  include windblown naate- 
r i a l ,  which mantles most of t he  a g r i c u l t u r a l  
area, and a l l u v i a l  fans, t a l u s ,  and f r o s t -  
d is turbed deposi t s  ch ie f ly  along the wal ls  
of t h e  valley.  (See f i g .  3.) 

It has not  been shown whether the e x i s t -  
i ng  g l a c i e r s  a r e  remnants of t he  more exten- 
s ive  Pleistocene Matanuska and Knik g l ac i e r s ,  
from which most of t he  l a c i a l  deposi t s  i n  
t h i s  a rea  originated.  i epa ra t ion  of t h e  
Pleistocene and Recent i n  epochs i n  t h i s  
a rea  i s  therefore  d i f f i c u l t .  I n  t h i a  r epor t  
a l l  unconsolidated ma te r i a l s  over ly in  Ter- 
t i a r y  o r  oldep rocks a r e  designated s k p l y  
Quaternam deaos i t s .  

The geologic map (pl .  1) shows the, d is -  
t r i b u t i o n  of bedrock exposures and unconsoli- 
dated deposi t s  exclusive of swamp deposi t s  
and the  mantle of windblown mater ia l .  Pa t s  

obtained by the  mechanical ana lys i s  of sam- 
p les  of t h e  unwnsol ida ted  sediments axe 
given i n  t a b l e  4. 

Glac ia l  Deposits  

T i l l  ("hardpan" ) 

T l l l  i s  a c l a s t i c  unconsolidated rock 
deposited d i r e c t l y  by o r  from g l a c i a l  i ce  
wi th  l i t t l e  o r  no modlficatlon by running 
water. It i s  dominantly unsorted, cons is t ing  
of rock fragments ranging from c l a y  t o  l a rge  
boulders. The d i s t i n c t i o n  between a till 
s l i g h t l y  so r t ed  during deposi t ion  and a poor- 
lf sor ted  g r a v e l  Is i n  many ins tances  a rb i -  
t r a r g .  T i l l  i s  one end member of a continuoua 
s e r i e s  of mater ia ls ;  t he  o the r  end member i s  
well-sorted outwash sand and gravel  (Fl in t ,  
1947, g.  103). 

T i l l  a t  the surface  i n  t h e  a g r i c u l t u r a l  
a rea  i s  i n  the  form of ground moraine, a 
g l a c i a l  deposi t  which usua l ly  occurs a s  a 
r e l a t i v e l y  t h i n  mantle on the  underlylng 
matel-lal. Ground moraine may cons is t  of 
ma te r i a l  deposited beneath g l a c i a l  ice ,  o r  of 
deb r i s  derlved,  upon melting, from t he  gla-  
c i a l  load within o r  upon the  ice .  Though the  
ground moraine i s  predominantly till, layera  
of washed m a t e r i a l  a r e  present. i n  it, and 
t h i n  sand and gravel  deposi t s  l o c a l l y  mantle 
i t s  surface.  Ovar much of the  a rea  ma ped 
by the  w r i t e r  as gmund moraine ( ~ 1 .  17 t h e  
t i l l  presents  the  o r i g l n a l  surfaoe of g l a c i a l  
depomition, modified l i t t l e  o r  not  a t  a l l  by 
erosion.  

T i l l  i n  t h i a  area  i s  commonly gray o r  
blue gray. It l a  composed mainly of subangu- 
l a r  t o  pounded stones i n  a matrix of mlxed 
sand and s i l t .  Table 4 showa the  gra in-s ize  
distribution of the  fragments smal ler  than 2 
mi l l imeters  i n  diameter, i n  two samples of 
till. Very l i t t l e  c lay  i s  present  i n  these  
samples. Poor s o r t i n g  i s  shown by the  d i s -  
t r i b u t i o n  o f  ma te r i a l  over a wide range of 
g ra in  sisss (as compared, f o r  example, with 
the  l e s s e r  range of s f a e s  i n  mlndblown sand).  
Stones i n  the  t i l l  range from granulea t o  
boulders; they cons is t  of t he  greenstone, 
s l a t e ,  s c h i s t ,  and f e l a i c  i n t r u s i v e  rocks 
cha rao te r i a t i c  of t he  adjacent  mountains and 
of t h e  sedimentary rocks exposed i n  t h e  Mata- 
nuska Valley. 

S i l t - r i c h  t i ll  i s  oompact an8 tough. It 
is  d i f f i c u l t  t o  excavate and i s  hown looal-  
l y  a s  "hardpan." 

I m e g u h r  roughly ho r i zon ta l  s t r eaks  and 
l aye r s  containing more atones o r  more s i l t  
than t h e  underlying and overlying till can be 
observed in some exposures. m e y  a r e  common- 
l y  a few f e e t  t h i ck  and may extend l a t e r a l l y  
a hundred f e e t  o r  more i n  well-exposed see- 
t i ons .  Fmctu rea  which may be f a u l t s  cut  t he  
ti11 i n  some exposurea. In the  b lu f f  above 
the r i v e r  1 mile nor th  of Palmer t h e  wal ls  of 
s e v e r a l  such f r a c t u r a s  a r e  separated by a few 
inches of s i l t  and sand laminated p a r a l l e l  t o  
t he  walls .  These f r a c t u r e s  a r e  most reason- 
a b l y  explained a s  tens ion  f r ac tu res  f i l l e d  
wl th  so r t ed  sediment by water. The f r a c t u r e s  
and t h e  i r r e g u l a r  layera  cons is t ing  of sandy 
t i l l  may be recognized i n  d r y  weather becauae 
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they remain more damp than adjacent s i l t y  
till. Because o f  t he  l imi ted  exposures of 
till, it i s  not poasible t o  draw conclusions 
regarding t h e  occurrence of f r a c t u r e s  and 
i r r e g u l a r  sandy Layers i n  the  a g r i c u l t u r a l  
a rea  a s  a whole. 

I n  some exposures l aye r s  of sand or 
gravel  occur within xassive till, The layers  
a r e  commonly a few inches t o  a few f e e t  th ick .  
Most of those the  wr l t e r  has seen a r e  courposed 
of medium t o  coarse sand o r  sandy pebble 
gravel; they appear t o  form r e l a t i v e l y  narrow 
s t r inge ra  enclosed i n  compact till. Some of 
these show sharp changes I n  gra in  s i z e  and 
thickness within shor t  distances.  

S imi lar  t h i n  sandy and g rave l ly  s t r eaks  
I n  t ill  have a l s o  been found i n  many wells  ir: 
t h e  area. These Layers seem t o  be s imi la r  t o  
lenses  and s t r i n g e r s  of imperfectly sor ted  
mater ia l  found i n  till i n  the  United S ta t e s  
(Meinzer, 1923, p. 285). The w r i t e r  be l ieves  
t h a t  these  deposi ts  were l a i d  down by amall 
subglacia l  streams vhich flowed temporari ly 
upon till beneath the  i c e  before being cover- 
ed by add i t iona l  t i l l  from the  overlying ice .  
The so r t ing  of sand i n  these layers ,  whlch i a  
b e t t e r  than t h a t  i n  most other sediments 
analyzed, i s  shown by t h e  analyses of two 
samples i n  t a b l e  4. The b e t t e r  so r t ing  may 
be due t o  deposition from a confined stream 
flowing under hgdros ta t ic  pressure. Evldence 
ava i l ab le  from outcrop8 and from wells 
suggests t h a t  these layers  are of l imited and 
i rpegular  a r e a l  extent .  

I n  a few exposures s l i g h t l y  so r t ea  
mater ia l  which resembles till may be observed 
r e s t i n g  upon massive till. The t i l l - l i k e  
mater ia l  shows n e i t h e r  t h e  bedding nor the  
so r t ing  of outwash gravel. The bes t  exposure 
seen by the  w r i t e r  i s  i n  a gravel  p i t  on the  
lower slope of h z y  Mountain, about h a l l  a 
mile nor theas t  of the Matanuska Rlver bridge. 
There the  s l i g h t l y  sor ted  ma te r l a l  r e s t s  upon 
the  underlying massive till along an irregu- 
l a r  but d i s t i n c t  surface.  This s l i g h t l y  
aorted mater ia l  i s  best  explained a s  super- 
g l a c i a l  till: i t  i s  probably composed of 
debr i s  which lay upon the  surface of the  i c e  
and became s l i g h t l y  sor ted  before being l e t  
down upon the  masslve till beneath aa the  i c e  
melted. Exposures of t ill  i n  t h e  ag r i cu l tu r -  
a l  a rea  a r e  not s u f f i c i e n t l y  numerous o r  ex- 
tenaive t o  show the  a r e a l  Importance of auper- 
g l a c i a l  till. 

The till of the  Matanuska Valley agr icul -  
t u r a l  area i s  r e l a t i v e l y  impermeable. Only 
t h e  l aye r s  of sor ted  mater ia l  y i e ld  water 
f r ee ly ,  and these I n  small  quan t i t i e s .  Poor 
surface drainage Is c h a r a c t e r i s t i c  of t r a c t s  
underlain by till; marshes a r e  common, even 
on high ground. Some lakes,  including Wasilla 
Lake, appear t o  be perched on till. Contact 
springs a r e  present along h i l l s i d e s  i n  local -  
i t i e s  where sa tura ted  gravel  l i e s  on till. 

Many of the  depreeaions on the ground 
moraine i n  the  western pa r t  of t h e  ag r i cu l tu r -  
a l  area,  o r  on ground moraine covered by t h i n  
gravel ,  a r e  bordered by high-level  deposi ts  
of ho r i zon ta l ly  bedded gravel.  Such beds, 
three-eighths of a mile west of Wasilla, a r e  

40 f e e t  above the  l e v e l  of Wasilla Lake. The 
ground moraine north oi" Lake Lucile and north- 
west of Wasllla i s  marked by entrenched 
stream-cut c h a ~ e l s  whlch stand above t h e  
l eve l  of t h e  lake.  The high-level  bedded 
gravel  and stream channels a r e  moat reason- 
ably  explained by the  assumption t h a t  the  
basins of Lake Lucile and Wasllla W e  were 
occupied by blocks of stagnant i ce .  Streams 
flowing along the  boundary between t h e  i c e  
and the adjacent ground moraine deposited 
gravel; where they loca l ly  flowed across the  
moraine, they cut channels. Melting of the  
l a s t  i c e  l e f t  the  lake  basins i n  much t h e i r  
present form, with bedded gravel  and channels 
perched upon the  surrounding h i l l s i d e s .  The 
pat tern  of gravel  i s l ands  and s p i t s  i n  t h e  
lakes eas t  and nor theas t  or 'Waail la i s  bes t  
explained by t h i s  ice-block hypotheal.~; an  
a l t e r n a t t v e  explanation of the  lake basins 
and accompanying fea tu res  a s  having been 
formed by erosion alone I s  unsat is fac tory .  
All t h e  o ther  basins i n  t h e  two southwest- 
trending s e r i e s  of lakes near Waailla (see 
p l .  I) a r e  probably ice-block holes.  

The ground moraine i n  the  t r a c t  nor th  
and west of Pittman i s  characterized by north- 
northeastward-trending pa ra l l e l ,  elongate 
h i l l s  and valleya;  most o f  the  val leys  a r e  
now occupied by lakes o r  marshea (pl .  1). 
Horizontally bedded gravel  deposits  mantle the  
h i l l s i d e s  above aome of t he  lakes. Discon- 
tinuous esker l ike  r idges of till, a s  much as  
20 f e e t  h igh and several  hundred f e e t  long, 
lye upon t h e  ground moraine i n  t h i s  t r a c t .  
Many of these r idges a r e  covered by severa l  
f e e t  of gravel;  local ly ,  a s  a t  t h e  gravel  p i t  
14 miles west of Plttman, gravel  has been 
deposited between t h e  till ridges and has 
p r t l y  o r  completely covered them. T i l l  
r idges a t  the  lake  north of tha  r a i l r o a d  and 
3 miles southeast  of Bouston extend i n t o  t h e  
lake. The rldges a r e  in t e rp re ted  a s  f i l l i n g s  
formed i n  shor t  crevasses i n  stagnant ice .  
Their presence over most of the  t r a c t  under 
d iscuss ion shows tha t  the  form of the  morain- 
a l  surface  I s  due t o  g l a c i a l  deposi t ion  and 
t h a t  t h e  surface has been modified only 
s l i g h t l y  by erosion.  The extension of r l ages  
i n t o  one lake and the  preaence of high-level 
bedded gravel  beside o thers  a r e  taken a s  
evidence t h a t  t h e  elongate val leys  a r e  i ce -  
block holes.  The o r i en ta t ion  of the  elongate 
p a r a l l e l  h i l l s  o f  ground moraine is  a t t r i b u t e d  
t o  t h e  presence i n  the i c e  of elongate a l t e r -  
na t ing zones of debrls-laden and r e l a t i v e l y  
clean ice .  Debris from d i r t y  i c e  formed h i l l s ;  
t he  l a s t  remaining c lea r  i c e  between bands of 
d i r t y  i c e  separated i n t o  blocks around whlch 
gravel  deposi ts  were l a i d  down. Final  melt- 
ing  of the  l a s t  blocks l e f t  the  e x i s t i n g  lake 
basins.  

Over the  remainder of the  ground moraine 
I n  the  western par t  of the a g r i c u l t u r a l  area 
the  o r i en ta t ion  of h i l l s  and valleya i s  much 
l e s s  regular  and conspicuous than tha t  near 
Fittman. The val leys ,  most of which a r e  
in t e rp re ted  a s  ice-block holes,  show a south- 
westward trend l i k e  t h a t  of the  large  g l a c i a l  
dralnage channels west of Wasilla. The i ce -  
block holes  have t h e  form of dimples i n  the 
ground moraine; they a r e  most reasonably ex- 
plalned a s  cav i t i e s  fo rmd  by the  melting of 



r e l a t i v e l y  clean i ce ,  whereas the  adjacent The t ill   deposit^ dasorlbed i n  preoading 
higher moraine i s  the  r e s u l t  of depogition paragraphs a r e  conaidered t o  form a s ingla  
from i c e  having a heavier load of debr is .  sedimentary un i t  depouited d u r l n ~  one glacia- 

The wr l t e r  concludes tha t  t h e  form of 
the  ground moraine i n  t h e  western par t  of t h e  
a g r i c u l t u r a l  area  Is due t o  widespread stag- 
nat ion of i ce ,  and t h a t  t h e  d i s t r i b u t i o n  of 
debr i s  i n  t h e  i c e  may have controlled the  po- 
s i t i o n  and form of h i l l s  and val leys  on the  
moraine. The elongate, p a r a l l e l  zones of 
d i r t y  i c e  in fe r red  to  have formed the  para l -  
l e l  h i l l a  northwest of Pittman may have been 
folded medial moraines auch a s  may be seen 
on t h e  Malaspina (Washburn, 1935) and Bering 
Glaciers along the  Gulf of Alaska. I f  s imi l a r  
eones of debr is  were present i n  i c e  over t h e  
remainder of t h e  western par t  of the  agr icul -  
tural .  area, they l e f t  no conspicuoua topograw- 
i c  expression; .any t h a t  were preaent may 
have been broken by renewed movement of pa r t  
of t h e  terminal zone of t h e  near ly  stagnant 
g l ac ie r .  

T i l l  i s  present a l s o  I n  a h i l l y  b e l t  
which extends southwestward through Pittman 
toward Big Lake and i n  h i l l s  south of Big 
Lake. Near Pittman the till i s  over la in  by 
p i t t e d  gfavel depoaita. T h i s  h i l l y  b e l t  may 
represent a mq3ial moraine i n  the  toe,  or,  i f  
par t  of the  terminal i ce  moved p s t  stagnant 
i c e  ly ing northwest of P i t t m n ,  the h i l l s  may 
mark the  juncture of the  two i c e  maeses. 
H i l l a  of t i l l  south of Big Lake a r e  continu- 
ous t o  the  west with the  band of h i l l s  men- 
t ioned on page 6, which i s  arcuate  toward 
t h e  west and which extends frw the  v i c i n i t y  
of Willow and Nancy, northwest of Houston, t o  
Knik A r m  near Goose Bay. On the  baaia of 
study of a e r i a l  photographs, T. N. V .  Karl- 
strom (personal oommunication, 1949), of  the  
Geological Survey, in t e rp re ted  t h i s  arcuate  
b e l t  of h i l l s  aa the  end moraine of t h e  l a s t  
g l a c i e r  which l a y  over the  a g r i c u l t u r a l  area.  
The wFitar bel ieves  t h i s  in t e rp re ta t ion  t o  be 
correc t .  

Over most of the  a g r i c u l t u r a l  area e a s t  
of t a s i l l a  and west and nor th  of the  Matanua- 
ka River the till is  covered by gxavel. The 
thickness of the  gravel  ranges .from a fea ther-  
edge t o  about 100 f e e t ;  i n  general t h e  depos- 
i ts a r e  th i cke r  toward the  e a s t .  

t i on .  Several n a t u r a l  exposures-and &out 35 
wella show older  g l a c i a l  deposits  ly ing be- 
neath t h i a  till. The older  deposits  a r e  main- 
l y  g lac io f luv ia l  but i n  1 well such deposits  
r e s t  upon mhat may be s t i l l  older till. 

I n  t h e  b luff  along Knik Arm eaat  of 
Goose Bay the  surface  till r e s t s  upon gravel. 
(See sec t ion  1.) I n  severa l  exposures along 
the  Matanuska River north of Palmer t h e  till 
l i e s  beneath s u r f i c i a l  gravel  but pes t s  upon 
older  gravel .  (See sect lon 2. ) Most of the  
wella tha t  pass through the  near-surface till 
i n t o  o lde r  depoaita a r e  In an area  ly ing  
within a f m  milaa west, northwest, o r  no r th  
of Palmer, but o thers  a r e  near the  Agricul- 
t u r a l  Experiment S ta t ion  and about 3 miles 
eaat  of Wasllla. Table 2 presents  logs of 
th ree  such wells. The f i r s t  of these i s  
about three-eighths o i  a mile west of t h e  
Matanuska bluff  and 2$ miles nor th  of PalmeF; 
the  "blue mud and ravel" 63 t o  101 f e e t  be- 
neath t h e  surface $table 2 )  i s  corre la ted  
with the  buried till i n  the  Matanuska bluff  
(sec t ion 2 ) .  m e  o lde r  gravel  shown by the  
d r i l l e r s t  log  may represent the advance out- 
wash of t h e  g l a a i e r  which depoaited the  ovar- 
ly lng till, the outwash aasociated with the  
r e t r e a t  of an  e a r l i e r  g laoier ,  o r  both. 
Several  of the  logs, including the second i n  
t ab le  2, record r e d  o r  brown grmvel i n  which 
the  color  may represent the  e f f e c t s  of weath- 
ering; i n  addit ion,  the  gravel  l o c a l l y  i s  
s l i g h t l y  consolidated. The gravel  m a y  there- 
fo re  have been exposed f o r  some time a f t e r  
i t s  deposi t ion  before l t  was covered by the  
overlying till. Thus it 18 reasonably con- 
eidsped t o  represent  an  e a r l i e r  g lac ia t ion .  
The blue mud from 198 f e e t  t o  bedrock a t  
about 226 f e e t  i n  the  f i r s t  log  i n  t ab le  2 
may be till deposited during t h i a  e a r l i e r  
g l ac ia t ion .  The gravel  a t  Goose Bay, aa 
ahown i n  the  sec t ion,  may represent t h e  re-  
cess tonal  outwaah of the  e a r l i e r  g l ac ia t ion  
and the  advanoe outwaah of the  g lac ie r  which 
deposited t h e  overlying till; i f  t h i s  i n t e r -  
p re t a t ion  1s  correot,  the  vegetation t h a t  
formed the  peat grew during t h e  period between 
t h e  r e t r e a t  of one g l a c i e r  and the  advance of 
t h e  next.  

1. Section i n  b luff  nor th  o f  Knik Arm about one-quarter mile e a s t  of Gooxe b y  

Feet 
( e s t i m t e d )  

Windblown sand--------------------------------------------------------------- 3 
!Ell, gray-brown, s i l t y ;  Includes a few l aye r s  of poorly sor ted  gravel------- 15  
Pebble and cobble gravel ,  sandy; interbedded hor leonta l  sand lenses  

a s  much a s  1 foot  th ick  and 40 f e e t  long show croasbedding----------------- 20 
Peat, brown-black, alabby, containing compressed twigs and s t m e  of wood----- 
S i l t y ,  grayi----l---------------------------------"----"--------------m------ 

23 
1 

Sand, s i l t y ,  somewhat i p o n - s t a ~ n e d - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  3 
Pebble and cobble gravel, sandy, conspicuouslg iron-stained; l o c a l l y  

cons~lidatea-----------------~----------------------------~---*------------ 1 



2. Section i n  b luff  west of Yatanuska River about 3 miles northwest of Yatanuaka River Bridge 

Feet 
(estimated) 

Windblown sand--------------------------------------------------------------- 20 
Pebble and cobble gravel ,  sandy; hor izonta l ly  bedded------------------------- 40 
T i l l ,  gray, s i ~ ~ y - - - - - - ~ - - - - - - - l - - - - - - - - - - - - ~ - - - - - - -  40 
Pebble and cobble gravel, sandy and s i l t y *  s l i g h t l y  consolidated; 

loca l ly  deformed beneath overlying till------------------------------------ 60 
C o v e r ~ d - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - -  70 

----------Rfver------- - 
T o t a ~ - - - - - - - - - - - - - - - I - - - - - - - - - - ~ - - - - - - -  230 

ARRC t r a o t  14 (USUS 

Table 2.--9eleoted d r i l l e r s 1  logs showing the  presence of o lder  g l a c i a l  deposits  
i n  the  Matanuska Valley a g r i c u l t u r a l  area  

[Lager through courtesy of Alaska Rural Rehabi l i ta t ion  Corp.] 

I Feet In t e rp re ta t ion  

AKRC t r a c t  132, well  9 (abandoned; near USGS 305) 

Topsoll------l--------------w*--m--"----- 
sand and gravel-.-------------r-------- 
Sand, coarae-l-----l--------------------- 
Oravel, mud, and sand; water blue and 

mucky; w i l l  b a i l  out- ---------- 
Glacier mud and gravel,  blue and 

th ick;  water seeping------------------- 
Qlacier mud and sand--------------------- 
Blue mud--------------------------------- 
Water, gravel;  water stands t o  75 f e e t ;  

red 
Water, 

Topsoil---------------------------------- 
Gravel-------l--------------------------- 
Blue mud and gravel---------------------- 
Oravel, loose running-------------------- 
Gravel ------.. ---..------ ----------- ------- 
aravel,  cemented------------------------- 
Pea gravel----c-r---------------------- 
@ravel, cemented---l----------m--------- 
Gmvel-------l--e--l--------------.----- 
Blue mud--------------------------------- 
Blue mud and shale mck, pipe stopped a t  

226 f e e t  on 2-foot ledge of hard 
able------------- ----- - ----- ----.------ 

Shale, open hole  from 226 f e e t  on-------- 
Well abandoned - dry hole.  

Oxidized gravel------------ 174 - 177 

ARRC tr 

0 - 15 
15 - 63 
63 - 101 

101 - 116 
116 - 155 
155 - 178 
178 - 181 
181 - 187 
187 - 198 
198 - 215 

215 - 226 
226 - 510 

Topaoil---------------------------------- 

Blue m d  ------- --A -- ------- - ---- ---- - ---- 
Uranfte ~ash---------------------------- 
Blue lime 
Water gravel ,  sand-,-------------------- 
Gmvei and mud---------- ------ ------.----- 
Sand and gravel; aomw water-------------- 
Blue mud and gravel---------------------- 
Gravel and sand-------------------------- 
Blue mud--------------------------------- 
Water gravel;  60 f e e t  of  water i n  pipe--- 

Till----------------------- 63 - 101 

S l i g h t l y  conaolldated 
gravel-------------------- 155 - 178 

 do-- do----^------------- 181 - 187 

nL1(?)-------------------- 198 - 2269 

i c t  95 ~ S G S  

45 - 
55 - 
59 - 64 

Sorted layers-------------- 55 - 59 

Older gravel--------------- 86 - 88 



The thickness of t h e  near-surface till, 
i n , w e l l s  that pass through it, commonl$ rangea 
from 10 t o  about 60 f ee t .  The th icksss  sec- 
t i o n  of till known t o  the  w r i t e r  l a  i n  well  
268; t i 3 1  extends from 10 f e e t  beneath t h e  
surfaae  t o  the bottom of t h e  well, which was 
a t  a depth of about 150 f e e t  i n  November 1951. 

A bench on t h e  slope of h a y  Mountain l a  
in t e rp re ted  a s  a l a t e r a l  moraine deposited 
along the  contact between g l a c i e r  and v a l l e y  
walls. Gull ies cu t t ing  the  bench expoaed t i l l  
r e s t i n g  upon bedrock. This bench l i e s  between 
1,700 and 2,100 Paet above sea level .  Two 
miles nor th  of Palmer the  upper surface of 
t h e  till deposited beneath the  same g l a c i e r  
i s  a t  an  a l t i t u d e  of about 300 t o  400 fee t .  
Tha thickness of the  i c e  over t h i s  par t  of 
the  va l l ey  may therefore  h a i e  been about 1,600 
f e e t  . A diacontlnuous bench which appears 
e s s e n t l a l l y  s imi la r  t o  tha t  on Lazy Yountain 
extends along the  slope of the  Talkeatna 
Mountains westward from Moose Creek and be- 
yond the  L i t t l e  Susltna River. Over a d i s -  
tance of 6 miles this bench slopes werrtward 
from about 2,500 f e e t  above sea l e v e l  t o  
about 2,000 fee t ,  o r  about 80 f e e t  pep mile. 

The age of till deposits  i n  the  Matanuska 
Valley a g r i c u l t u r a l  area can be disoussed 
moat conveniently a f t e r  the  other g l a c i a l  
deposi ts  have been described. 

Outwash Band and Gravel 

Outwaah deposita,  formed by streams t h a t  
derive par t  o r  a l l  of t h e i r  water and sedi-  
ment from g l a c i a l  ice,  cover a large par t  of 
the  Matanuaka Valley a g r i c u l t u r a l  area.  They 
include not only deposits  formed i n  associa- 
t i o n  with the i c e  t h a t  once l ay  over t h l s  a rea  
but a l ao  deposits  such aa those of the  exis t -  
ing  Matanuska and Knlk Rivers, formed a t  same 
dis tanae  from t h e  i ce .  

The mechanical composition of samples of 
outwaah aand and s i l t  and the  f i n e r  frabtion 
of g r a v e l a r e  shown by the  data  given I n  t a b l e  
4. The absence of l a rge  proportions of s i l t  
and c l ay  l a  well  shown by these  data.  !l%ese 
samples a r e  probably representa t ive  of most 
of t h e  outwash deposi ts  of the  a g r i c u l t u r a l  
area.  Some stream-laid deposi ts  a r e  ao poor- 
l y  sorted,  however, t h a t  they resemble till. 
The other  extreme of aor t ing  i s  represented 
by openwork gravel. composed of pebblee o r  
cobbles of agproxlrmately equal s i z e  and with- 
out i n t e r s t i t i a l  f b e r  mater ia ls .  %ah a 
g rave l  coneriatlng en$ir:ly of pebblerr is known 
l o c a l l y  an "pea gravel. 

The stones i n  the gFavel rsp~eCre?$t a l l  
t he  rock types found i n  t h e  Watanuaka Valley 
and i n  the  surrounding mountains, al thaugh me-: 
l a t i v e l y  ao f t  and weak sedimentary and metal 
morphic rocks a a t u r a l l y  a r e  leas oomon than 
maasive Igneous rocke. The sand conals ts  
predominantly of gra ins  of quartz and dark 
minemls and fragments of schist: and green- 
stone. 

Bedding i s  well  o r  moderately well  de- 
veloped I n  many exposureq of sand and gravel;  
but, where exposures a r e  extensive, t h e  beds 
a r e  genera l ly  seen t o  pinch out l a t e r a l l y .  
Crcrsabedding i s  crownonly observed, i n  places 

associa ted  with channel-and-fill s t ructure .  
Fau l t s  a r e  present i n  some exposures, par t ic-  
u l a r l y  i n  t h i n  beds of aand, and are a t t r l b -  
uted t o  slumping of t he  deposits .  

Thin l aye r s  of s i l t  a r e  included i n  t h e  
aand and gravel.  Other deposits ,  such a s  
till, peat, fine-grained sediments deposited 
i n  ponds, ape present loca l ly ,  

The outwash mater ia ls  i n  t h e  a g r i c u l t u r a l  
area  a r e  r e l a t i v e l y  permeable. Where the  
land surface  1s underlain by sand and .gravel, 
it is ene ra l ly  well  drained except where 
t i l l  l f e s  beneath the  sand and gravel  a t  ahal- 
low depth. Par$in and R a t %  (1912, p. 70-11) 
describe gravel-covered benches to an a l t i -  
tude of about 2,200 fee t ,  where the  v a l l e y  o r  
Moose Creek emerges from the  h igh mountainr. 
They suggest t h a t  t hese  deposi ts  were formed 
i n  ponded water wi th in  the  t r i b u t a r y  va l l ey  
a t  a time when the  main Yatanuska Ulacier 
stood acroaa the  mouth of the  t r i b u t a r y  
valley. 

The geologic map (p l ,  1) showa t h a t  t h e  
ground moraine west and noMhwest of WasiLla 
La crossed by mny gravel-Tloored v$L$eys. 
Theae a r e  drainage chsnnele followed by g2q- 
c ia1  meltwater. North of Knlk Am and n e w  
t he  experiment atation and neam p a b e y  far -  
t h e r  east ,  a r e  a lmi lar  dsposita beneath tspn 
races. Throughout t h e  a g r i w l t u a a l  a rea  ape 
o t h e ~  amaller t r a c t 8  under la in  b @are% de- 
posits o f  meltwater atlreamr, ~ l f  thsse  &r 

poa i t s  are mapped a s  
Many of them a r e  oons 
formed I n  c lose  a s soc i s t ion  with glaaLal i o s  
and were somewhat modiried by i t 6  msltlngj 
they a r e  ice-contact depoaits .  Othsra, lQe  
t h e  f lood-plain deposi ts  of the  modern Wta- 
nuska and Knlk Rlvers and deposita i n  t e r r a a e s  
nea r  these  streams, a r e  a iml lar  a l thou h 
f omned f a r t h e r  fiom t h e  i c e  or  not modffied 
by i t s  melting; those a r e  proglacia l  depoalts .  
The depoalts  of the  modern f lood pla in  of t h e  
L l t t l e  Bualtna Mver ape considered progla- 
aia? deposits although t h e  stream i s  only 
p a ~ t l y  of lacZa$ or ig in .  L i t t l e  information 
is  avai labfe  re&dtqg t h e  thickneaa ana com- 
gosZtion of the#@ d3ppatta in t he  western 
prrt of t he  a ~ r i c u l t u m l  area but the  form 
o f  t h e  tspagreph t h e  preeen&e of small 
h i l l 8  of till whbh prptrllde through the  
gravel  and a fqw exmaurea au g e s t  t ha t  i n  

the r ave l  is  pe l s t ive fy  thin (per- 
haps 20 t o  38 feet  thtek e p  l e s s l ,  west of 
Wasllla and t h e  e x p r r h e n t  statlen lqost of 
t h e  a l luv ia l -p la in  depoalbe ape i n  valieys 
cut i n  the  ground momine, and t ill  probebly 
l i e s  beneath a l l  these  gravel  deposita.  

Southweat of t h e  experiment s t a t i o n  
a l luv ia l -p la in  deposi ts  a r e  about 30 t o  70 

Yea ep s~$dqqc@ aqe ests t h a t  t h e  deposi ts  
of be isrmq~s pq fha lower slope of Lazy 
Idoun$ain, near Wolverine Creek a r e  a l a o  re- 
l a t i v e l y  th in .  Pspos$$s bmeah-i t he  exten- 
s i v e  t e r r a a e  routh of F a h e r  a r e  th icker ;  
many wells  75 t o  100 feet oy more deep 40 not 
reach till o r  bedrock, and B we$la ( table  5, 
wel ls  160 and 161) 175 an8 200 feet. deep may 
be i n  gravel  throughout t h e i r  e n t i r e  depth. 
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NothPnq i s  known of' the  maximum thickness of 
gravel  i n  the area  between the  Matanuska and 
Knik Rivers; s eve ra l  wel ls  about 50 f e e t  deep 
and 2 about 110 f e e t  deep, a l l  near Bodenburg 
Butte, do not  pass out of  t he  gravel .  The 
t h i n  g rave l  deposits ,  such a s  those of t h e  
t e r r aces  immediately no r th  of Pa lmr ,  seem 
t o  represent  deposi t ion  during t e r r a c e  cut t ing ,  
not  extensive deposi t ion  a f t e r  such cut t ing .  

The maximum thickness of a l l u v i a l  de- 
pos i t s  beneath the  e x i s t i n g  Matanuska and Knik 
River f lood p l a ins  i s  not  known. Stream 
measurements by the  Water Resources Division 
of t h e  aeoLogica1 Survey show t h a t  the  depth 
of channel scour a t  t h e  Matanuska River bridge 
during high water i s  a t  l e a s t  23 f e e t .  Three 
telephone poles were driven 19 t o  21  f e e t  i n -  
t o  f lood-plain gravel  beside the  approach t o  
the  Knlk River bridge without encountering 
bedrock. 

The a l l u v i a l - p l a i n  deposi t s  a r e  composed 
of s i l t ,  sand, and pebble and cobble gravel .  
Where It is  exposed, t he  ma te r l a l  i s  hor i -  
zonta l ly  bedded and f a i r l y  well  sorted.  Iso- 
l a t e d  boulders a r e  present  i n  many l o c a l i -  
t i e s ,  however, p a r t i c u l a r l y  i n  reworked de- 
pos i t s  o r  i n  those l a i d  down near t h e  i ce .  

Gravel i n  a t r a c t  nor th  and west of the 
Matanuska Wver  and extending southwestward 
fpom eakerine deposi t s  west of Moose Creek 
was deposited by aggrading streams from Ice  
which stood nea r  Moose Creek. The extension 
of t h i s  depoait  southwestward was p a r t l y  l a i d  
down by the same streams, but t he re  t h e  form 
of the  deposit  was modified by the  melting of 
buried blocks of i c e .  !l%e whole deposi t  may 
have been a va l l ey  t r a i n .  

An elongate southwest-trending t r a c t  
between Palmer, Four Corners, and the  experi-  
ment s t a t i o n  i s  charac ter ized  by slnuous 
r idges.  Near the  experiment s t a t i o n  t h e  
r idges have a r e l i e f  a s  much a s  150 f e e t  and 
a r e  conspicuously p a r a l l e l ;  s eve ra l  of them, 
approximately l e v e l  with each other,  grade 
i n t o  a f l a t  surface a t  t h e  experiment s t a t i o n .  
Clean sand and clean cobble gravel  a r e  exposed 
i n  a g rave l  p i t  i n  one of t he  r idges .  Rockle 
(1942, p. 365) has in t e rp re t ed  these  r idges  
a s  crevasse f i l l i n g s ,  deposi t s  formed i n  cre- 
vasses between narrow r idges  of i c e  which 
l a t e r  melted, leaving t h e  in t e r r idge  val leys .  
The w r i t e r  be l ieves  this  i n t e r p r e t a t i o n  t o  
be correc t .  

Sinuous and i r r e g u l a r  r idges  t h a t  cover 
much of the  t r a c t  immediatelg eaa t  and west 
of Moose Creek and extending about 3 miles 
west of t h a t  stream a r e  probably eskers.  
S imi lar  r i dges  nea r  Plttman, where they a r e  
associa ted  w i t h  h i l l s  of t i ll  and w i t h  g ravel  
deposi t s  modified by the  meltlng of buried 
i ce ,  a l s o  a r e  considered eskers. Elsewhere 
i n  t h e  a g r i c u l t u r a l  area,  and p a r t i m l a r l y  
about 14 m1I.e~ northwest of Waoilla, t he re  
a r e  i s o l a t e d  sinuous r idges  which contain 
gravel  and which a l s o  probably a r e  eskers.  

Some depoaits  of outwash sand and gravel  
were not  d i f f e r e n t i a t e d  dur ing  mapping. Moat 
of these deposi t s  undoubtedly were stream 
l a i d .  Some of them cap small  i s o l a t e d  h i l l s  
of o lder  deposits .  Some, a s  the  deposit8 be- 

tween Wasilla and Kings b k e ,  may be super- 
g l a c i a l  sor ted  deb r i s  l e t  down upon ground 
moraine by the  melt ing of t h e  l a s t  i ce .  Out- 
wash deposi t s  i n  t h e  t r a c t  west and no r th  of 
Pittman probably a r e  ch ie f ly  a l luv ia l -p l a in  
deposi t s  and f i l l i n g s  around the  edges of ice-  
block holes.  Reconnaissance f i e l d  work was 
done i n  t h a t  pa r t  of the  a g r i c u l t u r a l  area,  
however, and because of lack of exposures and 
poor topographic expression no attempt t o  
d i f f e r e n t i a t e  the  deposi t s  i s  made a t  present. 

The t r a c t  characterized. by crevasse 
f i l l i n g s ,  extending northeastward from the  ex- 
periment s t a t i o n ,  grades northward and south- 
ward i n t o  areas  of i r r e g u l a r  r i dges  and de- 
pressions.  Cuts along the Palmer-Four Corners 
road expoere ho r i zon ta l ly  bedded gravel  on 
h i l l t o p s  between depressions.  The depressions 
a r e  in t e rp re t ed  a s  i ce-blo ck holes.  These 
cu t s  a r e  prominent: i n  gravel  aepos i t s  nor th  
and west of Palmer and extending south and 
west a s  f a r  a s  Matanuska and Wasllla. 

P i t  ted  topography I s  conspicuaus a l s o  
between Eska and Moose Creeks; there  r e l i e f  
as  much a s  150 f e e t  i s  common. The l a r g e  de- 
pression tha t  forms t h e  lake  basins south of 
Wishbone H i l l  cons i s t s  of ice-block holes .  

The ice-block o r lg fn  of the  lake bas ins  
near  Wasilla and northwest of Pittman has 
a l ready been discussed (p. 9-10). 

Becauae of t h e  number, s i ze ,  and d i s t r i -  
bution of ice-block holes over most of  t he  
Matanuska Valley a g r i c u l t u r a l  area west of 
t he  Matanuska River, t he  w r i t e r  concludes 
t h a t  s tagnat ion  of i c e  and t h e  r e s u l t a n t  
p i t t i n g  of the  ground moraine and outwash de- 
pos i t s  were the  dominant f ao to r s  i n  the  forma- 
t i o n  of t he  topography. 

Throughout much of the  a g r i c u l t u r a l  a rea  
g l a c i a l  deposi t s  have been modified by stream 
erosion. Small t e r r a c e s  a r e  present  i n  many 
l o c a l i t i e s ;  i n  some the re  a r e  seve ra l  t e r r a c e s  
standing one above another. Terraces a r e  moat 
conspicuously developed along the  Matanuska 
River, between the  Matanuska and Knik Rivers, 
and above the b luff  overlooking Knik Arm. 
Several  of t hese  t e r r a c e s  nor th  of h i k  A m  
and a l so  these  along t h e  Matanuska River near 
and nor th  of Palmer a r e  p l t t ed ;  t h e  t e r r aces  
were formed while blocks of stagnant i c e  
s t i l l  l a y  buried i n  the gravel .  P f t t i n g  of 
t e r r a c e s  is  most conspicuous i n  the  narrow 
t r a c t  west and nor th  of Palmer (p l .  1); these  
t e r r a c e s  give way t o  p l t s  toward the  southwest. 
A 1 1  t h e  higher t e r r a c e s  along t h e  Matanuska 
River near Palmer, down t o  and including t h a t  
on which Palmer i s  s i t ua t ed ,  a r e  a t t r i b u t e d  
t o  the ac t ion  of meltwater from i c e  which l a y  
up the  Matanuska Valley. Some of them may be 
equivalent  t o  t e r r aces  near Eska Creek, and 
poss ib ly  t o  those  easr; of Kings River o r  
about 19 mi les  upstream from Palmer. Terracea 
no r th  of Knik A r m  may be remnants of a l l u v i a l  
p la ins  of both the Matanuska and Knik Rivers. 

Severa l  t e r r a c e s  lower than the  one on 
whlch Palmer l a  s i t u a t e d  a r e  preserved on 
b o a  a ides  of t he  Matanuska Wver near t he  
highway bridge and between the  bridge and the  
Knik River. Some of these  were formed by the  
Knik River. They a r e  not  p i t t ed .  
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A t  many plaoes along the  Matanuska River 
low tree-covered t e r r aces  stand a few f e e t  
above t h e  higheat deposits  of the  present 
a l l u v i a l  plain.  Al luvia l  fans  of many streams 
Tlowlng in to  the  Matanuska River, suclh a s  
those of Moose and Eska Creeks, have been 
eroded by the  r i v e r  and trenched by t h e i r  
own streams. These low t e r races  and fans, 
which appear t o  be a t  l e a s t  a s  o ld  8s t he  cot- 
tonwoods growing upon them (about 100 years?),  
suggest t h a t  t he  Matanuska FUver has recent ly  
been eroding i t s  a l l u v i a l  p h i n ,  

Moat of the preceding discussion has 
been concerned with deposi ts  of sand and grav- 
e l  a t  or  ju s t  beneath the  land surface,  and 
t h e  general  thickness of these deposi ts  has 
been described. In the  discussion of the  
till of the  Matanuska Valley a g r i c u l t u r a l  
a rea  o lder  gravel  deposits  which under l ie  t h e  
younger till were mentioned. The o lde r  gravel  
seems t o  d i f f e r  from t h e  younger gravel  chief-  
l y  i n  having s l i g h t l y  cemented layera o r  
s t reaks .  I n  exposures i n  t h e  Matanuska bluff  
(sec t ion 2 )  t h e  older gravel  seems t o  be 
s l i g h t l y  c o n ~ o l i d a t e d  because of binding by 
s i l t ;  deposi ts  of s i l t y  sand and gravel  a t  
t he  base of t h e  b luff ,  formed by ralnwash, 
a r e  a s  f i rmly consolidated a s  g rave l  i n  the  
b luff .  Similhr s l i g h t  consolidation was ob- 
served i n  gravel  i n  the  bluff  a t  5oose Bay. 
I n  addit ion,  however, gravel  a t  Goose Bay 
l o c a l l  has been cemented by i r o n  oxide (sec- 
t i o n  13; some of the  gravel  is s u f f i c i e n t l y  
cemented t h a t  lnasaes of it which have f a l l e n  
from the  bluff  remain a s  boulders on the  beach 
below. S l i g h t l y  consolidated gravel, in lay- 
era t h a t  a l t e r n a t e  with loose gravel ,  18  a l s o  
suggested by some well  logs which record old- 
e r  g l a c i a l  deposi ts  ( table  2 ) .  The thickness 
of t h e  older gravel  i s  known a t  only one lo- 
ca l i ty ,  ARRC t r a c t  132 (Itable 2 ) ;  t he re  t h e  
gravel. i s  97 f e e t  th ick  and r e s t s  on what may 
be older till. 

Peat i n  gravel  beneath till a t  Ooose 
Bay has been described b r i e f l y  (section 1 ) .  
A sample of wood from t h i s  peat, together 
wi th  samples f r o m  other peat deposita i n  
Alaska, was analyzed f o r  the  Geological Survey 
by the  Lamont Geological Observatory of 
Columbia University. The age of the  wood aa 
determined by radio-carbon dat ing,  i s  19 100 * 900 years (Kulp and others,  1952, p. 4i2- - 
413). A peat sample col lec ted  by Ernest 
Dobrovolny, of the Oeological Survey beneath 
till on the  south bank of t h e  Eagle kiver,  
across  Knik A m  from Qoose Bay, was aa ted  a t  
14,300 + 600 years (Kulp, 1952, p. 263). 
~ o r r e l a T i o n  of s u r f i c i a l  till deposits  a t  
Qoose Bay and the  Eagle River i s  j u s t i f i e d  
by t h e i r  proximity i n  the  same valley.  If 
t h e  average values f o r  the  radio-carbon dates  
a r e  accepted, therefore ,  it i s  necessary t o  
pos tula te  t h a t  the  ice-free period preceding 
t h e  advance of the  i c e  tha t  l a i d  down t h e  till 
overlglng the  dated peat deposi ts  muat have 
l a s t e d  a t  l e a s t  4,800 years i n  t h i s  par t  of 
the  segion. 

From previously determined radio-carbon 
dates  F l i n t  and Deevey (1951, p. 263) con- 
clude that; t he  time mximum of the  Mankato 
i c e  advance i n  the  S t a t e  of Wisconsin was 
about 11,000 years ago. Srrmples of mod from 
t i l l s  of the  Caryt l )  substage a r e  o lder  than 
17,000 years,  an8 samples from t l l l ~  of t h e  

Cary (O)  o r  Ta~ewel l [S)  substage, o lder  tban 
15,OrlO gears   lint and Dewey, 1951, p. 286). 

The wr i t e r  concludes t e n t a t i v e l y  t h a t  
t h e  g l a c i a l  episode during which t h e  su r f l -  
c i a1  and near-surface till i n  the  Matanuska 
Valley a g r i c u L t u ~ a 1  a rea  was deposited corre- 
sponds opproxba te ly  i n  time t o  t h e  Mankato, 
although it may have begun sooner and l a s t e d  
longer than the Mankato i n  the  Midwest; and 
t h a t  the  peat a t  Goose Bay and the  Eagle 
River da te s  from t h e  p r e ~ e d i n g  warmer i n t e r -  
val .  The postulated. older t i ll  cannot be 
dated on t h e  bas is  of avai lable  evidenoe, but 
it was probably deposited during the  g l a o i a l  
eplaode preceding t h e  l a s t .  

Fluvioastuarine Deposits 

Along and i n  Knik A m ,  g l a c i a l  s i l t  
brought i n t o  brackish water ay t h e  Knik and 
Matanuaka Wvers  i s  being deposited i n  t h e  
form of beaches and ba r s ,  North of Knlk Arm 
and west of Matanuska i s  a f l a t  surface which 
stands 20 t o  30 f e e t  above mean sea  level .  
This f l a t  i s  underLain by tough, r e l a t i v e l y  
impemable  gray s i l t .  Streams crossing i t  
are t i d a l ;  t o  the  west they a r e  nea r ly  bank- 
f u l l  a t  the average high t i d e  ( the t i d e  range 
a t  Anchorage, f a r t h e r  west on Knlk Arm, is  
about 30 f e e t ) ,  and probably the  f l a t  1s part-  
l y  covered a t  very high t ides .  Farther eas t ,  
near Reedy Lake, the re  a r e  fresh-water bog8 
underlain by gray s i l t  which resembles the  
e s tua r ine  s i l t  seen f a r t h e r  west. Stream- 
l a i d  sand forms the  surface of t h e  f l a t  a t  
Matanuska and near the  point  a t  which Wasilla 
Creek enters  t h e  f l a t .  The boundary between 
stream and f luvioes tuar ine  deposits i s  thus  
established only within broad l i m i t s  (pl. 1 ) .  

On a s imi la r  f l a t  a t  t he  Eklutna CAA 
s t a t i o n  south of Knik Arm, t he  s i l t  r a  e s  
from 4 40 more tban 11 f e e t  thick;  a w e 2  
about 20 f e e t  deep passes through t h e  s i l t  
and obta ins  water f r o m  underlying gravel.  
The deposi ts  beneath the  f l a t  nor th  of Knik 
Am may be of sim'llar thickness, but no i d o r -  
mation i s  ava i l ab le .  It i s  possible t h a t  the 
center of t h e  es tuary  formerly was much dsep- 
e r  than a t  present, and t h a t  t h i ck  deposi ts  
were l a i d  down these  &ring t h e  postglac ia l  
r i s e  of sea level .  

Bars i n  t h e  modern es tuary  reach a l e v e l  
somewhat lower than high t ide .  It seems 
l i k e l y  t h a t  t h t s  r e l a t i o n  ex i s t ed  during for-  
mation of t h e  f l a t  nor th  of Knik A m ,  and t h a t  
the  f l a t  was formed duping a stand of the  sea 
severa l  f e e t  hi&er,  r e l a t i v e  t o  t h e  land 
surface,  than t h a t  of t h e  present. Later d q -  
oa i t ion  during flooding by very high t i d e s  
probably has Bu i l t  up t h e  f l a t  somewhat add 
smaothed i r r e g u l a r i t i e s  i n  i t a  surfaoe.  

Nonglaclal Deposi t a  

Windblown Deposit a 

Windblown deposits  mantle the  surface  of 
t h e  Matanuska Valley ag r i cu l tu ra l  area, with 
the  rrxeeption of a l l u v i a l  p la ins  along exis t -  
ing atreams, some recent t e r r aces ,  f l a t s  sub- 
j ec t  to t i d a l  flooding, and a few s t eep  slopes 
i n  bedrock. Over moat of t h e  s g r i c u l t u r a l  



a rea  this mantle conais ts  of s i l t  o r  aandy 
s i l t  ( loess ) .  Sand i s  present i n  aevera l  
l oca l  areas ,  genera l ly  a s  dunes. These dnU- 
blown deposi ts  have been discussed by Tuck 
(19381, Rookie (19461, and Black (1951). 

Samples of loess  and dune sand ( table  4 )  
show t h e  excel lent  s o r t i n g  cha rac te r i s t i c  of 
windblown deposi ts  . 

Cobbles and pebbles present i n  t h e  lowest 
foot o r  s o  of .the s i l t  i n  many exposures of 
loess  a r e  a t t r i b u t e d  t o  overturn of near- 
surface gravel ,  when the  loess  was th inner  
than a t  present, a s  a r e s u l t  of the  f a l l  of 
t r e e s  and the  t ee r ing  up of the  roots  (Lutz 
and Griswold, 1939 ) . 

Samplea of sand and s i l t  examined urder  . 

t he  microscope aonsist  ch ie r ly  of quartz 
grain8 which, except f o r  the  l a r g e r  graina, 

' 
a r e  f'resh and angular. Chips of dark rock a r e  
included among the  sand grains.  

Interbedded with windblown aand and a i l t  ' 

a r e  l aye r s  of l ight-colored volcanic ash. 
Where the  deposits  a r e  thick,  near the  Mata- 
nuska River, f i v e  $- to&inch layers  a r e  
present; two a r e  together  near the  base of 
the  section,  two a r e  higher, and one i s  by 
i t a e l f  i n  the  upper par t  of the  section.  I n  
a th inner  sec t ion of loeas  west of Palmer it 
is  not possible t o  d i s t ingu i sh  a l l  f i v e  lay- 
e r s  o r  any c losely  spaced pai rs .  West of 
Waailla, ash  was recognized only i n  th i ck  
s i l t  deposi ts  which evidently had been re- 
worked; elsewhere the  ash, i f  present, is  
masked by weathering. 

Many sect ions  of windblown mater ia l  a l s o  
contain roots,  fragments of wood and bark, 
and %- t o  I)-in& laye r s  of woody debris.  I n  
some expogures the  loess  contains small 
s h e l l s ,  and most exposures a r e  characterized 
by darker and l i g h t e r  brown-color bands due 
t o  weathering. 

The dunes a r e  composed of inc l ined beds. 
Some of t h e  sand and a l l  t he  loess  deposita 
a r e  bedded p a r a l l e l  t o  the  land surface. 

Old dunes covered by weathered sand and 
a i l t  a r e  present southwest of F i sh  Creek and 
above t h e  west bluff  of Moose Creek. Modern 
aunes extend from the Knik River near Jim 
Creek about a mile northwestward toward Boden- 
burg Butte. A ridge of hor izonta l ly  bedded 
windblown sand capped by cliff-head dunes 
t h a t  probably a r e  a t i l l  being fonned extends 
northward about 2 miles along the  west Mata- 
nuaka b lu f f ,  beginning about 1& miles north- 
west of t h e  highway bridge near Ralmsr. 

The horizontally bedded aand along the  
Matanuaka bluff  Is l o c a l l y  a t  l e a s t  40 f e e t  
th ick .  It grades westward in to  loess.  Near 
Palmer t h e  loess  i s  3 t o  5 f e e t  th ick .  
Thick deposi ts  of Loess a re  present a l s o  near 
Bodenburg Butte. A t  Wasilla t h e  loess  i s  
commonly 18 inches t h l &  o r  l e s s .  Over the  
pa r t  of t h e  a g r i c u l t u r a l  a rea  weaB of Wasilla 
it is genera l ly  l e s s  than 12 inches thick.  

Near Palmer the  loess  and sand may be 
corre la ted  by means of t h e  layers  of volcanic 
ash they contrin;  t he  topographically contin- 

uous deposi ts  f a r t h e r  west are  probably of 
about the  same age. A l l  these  deposits  a r e  
poatglacial .  The windblown mater ia l  was prob- 
ab ly  derived ch ie f ly  from bare a l l u v i a l  
p la ins  of the  Matanuska and Knik Rivers. 
Near the  Matanuska River modem deposit ion of 
windblown dust  continues a t  a measurable r a t e  
(Tuck, 1938, p. 649) .  It i s  unlikely,  however, 
t h a t  deposit ion i s  now s ign i f i can t  i n  t h e  
western p a r t  of the  ag r i cu l tu ra l  area.  

Windblown sand and s i l t  i n  the  agr icul -  
t u r a l  area a r e  r e l a t i v e l y  permeable; except 
where they a r e  underlain by impermeable mate- 
rial, they a r e  well drained. 

Other Deposits 

The rounded upper slopes of Iazy Moun- 
t a i n  a r e  covered by a mantle composed of a 
heterogeneous mixture of angular rock frag- 
ments and fine-grained mater ia l .  I n  appear- 
ance it d i f f e r s  from sandy t i l l  i n  t h e  weather- 
ed character of i t s  f r a p n t s  and In i t a  Lack 
of compaction. The deposit  i s  a t t r i b u t e d  t o  
breaking and t ranspor ta t ion  of rock ma te r i a l  
by f r o s t  ac t ion.  Simllar deposits  formed from 
underlying unconsolidated mater ia ls  have beerr 
recognized a t  a few l o c a l i t i e s  on t h e  va l l ey  
f loo r .  The coarse f ros t -d is turbed ma te r i a l  
i a  r e l a t i v e l y  permeable, t h e  a i l t y  mater ia l  
l e s s  so. 

A t  an a l t i%ude of about 8,800 fee t  on 
the  southwest slope of Lazy Mountah t h e  f r o s t -  
disturbed mantle contains rounded g r a n i t l c  
boulders unl ike  the  bedrock exposed on k e y  
Mountain. These boulders may represent an  
older g l ac ia t ion  during which i c e  covered 
fazy Mountain. 

'Falus deposits  a r e  present beneath rock 
c l i f f s  along the  s ldes  of the  valley;  they 
a r e  bes t  developed beneath Pioneer Peak. 
They a r e  composed of angular rock fragments 
of a wide range of s izes .  The deposits  have 
been formed by rockfa l l ,  rockslide, and ava- 
lanche (snowslide). They a r e  r e l a t i v e l y  per- 
meable. 

Deposits of s i l t y  poorly sor ted  and poor- 
l y  permeable ma te r i a l  transported by slump- 
lng, rainwash, or  mudflow a r e  present local -  
l y  along b l u f f s  cut i n  unconsolidated mater- 
i a l .  Most of these  deposi ts  consis t  of a i l t  
encrusting t h e  faces  of b lu f f s  and of s i l t y  
gravel  i n  layered o r  massive accumulations be- 
low bluffs .  Some of them closely  resemble 
till. 

Several  amall a l l u v i a l  fans  a r e  present 
west and south of Lazy Mountain. They a r e  
composed of poorly sor ted  sand and gravel  i n  
which many of the  stones a r e  angular o r  sub- 
angular. I r r egu la r  bedding and channel cut- 
a n d - f i l l  s t ruc tu re  were observed a t  one lo- 
c a l i t y  on the  slope of h e y  Mountain. 'l'hese 
deposits  a r e  r e l a t i v e l y  permeable. 

Lake ramparts--ridges of sand and gravel  
b u i l t  along lakeahores by i c e  push--&re pres- 
en t  a t  many of the  lake8 i n  the  a g r i c u l t u r a l  
area .  Commonly they ape a few f e e t  high. A t  
some lakes seve ra l  ramparts a r e  present. 



Beaver dams may be seen along many2 
atreams, o r  a t  t h e  downstream ends of ponds, 
i n  t h e  a g r i c u l t u r a l  area. Most or  t he  dams 
the  w r i t e r  has seen a r e  abandoned, breached, 
and t r e e  covered. 

Deposits of reworked gravel ,  sand, and 
silt occur along t h e  channels of ex i s t ing  
nonglac ia l  streams. Many of the  lakes of 
t h i s  a rea  a r e  being f i l l e d  by the  deposi t ion  
of peat i n  the  water near  shore. Peat i s  a l -  
so  being deposited I n  poorly drained t r a c t s  
throughout t he  area .  The th i ckes t  peat knom 
t o  the  wr i t e r  i s  a s ec t ion  2.7 meters t h i ck  
measured by W. 3. Benninghoff,of the  Geologi- 
c a l  Survey; t h i s  s ec t ion  l i e s  t o  one s i d e  of 
t h e  a x i s  of the  bog, s o  t h a t  a g r e a t e r  th ick-  
ness  i s  probably present .  The bog is  about 
24 miles southeast  of Wasilla. According t o  
D. L. Irwin (personal communication, 1949), 
deposi t s  of calcareous marl, formed by t h e  
p lant  Chara a re  present  i n  many lakes.  
Scat tered  ciam s h e l l s  may be seen on t h e  
bottoms of some of t h e  lakes, but  the  w r i t e r  
has not  seen accumulations of these  s h e l l s .  

Perennially frozen ground ( p e r m f r o s t )  
was found i n  th ree  bogs. On p l a t e  1 these  
bogs a r e  loca ted  a s  follows: 2& miles south- 
e a s t  of Wasilla, 2-3/4 milea east-southeast  of 
Wasllla, and 2) miles west of t he  experiment 
s t a t i o n .  A f o u r t h  l o c a l i t y ,  i p  a bog three- 
qua r t e r s  of a mile south of Palmer, is  de- 
scribed by Dachnowaki-Stokes (1941). No doubt 
t h e r e  a r e  many add i t iona l  l o c a l l t i e s  i n  the  
a g r i c u l t u r a l  a r e a  i n  which small  poorly 
drained areas  a r e  underlain by t h i n  badies of 
perennia l ly  frozen ground. 

A p i t  dug i n  t h e  bog about 2* miles 
southeast  of Wasilla exposed f rozen peat  
underlain by frozen wind-deposited s i l t  ( loes s )  
21  inches th ick ,  i n  tu rn  under la in  by non- 
frozen sa tu ra t ed  gravel .  The frozen l o e s s  
contains c rys t a l s ,  v e i n l s t s ,  and small  
i r r e g u l a r  masses of i ce ,  together  with many 
well-preserved twigs and o ther  b i t s  of wood. 
The same loess ,  where i t  ove r l i e s  the  g rave l  
on the  h i l l t o p  adjaoent t o  the  bog on t h e  
south, i s  18 t o  20 inches th ick;  i n  aome sec- 
t i ona  on t h e  h i l l t o p  the  Loess contains poor- 
l y  preserved woody mater ia l .  !Che wr l t e r  be- 
l i e v e s  lt l i k e l y  t h a t  the  presence of many 
wood fragments was c h a r a c t e r i s t i c  of t h e  loes s  
i n  genera l  during i t s  deposit ion,  and t h a t  
they  a r e  not  pecul tar  t o  t h e  loes s  now found 
beneath the frozen peat .  I t  seems l i k e l y  
t h a t  wood i n  the  loeas  beneath the  bog was 
preaemed by bein f rozen a t  aome time sub- 
sequent t o  deposifion,  and that wood In  un- 
frozen loeas  nearby was l a r g e l y  destroyed by 
weathering. 

The perennia l ly  f rozen ground i n  t h i s  
bog r e s t s  on g l a c i a l  deposi t s  and invalvea 
loess;  i t  is the re fo re  pos tg l ac i a l ,  It prob- 
ably wan not  formed u n t i l  t he  l o e s s  mantle 
had reached approximately i t s  t o t a l  thick- 
ness i n  this  pa r t  of t he  a g r i c u l t u r a l  area;  
If i t  had been present  during deposi t ion  of a 
l a rge  f r a c t i o n  of t he  loeas,  s i l t y  peat  prob- 
ably  would have been deposited i n  t h e  bog. 
I t  has remained frozen f o r  a l l  o r  almost a l l  

of t h e  time s ince  i t s  formation; i f  i t  had been 
been thawed f o r  long in t e rva l s ,  weathering of 
t h e  loes s  and i t s  organic contents should 
have beoome we l l  advanced, The evidence ob- 
t a ined  does not permit more d e t a i l e d  da t ing  
of t h e  formation of t he  frozen ground. 

The w r i t e r  saw no evidence suggesting 
t h a t  pos tg l ac i a l  perennia l ly  frozen ground 
has  been widespread I n  the a g r i c u l t u r a l  a rea ,  
o r  t h a t  i n  bogs such aa those  c i t e d  it bas 
extended very  f a r  beyond the  present  borders 
o r  che bogs. 

Pos tn l ac i a l  Weatherinn and Erosion 

Boatglacial  weathering and erosion i n  
t h e  a g r i c u l t u r a l  area began i n  each par t  of 
t h e  area aa soon as it became exposed by the 
melting of the  g l a c i a l  i ce .  

Oreenstone and c lose ly  jointed shale ,  
where they a r e  exposed, have genera l ly  under- 
gone deeper weathering than massive graywacke 
and c l ean  sandstone. !he only g l a c i a l  po l i~ lh  
t h e  w r i t e r  has  seen preserved on bedrock i s  
on Bodenburg Butte, i n  spots  where t h e  po l i sh  
has been protected u n t i l  r ecen t ly  by the  loes s  
cover. DiaZntegration of bedrock i s  ch ie f ly  
by f r o s t  wedging, but  weakening and expansion 
due t o  chemical changes probably a r e  impartant 
contributory fac tors .  Erosion of bedrock i s  
unimportant wLthin the  a g r i c u l t u r a l  area. 
Cutt ing of rook waLLs by t h e  Matanuska River 
upstream from Palmer, and by Moose and Wolver- 
i n e  Creeks, may have occurred during degla- 
c ia t ion;  possibly the  gorges a r e  p a r t l y  in-  
he r i t ed  from a time precedl lg  the  l a a t  gla- 
c ia t ion .  Modern erosion of bedrock i s  moat 
evident along the  wal ls  of t he  va l l ey  where 
t a l u s  1 s  s t i l l  being Soxmed by rockfa l l ,  
rocks l ide ,  and sn owelide. 

Over much of t h e  a g r i c u l t u r a l  a r ea  till 
and gravel  a r e  protected t o  some extent  from 
weathering by the  loes s  mantle. Pos tg l ac i a l  
eroaion of t i ll  and gravel  has not  been i m -  
por tant  except along the  Matanuska and Knik 
Rivers and along Knik Am. The conspicuous 
terpaces  described I n  e a r l i e r  pages of this 
r epor t  were f amed  ch ie f ly  during deglaoia- 
t i o n ,  although cu t t ing  of the lower t e r r a c e s  
appears t o  have continued t o  the  present. 
The moat conspicuous modern erosion i s  by 
undercutt ing and slumping of t he  Matanuska 
b l u f f s  aouth and nor theas t  of Palmer. 'Phere 
1s muoh eros ion o i  channel deposi t s  by the 
Knik mver  during i t s  annual  flood. 

No evidence of important e ros ion  was 
found i n  most l o e s s  sections,  but a g r e a t e r  
thickness of deposi t s  i n  many val leys  and a 
l e s s e r  thickness on adjacent h i l l s  suggest 
t h a t  e ros ion  of t he  loes s  has  occurred. The 
togography does not  amem s u f f i c i e n t  t o  cause 
d i f f e r e n t i a l  o r i g i n a l  deposi t ion  by t h e  wind. 
The w ~ i t e r  be l ieves  t h a t  throughout t h e  period 
of deposition newly f a l l e n  dus t  was washed o r  
blown from h i l l s i d e s  i n t o  adjacent va l leya .  
Foldlng of o lder  l aye r s  of volcanlo a sh  and 
of weathering zones mag be seen i n  many ex- 
posures of loess .  This deformation, whlch 
occurs on f l a t  t r a c t s  a s  wel l  a s  on slopes,  
i s  a t t r i b u t e d  to  f r o a t  a c t i o n  du.urFng the  
e a r l i e r  p a r t  of t he  period of loeas  deposi- 



t i on .  Chemical weathering of l oes s  Is shown 
by a l t e r n a t i n g  bands of l S @ t e r  and darker 
brown si l t  i n  many exposuma. These bands 
a r e  commonly p a r a l l e l  t o  t h e  preaent land sur- 
face)  they probably were formed dur-lng periods 
of temporarily slower dus t  deposi t ion  before  
being buried by f u r t h e r  deposit ion.  Over 
most of t h e  a g r i c u l t u r a l  a r ea  west of Wasilla 
t he  loeas  i s  so  I ron  s t a ined  t h a t  ash l aye r s  
and color bands, I f  t hey  were preaent, a r e  
completely masked except i n  th i cke r  depoai ts  
i n  v a l l e y  bo t tom.  

The s o i l s  of the a r e a  have been describ- 
ed by Rockie (1946) and by Kellogg and 
Nygard (1951). I n  the  eas tern  pa r t  of the  
area ,  p a r t i c u l a r l y  near Palmer, s o i l  i s  de- 
veloping on windblown sand and s i l t  which i s  
r e l a t i v e l y  thfck;  s o i l  formation a t  no time 
has progressed f a r  becauae of continual  addi- 
t i o n  of f reah  parent ma te r i a l  t o  t h e  land 
surface.  I n  t h e  western p a r t  of t h e  area ,  
where the  loeas  Is commonly l eas  than  a foot  
th ick ,  soil-forming processes have a f f ec t ed  
not only  the  loeas  i t s e l f  but, i n  many sec- 
t i ons ,  the  uppermost p a r t  of t he  underlying 
g l a c i a l  m t e r i a l .  Kellogg and Nygard (1951, 
p. 72) be l ieve  t h a t  podaolization (formation 
of podzols o r  f o r e s t  s o i l s )  i s  t he  dominant 
soil-forming prooess but t h a t  podzola have 
been formed only  where deposit ion of windblown 
ma te r i a l  i s  slow enough t h a t  podzollzatlon can 
keep paoe with addi t ion  of new mater ia l .  

Water erosion of t he  loeas  mantle i s  un- 
important* The h igh penneabl l i ty  of t he  
ma te r l a l  and the  presence of the  vegetative 
cover (and pef isps  t h e  low r a l n f a l l  i n t e n s i t y )  
make surface  runoff negl ig ib le*  Wind erosion, 
except on bare a l l u v i a l  f l a t s ,  was Ins ignl -  
f i c a n t  p r i o r  t~ the  In t roduct ion  of agr icul -  
t u r e  i n  t h i s  a rea .  A t  preaent wind eros ion  
i s  a s e r ious  problem I n  some c leared  agr lcul -  
t u r d  land, p a r t i c u l a r l y  i n  the  path of wln- 
t e r  storms moving down the  Matanuska Valley. 

Quaternary H i s t ~ g  

There i s  l i t t l e  evidence of t he  form o f  
the  p reg lac i a l  topography i n  t h i s  region, 
but t he  mountains must have presented a d i f -  
f e r e n t  appearance before the  g l a c i a l  over- 
steepening of slopes.  Oversteepening i s  most 
pronounced along the  f r o n t  of the  Chugach 
Range, where seve ra l  prominent spurs  were 
truncated.  Bodenburg Butte and t h e  o ther  bed- 
rock h i l l s  between the  Matanuska and Knik 
Rivers probably a r e  remnants of t h e  p reg lac i a l  
d iv ide  separa t ing  those streams. 

The w r i t e r  has found evidence f o r  two, 
a t  t h e  most g l a c i a l  epiaoUes i n  t h i s  area.  
The older,  !less well  es tabl i shed,  of  these  
episodes, which the  w r i t e r  believea r e s u l t e d  
i n  deposi t ibn  of t he  now-buried o lde r  t i ll  
and gravel ,  has no surface  expression i n  t h e  
topography of t he  va l l ey  f loor.  

The deposi t s  of t he  younger i c e  fomn the  
aurfaoe over moat of t he  a g r i c u l t u r a l  area.  
Nonglacial proosssea, during and a f t e r  melt ing 
of t he  l a s t  i c e  t h a t  l a y  over t he  v a l l e y  
f loo r ,  have modified the  deposi t s  l e f t  by t h e  
ioe  and formed nonglacial  deposi t s .  

The geologic map (p l .  1) and the  s e c t i o n  
given i n  f i g u r e  2 summarize the  s u r f i c i a l  and 

near-surface deposi t s  of t h e  Matanuaka Valley 
a g r l c u l t u f a l  a rea .  A brief' awnnary of the 
developnent of t h e  topography of t he  va l l ey  
f loo r ,  a s  a l ready in t e rp re t ed  I n  this  repor t ,  
f ollows . 

!The l a s t  i c e  tongue t o  l i e  over t he  
a g r i c u l t u r a l  areas,  a l a rge  g l a c i e r  formed by 
the  merging of t he  Natanuska and Knik GLaoiera 
of t h a t  time (and posalbly including i c e  from 
f a r t h e r  up the  Matanuska va l l ey ) ,  extended a 
few miles west of what i s  now Big Lake, where 
i t s  end moralne Fs preserved a s  an a rcua te  
band of h i l l s .  Deglaclat ion over most of the 
va l l ey  f l o o r  was by s tagnat ion .  The behavior 
of the  Knik Olacler  a t  t h a t  time i s  not  known. 
It has been suggested t h a t  during melting of 
t he  I ce  t h e  topography formed depended large- 
l y  on the  d l a t r i b u t i o n  of rock debr is  i n  t h e  
ice .  Water from the  melting i c e  cut shallow 
val leys  across  the  ground moraine and deposi- 
t e d  gravel  I n  them. The l a s t  fragments of 
i c e  t h a t  remained, blocks ly ing  i n  depreaaions 
on the  moraine, were pa r t ly  surrounded by 
gravel  deposi t s  before they melted e n t i r e l y .  
Far ther  eas t ,  maases of stagnant i c e  were 
surrounded o r  buried by th i cke r  gravel  depos- 
i ts.  Melting of t h e  burled I ce  blocks and 
collapse of t he  gravel  covering them l ed  t o  
formation of the  I r r egu la r  topography charac- 
t e r i s t i c  of t h i s  pa r t  of  t h e  va l l ey  floor. 

The g l a c i a t i o n  upon t h e  va l ley  f l o o r  
was aocompanied by g l ac i a t ion  In t h e  surround- 
i n  mountains. The l a r g e r  mountain va l leya  
hefd t r i b u t a r y  g l a c i e r s  which joined the  main 
i c e  stream. I n  many of the  smaller  mountain 
va l l eys  were g l a c i e r s  which d id  not join 
l a rge r  g l ac i e r s ;  t h e i r  moraines may be seen 
i n  va l leys  above Eklutna Lake up the  L i t t l e  
Suaitna Canyon and up the  va l leys  of Moose 
and Polverine breaks. Many val leys  and moun- 
t a i n  slopes which were not  g lac ia ted  were 
af fec ted  by Proat  ac t ion  due t o  the same cold 
cl imate t h a t  produced the  g l ac i e r s ,  and 
these  were covered by a mantle of f ros t -d ia-  
turbed debr is .  Rock g l a c i e r s  now preserved 
i n  some of the  mountah valleya may have been 
formed a t  t h i s  time. 

Meltwater from Ice  f a r t h e r  up I n  t h e  
Matanuska Valley flowed southward upon leav- 
ing t h e  mountaln va l l ey  nor theas t  of  t h e  s i t e  
of Palmer. m i a  change of course may have 
been becauae of i c e  which l ay  i n  tho  way t o  
the  west. The meltwater streams repeatedly 
made channels and trenched them, pmducing 
the  conspiouous t e r r a c e s  whioh border the 
preaent Matanuska River. 

During o r  a f t e r  deglac ia t ion  streams 
flowing down t h e  mountainsides borderlng the 
v a l l e y  began t o  bui ld  a l l u v i a l  fans .  Beneath 
s t eep  s lopes  t a l u s  began t o  accumulate. 
These deposi t s  a r e  s t i l l  being formed today. 
Probably during deglac ia t ion ,  and ce r t a in ly  
afterward, wlnd ca r r i ed  dus t  from the  bare 
a l luvia l ,  p la ins  and deposited it over the  sur-  
f ace  of t he  va l l ey  f loo r .  Deposition of wind- 
blown dust  has continued t o  t h e  present;  t h e  
s i l t  forms t h e  parent ma te r i a l  of moat of  t he  
cu l t i va t ed  s o i l  i n  t h e  a g r i c u l t u r a l  a rea .  
b r i n g  the e a r l y  pa r t  of t he  period of dust 
dapoal t ion  the re  was a t  l e a s t  one period 
characterized by f r o s t  disturbance of t h e  
loess.  Local bodies of perennia l ly  frozen 
ground were formed i n  bogs; they have not 
bean dated but a r e  probably h t e r  than t h i s  
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f r o s t  ac t ion.  Water-Bearinst Materials  

The gradients  of the  ter race8 t h a t  stand 
a t  about the l e v e l  of t h e  present Matanuska 
River and Knik A r m  suggest t h a t  t he  water 
body i n t o  which the  meltwater streams flowed 
stood considerably below present sea  Level. 
During deglacia t ion sea l eve l  rose; s a l t  water 
p a r t l y  f i l l e d  the  lower reaches of t h e  Mata- 
nuska-Knik Valley and an estuary, .  gnik Ann, 
was formed. Glaoial  s i l t  ca r r i ed  i n t o  Knik 
Arm was deposited aa bars. Some of these  
bars, which now s tand above the  l e v e l  of 
average high t i d e  suggeat t h a t  a t  l e a s t  
once during postgiac ia l  time aea level. was 
somewhat higher, r e l a t i v e  t o  the  land surfaoq 
than it i s  now. Ac t iv i ty  of t h e  streams con- 
t inues,  and low t e r races  along the  Matanuska 
River suggest t h a t  the  r i v e r  has r ecen t ly  
been, eroding i t s  a l l u v i a l  plain.  

Occurrence 

Below a oer ta in  l eve l  i n  the  near-surface 
p a r t  of the  ear th ,  t h e  pores o r  i n t e r s t i c e s  
between fragments of unconsolidrtsd sediments 
and the  f i s s u r e s  and o the r  openings i n  bedrock 
a r e  a a t u ~ a t e d  with water. The upper surface  
of t h i s  zone of s a t u s t i o n  is  known aa the  
water table.  Water occurring below the  water 
-ound water. Between the  water 
t a b l e  and t h e  land surface  the re  l a  mmonly  
a zone of ae ra t ion  i n  which the  pore spaces 
and other  openings a r e  not sa tura ted .  

around water Ia  derived from rain, from 
t h e  melting o f  snow, and from surfaae bodies 
of water. The water moves doumwa*d through 
the  zone of ae ra t ion  u n t i l  it reatlhea t h e  
water table ;  it then migrates from hlgher  t o  
lower pa r t s  of t h e  sa tura ted  zone u n t i l  It 
i s  disoharged na tu ra l ly  through aeepa and 
springs into s t r e a m  o r  lakes, o r  by evapora- 
t ion ,  and by t r ansp i ra t ion  of planta.  A r t i -  
f i c i a l  discharge may take plaae from wells  
and improved springs,  which a r e  excavations 
extending below t h e  water t ab le .  

Locally, fine-grained o r  dense material 
which does not permit: easy passage of water 
( tha t  Is, which is  r e l a t i v e l y  Impermeable) 

may be surrounded by r e l a t i v e l y  permeable 
mater ia l .  I f  t he  upper surface of such an 
impermeable mass i s  below t h e  land surface  
and i e  s u f f i c i e n t l y  extensive, It may hold I n  
t h e  permeable m i t e r i a l  above it a body of 
p ~ c h e d   round water t h a t  stands higher than 
t e general  water t a b l e  I n  t h e  surrounding 
area .  Streams, marshes, and lakes are present 
a t  plaoes where the  land surface  i n t e r s e c t s  
the  water table ;  these  f ea tu res  a r e  therefore  
commonly considered t o  mil* t h e  loca l  posi- 
t i o n  of the  water t ab le .  Bodies of surface 
water may be perched upon impermeable materi- 
a, however, and m u t i o n  must be pared i n  ln- 
t e rp re t ing  a lake o r  atream a s  an ind ica to r  
of the  l o c a l  water t ab le .  

Bedrock 

Although seve ra l  wells  have penetrated 
bedrock i n  t h e  Matanuaka Valley a g r i c u l t u r a l  
a rea  W r t i c u l a r l y  I n  the  v i c i n i t y  of Palmer 
only a few have obtained water from it. l e f l  
70 (well records, t a b l e  51, on the  farm of 
Victory Falk, Jr., near Bodenburg Butts, is 
i n  rook from 36 f e e t  below the aurfaoe t o  i t 8  
t o t a l  depth of 110 f e e t .  The mok i a  probab- 
l y  greenstone. 'Phe d r l l l e r t a  l og  repor ts  
water a t  severa l  plaoes, ch ie f ly  below 65 
f e e t ;  i t  l a  probably derived fmm f rac tu res  
i n  the  wok. 

The Laster  (123) Oregeraon (120), 
Kmpg (136) Mehan (32161, a d  Cope (142) wells, 
i n  or  near  talmer penetrate bedrock, although 
the  Knapp well, ak l eaa t ,  m y  der ive  i t s  
water fmm overly-ing gravel .  The old slaugh- 
terhouae we l l  (1441, i n  rock, and the  old 
hocrpital wal l  (1351, mhlch may have penetrat-  
ed rook, obtained s a l t  water (sep sect ion on 
"Qual i ty  of watern).  Two other  wells, proba- 
blyalao in Palmer, obtained s a l t  water which 
may have come from bedrook. 

Bedrock i a  a t  bes t  a poor water-bearing 
n a t e r l r l  Ln t he  Matanuska Valley a g r i c u ~ t u r a l  
area ,  I n  most d r i l l e d  wells  h i o h  penetrate 
bedrock, the  bedrock pa r t  of t h e  hole  aervee 
merely t o  c o l l e c t  and hold water derived 
from the  overlying unconsolidated material. 
Wellr such a s  those  on the  Bugge and Thuma 
farma (128 and 145), which e r e  seated on bed- 
rook below t h e  water t ab le ,  have proved aa t i a -  
fac torg .  If bedrock i s  f w n d  near t h e  sur- 
faoe during well  conetruckion, It w i l l  proba- 
bly be wlser t o  move t o  one side,  space permit- , 

t ing ,  and begin a new well  r a the r  than t o  
undertake b la s t ing  i n  a dug well o r  more 
d i f f i c u l t  d r i l l i n g  i n  a d r l l l e d  well. 

About 25 wells  have obtained water from 
t i l l  in t h e  Matanuaka Valley a g r i c u l t u r a l  
area.  Many other wella have passed In to  or  
through till and der ive  t h e i r  water from 
grave l  lylng over o r  beneath it. 

The till i s  r e l a t i v e l y  im meable .  
F ie ld  t e s t a  made w i t h  a var labc-head pemea- 
meter suggest t h a t  i t s  permeability l a  of the  
order of 1/10,000 that of outwash sand I n  t h i s  
area.  The permeability of th in  sand layers  
i n  t h e  till on t h e  o the r  hand, i a  compapable 
wi th  t h a t  of s u ~ f s d a l  outwash sand. Where 
t i ll  l i e s  near  the  land surface, bodies o i  
surface water or  bodies of ground water i n  
gravel  may be perched above It; where till 
llea a t  and immediately below the  water table ,  
water i n  reaaonablb quant i ty  cannot be obtain- 
ed from the  upper p a r t  of the  sa tura ted  zone. 

I n  almoat a l l  wella t h a t  obtain water 
f r o m t i l l ,  t he  water occurs i n  eand o r  gravel  



layers  within the  tlll. These permeable lay- 
e r s  a r e  oommonly 1 foo t  o r  l e s s  i n  thickmess, 
aa i n  the  Naah (6), Venne (22), Moore (2301, 
and Bailey (3431, wella, but the re  a r e  some 
th icke r  water-bearing zones. The Withey well  
(474) obtains water from a 2*-foot zone of 
sandy material .  A Geological Survey t e s t  
hole (4) i n  t i ll  penetrated 1 foo t  of coarse 
sand, 2 f e e t  of gravel ly  material ,  and 1 foot 
of f i n e  and medium sand kefore passing i n t o  
t l ll  again a t  a depth of 26 f e e t .  Water 
seeps i n t o  well  2, a t  the  Lazy Mountain 
Childrena Home, a t  severa l  levels;  the water- 
bearing mateplal may be superglac ia l  till 
ra the r  than layered aand or  gravel ,  however. 

Water obtained from near-surface till, 
aa a t  the  Iazy Mountain Childrena Home, i s  
probably derived from prec ip i t a t ion  f a l l i n g  
upon the  land surface.  The wr i t e r  believes 
t h a t  water obtained f m m  included aand or 
gravel  layera i s  derived from the  t i l l  i t s e l f  
by downward percolation,  and t h a t  t h e  quanti- 
t y  of water obtainable depends not only upon 
the  permeability of the  till and the  s i z e  of 
the  well  which ca l l ec t a  the  water but a lso  
upon the  roof a rea  of the  sand o r  gravel  lay- 
er .  

The importance of f r ac tu res  cu t t ing  tlll, 
and sandy or  stony l aye r s  i n  i t ,  i n  t h e  move- 
ment of ground water through the t i ll  cannot 
be eatimated because of the inadequacy of 
expoaures . 

Springs i s a u h g  from till a r e  unispor- 
t an t .  Seepage from t h i n  sand o r  gravel lay- 
era  i n  till may be obsemed i n  some exposures, 
a s  i n  the e a s t  bluff  of the Matanuaka River 
about ha l f  a mile nor th  of the  highway bridge. 
The flow of water from aeeps the  w r i t e r  has 
observed i s  not s u f f i c i e n t  f o r  more than a 
very small supply, but the  water may present 
a drainage problem i f  t he  till i s  t o  be exca- 
vated. 

The y ie lds  of wel ls  i n  t i ll  a r e  small 
a t  bas t ,  but a well  penetrating one o r  more 
water-bearing layers  may provide a modest 
aupply f o r  a household o r  f o r  a l imited num- 
b e r  of l ivestock.  The Cook well  (338) ylelded 
about 50 gallons of water per day i n  1949 but 
was dry  during the  dry aumrner of 1950. The 
Naah well  (6) gielda about 100 gpd regularly,  
and t h e  Kibbe well  (586), 150 gallons.  Geo- 
log ica l  Survey t e s t  we11 3 (well 4 i n  t a b l e  
of well  records) was pumped a teadi ly  a t  the  
r a t e  of 30 galloner per hour over a 3-hour 
period, with a drawdown of 19 f e e t .  The re-  
covery of water l e v e l s  i n  wells i n  t i l l  may 
be slow; an extreme example i s  the  Bradley 
well (6071, a large-diameter dug well, i n  
which the  water l eve l  required 7 days t o  re-  
cover a f t e r  250 gal lons  had been pumped i n  
45 minutes. 

The development oi ground-water suppl ies  
fmm till, even i n  l imi ted  amounts, must be 
considered because of t h e  current need f o r  
water supplies i n  areaa  of till tha t  a r e  a l -  
ready s e t t l e d  and because of possible fu tu re  
need i n  l a rge  unset t led  areas of po ten t i a l  
a g p i w l t u r a l  land t h a t  a r e  m d e r l a i n  by till. 

Outwash Sand and Gravel 

I n  the  latanuska Valley a g r i c u l t u r a l  
a rea  sandy ravel  and subordinate sand and 
clean a r e  of auch permeability a s  t o  
be good water-bearing matef ia l  wherever they 
occur below the  water table .  Most wells  ob- 
t a i n  t h e i r  water from these materials .  

Over a l a rge  p a r t  of the  a g r i c u l t u r a l  
area  ground water i s  present under water- 
t ab le  conditions. Perched water bodies cause 
apparent l o c a l  i r r e g u l a r i t i e s  i n  t h e  l eve l  of 
the  water table .  On ground moraine i n  the  
western par t  of the  area lakes, marshes, and 
bodies of ground water i n  gravel  a r e  common- 
l y  perched on till. I n  some hor izonta l ly  
bedded gravel deposits  ground-water bodies 
a r e  perched on s i l t y  layers .  The Brown (421, 
Rippy (43),  and Bastian (44)  wells, a t  t he  
eas t  end of Bodenburg Rntte, obtain water a t  
a depth of 28 t o  35 fee t .  The Gallagher 
well  (47), a few hundred feet  west of t h e  
Baatian well, passed through a th in  body of 
water a t  about 34 f ee t .  The s t a t i c  (non- 
pumping) water l e v e l  i n  the  Gallagher well 
was 53 f e e t  below the land surface I n  Septem- 
b e r  1951. It i s  l i k e l y  t h a t  a l l  these  wella 
reached or  passed through the  same body of 
water; the  impemious l a y e r  beneath i t  may be 
burled channel f loored with s i l t .  Perched 
water, i n  bodies a s  much as  a few bet thick,  
was found a t  severa l  o ther  l eve l s  i n  the  
Gallagher well (Frey, J. D., peraonal communi- 
cation, 1951). 

Apparent l r r e g l l a r i t i e s  i n  the water 
t ab le  may a l so  be due t o  t h e  presence of re la-  
t i v e l y  impemable  mater ia l  a t  and below t h e  
l eve l  of the  water table.  A t i l l  layer  i n  
gravel  beneath p a r t  of Wasilla l i e 8  a t  t he  
water t ab le  over an area  of a t  l e a a t  1 t o  2 
acres.  It was found i n  the F. Swanson (513), 
Wasilla Botel (519), 0 .  Swanson (520), and 
Teeland S to re  (521) wells  (Fabian, Jaok, 
personal communication, 1949). In  seve ra l  
of thsae wells water i s  reported t o  have 
r i s e n  a s  much a s  severa l  f e e t  when t h e  base 
of the  till was penetrated. T i l l  In t he  Berg- 
man well  (531) i s  beneath the  water t ab le .  
T i l l  was not found i n  wells  surrounding those 
l i s t e d  above. 

Many of t h e  small streams flowing acroas 
gravel  deposl ts  appear t o  be perched. Water 
i n  the  Carson well  (576) stands 33 f e e t  below 
the  surface;  a creek a few hundred f e e t  away 
i s  only about 6 f e e t  lower than the  ground 
surface a t  t h e  well, or  27 f e e t  above the  
water t ab le  a t  t he  well. Well 412, on the  
Klrchner and Menk property, i s  20 f e e t  from 
Wasilla Creek and 6 f e e t  above it; the  water 
l eve l  i n  the  well i s  about 7 f e e t  lower than 
the  bed o f  t he  stream, and according t o  re- 
ports ,  movement of gmund water a t  t he  time 
t h e  well  was dug was i n  the d i r ec t ion  oppo- 
s i t e  that o f  stream f h v .  The water l e v e l  i n  
USGS t e a t  well 2 (well 57) i s  about 30 f e e t  
below the  bad of Bodenburg Creek, 50 f e e t  
away. It seems l i k e l y  that the  beds of these 
streams have been rendered r e h t i v e l y  imper- 
meable by a "seal" of s i l t  i n  the  gravel  over 
wMch they flow, although they pmbably feed 
the  ground-mter body t o  a s l i g h t  degree. 



I n  many wells t h a t  pat38 through a buried 
stratum OF till and into  gravel beneath, 
water r i s e s  i n t o  the well t o  a l eve l  U & e r  
than the base of the till. I n  several  such 
wells ( for  example the Bryant (2871, Gaylord 
(2941,  Palmer (3631, Benson (3641, and Hemer 
(398) wella, west an8 northwest of Palmer) 
the s t a t i c  water level  is  higher than the 
upper surface of the till. I n  the  Palmer 
t e s t  well (363), on a h i l l  which r i s e s  30 t o  
40 f e e t  above the  surrounding surface, the 
water rose wlthln 20 f e e t  of the suflaae. 
Figure 5 summarizes the avai lable  infcrmtSori 
on the  depth and thiolness of the till at ra-  
turn and the water l eve l  i n  wells along a sec- 
t i o n  weat and northwest of Palmer. It i s  evi- 
dent tha t  imperfect a r t e s ian  condit.lona a r e  
developed loca l ly  where the buried t i l l  a t ra-  
tm i s  present. 

With the exoeption of seeps from eand 
layers i n  till, a l l  the springs seen by the  
wr i t e r  derive t h e i r  water from gravel. The 
springs occur i n  thsee general s i tuat ions:  
(1) in saturated gravel below the water table,  
expoaed by recent stream erosion, and a t  
sprlngs along the MaGanzlska bluff south of 
Palmer and near Matanuska; (2) i n  togographlo 
depressions where the  water t ab le  in te r sec t s  
the land surfaoe, a s  is  probably the oaae st 
Brazil  Springs northweat of Palmer; and (3) 
a t  the contact oT eaturated gravel and under- 
lying till, as  on t h e  h i l l s i d e  above (east  o f )  
the mouth of Fish Creek. 

Only one well i n  the Matanuaka Valley 
agr icu l tu ra l  area has been pumped a t  a r a t e  
g rea te r  than 100 gpm. This i s  well  363 
d r i l l e d  a s  a t e a t  well f o r  the c i t y  of ha lmr .  
It gielded 118 gpm n l t h  35 f e e t  of drawdown, 
a f t e r  16 hours of pumping (Bourne, 1952). 
Therefore i t s  spec i f i c  capaoity was about 3.4 
gpm per f t  of drawdown. This well  wae f i n -  
ished with a screen. SC obtains water from 
sand and sandy gravel beneath a burled s t r a -  
t u m  of till. USGS t e a t  well 1 (well 37) 
glelded 44 gpm with a drawdown of 5.6 feet  
a f t e r  & hours of pumping. It i s  a 3-inch 
open-end well. In view of i t s  small, s ize ,  
lack of a acreen, and higher spec i f i c  capaci- 
ty ,  it must penetrate mater la l  more pmductive 
than did  well 363. These a re  the  only wella 
i n  the  agr lcu l tb ra l  area tha t  have been pump- 
ed a t  a r a t e  greater  than about 20 ~p. Fann 
w e l l s  ape usually pumped a t  r a t e s  of I few 

f o r  onlv short-  erioda. According 
8 g e r a  (106D, p. 18, the  IIemer wel l  tt9E3) 
has  yielded 5.65 ~ v m  with a drawdonn of 5' 
fee t ;  I n  a 24-houF-test. 

Most wella i n  the agricultural area,  and 
a l l  those producing more than about 200 gpd, 
obtain t h e i r  water f r o m  outwash sand and 
gravel. There i s  no reason t o  doubt t h a t  
y le lds  of wella i n  sandy gravel i n  the  agr i -  
cu l tu ra l  area can be subs tan t i a l ly  inoreased 
by use of well screens and proper development 
practl  ces. 

Windblown Sand and silt 
The windblown sand and s i l t  which mantle 

g l a c i a l  deposits i n  the  Matanuska Valley agrf- 
cu l tu ra l  area l i e  above t h e  watep t ab le  and 
generally a re  not saturated. They a r e  impor- 
t a n t  i n  the  hydrologic cyole, however, because 

they a r e  permeable and ,psrmit rapid i n f i l t r a -  
t i o n  of water t h a t  reaohea the land surface. 
Infomat ion obtained duping I r r iga t ion  experi- 
ments (Wilson, C. W., personal comuniaation, 
1 9 5 ~ )  shows tha t  on 2 farms, 1 at: P a h e r  and 
the  other near  Matanuska, i n f i l t r a t i o n  of 
water i n t o  a g ~ c u l t u r a l  s o i l  may take plaoe 
a t  the r a t e  of a t  l eaa t  one-third inch per 
hour f o r  aeveral hours, without perceptible 
runoff. 

Small perched bodies of w a t e ~  occur i n  
eolian sand and s i l t  on the Roltet pwperty, 
along the Matanuska bluff about 4 miles north 
of Palmer. The water l a  present only beneath 
degressiona, which a re  in terpreted a s  pi ta  
formed by the melting of buried blcrks of 
g lac ia l  toe. The impermeable layvr which re- 
t a i n s  the  water l a  probably the residue of 
unsoded g lac ia l  debria h i c h  was l e f t  upon 
melting of the i c e  or  tbe  deposit formed i n  
a pond which may have occupied the  p i t  during 

,Itif of the ice.  By propseating with a 
poatho e auger M r .  Holtef has found water i n  
many of the  p i t s  on h ie  farm; no t e a t  holes 
on h i l l t o p s  o r  ridges batwesn p i t s  struck 
water however. The sand and silt range from 
9 t o  14 f e e t  i n  thiakness; the perohed water 
bodiea a r e  Prom 3 t o  7 fee t  thick. Most indi- 
vidual p i t s  cover a few acres  or  l e s s .  Figure 
4 i e  a sect ion through a typ ica l  g l t r  It i e  
evident tha t  thn water i s  dedved  only from 
precipi ta t ion received within the  p i t  i t s e l f ,  
and that  the  quantity of water present i n  a 
s ingle  p i t  i s  small. Perched water i n  eol ian 
deposits has not been reported elsewhere in 
the  agr iou l tu ra l  area; i t  is  probably present 
only i n  restricted areas near  the Matslnuska 
River where the  eol ian material l a  thick and 
is underlain loca l ly  by impermeable material. 

gydmlogv of Phvstoarabhi c UnZta 

Aa an a i d  i n  the  discussion that  follows, 
the  writer has divided the Matanuaka Valley 
agr icu l tu ra l  area i n t o  physiographic units.  
The differences i n  the  land surface i n  these  
u n i t s  a r e  a r e f l ec t ion  of major differences 
i n  t h e i r  geology. These di f lerenaes  cause 
s ignif  ioant changes i n  hgdm logic  oondi t ions  
from one un i t  t o  another. The locat ion and 
boundaries of the  phgeiographic un i t s  a r e  
indicated in figure 2. oeographlc names a re  ' 
applied t o  the  un i t s  only l o r  convenienae of 
reference I n  t h i s  report .  

The weatem slope of Laey Mountain and 
the t r a e t  t h a t  extends westward from it t o  
the Patanuska River (hereaf ter  termed the  
lower slope) w n a t i t u t a  physiographic un i t  1. 
The higher slopes were not glaciated and am 
qbmpoeed o f  rook covered by slope deposita. 
An intermediate seoti-on of the  alope consis ts  
of Lateral-moraine and a l luvia l - fan deposits. 
The lower slope, which i s  Inore than ha l f  of 
Ckre uni t ,  i e  composed of ground moraine or 
gravel-covered terraaes  cut in to  it. 

The t a l u s  and frost-disturbed 8eposita 
on the upper slopes of Laey Mountain a r e  re- 
l a t i v e l y  permeable. Streamd which derive 
t h e i r  water from these m. te r l a le ,  and possibly 
in part  from fractured bedrook beneath them, 
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continue flowing down t h e  west slope of the 
mountain during prolonged dry weather. The 
a l l u v i a l  fana a t  the  foot of the s teep alope 
a re  composed bP r e l a t i v e l y  permeable sand and 
gravel. The l a te rn1  mormlne and the lower 
slope a re  r e l a t i v e l y  impermeable till. Seeps 
occur along the lower edges of the  a l l u v i a l  
fans where the underlying till  reappears a t  
the surface. 

The lower slope 1s poorly dralned and, 
i n  places, marshy. Wells i n  the t i l l  have 
ranged from unsuccessful t o  moderately suc- 
oessful. USQS t e s t  well 3 (well 4) and the  
Beechik (5) and Nash ( 6 )  wells penetrated 
t h i n  water-bearing layers  i n  the  till. A 
well a t  the Lazy Mountain Childrens Home (2) 
obtains water from s l i g h t l y  permeable near- 
surface till. Aooording t o  reports a well 
begun on the Copenburg property, about a 
quar ter  of a mile north of well 4, i s  dry a t  
a depth of about 50 feet .  The success of a 
wel l  i n  the till i s  dependent upon i t s  pene- 
t r a t i n g  a sorted layer  t h a t  i s  water-bearing. 
The location, thickness and extent of these 
layers  cannot be predicCed on the bas i s  of 
available evidence. The probabili ty of find- 
i n g  water-bearing mater ia l  i n  t i l l  near  the 
surface seems t o  be highest i f  the well is  
located i n  one of the shallow val leys  t h a t  
trend down the  lower Lazy Mountain slope. It 
is  unlikely tha t  the  average well i n  the  t i ll  
w i l l  yield more than a modest household or 
farm supply. 

Small seeps occur along the  bluf'f about 
half  a mile north of the Matanuska Brldge. 
Similar seeps from till along the  h i l l s i d e  
overloaking the lower ground south of the 
lower slope of Lazy Mountain yield enough 
water t o  hinder excavation o r  t o  make drain- 
age of cdmpleted excavations d i f f i c u l t .  

I n  the  t r iangular  t r a c t  between the Mata- 
nuaka River and Wolverine Creek aeveral 
ter raaes  indent the or iginal  t l l l  surface. 
Each of these terraces  i s  covered by gravel. 
The Steward well ( I ) ,  on the uppermost t e r -  
race, passes i n t o  till 10 f e e t  beneath the 
surface. No other wells have been constmated 
on these  terraces ,  and the thickness of the 
gravel deposits I s  not h o r n .  By analogy 
with terraces  on the other s ide  of the  Mata- 
nuska, however, i t  seems l i k e l y  tha t  t i l l  i s  
near the  surface on the higher terraoea here. 
Exposurea along the xlver and along Wolverine 
Creek suggest t h a t  bedrock i s  near the  sur- 
face on the  lower terraces .  Nonetheless, 
t h i s  terraoed t r a c t  Is the  moat promising axea 
f o r  developent  of ground-water supplies on 
the slope of Lazy Mountain. Where a choice 
of locat ion is  possible, the  moat favorable 
is  toward the center of a termoe,  away from 
i t s  inner and outer edges. 

Small gravel-covered terrace  remnants 
a re  present on the  slope above (north o f )  
the  Matanuska River bridge. A sprlng on the 
Clark property discharges 3 t o  5 gpm and i s  
reported (Clark, Pmnk, personal communica- 
t ion,  1949) t o  have a f a i r l y  regular  flow. 

The wri ter  believes it unlikely t h a t  a 
deeper gravel stratum i s  present beneath 
till on the slope of Lazy Mountain. 

A l l  the  ground water preaent i n  deposits 
on t h i s  slope i s  derived from preclpl ta t lon 
upon it. 

Bodenburg Terrace Area (Unit 2 )  

The land surface In  most of physlographic 
u n i t  2, which is the t r a c t  between the Mata- 
nuska and Knik Rivers and the mountains t o  
the  east ,  consists of stream-laid sand and 
sandy gravel. Bodenburg Butte and smaller 
h i l l s  of bedrock, and a few h i l l a  of till, 
protrude through the  gravel depoerlta. 

The part  of t h i s  area mapped f o r  th la  re- 
port i a  well drained; to  the  southeast the 
surface i s  lower and marshy. Bodenburg Creek, 
eas t  of the Anchwage-Palmer highway near the  
Knik  River, appears t o  be a "perched" stream 
(p. 19) .  During the  annual late-summer 
flood of the Knik River the water table near 
the  r ive r  f luctuates  i n  response t o  changes 
I n  r i v e r  level.  

Whatever s o u n d  water i s  i n  the rock 
comprising Bodenburg Butte and similar h i l l s  
occurs i n  f rac tu res  i n  the  rook. Only one 
well (70) obtains water from the rock, and 
the re  i s  no information regarding the amount 
or water avai lable  i n  general from rock i n  
this area.  The lake on the  eas t  end of 
Bdenbwg Butte i s  sprlng-fed; the  water may 
be derived par t ly  from fractures  i n  the  rock, 
but it probably comes a lso  from the g l a c i a l  
depoeits mantling the  rock. 

T l l l  l a  present i n  two h i l l s  l e f t  by 
erosior. i n  the northern pa r t  of t h i s  area 
and wider the higher sloping ground below 
(south of)  the Lower alope of Lazy Mountain. 
I n  theae areas  the till w i l l  make acquisition 
of ground-water supplies re la t ive ly  d i f f i c u l t .  

The lower alope of the mountain wall  eas t  
of th ia  area  is mantled by re la t ive ly  permsa- 
b l e  a l luvia l - fan and t a l u s  deposits.  

The remainder of the  Bodenburg terrace  
area i s  urderlain by permeable gravel. Small 
perched bodies of ground water a re  present 
loca l ly  (p. 19) southeast of Bodenburg Butte 
near i t s  eas t  end. Ground water probably 
moves southward and southweatwaFd through 
most of t h i s  area. North of the  bedrock h i l l a  
near Bodenburg Butte, and a l so  on the  terrace  
southwest of Bodenburg Butte, the water t ab le  
stands close enough t o  the land surface t o  
be accessible t o  suction pumps. a e o l o g i a l  
Survey t e a t  well 1 (37) yielded 44 gallona of 
w a t e ~  per minute from an open-end 3-inch cas- 
ing having no screen. Similar quant i t ies  of 
water probably can be obtained from we3.I.s i n  
gravel  elsewhere i n  t h i s  area, and larger  
quant i t ies  might be expected i f  soreens were 
used and the  wells developed. 

Ground water i n  t h i a  area i s  derived 
from precipi ta t ion upon the land surface and 
from runoff fmm the mountains t o  the eas t .  

'For quantity of water avai lable  and the 
cost of i t a  aoquisit ion, t h i s  physiographic 
un i t  i s  probably the most favorable pa r t  of 
the Matanuaka Valley agr icu l tu ra l  area f o r  
the developent  of ground-water supplies. 
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Figure 4. Generalized s e c t i o n  showing perched ground water in  windblown sand and si lt .  
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Figure 5. Map and sect ion ahowing distribution of older glacial deposits known from wall logs .  



Matanuaka-Knik F la t s  and Alluvial  
Pla ins  @ni t  3) 

The f l a t s  bordering Xnik Arm,  together 
with ex i s t ing  a l l u v i a l  plains of t h e  Matanus- 
ka and Knik tlivers, cons t i tu t e  an area  i n  
whlch the water l eve l  stands no more than a 
few f e e t  beneath the land surface. Water i n  
g rave l  beneath es tuar ine  s i l t  a t  t he  Eklutna 
CAA a ta t ion  becomes brackish during very high 
t i d e  (Weatermbarger, Kenneth, personal communi- 
oation, 1951). l a t e r  beneath the  s imi la r  f l a t  
nor th  of Knlk A r m  i s  ce r t a in ly  brackish o r  
s a l t y  a t  l e a s t  pa r t  of t h e  time. Large quan- 
t i t i e s  of lrater a re  undoubtedly a v a i h b l e  from 
the  a l l u v i a l  deposi ts  along t h e  Matanuska and 
Knik Rivers, but  recurrent f looding renders 
sett lement of such low area8 unwise. The 
dommunity of Matanuaka i s  sa id  t o  have been 
abandoned because of f looding by t h e  Matanuska 
River. Flooding and channel s h i f t i n g  along 
these  braided atreams m u l d  prevent i n s t a l l a -  
t i o n  and use of i n f i l t r a t i o n  g a l l e r i e s  i n  the 
a l l u v i a l  deposit8 . 

P a h e r  Terrace (Unit 4 )  

The Palmer t e r m o s  1s the s ing le  exten- 
s i v e  t e r r ace  upon which Palmer is  s i tua ted .  
Permeable g m v e l  underlies the aurface of moat 
of the  t e r r ace ,  and except f o r  a few deprea- 
sions containing ponds t h e  surface i s  well 
drained. 

I n  general  farm wella i n  t h e  area south 
of Palmer have been successful. over most o i  
t he  t e r r ace  the  water stands below the  l i m i t  
of suct ion Lif t .  Locally it l a  necessary t o  
d r l l l  somewhat below t h e  l e v e l  of the  water 
t a b l e  before rrater i s  brought i n t o  the  well; 
t h i s  seems t o  be due t o  the  presence of l o c a l  
layers  of r e l a t i v e l y  lmperneable s i l t y  materi- 
a l .  The water t a b l e  slopes south and south- 
e a s t  toward the  Matanuska River, and seeps 
occur along the  base of the  b l u f f ,  Seasonal 
f luc tya t ions  i n  the  e levat ion of the  water 
t a b l e  a r e  l e s s  than i n  most of the  r e s t  of t h e  
a g r i c u l t u r a l  area, and t h e  maximum expectable 
fLuctuation Is probably not more than a few 
f e e t .  It i s  poa'sible t h a t  i n  a few places 
rock OP deep-lying till w i l l  be penetrated 
belore the  water t a b l e  i s  reached, but t h i s  is 
not  ao l i k e l y  aa i t  i s  a t  o r  north of Palmer. 
There a r e  no data  from which t o  est imate the 
possible y ie lds  of wells. 

Subsurface conditlona a r e  more i r r e g u l a r  
near and nor th  of Palmsr. T i l l  and bedrock 
a r e  a t  o r  near the  surface i n  many places. 
Surface exposures and well  logs suggest t h a t  a 
p r t l y  burled bedrock ridge o r  s e r i e s  of knol ls  
extends westwafd from the  Matanuaka River 
brldge. Other bedrook hillrc, aome of them 
buried i n  gmva l ,  a r e  i n  Palmer o r  jus t  south 
of the  c i ty .  The Bugge (128) and Felton (130) 
wells  have been In  use f o r  many years  ( the  
Bugge well  s ince  1914) and have yielded 
suppliea s u f f i c i e n t  fop many families;  they 
penetrate water-bearing gravel. Three o ther  
wella (now abandoned and f i l l e d )  dug by indi -  
v iduals  i n  Palmer a r e  reported t o  have been 
moceasful ,  and during establishment of the  
a g r i c u l t u r a l  colony Sour successful  colony 
wells  37 t o  46 f e e t  deep, were constructed i n  
gravei. Five o the r  colony wells  i n  Palmer, i n  

r a v e l ,  till (7) , o r  bedmck, were "dry holes ." 
s ix th ,  mbich reached bedrock a t  72 f;eet, i s  

reported (AFIRC l og )  t o  have obtalned sulphur 
watern a t  121 fee t .  Two colony wells (135 
and 144) a t  Palmer obtained s a l t  water; two 
other  colony wells, probably fn Palmer, a l s o  
obtained s a l t  water. I n  th ree  of these wells  
s a l t  water was reached a t  140 t o  160 f e e t  
above sea level .  I n  the  old slaughterhouse 
well  (144) s a l t  water was reached a t  a depth 
of 569 fee t ,  or  about 340 f e e t  below sea 
level ;  t h i s  well i s  reported t o  have pene- 
t r a t e d  shale and limestone from 18 t o  590 f e e t  
below t h e  surface. The difference I n  chemi- 
c a l  composition of water from two ~f t h e  
wells ,  134 and l 3 5 (  see  sec t ion  on "Quali ty 
of watern) ,  and the absence of s a l t  water i n  
o ther  wells  i n  t h e  v i c i n i t y  of Palmer suggest 
t h a t  the  highly mineraL1zed water is  of loca l  
occurrence. It probably has been trapped i n  
the  rock s ince  a time whm t h i s  area was 
covered by marine o r  es tuar ine  water; i t  i a  
not modern s a l t  water from Knik Arm. 

The Bugge (128) and T h m  (145) wells 
a r e  seated on bedrock. I n  t h e  Thuma well, 
which i s  24 f e e t  deep, 2 f e e t  of sa tura ted  
gravel  over l ies  t h e  bedrock. I n  the  Cope, 
well. (142), about ha l f  a mile eas t  and a t  tht, 
same a l t i t u d e  t h e  water stands about 76 f e e t  
below t h e  surface.  I n  t h e  Moffitt well  (2291, 
akaut ha l f  a mile south and LO f e e t  lower, 
t h e  s t a t i c  l eve l  i s  about 85 f e e t  below the  
surface.  Water i n  the  v i c i n i t y  of the  Thuma 
well  thus appears to  be perched on bedrock. 
I n  o ther  wells  i n  o r  near  Palmer t h e  water 
stands about 30 t o  40 f e e t  beneath the  land 
surface.  I n  wells  within a radius of a mile 
to  t h e  southeast  and south'   r re en (1381, 
Cope (142), Stock (152), Moffi t t  (229), and 
o the r s )  the  s t a t i c  level. i s  75 f e e t  o r  more 
beneath the  surface. The wr i t e r  believes t h a t  
water-bearing gravel  i n  the  immediate v i c in i -  
t y  of Palmer i s  not only very l o c a l  and t h i n  
but r e s t s  on bedrock or  e l l 1  so t h a t  the  
water i s  perched above t h e  l e v e l  of the  water 
t a b l e  i n  the  th icker  gravel  t o  the  south. 
New household wells  i n  Palmer may o r  may not 
be successful ,  depending upon ohance location, 
but it i s  unl ikely  t h a t  la rge  quan t i t i e s  of 
water can be obtained there .  

Ground water i n  the  Palmer t e r r ace  i s  
derived not only from prec ip i t a t ion  upon i t s  
surface but from water moving beneath.the aur- 
face rrom the  higher ground t o  the  north and 
northwest. 

Eska Creek-Matanuska Agricul tu ia l  
Experiment S ta t ion  Area (Unit 5) 

Unit 5 may be considered t o  compriae 
th ree  smaller  t r a c t s  (fig. 2 ) ,  i n  each O l  
whlch gravel. deposi ts  a s  much as  50 t o  100 
f e e t  th ick  rest  on o l d e ~  g l a c i a l  deposi ts  cYP 
on bedrock. !l'his uni t  i s  conspicuoualp a f -  
f e r e n t  from those already deacrlbetl, %n Whhh 
t h e  surface i s  l a rge ly  of ground moraine Or 
of extensive ter races ,  and TY?OIII t h e  pbriol 
graphlc un i t  lying t o  the  west, i n  &ich the 
surface conaiste of ground moraine o i  tkrln 
gravel  deposits .  

Conspicuous ridges and h i l l s  i n  t;he a m a  
between Eska and Moose Creeks and extendfng 



about 3 miles west of Moose Creak (un l t  5a) 
a r e  underlain by gravel. The surface l a  well  
drained. Bedrock l a  exposed along the  Matanus- 
ka River and Moose Creek and i n  Wishbone H i l l  
just  nor th  of t h i a  area.  T i l l  has been found 
i n  some wells  (auch aa, 253, 256, 257, and 258) 
and probably l i e s  near the  surface over much 
of t h e  t r a c t .  L i t t l e  i a  Known.of the  hydro- 
l o g i c  condltiona i n  un i t  5a. Few wella have 
been begun and most of them have not been 
completed, The water stands 75 f e e t  below 
the  land surface i n  the Boulter well  (263); 
t he  water Is derlved from what may be e i t h e r  
a so r t ed  layer  i n  t i l l  o r  gravel  beneath the  
till. The water l e v e l  may be nearer  t h e  sur- 
face on the,lower t e r r aces  along t h e  Matanus- 
ka River, or  i n  depressions f a r t h e r  from t h e  
r ive r .  Recharge of ground water i n  t h i s  area  
Is from loca l  p rea ip i t a t ion  and from mnoff  
and underground flow down the  slopes t o  the  
north, except i n  an  area eas t  of Moose Creek 
which i s  separated from Wishbone H i l l  by a 
deep va l l ey  and which probably receives water 
only from loca l  precipi ta t ion .  

Between the  area  juat described an8 t h e  
Palmer-Wasilla Road t h e  topography is  i r regu-  
l a r  but more gent ly  r o l l i n g  than near Yooae 
C ~ e e k .  Thla par t  of the  physiographic  it 
(unit  Sb) l a  bounded on t h e  west by an a r -  
bitrari ly-chosen l l n e  which l i e s  t o  t h e  e a s t  

, of Finger Lake and the  lakea nor th  of tt. 
East  of th i a  l i n e  the  till i s  genera l ly  cover- 
ed by th ick  gravel; t o  t h e  west t h e  till i s  
exposed o r  i a  covered by t h i n  gravel. The 
surface i s  commonly well  drained, although 
some of the  deeper depressions contain lakes ,  
Many of the  wella i n  t h i s  pr t  of the u n i t  
pass through a u r f i c i a l  gravel i n t o  a buried 
atratum of t i l l  ( f ig .  5 and table  2). The 
a u r f i c i a l  gravel  i s  about 20 t o  100 feet 
th ick .  The underlying till Is 15  t o  90 f e e t  
thick;  it i s  probably absent local ly .  Most 
wella t h a t  pass through the  till obtain water , 
from gravel  beneath it; i n  some of these we3.l~ 
the  water i s  under a r t e s l a n  pressure ( f ig ,  5 ) .  
Seveml  wells  on t h e  Owen Y o f f i t t  faxm (ARRC 
t r a c t  192) were "dry holea" even though they 
penetrated the  lower gravel  t o  greater  depths 
than auccesaful wel ls  nearby. This may be 
due t o  loca l  r e l a t i v e  impermeability of the  
gravel  beoause of cementation; s l i g h t  con- 
aol idat ion of the  lower gravel  has been repor t  - 
5d i n  well  logs ( t ab le  2 ) .  One well  (3051 
on t r a c t  132 obtained water a f t e r  being deep- 
ened by d r i l l i n g  i n  1951. 

Well 363, d r i l l e d  f o r  the c i t y  o f  Palmer 
and completed i n  Januam 1952, yielded 118 
gal lons  of water per minute with 35 f e e t  of 
drawdown; the  nonpumping l e v e l  i s  20 f e e t  
below the  surface.  This well  obtains it.6 
water from sand and sandy gravel beneath the  
buried t i l l .  The well was f in ished with a 
20-foot sec t ion of well screen,  Similar quan- 
t i t i e s  of water should be avai lable  a t  many 
other l o c a l i t i e s  i n  t h i a  a rea  if wella a r e  
constructed with screens; l a r g e r  quan t i t i e s  
might be avai lable  i f  l a rge r  pumps a r e  used. 

Sam other walla In t h i s  part af t h e  
physiographic unit obtain water from t h e  
younger gravel. I n  moat places t h i a  gravel  
l i e s  upon the  buried till, but i n  some places 
It l a  l i k e l y  t h a t  g rave l - f i l l ed  channels 
indent t h e  upper surface of t h e  till o r  even 

t h a t  the  till is dlacontlnuous. The wr i t e r  
believea t h a t  tho ground water i n  un i t  5b i a  
lnoat reasonably conaidered aa a s ingle  body. 
Moat wella t h a t  pass through the till a t r a -  
tum obtain water under a r t e s i a n  preaaure; 
many wells do not reach till, however, and 
these  enoountar water-table oonditiona. It 
Bema l i k e l y  t h a t  t h e  till i s  absent local ly ,  
and tha t  a t  such places the  body of uncodined 
water is connected with t h e  confined w t e r  
beneath the  till atratum nearby. 

The l o c a l  occurrenos of water i n  d n d -  
b lom sand near the  Matanueka b l u f l  has a l -  
ready been described (p. 2 0 ) .  

B r a r i l  Bpringa, a t  t h e  bend of the  Pal- 
mer-Fishook road about 3 miles northwest of 
Palmer, provided the  P a h r  water eupply f o r  
many yeara. The water iaauea from gfavel a t  
t he  base of a small hill. It  probably reaohes 
t h e  springs by movement down (southwest) t h e  
s m a l l  va l l ey  t h a t  cmsaes  the  Henry LaRose 
property (near wells  314 and 315) and i n  
which t h e r e  a r e  two a w l 1  lake8 (pl. 1 ) .  On 
t h e  bas is  of the  l o c a l  topography and of rec- 
ords of wella nearby (302, 315, 317, and 318) 
t h e  wr i t e r  be l ieves  tbat the  small val ley  may 
be f loored by till a t  ahallow depth but t h a t  
t he  h i l l s  a r e  cmpoaed of gravel. If t h i s  
i n t e r p r e t a t l o n  i s  correct ,  the  springs proba- 
b l y m r k  the  in t e r see t ion  of the water t ab le  
by a s l i g h t  topographio depression. Spring 
flow !.a probably about 150 t o  200 gpm when 
t h e  water t a b l e  i s  a t  i t s  average poaition; 
during the  dry season of 1950 and I n  1951 the  
sp r ing  flow declined s o  m&edly  t h a t  the  
ex i s t ing  pipel ine  was extended nor th  t o  Car- 
negie Creek t o  obta in  surface  water. 

The part of t h i s  physiographic u n i t  des- 
oribed i n  t h e  preceding paragraphs grsdea 
southward and southwestward i n t o  a more r o l l -  
i ng  aurfaoe having more consplcuoua rldgea 
and h l l l e .  This more rugged t r a o t  (unlt  Sc) 
extenda from an a r b i t r a r i l y  ohoaen l i n e  be- 
tween Palmer and Four Corners t o  t h e  b luff  
overlooking the  f l a t e  west of Hatanuska. The 
aurfaoe is  well  drained. The only stream i s  
Wasilla Creek. faksa' oocupy seve ra l  depres- 
s ions  near Patanuaka. Sprrngs along the  base 
of t h e  b luff  near Yatanuska a r e  Zed by ground- 
water flow from the  narth.  One of these  
springs supplied t h e  community of ?hatanuaka 
(now mostly abandoned). I n  1949 the  Alaska 
Railroaa obtained 8,000 t o  9,000 gpd from this 
spring. 

Hydrologic conditions in the  a r e s  be- 
tween Palmer and the  experiment s t a t i o n  a r e  
poorly h o r n .  The water t ab le  a l o m s  south- 
ward. In  the Blunck well (378) t h e  mter 
atandcc 119 f e e t  below t h e  surface.  No other  
wella have been d r i l l e d  west or eouthweat of 
t h i s  one, i n  t h i s  physiographic un i t ,  except 
seve ra l  near  Waallla Creek and near the  
experiment s t a t i o n .  The Blunck well  and aev- 
e ra1  wella near  the experiment s t a t i o n  ob ta in  
water from grave l  beneath a buried till s t r a -  
t u m  which may be the  same a s  that found north- 
weat of pal me^. Water i n  the  Blunck well  i s  
n o t  under a r t ee l an  preaaure; the  till atratum 
i s  probably in t e r rup ted  t o  the  northweat. 
Ar tes ian  cond5tiona axe present In some wslla 
west of t h e  exper lmnt  s t a t ion .  



L i t t l e  Susitna-Oooss Bay Morainic 
Area (unit  6 )  

The L i t t l e  Susitna-Goose Bay physiograph- 
i c  u n i t  i a  characterized by extensive areas  
of grounU moraine separated by gravel-floored 
valleys.  The topography shows a conapicuoua 
southwestward trend, and drainage i s  toward 
t h e  southwest. 

Three large  a reas  i n  which the  surface 
i s  ground moraine a r e  shown on p la t e  1. One 
extends from t h e  v i c i n i t y  of t h e  experiment 
s t a t i o n  and Wasilla t o  Oooae Bsy; another i s  
north and west of Wasilla; t he  t h i r d  l i e s  
nor th  and west of Pittman. I n  each of these  
areas  t211  forma t h e  surface over extensive 
t r a c t s  o r  is mantled by t h i n  deposi ts  of 
gravel .  Many smalL val leys  and cloned deprea- 
sions contain somewhat th i cke r  gravel  depos- 
i t s  which a r e  t h e  most promising sources of 
near-surface ground water i n  areas  of ground 
moraine. It i s  emphasized t h a t  wells  i n  till 
a r e  l i k e l y  t o  obta in  water; however only small  
q u m t i t i e s  a r e  obtainable from layers  of 
sand o r  gravel  i n  t h e  till. I f  gravel  depos- 
i t s  a r e  present nearby, shallow wel ls  i n  
till should not be constructed. 

Five extensive a reas  of gravel  depoaits  
a r e  present i n  t h i s  physiographic un i t .  
Gravel-covered t e r r aces  indent the  ground 
moraine above the  b luff  north of Knik Arm. 
The topography of the  eroded surface  of till 
beneath the  gravel  i s  i r r e p h r ,  and l o c a l l y  
h i l l s  of t i l l  protrude through the  gravel  
(pl. 1). A t  t he  b luff  overlooking' Knik Am 

near  Lucy Iake till is exposed a t  t he  land 
surface;  i n  well  631, about 1 mile southwest, 
t he  gravel ,  a s  reported b A. Lathrop (per- 
sonal  c o m n i c a t i o n ,  19507, i s  a t  l e a s t  60 
f e e t  thick.  Elsewhere, however, shallow 
wells  reach t ill  ( fo r  example, well  623, i n  
which t i ll  i s  15  f e e t  beneath the  surface) ,  
and i t  i s  l i k e l y  tha t  ' t i l l  is  near  the  sur- 
f ace  over much of t h e  a rea  of these  ter races .  
Poor surface drainage on some of the  t e r r aces  
i s  probably due t o  the  presence of till near 
the  surface.  

An extensive area  of p i t t e d  gravel  depos- 
i t s  l i e s  nor theas t  of Wasllla. Locally t h e  
gravel  i s  th ick  (46 f e e t  i n  well  4 7 0 ) ,  but 
elsewhere the  gravel  i s  th in .  The old King 
w e l l  (463) south of Kings Lake reached till 
10 f e e t  beneath the  land surface.  

Stream-laid gravel  deposi ts  border the  
s e r i e s  of lakes  extending nor theas t  of Waai1I.a. 
To the  southwest these deposits  merge t o  form 
a conspicuous narrow a l l u v i a l  p la in .  LocalJy, 
a s  a t  Wasilla, the  gravel  is p i t t ed .  Small 
i s l ands  of ti11 protrude through t h e  gravel  
west of l a s i l l a ;  narrow val leys  joining the  
a l l u v i a l  p l a in  a r e  gravel  f loored.  The gravel,  
p a r t i c u l a r l y  i n  the  smal ler  valleys,  probably 
i s  genera l ly  th in ,  

Another a l l u v i a l  p l a in  extends south- 
westward from the  v ic in i ty  of Kings W e ;  it 
merges southwest of Pittman wlth the  a l l u v i a l  
p la in  west of Wasilla. The thickness of the  
gravel  I n  these deposits  is not known. 

h a v e 1  deposi ts  associa ted  with ground 
moraine north and west of Pittman have not 
been d i f f e ren t i a t ed  (p l .  1). They consist  of 
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outwash gravel  i n  a l luv ia l -p la in  depoaifcr, 
p i t t e d  deposits, a d  t h l n  deposi ts  which 
l o c a l l y  mantle h i l l s  of till. Alluvial-plain 
gravel a t  t h e  gravel  p i t  18 miles west o f .  
Pittman Is 20 f e e t  th ick  o r  more; It r e s t s  
on r e l a t i v e l y  impermeable till. Elsewhere i n  
t h i s  v l c i n i t y  crevasse f i l l i n g s  of till which 
protrude through gravel  show t h a t  the  gravel  
i s  r e l a t i v e l y  t h i n  (probably not th i cke r  than 
about 10 t o  20 f e e t ) .  Gravel i n  some of t h e  
a l l u v i a l  p la ins  is  l o c a l l y  openwork cobble 
gravel .  

The gravel  i n  a l l  these depoaits  i s  ex- 
ce l l en t  water-bearing material. wherever it is  
sa tura ted .  Springs along the  walla of the  
mnsplcuous va l l ey  2 miles southeast  of 
Wasilla, and on t h e  h i l l s i d e  eas t  of t h e  
mouth of F i sh  Creek, and probably those on 
the  Fleckenstein property 19 miles southwest 
of Wasilla, a r e  contact sprlngsj  they derive 
t h e i r  water from gravel ly lng  on t i ll  and 
discharge a t  t he  outcrop,of t h e  contact be- 
tween the  gravel  and the till. 

L l t t l e  is  known of ground water i n  the  
gravel-covered t e r r aces  north of Knik Am. 
!The wr i t e r  believes t h a t  t he  gravel  is  t h l n  
I n  most l o c a l i t i e s  (as i n  wel ls  622 and 623), 
and that the quan t i t i e s  of water ava i l ab le  
a r e  small. Quan t i t i e s  of water s u f f i c i e n t  
f o r  household use should be r ead i ly  avai lable  
i n  val leys  on these  ter races ,  however. 

Few wells have been d r i l l e d  i n  t h e  p i t t e d  
deposits  nor theas t  of Wasilla, but i t  appears 
t h a t  water i s  r ead i ly  avai lable  between the  
lakes. Deposits beside ( t o  the  nor th  and 
south o f )  the  lakes  a r e  more l i k e l y  t o  be 
underlain by till. T i l l  was found i n  wells  
502 and 506, beside Wasi l l a  Lake. 

Wasilla, s i t u a t e d  on gravel deposita 
betwem Wasilla Lake and Lake Lucile, undoubt- 
edly  has l a rge  avai lable  supplies of ground 
water. T i l l  i a  known t o  be present a s  a t h i n  
layor  beneath par t  of the  community (p. 18). 
T i l l  found i n  t h e  Bergman well  (631) may be a 
par t  of t h i s  lager  o r  of a th l cke r  body. 
Because the  till beneath Wasilla' may be p a r t  
or  a t h i n  layer,  i t  may reasonably be ercava- 
t ed  f o r  a depth of seve ra l  f e e t  i n  the  hope 
t h a t  the  underlying gravel w i l l  be reached. 
However, t h i s  i s  not t r u e  on the  h i l l s  nor th  
and south of Wasilla (and north and south of 
t h e  lakea t o  the  e a s t  and west); under these  
h i l l s  t he  till is probably much th icker .  

Ground water should be r e a d i l y  ava i l ab le  
a l m c e t  anywhere i n  the  a l luv ia l -p la in  deposi ts  
west and north of Wasilla. The quant i ty  of  
water avai lable  i s  limited, however, where 
t i ll  i s  near the surface ( tha t  is, where the 
sa tura ted  gravel is  t h i n ) .  Where till does 
not crop out, poor drainage of gravel deposi ts  
may be a s ign of i t s  presence not  f a r  beneath 
the  surface.  

North and west of Pittman even the  most 
extensive gravel  deposits  appear t o  be th in .  
Water should be r e a d i l y  avai lable  t o  these 
deposits ,  however, even i n  d o s e d  depreaaiona, 
f o r  t h e  surrounding higner  ground i s  under- 
l a i n  by r e l a t i v e l y  impermeable till. Houae- 
hold or  farm water aupplies a r e  probably 
ava i l ab le  from gravel i n  many of the  shallow 
bas ins  i n  t h i s  pa r t  of the  area, but l a rge r  



q u a n t i t i e s  of water w i l l  be more d i f f i c u l t  
t o  obtain.  

The occurrence of ground water i n  gravel  
beneath a stratum of burled till, nea r  Palmer 
and near  the experirnemt a t a t lon ,  has been 
described i n  preceding pages. The wrLter be- 
l i e v e s  t h a t  t he  buried till i n  these  looa l i -  
t i e a  and the  t i l l  a t  o r  near  *e aurfaoe west 
of Waailla a r e  the  e w e .  About 3 mi3.e~ e a s t  
of Waailla and 2 t o  3 miles west and north- 
west of the  expe r imnt  s t a t i o n ,  f o u r  wella 
(490, 491, 577, and 578) obta in  water from 
gravel  beneath till. I n  we l l  490 t h e  water 
s tands  45 f e e t  above the  base of the till, and 
100 f e e t  i n  well  578. 

The presence of water-bearing gravel  
beneath t ill  i n  th ree  a reas  suggests  t h a t  t h e  
o lde r  gravel  under l ies  the  till i n  much of t he  
a g r i c u l t u r a l  a rea  west of the  Matanuska River 
and eas t  of Waailla. Undoubtedly the  till is  
in t e r rup ted  loca l ly . '  Geologic evidence 
suggests  t h a t  this same t i l l  i s  a t  o r  near  t he  
surface  over the  g r e a t e r  pa r t  of the  ag r i cu l -  
t u r a l  a rea  west of Wasilla. A t  Goose Bay 
th is  till l i e s  upon o lde r  gravel .  The w r i t e r  
be l ieves  it l i k e l y  t h a t  the o l d e r  gravel  under- 
l i e s  t he  t ill  elsewhere i n  the  area  k e ~ t  of 
Waailla. If t he  gravel  i s  s o  extensive,  it 
may o f f e r  t he  p o s s i b i l i t y  of t he  developnent 
of l a r g e r  ground-water suppl ies  than a r e  
probably available from surface  gravel  weat 
of Wasilla. 

Water containing l ees  than  500 p a r t s  per 
n d l l l o n  (ppm) of dissolved s o l i d s  is general-  
l y  s a t i s f a c t o r y  f o r  domestic use unless i t  i s  
except ional ly  hard o r  contains objec t ionable  
amounts of i m n .  Hardness i n  excess of 150 
ppm Is not iceable  i n  ordinary use  and may 
cause t h e  formation of s ca l e s  i n  b o i l e r s  and 
hea t ing  un i t s .  

Chemical analyses of water samples ( t ab le  
3 )  suggest  t h a t  ground water i n  the agr lcul -  
t u r a l  a r ea  genera l ly  contains Less than 300 
ppm of disso3vad s o l i d s .  The hardness i s  
genera l ly  100 t o  200 ppm and i a  due l a r g e l y  
t o  calcium and magnesium bicarbonate. Water 
from wel l  145, which i s  sea ted  on bedrock, i s  
very hard  (490 ppm) and has a relat i ' t rely h igh 
content of dissolved s o l i d s  (652 ppm). h a t e r  
from we l l s  that; penet ra te  bedrock (walls 70 
and 123) a l so  has a h igher  mlneral content 
than water from most wells  i n  unconsolidated 
sediments. Well 494, which i s  i n  gfavel ,  
obta ins  hard water having a r e l a t i v e l y  h igh 
content of dissolved s o l i d s  (638 ppm). The 
reason f o r  t he  h igh mineral ,cantent of this 
water l a  not evident. Chemical sof tening of 
t h i s  water has been necessary f o r  s a t i s f a c t o r y  
household uae (Richards, Barold, personal  
comunlcation,  1950). m e  i r o n  i n  water frbm 
we l l  462 &e8 t h i s  water objectionable f o r  
household consumption o r  use by livestock. 
The i r o n  content of water from seve ra l  o ther  
wells  (123, 60, and 347) i s  s u f f i c i e n t  t o  
cause s t a i n i n g  of c lo th ing laundered i n  it. 

Moat of t h e  water samples l i s t e d  a r e  
chemically s u i t a b l e  f o r  human consumption. 
The n i t r a t e  content, a poss ib le  indica tor  of 

organic po l lu t ion  i s  high i n  water from aome 
wella (2, 494, 125, 145, 347, and 602). A l l  
but  or.9 (494) of t h e  samples of h iuh-ni t ra te  
water a r e  from shallow dug wella, ihich a r e  
p a r t i c u l a r l y  susoept ib le  t o  pol lu t ion .  

Water of t h e  ohemical 'character of any 
of these  amplea  would be s a t i s f a o t o r y  ohemi- 
o a l l y  f o r  use  i n  i r r i g a t i o n .  

Water from gravel  beneath t h e  buried till 
northweat of Palmer does not seem t o  d i f f e r  
a i  i f i c s n t l y  from water from wells  t h a t  ob- 
t a E  t h e i r  water above t h e  till (compare 
analyses of water from wells  363 and 382). 
The till l a y e r  i s  probably discontinuous 
loca l ly ,  so t h a t  water above and beneath it  
is  i n  a s i n g l e  ground-water body. 

Water i n  smal l  erched bodies i n  wind- 
b l o m  sand (well 2757 i s  l e s s  concentrated i n  
most cons t i t uen t s  than o the r  ground-water 
samples analyzed. Thia may be due t o  the  re- 
charge of these  ground-water bodies from l o c a l  
p rec ip i t a t ion ;  t h e  water has not t raveled  
long d is tances  thmugh t h e  sediments a s  ground 
water represented by many other  sampies prob- 
ably  has. Furthermore, t h e  windblown sand 
probably i a  thoroughly leached and contains 
l i t t l e  so luble  mater ia l .  It i s  l i k e l y  a l s o  
t h a t  t h e  water i n  t h e  small  perched bodies 
i s  cont inual ly  renewed by r a i n f a l l ,  and di th  
charged by p lants  and by leakage through the  
f l o o r s  of t he  small  basins,  SO that the  water 
does not  remain long i n  t h e  sediments. 

During t h e  e a r l y  days of t h e  ag r i cu l tu r -  
a l  mlony seve ra l  wel ls  were d r i l l e d  thst 
obtained h igh ly  mineralized water. There is 
l i s t e d  i n  t h e  f i l e s  of t he  Alaska Rural  Re- 
h a b i l i t a t i o n  Gorp. an  abandoned wel l  i n  
Palmer t h a t  obtained "sulphur water" i n  bed- 
rock a t  a depth of 121 f e e t .  S a l t  water was 
found i n  t h e  o ld  slaughterhouse (144) and 
h o s p i t a l  (136) wells and i n  two other  wells .  
According t o  repor ts ,  ana lys i s  of water from 
the h o s p i t a l  well  showed a carbonate hardness 
of 4,300 ppm, a chlor ide  content of 3,520 
ppn, and a pH of 6.0. The w r l t e r  be l ieves  
t h a t  this  s a l t  water i s  old and unre la ted  t o  
t h a t  i n  Knik Arm (p. 23).  

Water-Level F luctuat ions  

Reports of well  owners ind ica t e  t h a t  
t h e  f l u c t u a t i o n  of ground-water l e v e l s  between 
wet and d q  seasons i s  a s  much a s  seve ra l  
f e e t .  Beaaonal fluctuations, t h e  water levela  
being lower I n  winter  and e a r l y  spring, have 
a l s o  been reported i n  seve ra l  wells. Since 
1949 t h e  Geolaglcal Survey has c a r r i e d  on 
per iodic  observation of ae lec ted  wella. 

Climatologic d a t a  f o r  1949 a r e  Incom- 
p l e t e  but  ava i l ab le  information ind ica t e s  * 
t h a t  1949 was an average year i n  p rec ip i t a -  
t i on .  The year 1950 was abnormally dry; 1951 
probably approa&ed the  average. Because t h e  
ground i s  usual ly  frozen durlng the  meltin$ 
of mos t  o r  a l l  of t h e  snow i n  this  area ,  
and because wind usual ly  removes much of t he  
snow cover, reaharge of  ground water seema 
t o  be c h i e f l y  f r o m  r a i n f a l l .  



Table 3.--Analgses of ground water Prom the htanuaka Valley agr icul tural  area ,  Alaska 
@esulta expresaed i n  par ts  per million7 

1 Well no. and Al a s h  laboratory no. 

S i l i  ca(s10 ) --- -------------- 19 
Total ironfpe) --- ------------ .03 
h l c i m ( C a )  ------------------ 
bgnesium(nagl----------------  
SodLum(Na) and Potassium(K)-- 
Bfcarbonate (BC03) ------------ 19 4 
Sulfate(SO4)----------------- 120 
Chloride (Cl) --------- -------- 4 
pluoride(F)------------------ .2 
Nitrate(103) ----------------- .3 
Dissolved solida------------- . . 
3ardnesa as CaC03------------ 244 
pH- - - - - - - - .. - - - - - - - - - - - - - - - - - - 8 .O 
Date of collection----------- 7-13-50 

1 L 1 I 

462 494 2 502 522 660 75 spring 
B r a z i l  Spring 

~ i n k l e l /  
159 153 2 17 151 21 6 324 1060 2023 m/ 21& 

31 l i c a ( s i 0  ) ----------------- 23 26 20 21 15 28 15 16 18 
2 Total ironf~e)--------------- 7.2 .a2 .02 .03 .02 1.5 .02 .05 .02 

Gal dum(Ca) ------------------ . . , 178 28 45  27 14 46 18 
&qpesium(&) ----- ----------- . . . 21 7.6 10 5.1 2.5 3.5 5.5 
S&lum[lJa] and Potassium(KI -- 3.4 15 3.9 18 5.5 3.2 7.8 1.6 
Bicarbonate(HC03) ------------ 128 471 91 135 94 145 55 162 76 
sulfaate (50 ) ----------------- 2.6 20 6.1 12 7.6 1 5.9 8.2 3.8 
Chloride tC41----------------- 7.0 65 8.0 21 5.2 2 08 3 2 .O 
Fluoride(F) ------------------ 0 1  .o .o .o .o .o ... ... .2 
Nitrate {xo3) --------------- • 6 81 24 51 9.9 1.1 .8 1.6 1.3 
Dissolved solids------------- ... 638 143 245 122 69 166 88 
Ba~dnesa(as  CaC03)----------- 111 530 10 4 154  88 188 45 130 68 

+ 

pH-- ----- --- --- ----- --- ----- - 7.7 7 r0 6..9 6.8 7 08 8.0 6.9 ... 6.5 
Date of mlf,ction----------- 8-14-49 8-22-49 8-29-49 7-27-49 8-31-49 6-28-50 11-16-51 Oct.1948 8-22-49 

2-1/2 m i l e  s a outheaat of Wasi l l a .  
2 Salt Lake City laboratory number. 4 spring. 





Figure 6 shows graphica l ly  the  water- 
l e v e l  f l uc tua t iona  observed i n  fou r  wells .  
Each well  shows a marked decl ine  i n  water 
l e v e l  during 1950, i n t e rp re t ed  aa r e f l e c t i n g  
lack of recharge from r e i n f a l l .  Water-level 
recovery i a  moat complete i n  the  Woods well; 
this  well  i s  on the extensive t e r r a c e  south  
of Palmer, &ere the  water t a b l e  i s  cont ro l led  
by t h e  Matanuska River. Data f o r  the Linn 
well, and possibly f o r  the  Trgck well, suggest 
s l i g h t  recover7 during the  l a t e  spr ing  of 
1950 before f u r t h e r  decl ine ,  Each well shows 
p a r t i a l  recovery during t h e  summer of 1951. 
The bRose  well, which i s  on a h i l l s i d e ,  shows 
t h e  g r e a t e s t  dec l ine  and the  most s l u  g i sh  
recovery. The Tryck wel l  i s  on a h l l f s i d e  
nor theas t  of Lake Luclle.  The Llnn well  i s  
on a h i l l  but the  ground-water l e v e l  i a  prob- 
ab ly  cont ro l led  by t h e  water t ab le  beneath 
t h e  a l l u v i a l  f l a t  west of Matanuska; hence 
the  water-level  f l uc tua t ion  i n  the  Linn well, 
l i k e  t h a t  i n  t h e  Woods well, i s  r e l a t i v e l y  
s l i g h t  . 

I f  recovery of ground-water l e v e l s  con- 
t i nues  during 1952, t he  decl ines  shown by 
f i g u r e  6 probably may be taken a s  representa- 
$ive of those t o  be expected a f t e r  an unusual- 
l y  dry year. 

The rapid  decl ine  and slow recovery of 
ground-water levels ,  a s  ahom by these  data,  
suggest t h a t  annual add i t ions  t o  the  ground- 
water body represent  only a small  proportion 
of t he  annual p rec ip i t a t ion  received i n  the  
a g r i c u l t u r a l  a r ea ,  

Construction of Wells 

Dug wel ls  

Most of t he  wells  constructed by individ-  
u a l s  i n  the  Matanuska Valley a g r i c u l t u r a l  
a rea  a re  hand-dug wells. They a r e  genera l ly  
l e a s  than 50 f e e t  deep but a few a r e  much 
deeper. The C o l l i e r  well  (272) i s  105 f e e t  
deep, and the  Owen Moffi t t  well  (305) was 95 
f e e t  deep before It was deepened by d r l l l i n g .  
Commonly dug wel ls  i n  t h i s  a rea  a r e  square o r  
rectangular,  and 3 t o  4 f e e t  on a s ide .  

The walls  o f  wells  i n  t i l l  s tand a f t e r  
excavation, but i n  most places g rave l  must 
be supported during the  d igghg .  Pea gravel  
i s  p a r t i c u l a r l y  d i f f i c u l t  t o  excavate beaause 
wal ls  i n  i t  conrmonly slump before they can be 
supported. Wooa cr ibbing i s  moat commonly 
used t o  l i n e  dug wells .  Poles o r  rough boaFda 
have been uaed, extending v e r t i c a l l y  and fas-  
tenedto  crosa supports, but  they a r e  d i f f l -  
c u l t  t o  put in place and t o  support a a t i s f a c -  
t o r i l y .  More genera l ly  abor t  notched logs o r  
2- by 6-inch boards a r e  used; t h e  notched 
sec t ions  a re  added t o  the  bottom of the  cr ib-  
bing, p a r a l l e l  t o  the  bottom of' t he  hole,  aa 
digging proceeds. Several  types of wood have 
been found s a t i s f a c t o r y  f o r  well  cribbing; 
dpTUCW is  considered excellent ,  but cotton- 
wood i s  s a i d  (Wileon, T., personal communica- 
t i on ,  1949) t o  g ive  t h e  water a t a a t e  of 
organic decornpos-ltion. Other ma te r i a l s  t h a t  
have been used f o r  l i n i n g  dug wella inc lude  
concrete blocks, poured concrete concrete 
pipe, and metal 011 bar re l s .  ~ t te rmpts  t o  
add pipe o r  ba r re l a  a t  the  top  and follow 
the  digging with t h e  l i n i n g  have genera l ly  
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been unaucoessful i n  t h i s  a r ea  so  tha't l in-  
ings  of pipe o r  b a r r e l s ,  as  wel l  ss those of 
blocka or poured concrete, must be conatruc- 
t e a  from the bottom up. I n  p a v e 1  wood cr lb-  
bing must be uaed and l a t e r  removed from the  
bottom a s  the permanent l i n i n g  i s  constructed. 
These o ther  types of l i n i n g  a r e  mom p e m n e n t  
than, wood and, i f  p r o p e ~ l y  constructed more 
san i t a ry .  They do not ,  however, pennit  much 
inflow of water from water-bearing layers  
higher than the bottom o: the well, a s  may be 
des i r ab le  i n  wells  dug In  till. 

Although dug wella a re  l e s s  satisfactory 
than d r i l l e d  wells  f o r  many reaaons, t h e i r  
l e s s e r  coat and the  f a c t  t h a t  they can be 
constructed by indiv iduals  account f o r  t h e  
la rgo number of dug wells .  Dug wella general- 
l y  can be constructed only a few f e e t  deeper 
than t h e  water t a b l e ,  and some wells dug 
during seasonct of h igh  water t a b l e  have gone 
dry durlng d r i e r  seasons. Some of t hese  
wells kave been deepened by add i t iona l  digging 
o r  by d r i l l i n g .  

For s a n i t a r y  reasons few of t h e  dug 
wel ls  i n  t h i s  a r ea  a r e  saEisfsc tory .  Many 
a r e  c lose  t o  barns o r  pr iv ies ;  t he  wood cr ib-  
bing does not  prevent entrance of near-aurface 
water i n t o  t h e  wells; and few a r e  adequately 
sea led  a t  t h e  s w f a c e .  

Driven Wells 

Conditions s u i t a b l e  t o r  the conatmat ion  
of driven wella seldom p e r s i s t  t o  s u f f i c i e n t  
depth i n  t h i s  a r ea  t o  permit wells of t h i s  
type t o  reach water. The Clay Johnson (35) 
and Rocca (650) wells  obtaln water from clean 
sand a t  depths l e s s  than 20 f ee t .  The pres- 
ence of gravel  o r  t ill  a t  o r  near the lan8 
surface i n  moat of t he  a g r i c u l t u r a l  a r ea  
makes the  success of drlven wel ls  unl ike ly .  

Dri l l e d  Wells 

Since establishment of t he  a g r i c u l t u r a l  
colony most of t he  wells  constructed,  inalud- 
Ing a l l  but a few of those  deeper than 50 
f ee t ,  have been d r i l l e a .  For many years t h e  
Alaska Rural Rehab l l i t a t lon  Corp. operated a 
cable-tool  d r i l l i n g  machine; more r ecen t ly  
t h i s  =chine has  been purchased and operated 
by p r iva t e  d r i l l e r s .  Several  other p r iva t e  
d r i l l e r s  have been a c t i v e  i n  t h i s  a rea  i n  
recent  yeam. 

Moat of t he  wel ls  drilled i n  thls  area  
a r e  l ined  with 4-inch s t e e l  caaing; a few are 
6-inch wel ls ,  r e l ined  with 4-inch caaing 
whlch extends t o  g r e a t e r  depth. In a l l  but 
a few of the d r i l l e d  wells water paeaes i n t o  
the  casing through the  open lower end and 
through +- t o  &inch s l o t s  c u t  longitudinall j l  
i n  the  lowerdfew f e e t  of t h e  casing. I n  only 
one we l l  i n  this area  has  a screen been em- 
ployed. Open-end a n d s l a t t e d  maing has prov- 
ed s a t i s f a c t o r y  i n  most wella supplying water 
f o r  home o r  farm use, but it i a  un l lke ly  that 
m y  of these  wella has been pumped a t  a r a t e  
exceeding 10 gpm, o r  t h a t  many have been 
pumped continuoualy a t  any r a t e  f o r  periods 
longer than  a few hours. Exceptlone a r e  
wella 37, 57, and 363 (see well  reoorda). 



Thlok sand waa penetrated i n  a few wellr .  
Quloksand waa penetrated between depths of 
47 and 185 f e e t  i n  the  Hoaler well (ZZlJ), and 
d l f f  i c u l t y  was experienoed i n  d r i l l i n g .  It 
waa neossaary t o  d r i l l  t h e  well  t o  a depth of 
187 f e e t  t o  reach gravel which coulcl be 
developed wlth t h e  open-ehd casing, but the  
water l eve l  In the  completed well atood a t  47 
f egt  . 

Of t h e  severa l  tygaa of d r i l l i n g  machinea 
t h e  cable-tool i s  the  one beat su i t ed  t o  ton- 
c7ltions i n  t h i s  area.  Cobbles and occasional 
boulders a r e  found i n  both gravel  and till. 
The tough s i l t y  u n t r i x  of till and the  coarse 
cobbles and boulder8 of a l l  deposits  y i e l d  
beet  t o  cu t t ing  and crushing by a heavy d r i l l  
b i t .  Because of I t a  greater  weight, a 6-inch 

a t r i n g  of too le  i e  more aa t i a fao to ry  than a 
smeller  one. 

Tfis a v a i l a b i l i t y  of  e l e o t r i c  power on 
f a m a  i n  t h i s  d i a t r l c t  has r e su l t ed  i n  the  
widespread use of e l e c t r t c  gumgr. L i r t  l a  by 
j e t  pump In near ly  ha l f  t h e  weLla; small cen- 
t r l f u g a l  pumpa a r e  used i n  a few wells. L i f t -  
type band pumps a r e  s t i l l  widely employed, 
although many a r e  equipped Pdth motor and 
pump jack. I n  only a small  proportion of the  
wells  i s  the  l i f t  by bucket and windlaea. 
The Blect r ic  purnpe i n  use a r e  equipped with 
motors i n  the  .)- to l*-horsepower range; a t  
t h e  l eve l s  f o r  which theaa pumps a r e  used t h e  
pumping ra t ea  a r e  genera l ly  l eas  than 10 gpm. 
Moat of t he  e l s o t r i o a l l y  driven pumps a r e  
oonnected wlth preasure systems and a r e  in- 

1950 1951 

LlNN WELL (449) 

1949 1950 1951 1952 

TRYCK WELL (533) 

W 
a 1949 1950 1951 1952 

WOODS WELL (185) 

Figure 6. Graphs showing water-Level f luc tua t ions  i n  wells. 
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a t a l l e d  i n  ce l l a f s ,  i n  pump housea, o r  i n  
oovered p l t e  above t h e  wells .  Water pipes 
leading from wells  t o  buildings o r  paasing 
between buildings i n  t h i s  region must be 
buried 7 t o  8 f e e t  beneath the  surface,  below 
the  depth of winter f reez ing.  

U t i l i z a t i o n  of Ground Water 

Public Supply 

Palmer l a  the  only community i n  the  
Matanuaka Valley a g r i c u l t u r a l  a rea  i n  which 
r e s iden t s  do not  genera l ly  use indiv idual  
wel ls .  I n i t i a l  d r i l l i n g  i n  the town s i t e  
during establishment of the a g r i c u l t u r a l  
colony was most unsuccessful .  For many 
years the Matanuaka Valley Farmers Cooperat- 
ing  Associat ion supplied water t o  i t s  cream- 
e r y  and o the r  establishments by means of a 
22,000-foot conduit o f  wooden-stave pipe from 
Brazi l  Springs, about 3 miles northwest of 
Palmer. Excess water was so ld  t o  the  rea i -  
dents  of Palmer a t  monthly ra tea .  Af ter  t he  
dry season of 1950, t he  spr ing  flow was 
i n s u f f i c i e n t  t o  meet needs. I n  1951 the  
e x i s t i n g  p ipel ine  waa extended, and water i s  
now obtained from Carnegie Creek about a mile 
northwest of the  spr ings .  

A t e s t  well  (363) was completed f o r  t he  
c i t y  of Palmer i n  January 1952. 

A community well  (515) was dug i n  Wasilla 
s eve ra l  years ago, but i t  Is not  i n  use. A t  
present  indiv idual  wells  supply water f o r  a l l  
inhabi tants .  

DomestFc and Farm Suppliea 

During moat seaaons indiv idual  wells 
a r e  capable of providing s u f f i c i e n t  water f o r  
domestic and farm use throughout most of the 
a g r i c u l t u r a l  a rea .  Many farmhouses have 
plumbing and preasure water systems, and the  
water use includes supplying l ives tock and 
cooling milk. Well water i s  uaed f o r  water- 
ing  gardens on a very  small  sca le .  

CONSTKUCTION MATERIAIS 

Sand and Gravel 

The wide d i s t r i b u t i o n  of deposi t s  of 
sand and gravel  i n  the  a g r i c u l t u r a l  a rea  
f a c i l i t a t e s  cons t ruc t ion  of roads. Pit-run 
gravel  i s  used f o r  f i l l  i n  the  i n i t i a l  con- 
s t r u c t i o n  of a l l  types of roads, and i n  
f i n i s h i n g  and r e p a i r  of secondary roads. For 
cons t ruc t ion  of paved highways during 1950, 
screened gravel  was used i n  par t ,  and crushed 
gravel  was used i n  the  hard-surfacing. 

Sand and gravel  are uaed l o c a l l y  i n  
making concrete. A l oca l  plant  makes most 
of the concrete blocks uaed i n  the agr icul -  
t u r a l  area.  
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RECORDS OF WELLS 



!Table 5.-Reoords of wells in the Platazeaska Valley agrhltnral area, a s s k a  
b o a t i o n  of ue l l a  i s  ahom on p l a t e  a 

Type of well: B, bored with s o i l  auger; D, dng; Dn, drirren; Dr, dr i l led;  J, jstted. flsthcd of l i f t :  Power: E, e l eo t r i c  motor; G, gasoline motor, H, had. 
Depth of well: Depths of wel ls  and o f  va t e r  lavela recorded t o  the  nearest foot  Pmnp: C, centrifugal; J, jet;  L, l if t ;  P, pitoher; U, windhas. 

are reported d u e s ;  dapths t o  nearest tenth or hundredth of a foo t  are Use of water: D, dormsth; M, not in  use; 0, observation well; S, a t &  (mrry inolnde 
measuraa .  cooling in3.lk). 
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HL . . 
. . . . . . 
. 
H 

H 

HL 

. . 
EJ 

FJ1,S 
EX 

EJ 
. . M  

E J D  

HL . . 
E J 1 , S  
HLLS 
E J  
HL 
E J L S  
E L L S  
E J ) , S  
m3.s 
ELI95 
EJ 
E J L S  

E L N  

EL 
E J N  

EJ 
HL 
m D  

EL 
..N 

Estimates use, about 400 gpd. 

Xell formerly uasd f o r  oonstruction a p .  

Hi well-house f loor ,  1 ft above land suriaoe. 

Formerly watered 1.000 sheep. 

Well. on adjoining 40-aore t r a c t  t o  m a t  not i n  nae, 
reached Hater at 36 t o  41 it. 

G r i g i d l y  47 f t  deep; deepened t o  inorease y i e ld .  

I Bedrock belon 17 f t ;  casing gra~d-packea; fo- 
ly yielded 75 gpd. 

Till below 25 ft. 
soi l ,  sand, and gravel, 0 t o  19 ft; till, 19 t o  28 

i t 3  badnook, 28 t o  37 f t ;  very slow recwerg 
affar pumrplng. 

I Bedrook encountend a t  30 it# well formerly 
supplied 40 psople. 

Soil;  gravel 0 t o  53(?) fi; till(?) 53 t o  82 ft; 
sand, 82 t o  95 it; reported hardnees, 55 p p l  
ohloride, 26 ppm. 

Tag suggests till(?) o r  bedrook(?) b l o w  34 f t i  
repmtad hardnssa, 4,300 p p j  ohlnrids ,  3,520 ppm. 



Table 5.-IWlorda of mils i n  the Wtarmska Valley a p i o u l t d  area, Ala-ontfrmed 

%ll laostion ( k m n o r  
nar 

g S I  8 8 : :  g g - u 
T. 17 P. R. 2 E. 

136 Sw *XF& sec. 5 Roy Knapp BRRC 47 4 Bed- 

138 seo. 4 Is m e n  (kmer 76 42 Sand 7 4  
139 DO. uoya 3in T. m f f  itt 72 4 do. 70 

64 
142 seo. 4 John Cope lWlC 300 4 Be& 75 

rook[?) 

yz S!4& seo. 4 E. 3. kDuo do. 97 4 a a v e l  
seo. 4 Slaughter E a s e  do. 590 4 Bedroc& 

1934 do. D 24 42 Gmwl 22 

1936 do. In? 113 4 do. Lter 
1936 do. Cr 114 4 do. .LP 

106 4 . . .  .00 
109 6 Graval 99 ...... ..om 4 Harold lhm 105 . . . . .  .03 

am. 9 R P. Mohan l3B2 123 6 Gram1 
nee, 10 J. J. W y  @mem 86 48 do. 
sac. 10 E. IsWaltera BRRC 85 4 do. 
sac. 10 L. M, DePriest  do. 1935 do. Dr 106 4 do. 07 
sen, 10 E S. Bansr do. 1335 dot W 175 4 do. 79 

161 DO. do. do. 200 4 
162 Slfa seo. 10 & T. Foster do. 76 4 do. 72 

am. 1 5  P d  -in do. TI 6,4 do. 
ueo. 16 Clifford G r o w  do. 63 4 do. 56 

in eeo. 1 6  E. 3. ~ambg- do. 81 4 do. 75 
t o n  

& aee 16 A. Brooka &. 72 6 do. 62  
sd sac: 9 car1 ~asnslsssn a& 84 4 ... 70 $ Be,. 9 0 do. ll3 4 Q d r e I 7 0  

sw. 9 A. C. Eriokson do. 95 4 do. 81  
S& aea B Ray Rebarohek do. 8 s  4 4  Sand, 84 

gn-1 
185 a SU& seo. 9 G. H. Moods : do. 03 4 do. 72.44 

I36 aeo. 17 do. do. 75 4 do. 
187 sea. 16 C. o. Eantley do. n 6,4 er-i 
188 seo. 8 W i l l h  Bmans do. 70 4 h 7 2  
la9 aeo. 17 & A. ~ e m p s l  ao. 85 6,4 Sand 
190 seo. 17 my  rook 74 4 ~ra -1  n 
191 LT 70 4 do. 60 
1% 1935 b. Dr 63 4 do. 57 
199 . . do. Dr 82 4 Sari* 56 
201 sac. 17 Joseph Lnyer l m 5  do. Dr 62 4 Gravel 52 
202 see. 17 lkv3.n P l i t t  do. . . do. Dr 61 4 S i l t y  

BraVal 
sw. 17 '~illh Rsqel  i. Moffit t  1950 do. 1 60 4 ' -  
seo. 3 3  Wil lha Smith ARX 55 4 Graval 52 
seo. 19 Woodward Bros. da. 45 4 Sand 39 

i % '' 
8 
9 

. . . . . . . . . . . .  
1949 

:g ......... 
. . . . . . . . . . . .  . . . . . . . . . . . .  

1949 

1935 

e 

5 
u 
1 
P 

BL 
EJ 

EJ 

EL 

!i! 

% 
8 " 
D 

D 
D 

B 

W 
W 

D.S 

D 
1936 ....... 

mug. 1950 ....... . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
1935 

w . Z 2 , 1 9 4 9  

. . . . . . . . . . . . . a .  ....... 
. . . . . . . . . . . . . .  

Jan. 2 1936 
~trna 30, 1936 

.....,. m. 1949 . . . . .* .  
flay 1949 ....... 
Aug. XI, 1949 

. . . . . . . . . .  .......... ....... . . . . . . . . . .  
Jm. 23, 1936 *...... 
m. 15, 1935 ....... ....... . . . . . . . . . . . .  

. . . . . . . . .  
1d 

M. 15, 1946 

-Ira 

.. Grrtmtl n e s t i n g  bedrook at about 1 0  f t .  

Cwiginally dug by owner to  52 f t .  

Till. 9 0  to llZ(?) it; bedrook below llZ f t .  

Casing pulled. 
S o u ;  gravel, 0 t o  Is ft; shale 18 to 80 f t ;  liae- 

stone, 80 t o  590 f t ;  salt water a t  569 it; wall 

Bedmds,  at 24 f t ;  southeratward m n f  of mfar 
Plugged. 

obserrsa in wen. 

11 
D,S 
D 
N 

D,S 
N 
D 

D,S 
D,S 

9 
D 

Q,S 
3,s 

D,S 
D,S 

D 
D, S 

0 

D, s 

D,S 
D 

D,S 
D,S 
D 
D 

D,S 
D,S 

. . 
EJ 
EJ 
KL 
3 L  
rn 
EJ 
E.T 
EL 

EL 

EJ 
EJ 

EL . . 
..D,S 
EJ 
EJ . . 
= D , S  
EL 
m D , S  
. .D ,s  . . 
EL . . 
HL 
EJ 

E 3 D -  
EL 
E.7 

Capped. 

Dry i n  1943. 

~ 1 P t a p o f c a s ~ 2 f t a b o v e l a n d s u r i ~ e ; o L a y  
rsported a t  68 t o  78 f%, nay be till. 

on Wall nearby ssme property was in nard from 70 f t  
t o  t o t a l  depth of 147 f t .  

6-inoh casing to 33 f t .  

Blao repor ted  to be 95 ft bap.  

W l  u feu h h d  fest a w ,  not completed, repor ted  
t o  have s t ruck  mter at 37 it. 

MP top of casing, 0.50 ft abop-e land sariace; 
temperature, Nor. 23, 1951, 3 9 7 .  

binoh =sing to 40 f t .  

6 - i n o h o a s i n g t 0 4 2 f t .  
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Well Looation (*mar or Drillsr - DO. m r k .  

g J !  - -  

Rdlgimhar Ownera 1942 Flood 374 D 16 . . G r a d  14 1942 EJ D,S Dr5lled w a l l  e y  MI f t  b s p  m a  in gravel. 
andwplfsr plsh 

mbert. Wend% A. W. Pearson 1943 H i l l s i . d e  343 D 22 6 Till Z l  1948 ISJ D (8sed aftor  mnrnate alaba were *cad fn b o t h  
to aaloe a rsservok. ~ l l l  below 1 6  it. ....... a . Hil l top  338 D 40 . . Gmwl 32 EJ D l 5 l l a t ' Y ) f t .  

. Hillsids 333 D 21 42 do. l7o5 -28*1949 HW D,S 
19.27 Aug. 20, 1950 . • Flood . . D 14 ma do. 9 r -  r. .r EU D.S 

D 2l 42 da 14.0 J m m  20, 1949 IW O,S 
$dl,& R) 4 do. 25 . . . . . . a  I3 D 

1 7 8 I 1 7 0  4 da. 33 1945 EJ D,S Wl, 54 t o  69 rt. 

1936 Gentle 168 rn? 24 4 do. 20.68 Brig. 3 4  1943 . . N W t op  of easing, a 16 0.50 f t  abovs lPnd 
suriaoa. ......... .. Tsrraoe 160 Dr 136 4 S d  W TF14 U t o  U P  it. ... .. b. XK)? 4 h i~ j  ......* k ~ ~ , ~ ' ~ i l l , 4 1 t o 6 0 f t .  

do. 183 Ih. 318[?] 4 . 48 ........... .. do. 163 Q' 9 1  6,4 SIlrl . . . . . . . . . .  EL D.5 Till., 29 to  86 f t :  blmh oeaiag to BO if. . . do. 141 Cv 214 6 -1 30 ....... Ea D,S !WL, 67 fo ZOB f t j  wen yields a b d  50 @ 
batmen Wioda of rawwry. . . do. 141 Ih' 192 4 do. 25 M y  1949 BL D.S Hall +is8 several t h o u a d  chioham h t  yialaa 
only abed 43 gal between perlods of raooverg~ 
till, as t o  ~ ( 7 )  ft. . . do. 169 D 39 42 b, 3 ....... IIL D Suppliad 20 f d b s  and 17 h o r w  in 1935. . . D ll.0 . . &. 8.94 -4 1950 8L ly .......... 176 Dr 68 4 Till BL N lYJl., 42 to 126 it; oasis pulled bmk to 68 it; 
Hatsr frmp sadand gram1 hysr in till. 

do. D 36 42 G r a d  2. ~ ~ E T D , S ~ f u r a l ~ ~ ~ s r i n m t S f a t i o n .  
. . . *  .. 

.. ....... 1936 do. Dr 298 4 do. 74 PJ D,S .. Hilltop 138D~' 108 4 d8. ... * - * r . . . g T D , S  .. do. 138Ik % 6,4 do. %OO && 3l, 1949 . . 0 IP fop of w i n g ,  d o h  is 1.00 ft abws 
aurfaw; *era-. Rmember 23, lSm, 38. F. ....... . Billsids 40 0 12(9) . . do. . EJ D bd um'iacq at well 12 if ahole Lske 1 4  

bsslde 
Lats 

lJttlr 1949 1. 

. . Hillside . . D 10 • . do. 8 a . . . . . .  E D,S .. . 32 4 ao. .......... EJ D 3igh iron wantent (a- malysis). 

D . 10 .. do. . . T l l l a t l O f t ; t u o d r p u e U ~ i n t i l l ,  5 0 4 5 5  .. . . . . . . . . . . . .  
ff h a p ,  aFs on thlsperty. .. .. . . . . . . a .  -, 5 3 7 D  S . . .  34.7 mpt.41950 B 

belmr 
h i l l  
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Wall ~ w a t L o n  Omnr or -Ira 
no. llslme 

L w 

1951 a t o p  D 26 42 Grad 24 Elov. 1951 E4 I3 . . . . . . . . . .  . . do. D 40 48 do. EL A mfn1950-51. . . . . . . * .  ET 16 4 da 13 Feb. 1949 EJ D 
Cpdwallader 

-Y-- - . . ao. D 26 . . do. 23 Aug. 1948 HL D  ' T i l l  at 26 it. .......... D 20 12 do. EJ D Lined with eatal drvms and baoHilled. . . . . . . . . . .  D 28 36 do. E4 DsO M P t o p o f o r i b b ~ , & o h i s 3 . 0 f i a b m B r o u n d  
slrriaoa. .......... . . Hillaidc D 25 30 do. E D Mnadwith poared w-ts, - 

JalmsEsmnedy do. D 9.6 36 do. 6.7 July 20, 1949 . . D 
m f k  SnidsF do. D 9 . . d o .  7 19e EJ D 
J. C. B a l a M b  do. D 5 .. do. 4 Jhlp 1949 . . D s S  Do. 

. . . . . . . . . . . . . . .  D 32 48 N Hot ompletsd; gmvel to 2 0  ff, till below 30 ft. . . . . . . . . . . . . . . . . .  D 30 48 Inavffioient supply; @-awl te Ic) it; till belm 
10 ft. ....... Dr 62 4 Gr8ve1 4(?) EJ q s  ........... D 12 . . do. 7 SsvsrPl apsinga issue f roaa hlllside i n  valley mar -. ....... D 12 .. do. ll E D,S 

Dr 361 4 do. 46.0 July 2, 1949 . . I Till. 40 t o  la ft. ....... D 1 0 M d a 9  I3 D,S . . . . . . . . . .  Dr 95 4 S a d  ... D 65 48 49.7 Jliiy & 8,949 %: rill bolou 12 it in -amtion marby. ....... D,W 44 4 GGrsvsl 33 EJ D,s miginally all# to 33 ft. 
136 4 Sand 50 19# EJ I),S m, 60 to 75 ft. 

D , D r 1 % 3  4 G r s d  75 
80 

.. ... .. D 42 14.45 Ang. 2% 1950 N EIf top of d b b l n g .  whiuh fa 2.50 it sbom I d  
dm. ......... D 42 . ls D Abm* 150 a d  used. 

D 18 . . . . . . . . . . . . . . .  EL D Nll arposed in road out nearby. .. ............ D 25 Tfll N T i l l b a l m l 5 f i .  

m 35 4 . . .  n rug. 1948 EL D,S .. .......... D 10 Sand E L % S  
Dr . . i. . m-1 6%56 W .  28, 1950 HL 11 'M11, 5 t o  55 ft. 
D ?3 35 Sand 6.2 .Tidy 19, 1949 EW D,S 

D 35 48 Till 11.84 Ang. 31, 1949 . . H HP IPp of platform. 1.0 ft above ground surf-. 
moowry i n  7 days after 250 gal p p e d  in 45 
min. ....... D 31 r .  T i l l ( ?  W D.3 ....... D rr . . rmls] Z *  EJ D, s  fed supply or water. 

.. . . ........ D 22 Gram1 EL D 

i 



616 R& ssc. 16 S. D. 
F'lwksns4%in 

sea. 17 Work Sager 
seo. a W U h  wln 

6 Z  aeo. 19 7. L. Lumn 

631 S* sso. 2 Rob* b+ihrq I I 

642 643 I '-1 h a t e r  Wn‘dsl 
aeo. 26 Roy 'httle 

- 
I . . . . .  

krvr 
&. 

do. 

I .  ... 
aQ. 
&. 

do. 

do. 
&. 

hmsr 

do. 

hmsr 

hrnsr 

do. 

hmer 
I . .  .. . - 

do. 
do. 

I . .  ... 

13arsl 

do. 
Gravel 
..I 

CSapal 

do. 
Q. 

T l l l  

do. 

( P I  
Gravel 

do. 

.. . 
Gram1 

T i l l  

T i l l  

Gravel 

=awl  
sand 

do. 
G r a d  
do. 

T i l l ( ?  

- 

I .  ... . I 
lUlg 18, 194s 
@. 28, 1% 

1944 

1945 

I . . . .  .. . 
1946 

w. 1m 
w. 12. 

..*... I 

I . a . m . 4  

I . . . . . .  

I . .  . * . a  

I . . . . * ,  

hg. 18 ,  195[ 

19% 

M. 18, 19% 

1951 
Wig. 2 4  195( 

. . . . . . I 
I .  . . * . I  . . . . . . . 
. . . . . . . 

TW 13 to 18 it; water darivea fmm grPrdl be- 
no& ttFU (m be gravel laysr in -1). 

Hall daepaued, -r, 199 .  

t o 1 6 f t ;  tUl  16 to 26 it$ gravnl 
(possibly layer in U), 26 t o  27 it; PIP top 
Of oribbing, ~ l n h  in 4 r t  be1m land &me. 

Till below 15 ft. 

Water lev-el low, J- t o  Maroh eaah wlnte~. 

Wafsr may bs M v u d  f r o m  till; +ill i s  exposed in 
nearby b l u f f .  

L a y  i n  Bugust, 1950. 

water appmntly derived from smd layer i n  fflli 
w i i s  w l l  wver, 1.8 ft above @mud surf-. 

- 
unhr a t  32 f t  may be ?ram e v e 1  layer. 

Till a t  15 f t  in hifl rearby. 

HP top of we11 cdbbimg. d ich  is 2.4 it &ow 
a d a o s .  

About 500 gpd used; wll is easily pumped dcy. 


