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PRELIMINARY REPORT ON THE GEOLOGY AND GROUND-WATER RESOURCES

OF THE MATANUSKA VALLEY AGRICULTURAL AREA, ALASKA

By Frank W, Trainer

ABSTBACT

This report describes the geology and
ground-water resourcea of an area of present
and potential agriocultural development in
south=central Alsska. The agricultural area
1163 on a wids velley floor, most of which 1s
fomed by glaoial depoaits. Nonglaciel un-
consollidated deposits include windblown
materiel distributed generally over the agri-
cultural area and slope deposits along the
valley walls, Small bodles of perennlaliy
frozen ground (permafrost) are present 1n
aoms boga.

T111 (“hardpan®), possibly of late
Wiaconain (Mankato) ege, occurs at the aur-
face or beneath surficlal outwash gravel gde-
pasits 1in a lerge part of the valley floor.
In several wldely separated localitles the
t11l 18 lmown to bs underlain by older gla-
elal gravel, and the présance of an older
till beneath this gravel la suspected.
3averal types of outwash deposits, most of
them formed during glacial recassion in this
area, ars dlfferentlated on the geologic map
which accompanlea the report. Assoclated
with glaciofluvial deposits of exlisting
atreams are estuarine deposits of glacial
silt. The topography developed on the uncon-
solidateqd deposits 18 due ohiefly to glaclal
depomition, large-scale stagnation of 1ce,
and trenching of glacial deposits by outwash
Streama.

Moat wells in the agrioultural area
obtain water from gravel., Supplles sufficlent
for domestlc and farm use are genorally avall-
able wherever the gravel is saturated., Only
a little is known of the quantities of watesr
evailebls., T111 1o this ares is relatively
impermeable; most wells in t111 obtain water
from lncluded thip or gravel layers. Bedraock
heres appoars to be a relatively poor water-
bearing meterial.

The erea 1s dlvlded into six physlograph-
lc unite to facllitate deacription of the
o¢currence of ground walor.

Recharge of ground water is chisefly
from precipitation, but parts of the area
rgceive dralnages from adjacent mountaln slopes.
Fluotuations of the water tadble 8a much as
igvgr%i feet wera observed during the period
40-01.

Chemical analysea show that the ground
water ranges from moderately hard to very
hard but is sultable for general domestle
and farm uses.

1/ Ses pags 31l for 1list of refersnces.

A table glving records of 333 wells is
included in this report. The locations of
the wells are shown on the geologio map.

1NTRODUCTE ON

Logcation and Rxtent of Aree

The Matanuake Valley 1a a part of the
lowland lying north of the Coast Range in
south-central Alaska. The vallay of the
Matanuske River and the lowland extending
westward from 1t to tha Susitna River ere in
the Matanuska and Wastlla districts 75 de-
fined by P. 8. Smith (1939, pl. 3),1/ The a-
resa desoribed by the preasent report, hers=-
after termed the Matanuska Valley agrlcultur-
al arsa, la best known aa including the silte
of agrlcultural colonization undertaksn hy
the Federal Govermment in 1938. It lles be-
twesn the Talksetna Kountains on the north
and the Chugach Range op the south {fig, 2),
It 13 bounded on ths north by the Talkestna
Hountains and the Little Susitne River, and
on the gouth by the EKnik River apd EKnlk Aprm,
It lies between Eska Creek on ths northeast
and Goose Bay on the southmest, As tmsg de-
fined, the area lles epproximately between
148°55' and 149°50' west longitude and between
61°25' and 61°45' north latitude; it covers
about 350 aquare miles. (See fig. 1.)

Purpose gnd Scope of Investvigation

Studies in the Matanuska Velley agri=-
cultural area were made by the writer during
the 1949 and 1950 fi1eld seasons and part of
the 1901 meason, as a part of the investi-
gation of ground-water resoursss of Alaskae
begun by the U. 8. Ceologiocal Survey in 1947,
The purpose of the studiss in the ares was
to mep the watsr-bearing meterials and bto
determine the occurrsnse, avallabllity, and
quality of ground water in the area. @he
noed for the complilatlion and interpretation
of gsologlic and hydrologic deta becawe in-
creasingly important after colonigation in
1935, and this need h8s inareased during the
postwaxr period of continuing settlement.
Kany homee snd farma are completely dependent
upon wells for thelr water supply, and home-
ateaders taklng up new lapd in undevelopsd
areas have lacked data on the avallability of
ground water, More extensive utillzation of
ground water, possibly inecluding irrigation,
undoudbtedly will coms 1n the futurs.



Durlnyg the 1949 fleld season & well in-
ventory an
were begun. locations end descriptions of
exlgtivg wells were recorded. The altitude
of ths land surface 8% each well was deter-
mined with en altimeter fyom benchmark oon~
trol. Depthy to water levels in wells wsre
megsured wherever possible with a steel tapa,
and periodlc measurement of water levela in
Selected wells wea begun, This program s
belng contimued &3 of the date of writing of
thia report (spring 1952), In addition to
the well Inventory, preliminary geologle
field work wag dane in 1945; the geology was
mApped on arssl phoetographs during 19350 anad
1951, Detn were tranaferred from the photo-
grephas to a base map wlth B vertical sketch-
magter, The base uséd for the surficolal-
geology map (pl. 1) was taken from parts of
the Sutton, Ketanuska, Bklutna, Bouston, and

6 water-level observation program

Knik quadrangles of the Corpa of Englneers
of ths U, 8, Army. :

Three tesat wells were drilled by the
Geological Burvey, using the jet-percussion
method.

Samples of uncmnsolidated materisls ox-
posed in the area were collected for 2abora-
tory atudy. Mechanicel analyges wers made
by the wrlter, using sieves far the coarser
fractions end the hydroweter or thes pipette
mothod for the finer frackions. (For & do-
asoriptlion of mathods in general use for
mechanical enalysis of granuler materials,
8e6 Am, 3oc¢,. Teat ¥ateriala, 1850,) The
pPormeabllity of small undlaturbed samples
wag determined 1n the fleld with a variable-
head permeameter (Wenzel, 1542, p. 64).
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Plgure 1. Index map showing the locetion of the Matenuska Valley agricultural area.
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Deta representing 333 wells are tabula-
ted {n the well rsoords whichb are part of
this reéport. Included are the locatlons and
e brief deseription of the topographic sltus-
tioh of each well, and such informatlon as
1 available on the depth of the well, the
watar leével, tbhs yleld of the well, and the
typo of water-bsaring matorisl. The loca-
tions of wells are shown on plates 1.

The grownd-water fmvastigation was made
under the general) direotion of A. N, Sayre,
chief of the Oround Water Branch of the Water
Resources Diviaion of the Geologlcal Survey.
The (leld work was supervised by D, J. Cedsr-
strom, district geologlst of the Ground Water
Brench. M. J. Si&ugpter, 0. W, Whetstone,
and Mra. Arline Day, of the Water Resources
Division et Palwsr 414 much to facillitate the
fleld work. B. C. Casey, D. C. Phlllipsa,
Clifford 8haw, Hr. Slaughter, and ¥r. Whet-

stone wade 8 number of watar-level mesasure-
menta.,

Provious Investigations

No publlshed reports describe 1in detall
the geology of the Matanuska Vallsy agrilcul-
tural area, although parts of the area are
discusgsed in several publicetions. Martin
and Kate (1912) deacribe thet part of the
area in the vicnity of Moose and Baka Creeks,
and landes (1927) desoeribes the district be-
tween the Knik and Hatanuska Rlvers, Includ-
ing part of the Cbugach Range. The geology
of the Eeneral region 1a dlgouased briefly by
Capps (1840) and the physiography by Martin
(1942). Rockiles (1948) glvesa the most com=
plete desoription of the physical geograph
of the egrioultursl ares. iarlntrom %1950
includes thée area Adlscussed In the present
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report 1o & map of the lerger area bordering
Cookt Inlet. Other papers, including those by
Black (1951), Rockie (1943), and Tuck (1938),
treat of special problems of the geology of
the area.

Method of Well Numbering

Wolls described in this report are de-
signeted by slmple consecubive numbsrs; blank
numbars have besn left to accomondate wells
that may bs constructed in the fubura. In
sequence the wsll numbsers follow spproximately
the physiographic unlts or subareas desscrib-
ed in thls report. (S8es p. 20,) The flirst
wells linsted are on the lower =slope of Lazy
Mountein (pl, 1). Wsells sast of ths Matanua-
ka River and north of the Knik River are list-
od next., Then follow, in ordsr, wells on
the terrace at and south of Palmer, wells be-
twoen Bske Creek, Four Cormars, and the
vicinity of the Matanuska Agricultural BEo-
porimgnt Station, and wells located in the
remainder of the agrlcultural arse to the
woat end southwest.

Acikmowledgments

For many courtaslies the writsr is indebta
ed to W. A. Rickie, Boll Conssrvation Ser-
vice, Portland, Oreg., to C. W. Wilgon end
T. 3. Day, Soil Conservation Servics, Palmar,
and to D. L, Irwin and 4. H. Mick, Alaska
Agrioculthral Experiment Station, Palmer,
James Burley made available copies of well
logs from the fi1lea of the Alaska Rural Re-
habilitation Corp., Ths Mateanuska Valley
Falr Assoclation permitted the use of storage
Bpace.

Spsclal thanks are due the late Kirk
Bryan, end M. P. Billings, K. F, Mather,
B, C. Stetson, and C. E. 8tearna, of Barvard
University, for their discussion of end many
suggestions regarding the writer's work.

Viitbout exedption, residents of the aree
willingly permitted accesa to wells on their
property or provided information regarding
them, Henry LeRoss, A, Ri and Thamas Moffitt,
and James and Albert Fray, drillera, dsscrib-
ed their experisnce in the Matanuaka Vallasy
and geve ths writer much velusbls informa-
tion, T, B. Bourns and Assoclatea, Inec.
consulting englneers, provided data obtained-
Auring congtruction of a test well for tha
city of Palmer. The owners of the observe-
tion wells 118ted in the well records psmmlta
ted vse of their wells for this purposse, and
J, C. Baldwin, Henry LaRoss, F, B, ldnn,
Loren KcKeohnie, G. E. Murphy, Oscar Tryek,
and Noel Woods made periodic water-level msaps-
urement ,

The ollwate of the sastern part of the
Cook Inle{ lowland, whlch inecludea the Mata-
nugke Valley agricultural area, 1s ths result
of a combination of marine and continental
influeprces. The lowlend lacks both the high
rainfall of ¢oastal arsas and the temperature
extremés of the interior of Alagks,

Although olimatic data have baen collect-
64 8t several localitiea 1n the agricunlitural
area 1n recent Yyears, the only sxtended rsa-
ord s that for the Alaska Agricultural Ex-
porlmént Station near Matanuaka, Selscted
data for thls locality are preaented in table
1.

The departurs from the mean anmuml preoip-
itation and t¢he seasonal distribution of
orecipltation are significant. In 2 given
year trs totel preciplitation may be about ona-
third greatex or less than the mean. The
mean total annual snowfell is about 3§ foet,
but the annual departurs from the msan may
be as great ag half this amount, In moat

Noagloowol depnsits
Ov  Windolown surd ond eilt
0} Yols deposits
Qof Alwvol-fan deposits
Q1 Frost - disturbed deposits

MT Badrock
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QUATERNARY
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Figure 3, Gensaralized sectlon of the Bstanuskea Vaelley agricultural
ersn showing stratigraphic units.
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years the winter and spring are relatively
dry. On the average about two-thirds of the
ennual preciplitation oocurs during the 6-
month period June~Qotober.

There 38 also a wlde range in departurpe
from mean temperature. This ls besat 1llua-
trated by the length of the growlng aeeson,
The last spring frost commonly occurs in late
¥ay, the sarliest autwmn frost in lats August
or éeptamber. Durding the l0-year period
1939-48, however, the length of ths growing
season ranged from 87 to 151 days.

¥idsummer temperstures in the agricul-
tural ares range from 45 to 70 F; temperu-
tures a8 high as 80° F are unusual, The
winters ars mederately cold; perlods during
which the temperature reaches ~20 to -30 ¥
ars usually ashort. The freegeup in evtumn
comes ln Octobar or November. Seasomnal frost
ocommonly reaches depths of & feet or more.
The ground begine to thaw in April or May,
but seasonal frost may psersist bensath the
surface in protboted spots as late as July,

The diatribution of rainfall and the
danger of late spring and early autumm .froat
are rosponsible for 8 measure of uncertainty
of crop ylelds in the Matanuska Valley agri-
enltural aree.

The dominent wind of the agrioultural
area, known looally as the '"Matanusks wind ™
s from the northeast. It is an eubtumn end
winter wind. During storms it may blow more
or less continuecusly for perioda of several
days; Weather Bureeu records indicate that
gusta reachlng velocitles of 50 milea per
hour or more ocour durinﬁ the more severe
sbtorms. The "Enik wird," oceanlc alr from
the south moving down the Kntx Valley, 1»a
relatively warm, During lats winter and
apring 1t bdrings mild weather and, together
with rein, mey remove much of the smow cover
from the agrioultural area before the ground
bagina to thaw,

Topography snd Drainags

The Hataouska Valley agricultural arsa
lles in & wide, flat-floored valley formed by
tha merging of the Matenuska and Enik Valleys
at the eastern end of Xnlk Arm. Figure 2
shows the prinoipal physlographic units, The
valley is bounded by rugged mounteins which
rise abruptly above its floor. In the Chu-

ach Range, at the southern sdge of the vai-
ey, Ploneer Peakx rises to an altitude
greater than 8,300 feat; sevaral other peaks
surpass 4,000 foet, and eltitudes of 3,000
fest are common. Along the northarn edge of
the valley, poaks in the Talkeetna Mountalns
reach altitudes of 3,000 to 5,000 feet.

Although the altitude of the velley
floor renges from tide lavel on Knik Arm to
1,000 fest at the base of Wishbone H1ll

(pl. 1), the loeal relief is gonerally not
more than 100 to 200 feet. Features provid-
Ing grester locel relisf include Bodenburg
Butte, which is almost 800 feet higher thean
the surrounding lowland, and several gimilar
bllla of rock, The bluffs slong the Mata-
nuska River north of Palmer rise 200 to 300
feet above the river oshannel.

Most of the valley floor, extending
wegtward from the Metanuska R{vor nerth of
Pelmer, 18 s gently rolling surface. In
much of 1t, the hills and valleys have &
southwesat trend; this orientation 1s shown
mogst eongplcuously by the aeries of lekes
whose axig passes south of Wasille end leas
8trikingly by a sscond serles of lskes to
the northeast., In the northwestern part of
the sgricultursl area, west and northwest of
Pittman, the hille and valleys trend soubth~
southwest, Two tracts, one bstween Eska and
Mocss Creelcs and extending 2 to 3 mlles west
of Moose Oresk, and the other between Palmer
and the Agriouitural Experiment 3tation, are
charactorized by irreguler hlills and sweles
and consplcuoue ridges. The local relief
in these traots 1s as much as 180 feet. The
ridges are most consplcuous near the experi-
ment statlon, where they are oontinuous and
parallel. .

A conspiouous belt of hills wnioh rise
50 to 160 feet ebove the surrounding country
extends southwestward pest Plttman. A chein
of gimilar hills borders Blg ldke on the
south and extends saxthwestward out of the
area deseridsd in this report, beyond which
it curvea to the south and then to the south-
east, ending at Goose Bey.

Palmer 48 on a wide, flat-topped bench,
Similar benches lle east of the Hatanuska
River south of Wolverine Oreek, between tha
Enik and Matanueke Rivers, and slong part of
the top of the bluff overlooking Knik Arm.
Smaller bencheg north of Palmer snd through-
out the rolling country to the wast are less
consplouwons. e rolling country and benches
north of Knik Arm are seperated from Lt, and
from the low-lylng flat ground near it, by a
congpicuous blurf SO0 feet or more high which
extenda from Ocose Bay sastward and grades
Into the bluff of the Mataniska River near
Matanuska ,

Nost of the area drains into the Mata-
nuake snd EKnik Rivers, but severael snall
streams flow directly into Enik Armm. The
Little Sunitna River drelna pert of the
northern sectlon of the area. The dreinage
in meny interstream tracts 18 poor beoausse
of the irregular topography and the vegeta-
tive cover. There are larga areas of swampy
ground, and ahallow lakes ocoupy many of
the nollows. The oriented lakes west of Pitt-
man and the two souvthwestward-trending series
of lakes near Waallla are among the prominent
features of the valley floor.



The Knik River floods amnually in July
or August when Lake George, impounded by
Enik Glacler, 1s dreined as e result of its
overflow snd ths resulting erosion of the
ice along one edge of the glaciar,

Vegotation

In its natural state most of the area
disocussed Iin this raport was forested. Whlte
spruce, aspen, cottomwood, and birch ars
characterlstic of the better drained soilas.
Willow 18 found on all types of depositas,
Black spruce 1s common only in bogs. Alder
is common both In moist spots on the lowland
and with wlillows on the wmountain slopes bor-
dering the valley, The altftude of tree line
depends upon exposurs; locally it is above
2,000 feet. Trees in this area are shallow
rooted and are easily blown down. Windfalls
are cammon in forests composed of older
treen.

. Firs, probably In part natural but large-
ly accompanying gettlement and reilroad con=
atruction, bas burned over many parts of ths
valley floor. Extenaive burmned areas have
become reforested.

The ground cover in the forest consists
of vartous shrubs, herbds, grasses, and other
small plents, Mosses and grasses ars charac-
toristic of poorly dralned areas. Flreweed
19 the commonsest plant on newly bumed land,
Plreweed and grass may .persist for long peri-
ods on burned land neer the %ree line.

The flats along Knik Arm are, or recent-
ly have been, subject to tidal flooding;
over most of their area thsy bear only small
gglt-tolerant planta. Ths wide alluvial
flood plaina of the Matanuska and Knlk Rivers
are practically bare of vegetation because at
some time during svery season or two ths
gravel bars elther are submerged or are re-
moved and rebuilt during the channel shifting
that accompanies flooding., The middle =lopes
of the mountaing flanking the valley beer a
cover of moss and low or prostrate shrubs;
near the summits there 1s no vegetatlve
cQver.

Culturs

As a result of the finding of gold 1n
the Talkeetne. Kountelns, the settlement at
Enik was esteblished in 1898 on the slte of
Bn Indian Village and Rusgian misslon. In
1916 the Alaska Railroad was extended through
tha Matanuska Valley, and whers 1t crossed
the trall between EKnik and the Talkeetna
Kountaeins the community of Wasllla wes azstab-
lished, Matanuska grew et the junction of
the maln line and the spur line leading to
the Matanuska Valley coalfields., Aftsr the
establishment of the agrleultural colony 1n
1936 the center of population of the valley
shifted toward the community of Palmer.

The population of Palmer is estimafed at
about BOO, Waasilla 12 much smaller, and only
a fow families remain in Matanuske aend Knik.
The farm population of the eres is 2,000 to
3,000; 1t is distributed chlefly around Pal-
mer and, to & lesser extent, around Wassilla,

The egricultursl area ls traversed by
the main 1ine of the Aleska Railrced, which
passes through Matanuske and Wasilla north-
ward to Falrbanks, A branch of the railroad
extends from M¥Metenuska through Palmer fo
Jonesville, on Eska Creek. The Glenn Highway
begins at Anchorage, 48 miles southwest of
Palmer, end extends through Palmer and into
the interior of Alaska. Dally bus service
is mainteined bstween Wasllla, Palmer, and
Anchorage. All the settled sectionsa of tha
vaelley 1lle on a road net maintained by the
Alaskn Road Commlission, Air travel has long
been populer in this aree, as slsewhsre 1n
Alaske., Several small local flelds have heen
used, and a new alrport was completed at
Palmsr in 1950,

Development of asgriculture in the area
haa continued since sstablishment of the
agricultural colony; dairying and vegstable
growing eres the most important types of farm-
ing. The history of the agricnltural colony
is the subject of = recent atudy by Stone

(1950) .

GROLOGY
Mesozolc and Tertia cka

The cheractser of the rocks umnderlying
the greater part of the Mstanuska Valley
agricultural area 1s unkmown. The writer
estimates that bedrock 3s exposed at the
saurface in less than 1 percent of the arsa;
elsewhare the bedrock ls coverad by unconsol-
{dated deposits whose thicimess 1s known at
relatively few places. Exposures of bedrock
in the area are indicated on plate 1.

The bsdrocks exposed 1n and m=djacent to
the agricultural arse have been descrlibed by
Mortin end Katz (1912}, Capps (1940), end
Landes (1927). Ths Taikeetna Mountains to
the north, composed mostly of lgneous rocks
predominantly grenitic intrusives (Hesozoio*)
and to a leaser extent lave and tuff, A belt
of Cretmceous and Tertlary sedimentary rocks
forms the south flank of the mountelna,
Mesozolc rocks in the Chugach Renge, to the
south, ineluds grenitic ilntrusives, meta-
morphosed sedimentary rocks thiefly slate
and argillite), and greenstone.

Creteceous sedimentary rocks extend domn
the Matanuske Velley to Mooss Cresk; they are
sandstone (including greywacke) and shele.
Conglomerate and sandstone (graywacke) ex-
posed in smell hills south of Palmer may be



the southwestward extenaion of thess rocksa,
Conglomerate, sandstons, shale, and coal of
Tertiary age are exposed in the Egka Cresk-
Wiashbone Hill-Mooss Creek arsa. Tertlary
coal-bearing rocks also oceur at Bouston,
juat beyond the northwestern cormer of the
area described In this report.

Wishbane Hill, &t the northeastern cor-
ner of the agricultural area, is a cynclinal
hlll held up by the Tertiary Eske conglomer-
ate, Martln end EKatz (1912, p. 72-75,
pla, 15, 16) descride the atraight front of
the Talkeetna Mountains as representing s
gone of faulting; they belleve that the course
of the Idttle Susitna River is approximately
along the fault downstream from the point
where the stream smergea from the mountains,
Becent work by F, F, Barnes, of the U. S.
Geological Survey, shows the presence of coal-
besaring Tertlary rocks north of the Little
Suattne River; thease Tertlary rocks, with
other evidence, suggsest thet the mountain
front rether than the stream cosrae merks
the weatern sxténslon of the fault (Barnas,
F. C,, personal communication, 1952}. Martin
and RKatz (1912, p. 74) suggest alsoc that the
relativsely straight front of the Chugach
Range, to the south, alsoc may be due to fault-
ing, but they do not find enough avlidenecs to
form & definlte sonclusion. Bxposursa along
the Matenuska River and Moose and Wolverine
Creeks show thet the folded sedimentary rocks
strike northesastward and are faulted. The
available dets mre insufficlient to justify
conclusidne regarding the atmcturs of the
sedimentary rocks wnderlylng most of the
valley floor to the weat or thelr depth of
burial beneath the overlylng unconsolldeted
depoaslta.

Quaternary Deposits

Unconaolidated deposite of both glaclel
and nonglacial origin cover the basdrook of
tha valley floor in most of ths area describ-
ed in this report. The glasial deposits con-
sist of till, or outwdsh sand and gravel,
and filuvioeatuarine dsposits in and al
Knik Arm. The exlating Matanuska and En
Glaclars lie beyond the limits of this ares;
but, becauas the Metanuska and Knlk Rivers de-
rive much of their water and sediment -from
these glaolers, the modern deposlts of these
streams are considered glaclofluvlal, The
nonglacial deposits 1nclude windblown mats-
rial, which mentles most of the agriecultural
araea, and alluviel fans, talus, end frosi-
disturbed deposits chiefly along the walils
of the valley. (See fig. 3.)

It has not been shown whether ths sxist-
ing gleciers are remnants of the mora sxten-
slve Plesistocens Matanuska and Enlk glaclers,
from whlch most of the glacial Qeposits in
this area origlnated. eparatlon of the
Pleigtocens and Recsnt in epochs in this
area is therafore difficult. In this report
811 unconsolidated mateylals overlyl Tor-
tlary or older rocks &re designatad silmply
Quaternary deposits,

The geologic map (pl. }) shows ths dls-
tribution of bsdrock exposures and unconsoll-
dated deposits excluslve of swamp deposits
and the mantle of windblown materliel., Data

obteinad by the mechanical analysia of sam-
plea of the unconsolideted sediments &re
glven in table 4. :

Glaclal Deposits
74112 (“hardpan®)

Till 13 & clastic unconsolideted rock
deposited dirsctly by or from glacial lce
with 1ittls or no modification by running
water. It ia dominantly unsorted, consisting
of rock fragments ranging from clay to largse
boulders. The distinction between a till
slightly sorted during deposition and a poor-
1y sorted gravsl ig in meny ingtancss arbl-
trary., Ti111 1a one end member of & conmtinuous
geries of meterlals; the other snd member la
well-sorted cutwash msand and gravel (Flint,
1947, p. 103},

Till at the surface in bhe agricultural
area 1s in the form of ground moralne, a
glaclal deposit which usually ocecurs as 8
relatively thin mantle on the underlying
matarial, Ground morains may consist of
material deposited beneath glacial 1ce, or of
debrls dsrived, upon mslting, from the gla=-
clal 1loed within or upor the ice, Though the
ground moraine 1s predominantly till, layers
of washed material ers present in 1%, and
thin sand and gravel deposits locally mantle
its surface. Over much of the area mapped
by the writer as ground moraime (pl. 1) the
till prssents the origlnal surface of glacial
depositlon, modified littls or rot at all by
erosion,

7411 in this ares ls commonly gray or
blue gray. It i1s compoged mainly of subangus
lar to rounded stomes in a matrix of mized
gend and s1lhi, Table 4 shows the graln-gize
d{stributlon of the fragments smaller than 2
millimeters in diameter, in two samples of
till, Very little clay is presant in thess
sampled. Poor sorting is shown by khe dis-
tribution of material over a wide range of
grain sizes {as compared, for sxample, with
the lesser range of stzes 1in windblown sand).
Stonss in the till range from greanules to
bouldera; they consigt of the greenstons,
slate, sechlst, and felaic intrumive rocks
cheracteariatic of ths adjacent mountains and
of the sedimentary rocks exposed 1n the Mata-
nuska Valley,

84lt-rfch til)l is compact and tough. It
is difficult to excavate and is kmown loeal-
ly aa "hardpan,®

Irregular roughly horizontal stresks and
layers contalning more atonss or mors silt
than the undérlying and overlying till can be
observed in soms exposures, They are common-
1y a few feet thick and mey extend laterally
a hundred feet or mora in well-exposed 8sC=
tlons., Fractures which may be faults cut the
ti1l1l In somse exposurea. In the bluff abovs
the river 1 mile north of Palmer the walla of
several such fracturgs are seperated by a few
inches of silt and sand laminated parzllel to
the walls, These fractures ars most reason-
ably explained as tension fracturss filled
wl th sorted ssdiment by water. The fractures
and the lrregular layers conslsting of sarndy
t111 may be recognized in dry weather bdecauss



they remain more damp than sdjecent siliy
t111. Becauge of the limited exposures of
t111, Lt 1s not possibls to drew conclusions
regarding the ocourrsnce of fractures aend
irrsgular sandy layers in the agrlcultural
arss as 8 whole.

In some exposures layers of sand or
gravel occur within mmssive t41l, The lagers
are commonly & few inchea fo &8 few feet thick.
Kost of those the writer hag seen are copmpoased
of medlum t0 coarae ssnd or aandy pebbls
gravel; they apperr to form relativsly narrow
stringsrs enclosed in compact till, Some of
these show gharp changes in grain slize and
thicknass within short dlstances,

Similar thin sandy and gravelly streaks
In £111 beve algo been found in many wells ir
the area., Theae layers sesém to be slmilar to
lenges and stringers of imperfeotly sorted
material found in t111 in the United States
(Msinger, 1023, p. 285). The writer bslieves
that these deposits were luid down by smll
aubglaciel astreams which flowed temporarily
upon till bonesth the 1lce befor¢ being cover-
ed by additlional till from the overlylng ilce.
The aortlng of sand in these layers, whloch 1s
bétter than thet in most other sediments
analyzed, 16 ghown by the analyses of itwo
semples in tadbles 4. The better sorting may
be dus to deposltlon from a confined stresm:
{lowing under hydrostatle pressure. Evidence
available from outecrops and from wells
suggests that these layers are of limited and
{rregular ereal extent.

In a few oxposurss slightly sorted
msterial which regembles tiil may bs cbserved
resting upoo maesive till, The till-1ike
meterial abhows nelther the beddlng nor the
gorting of outwaah gravel, The best exposure
Boen by ths wrlter is in a gravel pit om the
lower slope of Lazy Mountain, sbout half e
mile northesst of the Matenuaka River bridge.
There the 9lightly sorted material rests upon
the underlying massive t111 along an lrregu-
lar but dlatinet surface. This slightly
sorted material is beat explained as super-
gleclal t111l: 1t is probably composed of
debris which lay upon the aurface of the ice
end became slightly sorted before belng let
down upon the magsive t1l) benesth aa the ioe
mdlted. Exposurss of t11l in the agricultur-~
81 area are not sufficlently numerous or ex-
tansive to show ths areal importance of auper-
glacial £111.

The ti1ll of the Katanuske Velley agrionl-
turel areg s relatlvely impermeables. ly
the layera of sorted material yleld water
freely, and those in sm=l) quantities. Poor
surface dreinage 1s characterietic of tracts
uwiderlain by t1ill; marshes are common, even
on hlgh ground. 8ome lskes, inoluding Wasills
Leke, appear Lo be perched on till, Contact
aprings are present along hillsides 1n looal-
ities whers saturated gravel lies on tilll.

¥any of the dapresslong on the ground
moraine in the western part of the agrioultur-
&l area, or on ground morailve covered by thin
graval, are borderad by high-level deposits
of horigontally besdded gravel. Such beds,
three-eighths of a mile west of Wasllla, are

40 feet above the level of Wesills leke. The
ground moraine north of Lake Lucile snd north-
weat of Wasllle 18 marksd by entrenched
atream-cut channelg whioh stand above the
1svel of the lake. The blgh-level bedded
gravel and streem channelas are moat reason-
ably explained by the assumption that the
bagins of Lake Luclle and Wasllla Lake were
occupled by blocks of stagnant lse. Streams
flowlng along the boundery between the Ace
and the adjacent ground morzaine deposlted
gravel; wherse they locslly flowed across the
moraine, they cut chammels. Melting of the
lagt 106 left the lake basins in much their
progsent form, with bedded gravel and channels
perched upon the surrounding hillsides. Ths
pattern of gravel iglande and apite in the
lakes oeat and northeast of Wesilla Ls best
explalned by thls ice-block hypothesis; an
sltornative explanation or the lake basinas
and accompanying feetures as hav1n§ been
formad by sroslon alone ia unsatisfactory.
All the other beains in the two southweat-
trending series of lakes near Wagills (see
pl. 1) are probebly 1ce-block holes.

The ground morailne in the trast north
and weaast of Pittman ls charmctarlzed by north-
northesstward-trending perallel, élongate
hllle end velleys; moat of the vallsya are
now occupled by lakss or marshes (pl. 1).
Borigontally bsdded gravel deposits mantle the
hillsides above some of the lakes., Discon=-
tinuous oskeriike ridges of tlll, as much as
20 feet hlgh and seversl hundrsd feet long,
11 upon the ground moralne 1n this trect,
Many of these rldges are coversd by several
feot of grevel; locally, as st the gravel pit
13 mides west of Pittman, grevel has been
deposited betwesn the t1ll ridges and has
mrely or completely ooversd them., Till
ridges at the lake north of the relilroad and
S miles gsoutheast of Houaton extend into the
laka, The ridgss are interprsted as fillinga
formed Ln short crevagses in stagnant ics.
Thalr preésence over most of the traet under
digougsion shows that the form of the morain~
a1 gurface 1s due to glacial deposlition and
thet the surface has been modifled omly
alightly by orosion. The sxtension of ridges
into one lake and the presence of high-level
vedded gravel beside others are taken as
evidencs that the elongate vallsys are 1ce-
block holes. The orlentetion of the elongate
parallel hills of ground morzins is attributed
to the presence in the lce of elongetse alter-
nating eonss of debris-ladsn and relatively
clean 1c6. Debris from dirty ice formed hills;
the lsst remaining elear ice botween bands of
dirty Sce ssparated into blocks around which
graval dopositas were lald down. Final melt-
ing of the lamst blocks left the exlating lake
basina.

Over the remalnder of the ground morains
in the western part of the agrlicultural area
the orlentation of nille and vellays 1ls much
leag regular and conaplouous than that neer
Pittmen. The valleys, most of which ars
interpreted as 1ce-block holes, show & south-
weatward trend like that of the large glaclal
drainage chamnels wesgt of Wastlla. The 1ce-
block holes bhave the form of dimples in the
ground wmorainse; they ere most reasonably ex-
plained as cavities formed by the melting of



relatively c¢lsen fce, whereas the edjacent
higher moraine 18 the result of depspition
frow 106 having a heavier load of debris.

The wri ter coneclwdes thmt the form of
the ground moraine 1n the woestern part of the
agrieltural area 18 due to wideaspread stag-
nation of ice, and that the distribution of
debris in the 1ce may heve controlled the po-
sitlon and form of hills end valleys on the
mordlne, The elongate, perallel gones of
dirty icee inferred to have formed the paral-
lel nills northwest of Pittman may hmve been
folded medlal moraines such 83 may bs seen
on the Melaspina (Washburn, 1835) end Bering
Glaclers along the Gulf of Alaske. If similar
zones of debris ware pregsent in 1ce over the
remalnder of the western part of the agricul-
tural eres, they left no consploucna topograph-
1z  expression; ‘any that were presant may
have been broken by renewed movewant of part
of the terminal zone of the neerly stagnant
glacler,

T41l is pregent alsc in a Milly beld
which extends southwestward through Pittman
toward Big Lake and in hills eouth of Big
Lake, Near Pittman the t1131 1s overlain by
pitted gravel depostits, This hilly belt may
roprésent a4 mgdlal moralne in the lee, or, if
part of tbe terminal lce moved past stagnant
166 lying northwest of Piftman, the hills may
mark the functure of the two ice wamasses,
Hills of ti1ll south of Big Lake are continu-
ous to the weat with the band of hills men-
tioned on page 6, whigh iy arcuate toward
ths wast and which sxiends from the vicinlty
of Willow and Nancy, northwest of Houston, to
Knik Arm neay Googe Bay. (On the basgis of
study of aseriel photographs, 7. N. V. Karl-
Btrom (personal sommunicstion, 1949}, of the
Geologloal Survey, interpreted this arcuate
belt of hnills as the end woraine of the lsat
glaocler which lay over the agricultural area.
T™e writer bellevea thls interpretation to be
correot.

Over most of the agriocultural ares east
of Wesllla and west &nd north of the Matanus-
ka River the till is covered by greavel., The
thicknasg of the gravel ranges .fyom a feather-
edge to about 100 feet; in genersl the depos-
1ts are thicker toward the aamst.

The t111 deposits described 1in preceding
paragraphs are considared to form a singlo
sedimentary unlt depeslted Aduring one glacie-
tlon. B8everal natural exposures and adout 365
walla shnow older glaoiel deposits lylng be-
neath this ti1l, The older deposits &re main-
1ly %laciofluvial but In 1 well such dseposits
rest upon what mey be stlll older till.

In the bluff along Knlk Arm eazt of
Goose Bay the surfece till reats upon gravel.
(See ssction 1,) In several exposures along
the Matanuskse River nortb of Palmer the till
liea benseath surflaiael gravel but rests upon
older gravel. (8es gection 2.) Most of the
wella thet pasa through the near-surface ti1l
ioto older deposits are in an arsa lylng
wlthin a few mlles west, northwest, or north
of Palmer, but others are near the Agrioul-
turel Experiment Statlon and about 3 miles
eaat of Wasilla, Table 2 presants logs of
three such wells, The firet of these 1s
about thres-sighths of & mile weat of the
Matanuaira bluff and 23 miles north of Palwer;
the "blue mud and gravel® 63 to 101 feet be-
negth the surfacs (tadble 2) is corrslated
with the buried $31l In the Matamigka bluff
(section 2). The older gravsl shown by the
drillers! log may represent the sdvance out-
wash of the glaeler which deposited tha over-
iylng %111, the outwash associeted with the
retreat of an earller glaslar, or both,
Several of the logs, including ths sacand in
table 2, record red or brown gravel in whioch
the color mey reprasent the sffects of weath-
ering; 1n eddition, the gravel locally is
0llghtly consolidated. The gravel may there-
fore heve been axposed for some time after
its depoaltion before 1t waa coversd dy the
overlylng t11l. Tbus it 1is reasonably con.-
sidered to represent an eaurlier glaclation.
The blue mud from 198 feet to badrock a%
about 226 fest in the first log in table 2
may be t1ll deposited during this earliar
glsolation, Ths gravae)l st (Qoose Bay, as
shown in the section, may rapresent %be ro-
cessionel outwaah of the earllsr glaclation
and the advance outwash of the glacier which
deposited the overlylng till; if this Snter-
pretation is correct, the vegstatlon that
formed the peat grew during the perfoed betwaen
the retrert of one glaocier and the advance of
the next.

1. 8sction in dluff north of Knik Arm about one-querter mlle sast of Gooss Baey

Faet

{estimated)

Windblown BENA===——-——- B e e e e T e LT .3
Ti1l, gray-brown, silty; includes & fsw layers of poorly sorted gravel--—--—- 15
Pebbie and cobble gravel, sandy; lnterbedded horlzontal sand lensas

as much as 1 foot thicﬂ and A0 feet long show crogsbeddinge—w-——=—s——o—emw - 20
Peat, brown-black, slebby, contalning compressed twige and stems of wood----- 2%
311ty, gray----- el i
8and, silty, somewhst lron-stetined-—=---- e 3
Pebble and cobble gravel, sandy, conspicuously iroun-stained; locally

oonpolidate@e—=e—n——e—van- A e e e 1
Covered-—--——camm—uomnm e - A S — - —————— o 5




2, BSeotion in biuff west of Mstapuska Rlver about 3 miles northwest of Matanuska River Bridge
: Poat
(estimated)
Windblown gaANAaw-w—m--m—m e e - A o e o e e 20
Pobble apnd cobble gravel, sandy; borlzontally bedded 40
T41), gray, Bllty-—m——emmmccmrmmeecan s e T N e T R P 40
Pebble apd’cobbls gravel, sandy end silty; slightly oonaolid&tod;
locelly deformed bensath overlylng $1ll--—+--r-marmcmmmer e e - 60
COVOra8-==r— e e R e e e e e m e —— — e —————— 70
—————————— Rivar v v=e-———
Total-v——ae-- ————— e m e e ————— v ————— m—=w 230
Table 2,--8alected drillers' logd showing the pregence of older glacial deposits
in the Matanuska Valley egrilcultural area
[Logs through courtesy of Alaska Rurel Rebabilitstion Oorp.]
Poot I Intsrpretation
4 ) ABRO tract. 132, well § (abandoned; naar U338 305)
Topaolla——m~ e a e e 0 - 18
Gravel-——- —- ——emem - P el LT L D S 16 - 63
Blue mud and gravele—--————mrmuc—ncaa——- 63 - 101 | T41ll-r-mm—mm——mmmm———— - 63 - 101
Gravel, loo86 running----——-—-—-—-c==mr- -— 101 - 118
Gravele-r-—w—— s em—me—— ——————- e 118 - 156 | Sllghtly consolidated
Oravel, comentsdm=--v—-e————nn —————— e 156 - 178 Eravel-e————~w-u- - ——— == 165 - 178
Poa gravele--—cresmcemm e .—————— . | 178 - 181
Grave), cemonted--comrmmmamac e 18) - 187 | ———rmmea Qor-rmmrmmm— e 181 ~ 187
Gravel-—--—- R e LR L L PP ———— 187 - 198
Bluo gu@mw-r—m===ee e e e 298 - 216 | MAL{f)—m——mmmm e e ~ 198 - £25%
Blue pud and shale rook, pipe etopped at
226 feet on 2-foot ledge of hard )
ANALO— - e s e e e m——— 215 - 226
8hale, open hole from 228 feet on-—-==---- 226 510
Well abandoned - dry hole,
ARRC track 14 (U80S B78)
Topedll--rr——~mmm=e N e ———— 0 - b
Sand and gravel-----—-» —————— —————————— 8§ - 7
8and, 0OArE@-~e-mrecscrm e 78 - 60
Gravol md, and sand; water blue and
mucky; will b8ll oub-——-—----—- oo O RS I T P — 80 - 174
Glzgter mud and gravsl, blue and
thici; water eeoping-- ——————————— —————— 110 - )28
Glaoler mud And sand—--—---—v—=x Nemm - 128 - 139
Blue mud--——-c—=-m= ————— e A 139 - 174
Water, gravel; water stands to 7B reet)
rod Bravelr—casemcacwcmmmn e e 174 - 177 | Ox1diged gravele—-em-o-a-—- 174 - 1M
Water, grovel---=ecev-——————o—— - 177 - 180
ARRC tract 96 (USGS S564)
Topaoll---w——nm=—== R e L L B B 0 - 5
Gravelor—ro—cammarn ———————— e —m———— 5 - 28 | T413o e emime 28 - 86
Blue mud--——me ————————— 28 - 40
Oranite wasgh-—=====—— e o 40 ~ 45
Blua lime 8h8llecemw—ree v rmcm e 46 - 6§
Water, gravel, send—---—-—-—-——----= ——— 66 - 89 | Sorted layergw-m-—=me-—r——— 66 - 59
Gravai ANd MUBeemean e e e e 69 - 64
Sand snd gravel; some webter—-—-——- o ———— 84 « B85 | m—wemmeen [- - PR 84 - 8B
Blue nud and gravel-—--——————«——-- —————— - 88 - 73
Gravel and sande--wwwa--- e ——m———— 7S - M| e mmd O AT L
Blue mud--~r—e—mamm e ™ - 86
Water gravely 60 feet of water in plpa-~- B8 - 88 | 0lder greavel-—cem—————vcuura 88 - 88

A1



The thloknaesa ©f the near-surfass till,
in.wells that paess through lt, cammonly ranges
from 10 to about &0 feet, The thlckess peo-
tlon of til) known to the writer is in well
2683 t31l extends from 10 fest beneath the
surface to the bottom of the well, whlch wae
at v depth of about 1B0 feet in Kovember 1951,

A bench on the slope of Lazy Mountain 1s
interpreted ss a lateral moraine dsposited
slong the contact detween glacier end valley
walls. Gullles ocutting the bench exposed till
reating upon bedrook, This bsnch 1lies between
1,700 end 2,100 feot above sea level. Two
miled north of Prlumar the upper surfaoce of
the t1ll deposited bensath the same glacler
{9 at an altitude of about 300 to 400 feeb.
The thickness of the lce over thias part of
the valley may therefore have bsen about 1,800
feet. A dlsoontinuous bench which appdars
essantially aimiler to that on Iagy Mountetin
extends along the slope of the Telkeotna
Mountains weatward from Moose Creek and be-
yond ths Littls Susituna River. Over a dis-
tance of 6 miles thlas bench slopes weatward
from ebout 2,800 feet above sea level %o
about 2,000 feet, or sbout 80 feet per mile.

The age of t11ll deposits in the Katanuske
Vallay agricultural gres can be disousgsd
most convendently after the other gleciel
depoasite have been deacrlbed,

Outwash Sand and Ogravel

Outwaah deposits, formed by streams that
dorive part or all of their water and medi-
ment from glacial 1ce, oover & large part of
the Maetanuska Valley egrioultural area. They
include nof; ¢only deposits formed in assoola-
tion with the ice that onoce lay over thie aroce
vt wlso deposits such as those of the exist-
ing Matanuska and Knik Rivers, formed at somé
distence from the lce,

The macphenical composition of samples of
outwagh send end silt and the finer fraction
of gravel are sbhown by the data glven ip tabls
4. The absence of large proportions of silt
and clay is well shown these data. These
samplss are probably repfesentatlive of wost
of the outwsah doposlts of the agricultural
arsa. Some stream-laid Qeposits &re 80 poor-
ly sorted, howaver, that they resemble till.
The othsr axtreme of sorting is represented
by openwork gravel composed of pebbles or
oobbles of approximately equal sizs and wlth-
out Interstitlel finer materlagls. Such a

ravel conaisting entirely of psbbles 18 known
§0oally as "paa gravel,"

The atones in the gravel represent sll
the rock types found in the Matanuska Vplley
and In the surrounding mountelns, alkhough ra=
latively soft and wesk pedimentary and meta-
morphic roecks hrturglly are lsss common then
messive lgneous rooks, The gand conalats
predominantly of grains Of quartez end dark
winerals and fregments of schist end green-
atone.

Beddlng 18 well or moderately well de-
veloped in many exposures of sand and gravelj
but, whers exposures are extenaive, the beds
are generally seen to pincn out latarally.
Crossbedding 3a commonly observed, in places
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sasooclated with chamnel-snd-fill structure.
Faults are present. in scms exposures, partic~
ularly 4{n thin beda of Band, and sre attrib-
uted to slumping of the deposits.

Thin layera of silt are inocluded in the
gand and gravel. Other deposits, such as
311, pest, fine-grained BedimonGS depoaited
in ponds, are present locelly.,

The outwash materials in the agricultural
area are relatively permeabls. Where the
land surface is underlain by sand and gravel,
16 151§enera11y well Adreined except whére
till lies beneath the sand and grevel et shal-
low depth. Kartin and Kats (1912, p. 70-71)
deacribe gravel-coversd bsnches to en altl-
tude of about 2,200 feet, whara the valley of
Moose Creek emerges from $hs high mountains.
They suggest that these deppeits ware formed
in ponded water withip the trlbutary valley
at & %iws when the msln Matanuska Olaciar
atood ecross the mouth of thae tridbutery
valley.

The geologic map (pl., 1) shows that the
ground moraine weat and northwest of Wasllla
ls crossed by many gravel-floored vAlleys,
These ars dralnsge channels followed by "
clal meltwater. Horth of Enik Arm, end Redp
the experiment station and neap Yalmep far-
ther sast; are simllar deposilts benea th topr
racea, Throughout the mgrisultural area gpe
other smaller trecte undarliain W vol ds-
posite of meltwater streams, All Chese Gae
poslts are mapped as B - >
Bany of them are oconsidered 6o have baen
formed in ¢loee Bsgoclatlion with gleairl ios
and were gomewhat modified by its molting;
they ars fce~contact deposi¢s. Others, like
the flood-plain deposlis of the modern Mate-
miska and Enik Rivers and deposita in terrspas
nezr these streams, are similer althou
formed farther from the ice or not modifled
by 1tas melting; these are proglaclal deposlts,
The deaposits of the modern flood plain of the
Iittle Susitna River are conagidered progla-
eial dppogits slthough the stream 3s only

Ftly of glacipl origin, 'Itttle information

a avallahle regarding the thiokness and com-
position of theme depsslts in the western
part of the egricultiiral sroa, But the form
of the tepo naphz, the presaqéo of small
hilla of t111 whiech protrude through the

gravel, and a feow exposuree suggest that In
general the grsvel 1s relatiyely thin (per-
hapa 20 to 30 feet thiak ap loes), West of

Wasilla and the sxperiment station most of
the alluvial-plain depoaita ape in vallays
cut in the ground mordine, and till probably
lles bensath all thege gravel deposits.

Southwest of thse experiment statlon
alluvial-plain deposits are abouts 30 to 70
feet thick; they are terraced, At Palmaer and
bensath the lower terrsoces north of the sity
{pl. 17 thasy déposrts are oosmonly 30 faet
thiek or 1gss and rast oo till or bedroak.
Meager evidence suggests that the depaslts
of ghe terrgaes orj the lower alope of Lary
Kountaln, near Woiverine Oreek, sre also re-
lativaly thin, Doepoaits beéneatn the exten-
aive terrace south of Pulmer mre thlcker;
moany wells 75 to 100 £¢et or wore deep do not
reach t3311 or bedrock, end @ walls (tadle 8,
wella 160 end 161) 176 and 200 foet desp mey
be In gravel throughout thotr entlire depbth.



Nothing 18 Xnown of the meximum thickness of
gravel in the area between the Metanuske and
Entk Rivers; asveral wolls sbout 50 feet dewp
and 2 about 110 feet deep, all nesr Bodenburg
Butts, do not pass out of the gravel, The
thin gravel deposlits, such as those of the
terraces lmmedlately north of Palmer, seem

to represent deposition during terrace cutting,
not extenalve deposition efter such cutting.

The maximum thicknesa of alluvial de-
posita benseth the existing Matanuska sod Knik
River flood plsinas is not known. 3Stream
measurements by the Water Resources Divislon
of the Geologloal Survey show that the depth
of channel scour at ths Katanuaka Hiver bdridge
during hlgh water 18 &t least 25 fest. Thrae
telephone poles wers driven 19 tc 21 feet in~
to flood-plain gravel beslde the approach to
the Enik River bridgs without ensountering
bedrock.

The
of a8ilt,

alluvial-plain deposlts are ocomposad
sand, and pebble and cobble gravel,
Where 1t 1s expoged, the material 18 horl-
sontally bodded and fairly well aorted. Iaso-
lated boulders are preaent in many locali-
tles, however, particulariy in reworked de-
posifs or 1n those 1lsid down naar the ico.

Gravel in a tract north end wegt of the
Matanueka River and &xtending amouthwéstward
from eskerine deposits west of Hooae Craek
was deposlited by aggrading streams frow ice
which stood near Moose Crosk. The extenslon
of tbis deposit southwesntward wag partly lald
down by the sams gtrasmsg, but there the form
of ths deposit was wodifiea by the meltlng of
buried blocks of Loe. The whole deposit may
have been a vallay trein,

An slongate southwest-trending trsot
vetween Pelwer, Four Corners, and the experd-
ment station 1a oharscterized by slnuous
ridgss. Near the axperiment atatlion the
ridges have s relief as wuch as 150 feet and
are conaplcuously parallel; aeveral of them,
approximately levsl with each other, grade
into & flat surface at the experiment atation,
Clean 3and and cleen cobble graval ers oxpoged
in a gravel plt in one of the rildges. Hockle
(1942, p. 385) nas interpretsd these ridges
a8 crevasas (illings, deposits formed in ore-
vagses between narrow ridges of 106 mhich
later melted, leaving tbe interridge velleys,
Thne writer believea this interpretation to
be corrsct.

Sinnous and irregulsr ridges that cover
much of the tract lmmediately east and west
of Moose Creak end extending about 3 miles
weat of that gtresm arse probably esKers.
Similar ridges near Pittman, where they are
assoclated with hills of t31} aund with gravel
deposita modified by the melting of buried
ice, also are congsidered eskers. Elsewhere
iun the agrlcoulturel ares, end particularly
about 14 milse northwest of Waallla, there
are lsolated sinuous ridges which contain
gravel and which also probebly are eskers.

Some deposits of outwash aand and gravel
wers not differentiated during mepping, ¥oat
of thesse depogits undoubtedly were stresm
laid. Some of them ¢ap small isolated hills
of older deposita. Bowms, as the deposits be-
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tween Waallls and Kings Leke, may be super-
glaclal sorted debris let down upon ground
noraine by the melting of the last ice. Out-
wash deposits in the tract west and marth of
Pittmén probably sre chiefly 8lluvial-plaln
deposits and f1llings eround the edges of ice-
block holea. Reconnaissance field work was
done In that part of the agricultural ares,
howsver, end becauge of leck of &xposures and
poor topographio expression no attempt to
difterent?ate the deposita 1s made abt presant.

The tract oharacterigsd by crevasse
f1llinge, extending northeastward from the ax=
periment station, grades northward and scuth-
ward. Lnto aress of irregular ridges and de-
presgions. Cuks slong ¥he Palmer-Four Cornsrs
road expose horigontally bedded gravsl on
hilltope bstween depressions. The dspresslona
are interpreted as Lce-blrck holes, Thess
outs are prominemt in gravel deposlta north
and west of Palmer and extendlng south and
wost as far as Wetanuska and Wasilla,

Pitted topography 18 sonsplcucus also
betwesn Baka and Moose Creeks; there relierf
g8 muoh #s 150 fest ls common. The large de-
prossion that forma the lake busins gouth of
Wishbone B1ll conslets of 1ce-block holes,

The ice-block origin of the laks basins
neay Wegille end northweat of Fittman haae
already been discuaasd (p. §-10),

Beceuae of the number, alss, end distri-
butlion of 10e-block holes over most of the
Matanuska Valley agricultural ares west of
the Matanuske River, the writer concludes
that stagnation of fce and the resultent
pitting of the ground morsine and outwash de-
poalts were the dominant faotora in the forma-
tion of the topography.

Throughout much of the agricultural srea
glacinl deposits have been modified by stream
erosion. Small terradces are preaant in many
locallities; in gome there are several terraces
atepding onse above another., Terraces are most
conapiououvsly developed slong the Matanuska
River, between the Matanuake and Knlk Rivers,
and sbova the bluff overlooking Enik Arm.
Soveral of thase terraces north of Enik Arm
and alap thess along the Matanuska River near
end north of Palmer are pltted; the terraces
wore formed while blocks of stagnant ice
st1ll lay buried in the gravel. Pitting of
terraces 13 mogt copaplouwouws in the narrvow
tract west and north of Palmer (pl. 1)}; these
terracas glve way to plts toward the southwest.
A1l the higher terraces along the ¥atanuska
River near Palmer, down to and including that
on which Palmer 15 sltwated, ars attributed
to the agtion of mesltwater from 1ce which lay
up the Matanuska Valley. 8ome of them may be
equlvalent to terracea neéar Eska Creek, and
possibly to those esst of Kings River or
gbout 19 miles upstresm from Palmer. Terraces
north of Kalk Arm why be remmsnts of alluvial
plaina of both the Matanuske and Knik Rivers.

Soveral terraccs lower than tha one on
which Palwer 18 situated arse pressrpved on
botr 8ldes of the ¥sbanuska River near the
highway bridgs and between the bridge and the
Knik River. Some of these ware formed by the
Knik Hiver, They are not pitted.



At many placss along the Matanusks River
low tres-covered terraces stand a few feet
above the highast deposits of thes present
slluvial plein, Alluvial fana of many streams
flowing into the Matenuska River, such as
those of Moose and Eaka Oresks, have been
eroded by the river and trenched by their
own streams. Theae low terraces end fans
whiob sppear to be at least as o0ld as the cot~
tonwoods growing upon them (about 100 years?),
suggest that the Metanueka River has recemtly
been ervding 1ts alluvisld plain,

Most of the preceding discusslon has
been ooncerned with deposits of ssnd and grav-
6l at or just beneath the land surface, and
the ganerel thickness of these deposits has
been described. In the discussion ol the
t11) of the Matanuske Vallay agricultural
area older gravel deposits which underlie the
younger t1ll were mentioned. The older grevel
seems to differ from the younger gravel chief-
ly in having slightly cemented layers or
streaka. In expoaures in the Matarmsks bluff
(s@otion 2) the older gravel seems to be
8llghtly conaolldated because of binding by
911t deposalts of 3ilty sand and gravel at
the base of the bluff, formed by ralnwasn,
sre a3 firmly consolidated as gravel in the
bluff, 8imilekr alight consolidation was ob-
sserved ln gravel in the bluff at Goose Bay.

In additlion, howsver, gravel at Goose Bay
locally has been cemented by lron oxtide (sec-
tion 1); some of the gravel is sufficiently
comentsd that masses of 1t which heve fallen
from the bluff remaln as boulders on the deach
below, Slightly consolidated gravel, in iay-
ars tbat alternate with looss gravel, is also
suggestad by some well logs whlch record old-
sr glaclsl deposlts (tabls 2)}. Ths thickness
of the older gravel ia known at only one lo-
oslity, ARRG tract 132 (table 2); there the
gravel 1lg 97 feet thick and rests on what may
be older till,

Poat in gravel beneath till at Goosa
Bay hag been dsscribed briefly (section 1),
A sample of wood from thls peat, togsther
with samples from other peat deposits i1in
Aleaka, was analyzsd for tha Geologlecal Survey
by the Lemont Geoclogical Observatory of
Columbia University., The age of the wood, a»
determined by radlo-cerbon datlng, ls 18,100
+ 800 yeara (Kulp end others, 1952, p. 412~
413). A peat sample collected by Ernest
Dobrovolny, of the Geological Survey, beneath
t111 on the south bank of the Eagle River,
ascrosas Knlk Arm from Goose Bay, was dated at
14,300 + 600 years (Kulp, 1952, p. 263).
Correlation of asurficial till deposits at
Oocse Bay end the Eagle fRiver 13 Justified
by their proximity in ths same valley., If
the avarage values for the radio-carbon dates
are agoepted, thereforae, it 18 necessary ¢o
postulate thet the ice-frse period precedl
the sdvence of the 1ce that laid down the tll2
ovarlying the dated peat deposite mmat have
lasted et least 4,800 years in this part of
ths pegion.

Prom previously detsrmined radlo-carbom
dstes Flint end Desvey (1951, p. 283) con-
clude that the time maximum of the Maniato
ios advence in the State of Wisconsin wus
about 11,000 years ago. Ssamples of wood from
t1118 of the Cary{?) subaftage are older than
17,000 years, ené semples from t11ls of the
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Cary () or Tazews)l (%) gubstage, older than
18,000 years (Flint and Dewey, 1981, p. 286).

The writer coucludes tentatively that
the glsclel apisode dur which the esurfi-
014l sand near-surface till in the Matanuska
Valley agricultural aree was deposited corre-

eponds approximately in time bto the Manketo,

although 1t may have begun soconer and lagted
longer than the Mankaeto in the MNidwest; and
thet the peat at OGoose Bay and the Bagle
River detes from the prsceding warmer inter-
vel, The postulated older till cannot be
dated on the basis of svellable evidence, but
it waa prodebly deposited during the glacial
oplsode praceding the last.

Fluvioestuarine Deposits

Along and 'in Kni¥k Arm, glacisl sil}
brought into breckish water by the Knik and
Matenugka Rivers 1s being deposited in the
form of beachss and bara, North of Enik Arm
and weat of Matanuaka iz a flat surface which
stands 20 to 30 fest above mean seam leval,
Ihils flat is underlaln by tough, relatively
Impermeablé gray sllt. Streams crosaing 1t
are t1del; to the west they &re nearly bank-
full at the average hWign tide (the tide range
at Aochorege, farther west on Krik Am, ls
about 30 feet), and probably the flat is part-
ly covered at Very high tides, Farther east,
near Reedy Leke, thers are fresh-water bogs
underlein by gray silt senlch resemblea the
eatusrine sllt sesn farther west. S3tream-
laid sand forms the surface of the flat =t
Vatanuska and near the point at which Wasilla
Croak enters the flat., Ths boundery between
streem and fluvioaastuarine depoaita 1s thus
egtablished only within broad limita (pl, 1).

Opn a similar flat at the Exlutpa CAA
station, south of Knik Arm, the ailt ranges
from 4 £o more than 11 feet thick; a wel
about 20 feet deep pamsea througn the silt
and obtelna water from upderlying gravel.

The deposite benseath the flabt north of Knik
Arm may be of asimllar thickmess, but no ipfor-
watlon s avallable. It 1s possibls that the
contey of the eatuary formerly was much deep-
er thsn at present, and that thlck deposibe
ware laid down thers during the postglacisl
rise of sea level.

Bers in the modern estuary reach a lavel
somewhat lower than high tilde. It seems
Lixely thet thls relation exlsted during for-
mation of the flat north of Xnik Arm, and thst
the flat was formed during a stand of the sea
sovera) faet higher, relstive to the land
surfsce, than that of the present. Later dep-
osition during flocding dy very high tides
probably hes bullt up the flst somewhat and
gmoothed irregularities 4in $ts surface.

Nonglaclal Deposlbs

Windblown Deposits

Windblown deposlts mantle the surface of
the Matanuska Vallsy agrioultural area, with
the exception of alluvial plains rlong axist-

styeams, some recent terraces, flats aud-
Jeot to tidel flooding, and a few steep slopoa
in bvedrock., Over most of the agriculfursal



area this mentle conaists of silt or sandy
s1lt (loess). Send 1s present in seversl
lece) areas, generally &s dunea. Thes¢ wind-
blown deposits have bean discuased by Tuck
(1938), Rookle (1948), mnd Bleck (1951).

8amples of loess and dune sand (table 4)
ahow the excellant sortlng characteristie of
windblown depositsa,

Cobbles and pebbles present iIn the loweat
foot or so of the silt in many exposures of
loess are attrldbutsd to overtirn of near-
surfgoe gravel, when the losss was thinner
than et present, as a result of the fall of
trees end the tosring up of the roots (Lutg
and Griswold, 2939).

8amples of 9and and silt examined urder .
the mioroascope oonsist chiefly of quarty
graine which; exsspt for the larger grains,
are fresh and angular. Chips of dark rock ark
Included among ths sand gralns,

Interbedded with windblown sand and silt '

are layers of light-colored volcanio ash.
Where the deposits are thick, near the Mete-~
nuske River, five $- tod-Inch layers are
pregent; two ara togsfher neer the base of
the seotion, two are higher, and one L2 by
itaself In the uppsr part of the aection. In
& thinner gaobtion of loess west of Palmer 1t
{3 not posaible to distingnish &ll flves lay-
ers or any ocloasly spaced palrs. West of
Wenilla, asbh wea recognlzed only in thick
sllt depoaits whioch evidently had been re-
worked; elsewhers ths ash, 1f present, ia
masked by weathering,

Wany seotions of windblown material alaso
contaln roote, (regments of wood and bark,
and %~ to 13-inch layers of woody dobris,
80m® oxposurea the loess contains smell
sholls, and moet exposurss ara charaotsrizsed
by derker end lighter brown-coldr bands due
to weathering.

In

Tae dunes are composed of inclined veds,
Some of the sand and sll the loesa daposlts
are badded psrallel to the land surface.

0ld AQunes coversed by weathered zand and
811t are prassent southwest of Fiash Creek and
abovs the west bluff of Mooas Creek, Modaern
dunes extend from the Enlk River neer Jim
Croek ebout a mile northweatward toward Boden-
burg Butte. A ridge of horlzantally bedded
windblown sand capped by cllff-head dubes
that probably are atlll being formed oxtendas
northward about 2 miles along the weat Mata-
nuaks bluff, begioning sbout 13 miles north-
woat of the highway bridge near Palmer.

The horiwsontelly bedded send elong the
Eatanuska bluff 1a locally at leest 40 feet
thid., 1t des westward into loesa, Wear
Palmer the ?Zies is 3 to 5§ feet thick.

Thick deposits of loesa are prassnt &lso near
Bodenburg Butte, At Wasills the loeas L8
commonly 18 inches thick or less, Over the
part of the sgriculturel arsa west of Wasilla
it 13 generally less than 12 inches thick.

Near Palmsr ths loess and sand may be
sorrelated by means of the layera of veéloanis
ash they contaln; the topographically contin-
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wous deposlts farther west are provadbly of
sbout the seme age. Al)l these deposits ars
postglaclial, The windblown matariel wes probe
ably derived echiefly from bare alluvial

pleins of the Mabtenuska and EKnik Rivers.

Near the Matenuska Rlver modem depoaition of
windblown dust continues a8t & measurabls rete
(Puck, 1938, p. 849). It is unlikely, however,
that deposition 1s now glgnifiocsnt in the
western part of the agricultural srek.

Windblown sand and s1lt in the agricul-
tural area ars relatively permseble; oxcept
where they are underlain by impsrmeadle mate-
rial, they are well drained.

Other Deposlts

The rounded upper alopes of lazy Mounw
taln ars covered by & mantle composed of a
heterogeneous mixture of sngular rock frag-
ments and fine-grained wmatoerlsl, In appsar=-
ance it dlffers from sandy till In the weather-
ed cheracter of 1ts fragments sand in \ta lack
of compaction. Ths deposlt 13 sttributed to
breaking and transportatiopn of rock meterial
by frost ectlon. Slmilar deposita formed from
uwpderlying unconsolidated materirls have beemr
recognlzed st a few locallitlies on the vallay
floor. The coarse frost-dlzturbed materiel
13 relatively permsadle, the silty materlal
lasa 80,

At an altitude of sbout 2,800 feet on
the scuthwest slope of Lazy Mountsln the frost-
disturbed menble containa rounded granitic
boulders unlike the bedroak exposed on lazy
Mountein. Thess boulders mey rapressnt an
older glaclation during whiob lce covered
lazy Mountain,

Talus deposits are prement bangath rock
olilffs along the sides of the valley; they
ars best developed béeneath Plomeer Peak.

They ere composed of angulsr rook fragments
of a wide range of sigas, The deposits have
been formed by rockfrll, rockslids, aund ava-
lanchs (snowslide), They srs relatlvely per-
meable,

Deposlta of silty poorly sorted and poor-
ly permsable material trangported by alumpe
ing, relowash, or nmudflow &re present loeal-
1y slong bluffs cut in unconsclidsted matera
lal, Most of these deposits oconelat of silt
encrusting the fases of bluffs end of silty
gravel in layered or msssive aocumulations be~
1o;1bluffa. Some of them closely resemdls
tiil.

Several small alluvlal fans are present
wedt and south of Iazy Rountain, They are
composed of poorly sorted ssnd and gravel in
which many of the stones ere angular or sub-
apgular. Irregular bedding and channel cut-
and-rill atructure were observed at one lo-
ocallty on the slope of Lazy Mountain, Thsse
deposits are relatively permeabls.

lake ramparts--ridgés of sand and gravel
dullt elong lakeshoress by 1¢e push--are pres-
ent abt many of the lekes in the agrlcultural
arsa. Commonly they are & few feet high., At
some lakes asveral ramperts are present,



Beaver dams may be seen along many,
streams, or at the downstream ends of pondas,
in the agriocultural area., Most of the dawms
the wrlter hee Se¢sn are abandoned, breascheq,
and tree covered.

Deposits of reworked gravel, send, and
s1lt ocour along the channels of exieting
nonglaclal stresums, Many of the lakes of
this erea are belng filled by the deposition
of peat in the water near shore. Pest 1s al-
so being deposited in poorly drained tracts
throughout the arsa. The thickest psat knowm
to the writer 18 a sectlon 2.7 meters thick
measured by W. S, Benninghoff,of the OGeologi-
cal Survey; this sectlon lies to ome side of
the axis of the bog, so thet a greater thick-
nass ie probaebly present. The bog ls about
2% miles southeast of Wasilla. According to
D. L. Irwin (personal communication, 1949),
deposits of oalcarsous warl, formed by the
plent Chare, ore present in many lakes.
Scattered olam shells may be seen on the
bottoma of some of the lakes, but the writer
has not seen accumulations of these shells.

&) a Prozen Ground (Pgmma t

Perennially frogzen ground (permafrost)
was found in three bogs. On plate 1 thase
bogy are located es followa: 2% miles south-
eagt of Wagille, 2-3/4 miles east-southeast of
Wasilla, and 2% miles west of the experiment
station., A fourth locality, in a bog three-
quarters of 8 mile south of Palmer, 1s de-
soribad by Dachnowskil-Stokes (194)1). Mo doubt
there are meny additional localities in the
egricultural area in which smll poorly
drained areas are underliain by thin dodies of
perennially froren ground.

A pit dug in the bog about 24 miles
southeast of Wasilla exposed frozen peat
underlain by frozen wind-deposited silt (loess)
21 inches thiok, in turn underlain by non-
frozen saturated gravel, The frozen loesas
contalns orystals, velnlets, and smaell
irregular masses of ice, together with many
woll-preserved twigs and other bits of wood.
The game loess, where it overliss the gravel
on tha billtop adjacent to the bo% on the
aouth, is 18 to 20 tnches thick; In some sec-
tions on the hilltop the loess contalns poor-
ly preserved woody materizl, The writer be-
1{eveg 1t likely thet the presense of many
wood fragments was charecterlastlc of the loess
in genersl during its deposition, and that
thney ars not psculiar to the loeds now found
beneath ths frowven peat. It seams llkely
that wood In the loess beneath the bog was
preserved by baing frogen at sume time sub-
sequent to deposition, end that wood in un-.
Prozon looss nearby was largely destroyed by
wes thering.

The perennially frozsn grouad in this
bog roats on glacial deposits and lnvolves
loeas; it 1s therefore postglaclal. It prodb-
ably was not formed until the loess mantle
had reached ppproximatsly its total thick-
ness {n thla part of the agricultural areaj
A1f 1¢ bad been present during depoaltion of a
large fraction of the loess, allty peat prob-
ably would have been deposited in the bog.
1t hae remained frozen for all or almost all

18

of the time since 1ts formation; 1f it had been
been thawed for long intervals, weatherling of
the loesa end lts organlc contenta should

have becowe well advanoed, The evidence ob-
tained does not permit more detailed deting

of the formation of the frogen ground.

The writer saw no evidence suggesting
that postglacial perennielly frozen ground
has been widespresd in the agricultural ares,
or that {n bogs such 8¢ those cited it has
extended very far beyond the present bordeérs
of che bogs.

Poatglacl w ng and Erosl

Bostglacial weathering and eroslon in
the mgriculbural area began in each part of
the srea as soon as it became sxposed by the
melting of the gleclal ice. :

Greengtone and clesely jointed shale
where they are exposed, have generally under—

* gone deeper weathering than maaslve graywaocke

and cleap gandstone. The only glacial polish
the writer has seen preserved on dbedrosck is

on Bodenburg Butte, in spota where the polish
has been protscted untll recently by the loess
cover. Disinbtegratlon of bedrock ls ohiefly
by froat wedging, but weakening and expansion
due to chemical changes probably are important
contrlbutory faotors. Eroslon of bedrook is
mimportant wlthin the agricultural aree.
Cutting of rook walls by the Matanusks River
upatream from Palmer, and by Moose and Wolver-
ine Creeks, may have occurrsd during degla-
clation; possidly the gorges are partly in-
herited from a time preceding the lsat gla-
clation, Modern erosion of bedrock 1s most
svident nlon§ the wmalls of the valley, where
talus 33 still belng formed by rockfail,
rockslide, and soowslide,

Over much of the agricultural area t11ll
and gravel are protected to smome extent from
weathering by the loess maentle. Postglacial
erosion of till end gravel has not besn im-
portant except along the Matamaka and Knik
Rivers and slong Knik Aym. The conspiouous
terraces desoribed in earlier pages of this
report wore formed chiefly during degleocla-
tion, although cutting of the lowser terraoces
appears to have oontinued to ths present,
The most oonspleuous modern eroslon 1s by
mdercutting and, slumping of the Metanuskas
bluffs south and northeaest of Palmer. There
18 muoch arosion of chennel deposits by the
Enik Biver during $its ennual flood.

Ho evidence of important erosion was
found in most loess sectiona, but & greater
thickness of deposits in many velleys énd &
‘lesser thicimess on adjacent hilla suggest
that eroslon of the lospss has occurred. The
topography does not seem sufficient to cauwse
differential original deposition by the wind,
The writer believaes that throughout the period
of deposition newly fallen dust was washed or
blown from billsidee Into adjacent valleys,
Folding of older layers of volcaniec ash end
of weathering zones may be seen ip many ex-
posures of loess. This deformation, which
occurs on flat tracts s well ms on slopes,
18 attributed to frost sotion durlng the
sarlier part of the perlod of loesa deposi-



tion. Chemical 'eatharinf of loese 1is shown
by alternatling bamds of lighter and darker
brown sllt 1n many expoaures. These bands

are commonliy parellel to the present land sur-
faes; they probably were formed during periods
of temporarily slower dust deposttion before
being burled by further deposition. Over
mogt of the agricultural area west of Wagllla
the losss is s0 iron stained that ash- layers
snd color bands, if they were present, are
completely masked &xcept in thicker deposlts
in valley bottoms.

The solls of the area have been desorib-
od by Rockie (1946) and by XKellogg end
Fygard (1651), In the eastern part of the
aroa, particularly near Palmsr, soll is de-
veloping on windblomn sand and silt which 1s
relatively thick; soill formation at no time
has progreased far becsuss of continual addi-
tion of fresh parent material to the land
surface. In the western part of the ares,
whore the leoess 13 commonly lsss than a foot
thlck, soll-forming processes have affected
not only the loeas 1tsolf but, in many seoc-
tions, the uppsrmost part of the underlyl
glacial material. Kallogg and Nygard (1951},
p. 72) bvellieve that podtgfization (formation
of podzols or forest s0ilg) 1s the dominant
soil-formlng proceas but that podzols have
been formed only where depoaition of windblown
material 1s slow enough that podzoligation can
keop pace with sddition of new material.

Water erosion of the loess mantls is un-~
important, The high permeabllity of ths
meterial and the presence of the vegetatlve
cover {and perhaps the low rainfall intensity)
make surface runoff negligible, Wind ervsion,
axcept on bare alluvial flats, was insigni-
f4cant prior ts the Intreduction of agricul-
ture in this srea. At present wind srosion
19 a serious problem in some cleared agricul-
turel land, particularly in the path of win-
ter storms moving down the Matanuska Valley.

Qusternary Higtory

There 1s 14ttle svidencse of the form of
the preglacial topography 1m thls region,
but the mountalns must have presented a dif-
ferent appearance before the glaclal over~
steepening of slopea. Oversteepening i1s most
pronounced along the front of the Chugach
Range, where asveral promlnent spura were
truncated. Bodenburg Butte and the other bed-
rosk hills betwsen the Matanuaka and EKnik
Rivers probadbly are remnants of the preglacial
divide aeparating those streams.

The writer has found evidence for two,
sy the most, glaclial episodes in this area.
The oldsr, fess well astablished, of these
aplsodes, which the writer believes resulted
in deposition of the now-burled older till
and gravel, has no surfase expression In the
ftopography of the valley floor,

The deposits of the yowngsr ice form the
surface over most of the agricultural ares.
Nonglacial procasses, during and after melting
of the last ice that lay ovey the valley
floor, have modified the deposits left by the
loe and formed nonglaecial deposits.

The geologio msp (pl. 1) and the section
given in figure 2 summerize the surficial and
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vear-surface deposlts of the Matanuska Valley
agricultural area. A brief summary of the
development of the topography of the vallay
floor, as already interpreted in this report,
follows.

The last $ce tongue to lie over tho
agrlcultural aresa, & large glacier formed by
the merging of the Natanugka esnd Knik Glaclers
of thet time (and possibly including 1c¢e from
farther up the Matanuska Valley), sxtended &
fow mlles west of whet ig¢ now Big Lake, whore
1ts erd moraine ls preserved as an arcuate
band of hills. Deglaoiation over most of the
valley floor was by stagnation. The bshavior
of the Knik Glacler at thet time 1s not known,
It has been asuggested that during melting of
the 1ce the topography formed depended large-
1y on the distribution of rock debris in the
ice. Water from the melting ice cut shallow
valleys acrosas the ground moralne and deposi-
ted gravel in them, The last fragments of
ice that remained, blocks lying 1n depressions
on the moraine, were partly surrounded by
grevel deposits before they melted entirely.

arther east, meusges of stegnant ice wers
surrounded or buried by thicker gravel depos-
1ts. Melting of the burled ice blocks and
collepss of the gravel ocovering them led to
formatlon of the Iirreguler topography cherac-
teristlic of this part of the vallsy floor.

The glaclatlon upon the valley floor
was accompanied by glaciation in the surround-
ing mountelins. The larger mountein valleys
held tributary glaoclers which jolned the main
{ce stream. In many of the smallsr mountein
valleys were glaolsers which did not join
larger glaclers; their moraines maAy be gseen
in valleys above Eklutne Leke, up the Little
8usitna Canyori, spnd up the veileys of Moose
and Wolverine 6reeka. Many velleys and moun-
taln slopes which were not glaclated were
affscted by frost action due $o the same oold
olimte that produced the glaclers, and
these were covered by & mentls of frost-dis-
turbed debrisz, Rook glaclers now presorved
in some of the mountain valleys may hsve besn
formed at this time.

Meltwater from i1¢e farther up in the
Matenuska Valley flowed southwerd upon leav-
ing the mountain valley northeast of the slte
of Palmer. This cbangé of course way have
been becauee of ice which lay 1n the way to
the west, The meltwater atreams repeatedly
made chennels and trenoched them, producing
the comsplouous terraces which border &the
present Matenuska River.

During or after deglaclation streams
flowing down the mountainsides borderlng the
valley began t0 build alluvisl fana. Beneath
steep slopes talus b:fan to acenmulnte,

These deposlts are atill being formed todey.
Probably auring deglaoiation, and certainly
afterward, wind ¢erried dust from ths bare
alluvial plaing and deposlted 1t over the sur-
face of the vaelley f{loor. Deposition of wind-
blown dust hes c¢ontinued to the present; the
gl1lt forms the perent material of most of the
oultivated soil in the egricultural aves,
During the early part of the period of duat
dapogltion there wes at lesst one perlod
characterized by frost dlsturbance of the
loess. Locel bodles of parennially frogen
ground were formmed 1n bogs; they have not

been dated but are probably later than this



froat ection.

The gredisnts of the terraces thet stand
et about the level of the present Watanuska
River and Knik Arm euggosb that the water
bedy into whlch the méltwater streams flowad
gtood consideradly below present sea lavel.
During dsglaciation ses level rose; salt waeter
partly rilled the lower reaches of the Kaba-
nuska-Enik Valiey and an estuary, Enik Am,
was formed. Glaoclal edlt carried lmto Kmik
Arm wes deposlted es berg. Some of these
bars, which now gtand above the level of
average high tide, suggest that ab least
once during postg&ncia time nea level was
somewhat highar, relative to the land surface,
then 1t 1s now. Activity of the streams con-
tinuea, and low terraces along the Matanusks
River suggest tnat the river hes recently
been eroefng its alluvial plain.

GROUND WATER
ogeurronce

Balow a certain level in ths near-surfacs
part of the earth, the pores or lnterstices
betwesn fragments of ungomsolidated sediments
and the fisgures and other openinga inr bedrock
are saturated with water, The uppsr surface
of this 8 is known &3 the
watsr tabie. ‘Water ococurring below the water
table 1s gpggﬂg wator. Between the water
table and the lend surfacs there 18 cmmonly
e zone of ag;g%}gn in which the poirs spaces
and other openings are not saturated.

. Ground wmter 1is dorlved from yaln, from
the melting of anow, and from surfage bodles
of water. Tne water moves dommward through
the zone of geration until 1% reaches the
water table; it then mligrates from higher to
lower parts of the eaturated zons until it
48 discharged neturally through seeps and
springs inte streems or lakes, or by evapora-
tion, and by branepiration of plankts, Arti-
ficlal diacharge may take place from wells

and improved springs, which are excavations
extendlng below the water table.

Locally, flne-grained or denss material
which dosgs not pe t casy passages of water
(thet 18, wnlch 15 reletively impermeable)
may ba surrounded by relatively permeable
material. If the uppsr asurface of auch en
impermeable mags ie bolow ths land surface
apd 1s sufflclently extensive, it may hold in
the permeable materlal above 1t a body of
perched ground water that atande higher than
the general water tablo &n the surrounding
arsda, BStreams, marshés, and lakes ere present
st places where the land surface intersscis
the watsr table; thene features are therefore
commonly ooneidered to mark the losel posi-
tion of the wator table. Bodies of surface
water may bs perched upon impermeadble materi-
el, however, and ceution must bs peed in in~
terpreting a lake or streem as an lndlcator
of the local water table.
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Wetar-Bearinz Materdals
Bedrock

Although several wells have penetrated
bedrock in the Natanusks Valley agriocultural
ares particularly in ths vieinity of Palmor
only & fow have obtalned water from it. woli
70 - (well records, table 5), on the farms of
Victory Palk, Jr., near Bodenburg Butte, iB
in rock from 36 fest bolow the surface to its
total depth of 110 fset. The roaok is probab-
ly greenstons, Ths driller's log reports
water st several places, c¢chiefdly below &B
feet) it ia probably derived from fresctures
in the rook.

The Lester (123), Oregerson (120)
Enapp (136), Mehan (3%6), and Cope (142) welia,
in or near Palmer penstrate bedrock, elthough
the Xnapp well, at least, may derive 148
water from overlylng gravel., The old slaugh~
terhouse well (144), fn roek, and the old
nospital well (135), which may hsve penetrat-
od rook, obtained salt water {(sse ssction on
fQuality of water"). Two other wells, proba-
bly 6160 in Palmer, obtained salt water which
mey bave coms from bedrock.

Bedrock is at best 8 poor water-vearing
mtortal in the Mabtenuske Valley agricultural
are8. In most drilled wells whiloch psnetrata
Dedrock, the bedrock part of the hole serves
morely ¢o collect and hold water derlved
from the overlying unconsclidated materlial,
Wells puch as those an the Bugge end Thuma
farms (128 aend 145), which sre sested on bed-
rook below the water teble, have proved satis-
faotory., If bedrock is found near the eur-
face auring well comstruction, 1t will proba-
bly be wlser to move to ome sids, szaoo pormit-
ting, and begin 8 new well rather than to
undertaks blasting in a dug well or more
diffiouvlt drilling in s drilled well,

Ti111 ("hardpan”)

About 25 wells have obtsined water from
411 in the Mataruska Valley agricultural
area, Many other mells heve passed into or
through till and dertve thair water from
gravel lylng over or beneath it.

The 54111 1s relatively Impermesbdle.
Pleld tests made with a variable-nead psrmea-
meter auggest that 1ts permeadllity 18 of the
order of 1/10,000 thet of outwash sand in this
aree, The permeadility of thin sand layers
in the %1131, on the otheyr hend, 1=z oomg;:abla
with that of surfictal outwaeh sand. re
t11l lies neay .the land surface, bodles of
surfece water or bedles of ground water in
gravel may be perched above it; where till
lies at and lmmedlately below the water table,
water In resaonabld quantity oannot be obtaein-
ed from tha uppsr part of the satureted zons,

In elmost all wella that obtain water
from £111, the water ocours in sgand or gravel



layers within the till, These psrmeable lay-
erd are commonly 1 foot or 1lese in thlclmess,
as in the Nasn (8), Venne (22}, Moore (230},
and Bailey (343), wells, but there are some
thickar water-dearing zonas. The Withey well
(474) obteins water from 8 23-f00t zone of
sandy material, A Oeologilcal Survey tast
nols (4) in till penetratsd 1 foot of coarse
sand, 2 feet of gravelly material, and 1 foot
of fine and medlum sand tafore pessing into
t11l agailn at ¢ depth of 26 feet. Water
seeps into well 2, at the lasy Mountaln
Childrens Home, at several levels; the watsr-
bearing material msy be superglecial t1ll
rather than laysred sand or gravel, however,

Water obtained from near-surface till,
as at the legy Mountain Childrens Home, is
probably derived from precipltetion failing
upon the land surface. The writer bellevea
thet water obtalned from included sand or
gravel layers 3a derlved from the till itself
by downward percolation, and that the quenti-
ty of water obtninaebls depands not only upon
the permesDility of the t1ll end the eize of
the wall which collscts the water but also
upon the roof area of the sand or gravel lay-
ar.

The 1lmportance of fractures ocutting £ill,
end sandy or stony layers in Lt, in the move-
ment of grownd weter through the till cannot
be estimated because of the inadsquacy of
axposures.

Springs lasulng from till are uniwypor-
tant. Beepago from thin send or gravel lay-
ers in ti1ll may be obaserved in some exposures,
as in the east DLluff of the Matanuaka River
about half a wils north of the hlghway bridge.
The flow of water from seeps the writer has
obaerved 1s pot sufficlent for more then e
vary smell supply, but the water way present
a8 drainage problem if the till ie to be exce~
vated,

The yields of wells in till ars small
at best, but a well penetrating one or more
water-bearing leyers mey provide a modest
supply for a hougehold or for a limlted num-
ber of liveastock, The Cook well (338) yleldad
about 50 gallons of water per dey in 1949 but
was dry during ths dry summer of 1860. The
FNash wall (6) ylelds about 100 gpd regularly,
and the Kibbe well (585), 150 gallona. Gso-
logical Survey test well 3 (well 4 In table
of well reocords} was pumped steadily at the
rate of 30 gallons per hour over a 3-hour
perlod, with a drawdown of 19 feet., The re-
covery of weter lavels in wells in till may
be slow} an extreme exemple 1a the Bradley
well (607), 8 lerge-dlameter dug well, in
which the water level requirsd 7 dasys to re-
cover after 250 gallona had veen pumped 1in
45 minutes. :

™o developmsnt of ground-watsr supplisg
from till, even In limited amounts, wust be
consldersd becavge of the current need for
water supplies In areas of til)l that are al-
ready settlsud and bscmuse aof possldle future
need in 1ar§e wngattlad arsas of potential
agricultural land that are underlain by tilld.
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Outwash 8and and Qravel

In the Matarmska Valley agricultural
area sandy gravel and subordinate sand and
6loap gravel are of such permeability as to
be good water-bsaring material whersver they
oceur below the water table, Most wells od-
tain thelr water from these materlala.

Over & largs part of the agriculturel
area ground water ls pregent under water-
table oconditions, Perched water bodiss cause
apparant local lrregularities in the level of
the water tebls. On ground morzine in the
weatern part of the aree lakes, marshes, and
bodlee of ground water in gravel are common-
ly perched on till, In some horlzontally
bedded gravel deposlits ground-water bodies
are perohed on silty layeras, The Brown (43},
Rippy (43), and Bastisp (44) wslls, at the
east end of Bodenburg Butte, obtain water at
& depth of 28 to 35 fset. The Gallagher
woll (47), a few hundred faet west of the
Baatlsn well; passed through & thin body of
water at about 34 feet. The static (non-
pumping) weter lsvsl In the Gallagher well

‘waa B3 feet below the lend surface in Septem-

ber 1961, It 1a likely that all these wells
reacbed or passsd through the same body of
water; the lmpervious layer benesth 1t may be
buried channel flaored with atlt. Perched
water, in bodles as much a3 a few feet thilok,
won found at several other levele In the
Gallagher well (Frey, J. D,, personal communi-
cation, 1851),

Apparent irregnlarities in the water
table may also be due to the presence of rela-~
tively {mpsrmsable materisl at snd below the
lovel of the water table, A tlll layer in
gravel beneath part of Wasille lies st the
mator table over an srés of at least 1 %o 2
aores. It was found in the F, Swanson (5613),
Wasilla Hotel (519), 8. Swanason (520), and
Teeland Store (521) wells (Fablan, Jack,
personal communication, 1949). In several
of theae wells water 18 reported to have
rlaen &8 much as several feet when the base
of the till was penetratsd., Till in the Berp-
man wall (53L) tg beneath the wetar table.
T£1) was not found 1n welldg surrounding thoss
ligsted above.

Many of ths small streams flowing aorogs
gravel depoalts appear to be psrched., Water
in tbe Oarson well (576) ptands 53 reet bolow
the surface; a creek a few hurdred feet away
13 only about 6 feset lower than the ground
surface at the well, or 27 feet above the
wator table at the well. Well 412, on the
Kirohner and Menk property, is 20 feet from
Wspills Creek end & feet above 1£; the water
level In the well 1s about 7 feset lower than
the bed of the atrsam, and ac¢cording to re-
ports, movement of ground water &t the time
the well mas dug was in the direction oppo-~
alte that of stream flow. fThe watsr lavel in
USGS tegt well 2 (well 57) La about 30 faet
below the bed of Bodenburg Creek, 50 feet
eway, It aeems likely that the beds. of thease
streamgs have been rendered relativsly impar-
meable by a4 Psesl” of silt in the gravel over
which they flow, although thez probably feed
the ground-water body to a sllght degree.



In many wells that mamws through a burled
stratum of till and into gravel beneath,
water rises into the well to a level higher
than the bags of the t11ll. In geveral suoh
wells (for exemple, the Bryant (287), Gaylord
(204), Palmer (383}, Bemson (384), and Hemmer
(398) wells, west and northwest of Palmer)
the static water level 1s higher than the
upper surfaoce of the tilli. n the Palmer
tost well (383), on a hnlll which rtaes 30 to
40 feet above the surrounding surface, the
water rose withtn 20 feet of the surface.
Pigure 5 swmarizes the available information
on the depth and thlckness of the %1l stra-
tum and the water level In wells along & 886~
tlon west and northwest of Palmer., It is svi-
dent that iwperfect artealen conditiona are
developad locally whers the buried €111 stra-
tum ia present,

With the exoceptlon of Keeps from eand
layers in til), all the springs sesgn by the
writer derive their water from gravel. The
springs oococur in three genersal sltuations:

(1) in satursted gravel below the water table,
exposed by recent stream erosion, and at
springs along tbe Matanuska bluff south of
Palmer and near Matanuska; (2) 1lu topographic
depressions whore the water teble intersects
the lend surfeacé, as 18 probably the-ease at
BPrazil Springs northwest of Palmer; and (3)
et the contact of saturated grevel and under-
lying t11l, aa on the nillside ebove (east of)
the mouth of Fiah Creei,

Only one well in the Matenuaka Valley
agricultural area has been pumped at a rate
greater than 100 gpm. This 13 well 363
drilled as a test well for the oity of Palmer.
It ylelded 118 gpm with 38 feat of drawdown,
after 16 hours of pumpipg (Bourne, 1852).
Therefore Lts epeclfic capaocity was about 3.4
fpm per £t of drawdown. 7This well was fin-

shed with e sorasen. It obtalvs water from
sand and sandy gravel benesth & buried stra-
tum of till. USGS test well 1 (well 37)
ylelded 44 gpm with a drawdown of 5,6 feet
after 44 hours of pumping, It 18 a 3=imen
open-end well, In view of its small sige,
lack of a screen, and higher spesific capaoi-
ty, it must penaf‘.mta materlal more productive
than dtd well 363. These are the only wells
in the agricultural area that have been pump-
ed et a rate grester than ebout 20 gpm, Farm
wells are unsually pumped at rates of a few
gfm for onlv short periods. Aocording §o

vers (le3L, p. 17%; the Hemmer well® (398)
has yielded 4,656 grm’with a drawdown of 7
fest, in & 24-nour test.

¥ost wells 1n the agricultural area, angd
all those produsing more than abdbout 200 gpd,
obtain their water from cutwash eend and
grevel., There 18 no reason to doubt that
viaelds of wells 1ln sandy gravel in ths agri-
cultural area osn be substantlally inereazsed
by use of well screens and proper development
practlces. :

Windblown Sand and 811t

The windblown sand and 811t whlch mantle
glacial deposits in the Matanveks Valley agri-
cultural area lie above the water table
genamlly are not saturated. They are impor-

ant in the hydrologle cyole, Nhowever, beonuge
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they xre permeable and permit rapid infiltra-
tion of water that. reashes the land aurfece.
Information obtained during irrigatlion experi-
meunts (Wlson, C. W,, personel communicstion,
1951) showa that on 2 farms, 1 at Palmer end
the other near Hatanupks, Inflltration of
water Into agricultural soll may take plsoe
at tha rete of at least one-third inah per
hour for several hours, without perceptldle
runof?f,

Small perched bodies of water occur in
eolian sand and =tlt on the Holtst praperty.
along the Matanuska bluff about 4 mlles north
of Palmer. The water is present only beneath
depresglons, which are interpreted m=s pits
formed by the melting of buriled dblccks of
glacial 10e. The impermeable leyor which re-
tainz the water i1s probably the residue of
unsorted glacial dsbris which was laft upon
molting of the ice or the deposit formed in
a pond which may heve oooupled the plt during
melt of the 1cs. By propsecting with &
posthole auger Mr. Holtet has found water in
many of the pits on hia farm; no test holes
on hilltops or rldges between pits struck
wabor, howsver, The sand and silt range from
9 to l4 feat in thicknesa; the perched water
bodies ere from 3 to 7 feet thieck., Most 1ndf=-
vidusal pite cover a few acres or leas. FPigurs
4 19 a section throngh a typicsl pit. It is
evidant that ths water 1s derived only from
preclpitation recelved within the pit 1taelf,
and tgnt the quantity of water present in a
aingle pit ls small, Perched water in aollan
depoalts hes not been reported elsswhere in
the a ovltural area; 1t is probably preeent
only in restrlicted arsss nesar the Matanuske
River wnere the eolian materisl is thiock and
1a underlaln locally by impermeable materlal.

of p c

As an ald in the atscuasion that follows,
the writer has divided the Matanuska Valley
agrleultural area into phyeélographic units,
The differences 1n the land surface 1n these
unlts are a reflection of wajor differences
in thelr geology. These Alfferences cause
gignificent changes in hydrologlc oconditions
from ope unlt to another. The location and
boundaries of the aiogmphic units ere
indlcated 1n figure 2, eographlc names are
applied to the units only for conveniance of
reference in thls report.

largy Mountsin (Unit 1)

The western slope of Legzy Mountain snd
the trest that extenda westward from 1t to
the Matanuska River (hsreafter termed the
lower slope) conatitite physiographic wunit 1.
The higher slopes were not glaclated and are
Qbmposed of rock covered by slope depositm.
An intermedimte mection of the alope consista
of lateral-moraine and alluvial-fan deposits,
The lower slope, which 1g more than half of
the unit, le composed of ground moraine or
gravel-covered terraces cut into 1it.

Tha talup and frost-disturbed deposits
on the upper slopses of lery Mountaln gre re-
letively permerbls, Stresms which derive
thelr water from these materials, and poasibly
in part from fractured bedrook bemsath them,



continue rlowing down the west slops of the
mownteln during prolonged dry weather. The
alluviel fangs at the foot of the stesp slope
are composed dof relatively pemmeadbls sand and
gravel. The lateral moraine and the lower
slope are relatively impermeable till. Seeps
occur along the lower edges of the mlluvial
fena where ths underlying till reeppears at
the surface.

The lower slope ls poorly drained and,
in places, marsby, Wells in the t1ll heve
rangad from unsueoessful to moderately suo-
cessful. USGS tast well 3 (well 4) and the
Boochikx (B) and Nash (6) wells penstreted
thin water-bearing layers in the t1ll, A
wall at the Lazy Nountein Childrens Home (2)
obtains water from slightly permesble near-
gurface till. Aoccording to reports s woll
begun on tha Copenburg proparty, svout a
quarter of a mile north of well 4, is dry at
a depth of about 50 feet, The success of a
well in the tLl) is dspendent upon its pene-
trating a sorted layer thet 16 water-bearing.
The location, thickneas, snd extent of these
layers cannot bo predic%od on the basta of
avallable ovidencs. The probadility of find-
ing water-bearing weterial in till nedr the
surfece sesma to de higheat 4f the well s
looated in one of the shallow valleys that
trend 4do0wn the lower Lazy Mountaln slope, It
1s unlikely that the average well in the till
will yleld more then & modest housebold or
farm supply.

Smell sespa ooccur along the bLluff about
half a mile north of the Matanuskam Bridge.
Similer seeps frow till along the hillaide
overlooking the lower ground south of the
lower 3)ops of Lazy Mountaln yleld enough
water £o hinder excavation or to meke draln-
gge of ocompleted excavations aifficult.

In the trilenguler traot between the Mata-
nuska River and Wolverine Oreak eeversl
terraces lndsant the originel til) surfeoe,
Raoh of these terraces is oovered by gravel,
The Steward well (1), on the uppermost tar-
rece, passes lnto tiil 10 feat beneath the
surface, No other wells have beén oonstruated
on those terraces, and the thiokness of the
gravel deposits 1s not kmown. By analogy
with terraces on the other aide of the Mata-
nuska, howaver, 4t seems llkely that till 1s
nesr the ourfece on the higher tarraces here,
Exposures along the river and along Wolverine
Oraok suggeat that bedrock ls near the sur-
face on the lower terrsces. Nonetheless,
this terraced tract 1ls the most promising aree
for develomment of ground-water supplies on
the slope of Lazy Mountain. Where a oholoe
of loocatlon is poagidble, the most favorable
i1s toward the center of a terrace, away from
its ioner and outer edges.

Small gravel-covered terrece remnants
are present on the slope abovo (north of)
the Matenugke River bridge. A spring on the
Olerk property discbarges 3 to S gpm and 18
reported (Clark, Frank, personsl commwunioca-
tlon, 1949) to have a feirly regular flow,

The writer bBelieves it unlikely that a
desper gravol stratum s present beneath
t11l on the slops of Lazy Mountaln,
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All tbhe ground water present in deposlts
on this slope is derlved from precipitation
upon 1t.

Bodenburg Terrace Area (Unit 2)

The land surface in moat of phyelfogrephlc
unit 2, whioh is the traot betwsen the Hsta-
nuska and Knik Rivers and the mountaina to
the east, conalats of stream-leid sand snd
sandy gravel. Bodenburg Butte and smaller
hills of bedrook, eand a few hilla of till,
protrude through the gravel deposita.

The part of this area mepped for this re-
port 18 well dreiped; to the aoutheast the
surface ie lower and warshy, Bodenburg Creek,
688t of the fnchorage-Palwer highway near the
Enix River, appears to be a "perchsd” stream
(p» 18)¢  During the annusl late-gummer
flood of ths Knik RMiver the water table near
the river fluetustes in reasponge to changes
in river levsl,

Whatever ground water le in the rook
comprigiog Bedenburg Butte and similar hills
occurg in fractures i{n the rock. Only one
waell (70) obtainm water from the rock, and
there 1s no lnformation regarding the amount
of water availsbls in ganeral from rock in
this area, The lake on the east end of
Boadenburg Butte 1s gpring-fed; the water way
be derived partly from fraoturss in the rook,
but 1t probably oomes also from the glaclal
dopoaita mantling the rock.

T11l is present in two hills left by
aeroslor in the northern part of this sarea
and under the higher sloping ground below
(south of) the lower slope of lazy Mountaln.
In these areas the till wlll mske aocguigition
of ground-water supplies relatively difficult,

The lower slope of the mountain well east
of thils area 1s mantled by relatively permea-
ble aliuvial-fan end telus deposits.

The remainder of the Bodenburg terrace
area is urderladn by permeable grevel. Smell
porohed bodies of ground water are present
locally {(p. 18) southeast of Bodenburg Butte
near 1te east end, Oround water probebly
moves gounthward and southwestward through
rost of thle area. North of the bedrock hills
near Bodenburg Butte, and also on the terrace
southwest of Bodenburg Butte, the water table
stands oclose enough to the land surface to
be accesalble to suction pumps. Geologlcal
Survey teat woell 1 (37) ylelded 44 gallena of
water por minute from an open-end 3-inch cas-
ing having no sareen, Similar guantlties of
water probably can be obteined from wells in
gravel olsewhere in thils aren, and larger
quantities might be expected it soroens were
uged and the wells developed.

Oround water ip tbls ares is derived
from precipitation upon the lend surfsce and
from runoff from th9 mountaina to the sast.

For guantity of water avallable and the
soat of its Aoguisition, this physlographlc
unit 18 probably the moat favorable part of
the Matanuska Valley esgrioultural dares for
the develomment of ground-water supplies,



Ory hole

impermeable
layer Perched

water

_____ 22 Unsaturated sand o

T '”o 0o o H 0
6 o o R R A A AR RO N andsilt , o %
° o o o © o © o o [} ° o o 0, o
°©, 0, 00 aoo" o © o o o © ¢ 0 o o o
o o Unsat ted | ° o P s 9
0 g 0 o o o sSgrurated grave ° o o °
° 6 o 6 o ¢ © o o 0 9, 2 5 0 o ° o
o © o
® oo 0 50 022 %200°%0 o o o . & © O
° o o o o o © o o o D 4 °
o a " s O 0 © o 00 o 0 0 o 0
o o o o o o o OD 00 Ooooo P o o ° ° °

Figurs 4. QGeneralized section showing perched ground water in windblown sand and silt.

148028
0

EXPLANATION
°
Vel Yhot ooesed Hwough ¢ill Frrotum

x
Well 300 doas nod cwueh thil erratum

&Y PERNE,
o 3", $7A
o 4%a W
PeeY i 7 P

1

L ? 1 1 ?*

gz‘ur?s T

<
s
-
w0 &

B v
>
huywELL S0P
LfwrLe se

:

EXPLARATION
Water isvat

£

Geaval

g

ELEATON, 1 FEET, ADONE. SEA LEWDL

©

Yill

Plgure 5. Map and ssction showing dlstribution of older glaclal deposits known from well logs.
22



¥atanuska-Knik Flats and A)lluviel
Plains (Unit 3)

The flats bordering Knik Arm, togethar
with extsting alluvial plains of fhe Metenis-
ka snd Xnik Rvers, constitute an area in
which the water level stande no wore than 2
few feet beneath the land surface. Watar in

avel beneath estvarine silt at ths Eklutna

station becomes brackish during very high

tide (Westernbarger, Kenneth, personal communi-
‘oation, 19Bl), Water benseath the similar flat
north of Knlk Arm is certainly bracklsh or
salty at least part of the time, Large quan-
titles of vater are undoubtedly available from
the elluvial deposits along the Matanusks end
Enik Rlvers, but recurrent flooding renders
settlement of such low areas unwlae. The
community of Matanusks 1s sald to have besen
abandoned because of flooding by the NMatsmuiska
fiver. Flooding and chennel shifting along
theae braided streamsa would prevent inastalla-
tion and use of infiltretion galleries in the
alluvisl deposits,

Palmer Terrace (Onit 4)

The Palmer terrace is the slngle exten=~
sive terrace upon which Palmer 1s sltuated.
Formeable gravel underlies the surface of most
of the terrsce, and except for a few depres-
sions containing ponds the surface {8 well
drained.

In general, farm wells ip the aree south
of Palmer have been suecessful, Over most of
the terrace the water stands bslow the liwmit
of anction 1ift., Locally it ls necessary to
drlll somewhat below the level of the water
table before water 1s brought into the well;
this seems to be due to the presence of local
layers of relatively impermeable silty materi-
al, The water table slopes adouth and south-
oast toward the Watanuska Rilver, and seaps
ocour along the base of the bluff, Seasonal
fluetyationa in the olevatlion of the water
tabls are lsas than in mpst of the rest of the
agricultural arsa, and the mexiwum expectable
fluctustion 18 probably not more than a few
feet. It 18 possible that in a few places
roak or deep~lying t11l will be penetrated
before the water tedle 1s reached, but this is
not eo likely as it is at or north of Palmer,
There are no data from which to sstimate the
poaslble ytalde of wells,

Subsurface conditfous are mors irregular
near and north of Palmsr. T11ll apnd bedrook
are at or near the surface 1n many places.
Burface exposures and well logs suggast that a
partly burled bedrock ridge or serles of kmolls
extends westward from the Mateanuska Rlver
bridge, Other bedrock hills, some of them
burfed in gravel, are in Pelwer or Juat south
of the city. The Bugge {128) and Felton (130)
wolls have been in uase for many years (the
Bugge well mince 1914) and have yislded
supplies sufficlent for many femilies; they
panetrate watar-bearing gravel, Threa other
wella (now sbandoned and filled) dug by indl-
viduals in Palmser are reported to heve been
suscessful, and during establisnment of the
agricultural colony four successful colony
wella, 37 to 46 fest dsep, wers construsted 1in
gravei. Pive other colorny wells iv Palmer, in
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avel, till(?), or bedrock, were "dry holes.”

slxth, which reaohsd bedrock at 72 feet, ia
reported (ARRC log) to have obtained "sulphur
water" at 121 feet. Two ocolony wellz {135
end 144) at Palmér obtained salt water; two
other colony wells, probably 4in Palmer, alao
obtalnaed salt water. In three of these wells
salt water was reached at 140 to 160 feet
above sea level. In the old aisughterhouse
well (144) salt water was reached at 8 depth
of 669 feet, or about 340 feet bslow sea
level; this well 1s reporyed to have pene-
trated shale and limestone frowm 18 vo 5890 feet
below the surfacée. The difference In chemi-
cal compositlon of water from two of the
walls, 134 ané 135( ses seotion on "Quality
of water™), and the absence of salt water in
ather wells 1n the vicinity of Palmer suggest
that the highly mineralized water 1s of local
oecourrence, 1t probably has been trapped in
the rock since 2 time whan this area was
covered by marine or estharine water; it ls
not modsrn salt water fyom Knlk Arm,.

Tpe Bugge (128) and Thuma (146) wella
are seated on bedrock, In the Thuma well,
which 48 24 feet desep, 2 feot of amaturated
gravel overlles the bedrock. 1In the Copse
well (142), about half 2 mile asst and at the
same altitude, the watsr atands asbout 76 reet
below the surface. In the Moffitt well (229),
about half a mlile south and 10 fest lower
the atatic lasvel 1a about 85 fest below bﬁe
surface, Water in the viglnity of the Thuma
woell thus appears to be perched on vedrock.
In other wells in or near Palmeér the wakter
atands about 30 to 40 feet beneath the land
surfaca, In wells within & redius of a mile
to the socuthesst and south {Green (138),

Cope {(142), Stock (152), Moffitt (228), end
others) the static level ls 76 feet or more
bensath the surface. The writer belleves that
water-bearing gravel in the immediate vioini-
ty of Palmer is not only very local and thin
put reats on bedrock or ti1ll so that the
watar s perched above the lsvel of the weter
table i{n the thicker gravel to the south.

¥ew household wells in Palmer may or may not
be sucsessful, depending upon chance location,
but 1t s unlixely that large qusntities of
water can be obteined thersa.

Ground water in the Palmer terrace is
dsarived not only from precipitation upon 1ts
gurfece but from water moving beneath.ths gur-
face from the higher ground to the north and
northweat .

Buke Cresk-Matanuska Agrlcultural
Experiment Station Arsa (Unit 5)

Unit 5 may be conaidered to comprise
tbree smeller tracts (fig. 2), in each of
which grevel deposits &8 much 8a 50 to 100
feet thick rest on older glaciel deposits or
on bedrock, Thls unlt 1s conspicuously dtf-
ferent from those alrendy desoribed, in whieh
the surface lsg largely of ground moraine or
of extenslve terraces, and from the physio-
graphic unit lying to the west, i{n whioh the
surfacse conslsts of ground moraine or tirin
gravel deposits.

Conspicuous ridgses and hllls in the aree
Detwosn Bska snd Moose Cresks and sxtending



about 3 miles weat of Mooss Creek (unit B«)
are underlaln by gravel, The surfece 1s well
drained. Bedrock 13 axposed along the Watanus-
ka Rlver and Moose Creek and 1n Wishbone Hill
juat north of thia area. T111 has been found
in some wells (such as, 253, 258, 257, and 268)
and probadly lies near the surface over much
of the tract, Little i known of thse hydro-
Yogic condiltione In unit Ba., Fow wells have
been begun and moat of them have not been
complated, The water atands 75 foet bslow
the land surface in the Boulter well (853);
the water 1s derlved from what may be either
a sorted layer in til} or gravel beneath the
till. The watsr level may be noarer the sur-
face on the, lower terraces along the Matanus-
¥e River, or in depressions farther from the
river, Rechbarge of ground water in this area
is from loecal preciplitation and from runoff
and undsrgrownd flow down the slopes to the
north, &xcept in an arsa east of Moose Cresk
which 18 separatsed from Wishbone Hill by a
deep vallay and which probably rscelves water
-only from local precipltation.

Between the arer just describad and the
Palmer-Wasilla Road the topography 18 irregu-
lar but more gently rolling than near Mgose
Cresk. This part of the physiograpbic unit
(uni¢ Bb) 1s bounded on the west dy an er-
bltrarily-chosen llns which lies to the east
of Finger Lake and the lakea vorth of tLt,

Ragt of thls lins the tlll is gensrally cover=-
ed Yy thick gravel; to the west the till is
expossd or ls covared by thin gravel. The
surface s commonly well drained, although
some of the de:ger depreassions contein lekes,
Meny of the wells 1n this part of the unit
pass through surficial gravael into a buried
stratum of till (fig. b and table 2), The
aurflolal) gravel 1s about 20 to 100 feet
thick. The underlying till 1es 15 to 90 feet
thick; 1t is probably absent locally. Most
wolls that pass through the till obtain watoer
from gravel baneath 1t3; in soms of these wells
the watsr ls undar srtesian pressure (fig, 5).
Ssveral wells on the Owen Moffitt farm (ARRC
tract 132) wers "dry holes" aven though they
penetrated the lowsr gravel to greoater depths
than sucocessaful wells nearby. This may be
due to local relative impsrmsabllity of the
gravel baomuse of cemepntation} slight econ-
asolldation of the lower gravel has been report-
sd 1in well logs (tadle 2). Ons well (305)

on tract 132 obtalned water aftsr being dsep-
ened by drilling in 1961,
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#el2 363, drllled for the cit{ of Palmer
and oompleted in January 1962, yielded 118
gallons of water per winute with 36 feet of
drawdown; the nonpumping level 1s 20 feet
below the surfsce. Tola well obteins itm
water from sand and pandy gravael bensath the
vurled £211, The well was finlshed ®ith &
20-foot sectlon of well screen, Slmilar quana
tities of water should be available 6t many
othar loocslities 4in this area 1f wells are
conatructad with screens; larger quantities
might be available 4L larger pumps &re ussd.

Some other wellg in this part of the
physiographis wnit obtain water from the
younger gravel. In most places this gravel
1f¢s upon the buried tlil, but in same places
1% 18 likely thet grevel-fillad channals
indent ths upper surface of the t31l) or aven

that the t1ll la diacontinuous, The writer
believes thet the ground watsr in unit 5b 1a
moat reasonably vonaidsred ea & aingie body.
Most walls that pess through the t1ll straa
tum obtain water under artesian pressurs;
many wells do not reach till, however, and
these encounter watar-tdbls oconditions. It
seams llkely thet the till 15 ebgent locally,
and that at auch placés the body of unconflined
watser 18 oonnected with the confined water
bengath the t11l atrafwm nearby.

The local occurrenca of weter in winde
blown sand near the Matanuska dluff hes al-
ready been described (p. 20).

Brazll 3prings, at the bend of the Pals
mer-Flghook road aebout 3 milss northwest of
Palmer, provided the Palmer water supply for
many years. The water lssues from gravel at
the begse of a small hill. It probably resches
the aprings by movement down (ecuthwest) the
small valley that crosesee the Henry LaRoss
property (near wells 314 apd 315) and in
whilch thers are two small lawes (pl. 1). On
the basis of the local topography and of rec=-
orde of wells nearby (302, 315, 317, and 328)
the writer bellevea that the small vellsey may
be floored by t1ll at shallow depth but thet
the hille are camposed of gravel. If this
interpretation 1s correct, the springs proba-
blymrk the interaestion of the water tabla
by e s8light topogrephio depresalon, Spring
flow §8 probadly about 150 to 200 gpm when
the water table ia at ita average position;
during the dry season of 19860 and i{n 1551 the
spring flow declined so markedly that the
existing pipeline was extended north to Car~
negie Oreek to obtain surface. water,

The part of this physiographic unit des-
orlbved in the preceding parsgraphs gradea
southward and scuthwestward into & mare rolle~
ing surface having more consploucus ridges
and bills, Tols mors rugged tract (untt 5o)
extends from an arbityarily shosen line be-
tween Palmey and Faur Cormera te the bluff
overlooking the flets wast of Hetanuska. The
surfece 18 well dreined. The only atream ig
Wasilla Creek., Iekes occupy ssveral depres~
sions near Metmnuska, Springs along the base
of the biuff near Matenuska are fed by ground-
water flow from the north, One of thease
aprings supplied the community of Hatanuake
(now mostly abandoned), In 1949 the Alaske
Raliroad obtatnad 8,000 to 8,000 gpd from this

spring.

Hydrologic condltions in' ths arss be-
tween Palmer and the axperiment station are
peorly kmown. The water table alopes south~
ward, In the Blunck well (378) the watar
standa 119 feet below the surface. No other
wells heve been drilled wadt or southwsst of
this ons, ipn thls physlographic unlit, exoept
several near Wasllls (reek and near 8
experiment astetlon, “The Blunck well and sev-
ersel wslls near tha experiment station odtain
watar from gravel deneath e buried t1ll stra-
tum which may be the same s that found north-
wost of Palmer. Water in the Blunck well ig
not under artesian preasure;y tha till stretum
18 probedbly interrupted to the northweat.
Arteslan conditions are present in some wells
west of the experiment statlon,



Little Susaitna-Goose Bay Morainlc
Area (Unit &)

The Iittle Susitna=Goose Bay physiograph-
16 unit ie charactsrized by extensive arsas
of ground moraine separated by gravel-floored
valleye. The topography shows a conapicuous
southwestward trend, and drainage 13 toward
the southwest.

Three large sreas in whilch the surface
1s ground moraine are showm on plate-1l., One
axtende from the vicinity of the experiment
atation and Wasilla to Goose Bay; another im
north and west of Wasilla; the third lies
north and west of Pittman, In each of these
aresas $111 forms the surface over extenalve
tracts or 1s mantlsd by thin deposits of
graval, Many small valleya and closed depres-
glons contain somewhat thicker gravel depos-
1ts which arse the most promlsing sources of
near=surface ground water in areas of ground
moraine. It ia emphasized that wells in t111
are likely to obtain water; however only small
quamtities are obtalnable from laysrs of
send or gravel in the t111. If gravel depos-
1ta are pressnt neardy, shallow wslls in
t111 should not be constructed.

Five axtenslve areas of gravel depcsltis
are present in this physiographic unit.
Gravel-covered terraces indent the ground
moraine above ths bluff north of Knik Arm,
The topography of the eroded surface of till
beneath the gravel is irregular, and locally
hills of till protrude through the gravel
(p2, 1). At the bluff overlooking Knik Arm
near Lucy Lake t11ll 1s exposed at the land
surface; in well 631, about 1 mile mouthwest,
the gravel, as reported by R. Lathrop (per-
sonal commmnication, 1950), is at least 60
feet thlck. Elsewhere, howsver, shallow
wells reach till (for example, well 623, in
which t412 is 15 feet beneath the surface),
and 1t 38 llkely that 't11l 18 near the sur-
face over much of the area of thess terraces.
Poor surface drainags on some of the terraces
1a probably dus to the presence of till near
the surface.

An extenslve area of pltted gravel depos-
its 1lles northeast of Wasilla, Locally the
gravel 1s thick (46 feet in well 470), but
slsewnsre the gravel is thin, The 0ld King
wall (463) aouth of Kings Lake reached t1ll
10 fest bensath the land surface.

Stream-lald gravel depoaslts border the
series of lakes extending northesst of Wamilla,
To the southwest theae dseposits merge to form
a conmapicuous narrow alluvial plain. Iocally,
as at Wasilla, the gravel 1s pitted. Small
islands of t1ll protrude through the gravel
waat of ¥agilla} narrow valleys joining ths
alluvial plain are gravel floored. The gravel,
particularly in the smaller valleys, probably
i8 gensrally thin,

Another alluvial plain extends south-
westward from the vicinity of Kinga Lake; 1t
merges southwest of Plttman with ths alluvlal
plain west of Wasills. The thickness of the
gravel in these deposits is not imown,

Gravel deposits essocirted with ground
moralne north and weat of Pittwen havs not
been differentinted (pl. 1). They conaist of
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outwash gravel in alluvial-plain deposits,
pltted deposits, amd thin deposlts which
locally mantle hills of t112, Alluvial-plain
gravel at the gravel pit 1% miles weat of -
Pittman 18 20 feet thick or more; it rests

on relatively impermeeble till. BElsewhere in
this vicirnlty crevasse fillings of t11l whlch
protrude through grevel show that the gravel
is relatively thin (probably not thicker than
about 10 to 20 feet)., Oravel in some of the
alluvial plains is locally openwork cobbdble
gravel,

The gravel in ell these deposits 13 ex-
cellent water-bearing msterial wherever it is
gaturated. Springs along the walls of the
con3picuons valley 2 miles southeast of
Wasilla, and on the hillside sast of the
mouth of Flsh Creek, and probably those on
the Pleckenstein property 1% miles southwest
of Wasilla, are contact aprings; they derlve
their water from gravel lying on till and
discharge at the outcrop.of the comtact be-
tween the gravel and the t11l.

Iittle 48 known of grownd water in the
gravel=covered terrsces north of Knik Arm.
The writer belleves that the gravel is thin
in most localities (a2 in wells 822 mnd 623},
and that the guantities of wmater mrvailable
are smll, Quantities of water sufficient
for household use should be readily available
in velleys on fheae terraces, howsver.

Fow wells have bsen drilled In ¢he pitted
deposlts northeast of Wasllla, but 1t appears
that water is readily avallable between the
lakes. Deposits beside (to ths north and
south of) the lakes are more likely to be
underlain by t1ll. Till was found in wells
502 and 506, beside Wasllls Lake,

Wasllla, situated on gravel dsposits
betwean Wasilla lake and Lake Imcile, undoubt-
edly has large availabls supplies of ground
water. T111 is known to be present as a thin
layer beneeth part of the community (p. 18}.
T111 found in the Bergman wall (531) may bs a
part of this layer or of a thicker body.
Because the till beneath Wesilla may be part
of a thin laeyer, it may reasonably be excava~
ted for a depth of several feet in the hope
thet the underlying gravel will be reached,
However, this is not trus on the hills north
and south of Wasilla (and north and south of
the lakes to the east and west); under these
hills the t1x1 is probably much thicker.

Ground water should be readily availlabls
elmost anywhere in the alluvial-plain deposits
weat and north of Wasilla. The quantlty of
water avallable 1s limited, however, where
t£11 is near the surface (thet la, whore the
satureted gravel 1s thin). Where t1l11 does
not crop out, poor drsinage of gravel deposltsa
may be & sign of 1ts presence not far beneath
the surface,

North and weat of Pittmen sven the most
sxtensive gravel deposits appear $o be thin,
Water should be reeadlly available to these
deposlta, however, even 1n cloased dspressions,
for the surrounding higher ground 1s under-
lain by reletively impermeable t411l. House~
hold or farm water supplies are probably
avallsble from gravel in many of the shallow
basins in thie part of the area, but larger



quantities of water will be more diffisultd
to obtaln,

The occurrence of ground water in gravel
bensath a stratum of burled till, nsar ro X
apd near the experiment statlon, has besen
dsdorlbed in preceding pages., The writer ve-
llavea’ that the burled t111 in thess loecall-
tles and ths till at or near the surfece west
of Wegllls dre the same. About 3 mlles emst
of Wasilla end 2 to 3 mlles west and north-
weat of the experiment stetion, four wells
(490, 492, 577, and 578) obtain watsr from
gravel hemeeth till., In well 480 the watar
stands 45 fest above the base of the till, end
100 feet in well 578,

The presence of water-bearing gravel
beneath t1ll in three areas suggests thst the
older gravel underlles the till in muoh of the
agriocultural area west of the Mstanuske River
and cast of Wasilla. TUndoubtedly the till Lls
interrupted locally. * Gsologle  evldence
suggoests that this same till 1a at or near the
surfece over the greater part of the agrioul-
turnl erea weast of Waallla, At Geose Bay
this t1ll lies upon older gravel. The writer
belleves it likely that the older gravel under-
lies the till elsewhere in the avea wout of
Wastlla. IF the gravsl is aoc axtenslve, 1t
may offer the possibility of the davelopment
of larger ground-water supplles than are
provably available from surface gravel west
of Wasllla,

QUALITY OF WATER

Water containipg less than 500 parta per
million (ppm) of dissolved solids is genereli-
1y satlsfactory for damestic use unlass 1t 1is
exceoptionally hard or contains objectlonable
amounta of iron. Hoprdness In excsss of 1BO
ppm 18 noticeabls in ordlnary use and may
couse the formetion of scales 1n bollers and
heating unite,

Chemical anelyses of water samples (table
3) suggest that ground weter in ths agricul-
turel area generally contains less than 300
ppm of dissolved soillds., The hardness ls
generally 100 to 200 ppm end ie due largely
to oslcium and magnesium blcarbonate, Water
from well 145, which is seated on bedrock, is
very nard (490 ppm) and haa a relatrvely'ﬁlgh
contant of dissolved solidas (652 ppm)}. Weter
from wella that pesnetrate bedrock ?26113 70
and 123) slso has & higher minaral content
than water from most wells in unconaoclidated
sediments, Well 494, which 1s in gravel
obtalne hard water having & relatively high
sontent of dlssoived molids {638 ppm). The
reason for the high minersl .content of this
wator 1s not evident, Chemical softening of
this water has been necessary for sstisfactory
nousenold uae (Richerds, Harold, personal
communication, 1950). Ths iron in water frém
woll 482 mekes this weter objectionadle for
housébold consumption or use by livastock.
The iron contsnt of water from seversl other
wollas (123, 60, and 347) 1s sufficlent to
osuse sbaining of clothing laundered in it.

¥ost of the water samples listad are
chemically sultable for human consuvaption.
The nltrets content, & poasible indlcator of
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Ot{;nic pollubion, 1s high in water from some
wella (2, 464, 123, 145, 347, and 502), All
but ora (494) of the eamples of high-nitrate
wator ere from ahallow dug welle, which are
partioularly susocsptible to pollution.

Water of the ochemical 'charactsr of any
of these sumples would be satisfastory cuemi-
ocally for use in irrigation.

Water from gravel bemeath the buried till
northwest of Palmer dves not Besm to differ
sifnirioantly from watser from wells that ob-
tain their water above ths t11l (comparas
eanelyses of water from wells 363 and 382),

The €111 layer 1s prodably discontinuous
loocally, 8o that water above and beneath it
1s 1n a aingle ground-water body.

Water in semall rched bodies in wind-
blown gaud (well 275) 4a less concentrated in
most conatltuents than other ground-water
gamples analyzed, This may be due to the re-
charge of these ground-water bodlea from local
precipitation; the water has not traveled

‘long dlatanoos through the sedimentsi as ground
e

water representsd by many other samples prob-
ably hae., FPFurthermore, the windblown sand
probably 1e thoroughly leached end contalns
little soluble meterial, It 1s 2ikely also
thet the water in the emall perched bodles

is continually renewed by ralnfall, and dls-
charged by plants and by leskege through the
floors of the amall basing, so that the water
does not remain long in the sediments,

During the early days of the agrlcoultur-
al oolony aeverel wells were drilled that
obtalned highly minerallzed water. There is
l1lated 1o the files of the Alaska Rural Re-
nablilitation Corp. an abandoned well in
Palmer that obtainad Msulphur water" in bed-
rook at a depth of 121 feet., Salt water was
found 1n the old slaughterhouse (144} and
hosplte)l (136) wells mnd Iin two othaer wells,
Acoording to reports, analysis of water from
the hospital well showed a carbonate hardness
of 4,300 ppm, & chloride content of 3,520
ppm, and a pﬁ of 6,0, The writer balleves
that tnie 88lt water is o02d and unrslated to
that in Knlk Amm (p. 23).

Woter-Lovel Pluctuations

Reportg of well ownsrs indicatse that
the fluotuation of ground-water levels between
wet end dry sesaaons is as much a3 several
faot, BSoumaonal fluctustionsa, the water levels
belng lower in winter and early spring, heave
algo been reported in sevsral wells, Since
1940 the Geclauglcal Survey has carried on
perledic observatlon of selected wells,

Climatologic data for 1949 are incom~
plate but avallebls informmtion indicates
that 1649 was sn aversge year in preciplta-
tion. The year 1950 was abnormally dry; 1851
prabably approached the average. Because the
ground is usually frozem during the meliing
of wmost or all of the snow in this arsa,
end baceuse wind usually removes much of the
snow ¢over, recharge of ground water seems
to be ohiefly from rainfall.
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Table 3.~-Analyaes of ground water from the Matanusks Valley agricultursl arsa, Alaska

osults expreaaed ln parts per millieq]

well no, and Al as¥s laboTabory no.

%0 123 145 38 60 101 187 315 347 - 363
206 157 215 158 309 20262/ 213 155 20242/ 1071
S811108(810g) === === e 19 16 16 8.2 9.1 10 7.0 13 14 12
Total ircniPel-v--ccecmamean 03 .08 02 02 06 .08 02 +O2 .05 «04
Calotum(Ca)=-====~- c————enean 75 147 51 76 41 46 55 37
Magnesium(Mg)---==vvrmmuan - 20 30 6.6 9.4 4,6 5.9 0 9.4
Sodiwn{Ne) and Potasaivm(K}-- 34 33 5.5 9.2 5,5 2.5 11 5.9
Bicarbonate {ECOs) —=-=me-—mooal 194 268 371 143 168 236 102 160 172 169
Sulfate{304)===-== wemmmmeee== 120 35 75 38 27 38 40 8.7 58 2.6
Chioride{Ci)-eeranmasmcaaaaad 4 42 74 4.5 8 4.8 5.0 1.8 3 1.8
Fluoride{#}=m—=—-=- - .2 .1 .0 .1 .0 .1 .0 W1 .0
Nitrate{N03)avauaa .3 35 96 «8 2.7 0.4 1.6 2.3 46 2
Disgolved s0lids-- sss 3ea 652 182 s 273 165 202 156
Hdardness a8 CaCOg~===~~--a--q 244 269 490 150 162 ‘228 122 140 ‘2le 131
pHe-meemamme e mc e ———————— 8.0 6.8 6.8 7,7 7.9 ver 7.0 7.3 . e 7.6
Date of collection--=--ce=mmm-- 7-13-50 | 8-26-49 | 8-30-49 | 8-27-49 | 6-15-50 | 10-4-48 |[8-29-49 [8-22-49 |[0ct.l948 | 1-31-52
Brezil Spring
462 4G4 2 s02 522 660 5 Spring | Dinklel
159 - 153 217 151 216 324 1060 loogx 2.3/| 2143/
S11ica{810,) ~v-m=mremseamu-nal 23 26 20 21 15 28 15 16 18
Total LrontFo)as—==m==mm= ———- 7.z 02 02 .03 .02 1.6 .02 .05 .02
Cal dum(Ca) ewmnmmmmmmm mmmmaa| ., 178 2g 45 27 14 48 18
Magnesiun{dg)-=-—=erer=aeaan. cer 21 7.6 10 B.1 2.5 3.5 5.6
Sodiwn{Ne) and Potasslwm(E}-- .4 15 3,9 18 5.5 3.2 7.8 1.6
Biearbonate{ECOz ) wmm=mnm el 128 471 21 135 g4 145 55 162 78
Sulfate (80 ) emmmmeremrucamuan 2.8 20 6.1 12 7.6 1 5.0 B.2 3.8
Chlorideic T 7.0 66 8.0 21 5.2 2 .8 3 2.0
Fluoride{Fler-mceccscssuuacnan 1 0 .0 0 0 «0 cuw abs .2
Hitrate{NQg)=-=--=cca==ma ———— 8 81 24 51 9.9 1.1 .8 1.6 1.3
Dissolved 50lids-=ro=cmcanaaa s 838 143 245 122 P &9 186 ag
Herdmas(as Calln)e~=rewe=-====| 111 530 104 164 ag 188 45 130 &8
pR--secccmsmmumacmasam—am———— 747 7.0 6.8 6.8 7.8 8.0 6.9 vee 6.5
Date of collagtion=-a--=- mm==| B-14-49| 8-22-49| B8-29-49| 7T-27-4%] B-31-49| 6-28-50 | 11-18-51| Cct.i948| 8-22-4%

1/ 2-1/2 miles moutheast of Wasilla,

7

Spring.

3alt Lake City laboratory number.
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Figurs 6 shows graphically the water-
level fluctuatione obzerved in four wells.
Bach well shows a marked decline in water
level during 1950, interpreted as refleotling
lack of recharge from relnfall, Water-lavel
recovery is most complete in the Woods well;
thia wefl 1a on the extensive terrace aouth
of Palmer, wnere the water table 1s comtrolled
by the Matapuska River. Data for the Linn
well, and possibly for the Tryck well, suggest
slight recovery during the 1late spring of
1950 pefore further decline, BRBach well ghows
partial recovery during the summer of 1951.
The LaRose well, which 13 on & hillslds, shows
tha greatest decline and the wmost slugglseh
racovery, The Tryck well is on a hillaide
northeast of Leke Lucile., Thse Linn well ls
on a hill but the ground-water level is prob-
ably oontrollad by the water table depeath
the alluvial flat west of Matanuska; hence
the water-level fluctuation in the fann well,
like that in the Wooda well, is rsletlvely
slight,

If recovery of ground-water levels con-
tinues during 1952, the declines shown by
figure 6 probably may be taken as representa=
tive of those to be expected after an unusual-

ly dry year.

The rapid dec¢line and slow recovery of
ground-water levels, aa shown by these data,
sBuggest that snnual eddlitions to the ground-
water body represent only a smaell proportion
of the annual preéecipitation received in the
agricultural area,

Construction of Wells

Dug wells

Most of the wells constructed by indlvid-
vals 1in the Matenusks Valley agrlicultural
areas ars hand-dug wells, They are generally
leas than 50 feet deep but a few are muah
deepsr, The Colller woll (272) is 105 feet
deep, and the Owen Moffitt well (305) was 95
foet deep before 1t waa deepensd by drilling.
Commonly dug wells in this arsa are sguare or
rectangular, end § to 4 feet on a slde.,

The walls of wells )In tlll stand after
oxcavetion, but 1n wmost places gravel must
be supported during the digging. Pea graval
s perticularly difficult to excavate bescauss
walls in 1¢t commoniz alump before thsy can be
supported. Wood oribbing is most commonly
uged to line dug wella. Poles or rough boarda
have bsen used, extending verticelly and fas=
tenad to cross supports, but they are 4iffi-
oult to put In place and o support satlsfac-
torily. More gemsrally short notched logs or
2= by 6-1inch boards ere uased; the notched
geoctiona are added to the bottom of the crid-
bing, parallsl to the bottom of the hole, aa
dilgging proceeds., B3everal types of wood have
been fouwnd satisfsotory for well oribblng;
gpruce 18 consldered excellemt, but cotton~
wood iz s2id (Wilson, 7., personal commnice-
tlon, 1040) o give the weter a taste of
organie dscomposlition. Other materials thet
have vbeen used for 1ining dug wells include
conerste blocks, poursd conmcrete, conerete
plpe, and mstel oi) derrelsa. At%empts to
add plpe or barrels at the top and follow
the Aigging with the lining have generally
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bsen unsuscesaful in this area, so that lip-
ings of pips or barrela, as weil a8 those of
blocks or poured soncrete, must be construc-
ted from the bottom up. In gravel wood orlb-
bing must be uaed and later removed from the
bottom as the permanent llning $s conatructed.
These other types of lining Are more permanent
than wood and, 1f properly constructed, more
sanitary. They do not, however, penmi% much
inflow of water from water-bearing layers
higher than ths bottom o the well, a3 may be
desirable Iin wells dug 1n §111.

Although dug wells are less satlsfactory
than drilled wells for many reasons, thelr
lssser cost and the faot that they can be
constructed by indlviduals eocount for the
large number of dug wells. Dug wells general-
ly can be conatructed only a few feet deseper
than the water teble, and some wells dug
during seasons of high water table have gone
dry during drier seagonsg, Some of these
wells have been deepened by additional digging
or by drilling.

For sanitary reasons, few of the dug
wolls in this aree are satisfaotory. Many
are close to barns or priviss; the wood orib-
bing does not prevent entrance of near-surface
water into the mells; and few are sdequately
sealed at the surface,

Driven Wells

Conditions suitadble for the construction
of drlven wells seldom persist to muffieisnt
depth In this area to permit wells of this
type to reach water, The Clay Johnson (35)
and Rocen (860) wells obtaln water from olesn
sand at depths less than 20 feet, The pres-
ende of gravel or till at or near the land
surface 1n moat of the egricultursl area
makes the success of drlven wells unlikely,

Drilled Wolls

Since establishment of the agricultural
colony most of the wells construoted, inglud-
ing all but a few of thoss deeper tham 50
feet, bave been drilled., For wmany ysars the
Alagka Rural Rehebilitatlon Corp. opersatad a
cable-tool drilling machine; more recently
this maohine hes been purchased and opsrated
by private drillers. 8everal other private
drillers have been actlve in this area in
recent yeArs.

Most of the wells drilled in this erea
ars lined with 4-inch steel casing; a few are
8-inoh wells, relined with 4-Inch caaing
which extendsa to greater depth. 1In &ll but
a few of the drilled wells water pamsss into
the casing through the open lower end and
through - tg 4=-inch slots out longltudinally
in the lower®few feet of the casing. In only
one well in this aree has 8 socreen been em-
ployed. Open-end and slotted ossing has prove-
ed satisfactory in most wells supplying water
for home or farm use, but it 1a unlikely that
any of these wells has been pumped at a rate
exdeeding 10 gpn, or that many have been
pumped ocontinuously at any rate for perlodas
donger than a fsw hours, Bxoeptions are
walls 37, 57, snd 363 (ses well records).



Tnlck sand wap penetrated in a few wells,
Qulioksand was penetrated bstween depths of
47 and 185 fest in the Hosler well (213), ard
aifficulsy was experienced in drilling. It
was nagegsary to drill the well to a deptn of
187 feot to reash gravsl whloh could he
desveloped with the open-end ocasing, dut the
water level in 4ha completed well atood at 47
feot.

of the seversl) types of drilling machines
tha cable-t00l %18 the ome bast sulted to con-
dltions in thls area. Cobbles and occoasional
boulders sre found in.both gravel and £ill.,
The tough sllty matrix of till and the coarse
cobblea and boulders of &l) depoaits yleld
best to cutting and erushling by & heavy 4rill
bit. Because of Lts greater weilght, a é-inch

-trlifugal pumps ars used in & few wells.

strizg of tools 18 more matlsfmotory than s
smaller one.

The avellability of elsctrio power om
ferms in this dlatriot bas resultfed in the
wideapread use of eleotric pumps. Lift ls by
Jot pump In nearly half the wella; small £2n~

£6-
& hand pumps are still widely employed,
although many ere equipped with motor end
pump jack. In only a smell proportlon of the
walla is the 1ift by bucket and windlass.
The eéleotric pumps in use are sguipped with
motors ip tha %- to l§-borsepower rangs; at
the levels for which thess pumps arg used the
pumping retés are generally lesa then 10 gpm.
Most of the electrioslly driven pumps are
conngctad with preegure aydtems end are in-
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atalled in ocellars, Ain pump houses, or in
sovered plts above the wells, Wster pipes
lead from wells to bulldings or passing
batweon butldings in this reglon must be
buried 7 to B feet baneath the surfece, helow
the depth of winter freszing.

Otilization of Oround Water
Publlio Bupply

Palmer is the only community 1o the
Matenuska Valley agrioultural ares in which
regldents do not generally uss individual
wolls. Initial drilling in the tom slte
durlng establisnment of the agricultural
¢0lony was most unsuccessful. For weny
years the Matamuske Valley Farmers Oooperet-
Ing Assoclatlon supplled water to its oream-
ery and other establisnments by means of &
22,000-foot conduit of wooden-stave pipe from
Breglil 8prings, about 3 milas northweat of
Palmer. Excess water wae 30ld to the resi-
dents of Palmer at wonthly rates. After the
dry amesgon of 1950, the spring flow wag
Inguffioclent to meet needs. In 1951 the
ex1gting pipelins was extended, and weter la
now obtained from Carnegle Crask about 8 mile
povrthwest of the eprings.

A test well (363) waa completed for the
¢lty of Palmer in January 1952,

A community well {(b15) was dug in Wasllla
aeveral yeara ago, but Lt 1ls not in use, At
pregent individnal wellas supply water for all
iohablitants.

Domsatio and Parm Suppliea

During moat geasons individnal wells
arg ocapable of providing sufflcient water for
domestic and ferm use throughout most of the
agricultural area. Many farmhouses have
piumbing and presyure water systems, and the
water uss includes suppliying livestook and
cooling milk. Woll wabter ls uasd for water-
iog gardens on 2 very smell scale.

CONSTRUCTION MATERIALS

Send and Gravel

The wide dlstribution of deposlts of
sand and grevel in the agricultural area
feollitatea conmatruction of roads, Pit-run
gravel is used for f11l 1in the inltial coo-
atruction of all types of roads, amd in
finlshing and repair of secondary roads. For
congtruckion of paved highways during 1950,
screened gravel was used in peri, amd orushed
gravel wes used in the hard-surfaocing.

S3and and gravel are used locally in
moking concrets. & local plant makes most
of the concrete bloekd used in the sgrioul-
tural area.
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1 4%

Tarle 5,—RecoTds of wells in the Matapnska Vallsy
D;ocation of wellas ia ahown on plate I]

agrignitural ares, Adnske

Type of wolls B, bored with acil auger; D, &ag; Dm, drlveny Im, drllled; J, Jstted, Method of 1ift: Powert &, elestirio motor; G, gesoline moter, E, brod,
Dapth of well: Depthn of wells and of water levels recorded to the nearest foot Pump C,'ocntrifu.gal; I, jety Ly, 1ift; P, plbcher; W, windlass,
are repurted valusay depthe to neoreat tenth or hundredth of a foot are Use of water: domestiog W, uot in uasg O, obesrvation well; 5, steok (may inoluds
measured, ocling m.mé
1 e |ss |3 LI ¢
8 2 v 3 - — E:. 3 " a g
2 s 299 [543 |3 2§ i. g
Well booatbon Owoer ar Triller B ag i “33 M ng k-—és -4 wle Remarks
T, [ =1 o o g g | D= 3 % o .8 L7 5
s | &3 43 2152 1305 s K
g | 22 R 838 19787 |°% s il
g |83  |GiF|Ees 4 |37 | = z K
Ty 18 Wy e 2 B,
1 *“m"_'!rsac. Robert Stewart | Qwner 1949 | Terrace 500 | o 22 36 | .0 . P e v v o s w e |[ET|D  |Grevel 10 £t thick, resting on t111; water proba~
Hy from gravel; well dry 195051,
Z SEt sec. 23  |Lazy Mowntaln | Eennsth + « |Gentle Y2l | o 11 Till “ e s s o8 2 a s |[BET |ae [Weter aeeps from loope t1ll near land surfecag 150
Childrens Home | Haghes i1y { "bard- gpd used, 1949,
. alope pan”)
3 Do do, do. 1950 | 4o 71 |D 20 dan PP s asva s BT |as |Low yialag uup-ply augmented by surfaos water,
4 S seo, 23 |U3GS tast T3GS 1990 |Eiiisids 584 | 7 26035 & do, EN: ) ing, 8, 1990 ] Water from sand and grawel, 27 to 26 £t In tAlig
well 3 abors pusped & gpa, 3 brm, draatown 19 £3,
sEream
5 SE} meo, 27 |Paul Beschikx | A, Hoffitt |19 |Gestle | 5 4 do. v v in s e s e e i|es |Thin smtertbearing sandy laysrs at 16, 43, and 54
hill ft below surface) inscfficient supply)] not com—
slops ploted,
[ W} 5ac, 26 |Jokn Hash (amer e dou 748 | o 74 a2 doe 23 Spring 1940 | py 5 |i-foot sand lsysr in ti11 yields 100 gpd,
15 ¥8} sec. 34 (Ray Ferrin do. 1951 | Base of » s |D n 36 do. 10,5 Ang, 6, 1951 |ET |D Water from sand layer in till, Measuring point
hill {tF) top of wood oribbing, 5 £+ below land sur—
fnca,
20 $ ge., 35 |Horace DuFeur do. + o | Talley 260 47D 6 + o | GEevel Lt} Toly 9 1949 [N PS
a + sed, 35 M, Xopperud George Verne B;Be of « o |D 9 - do. PR « s s s g8 |[HL|D
i
22 SE; aso, 35 |George Vomme do. Ve |HAllsdds . . | D . + o | TALL PR e+ s s |[EL|D [Sedl, © to 1§ £t; +111, 1k to 22 £1; gravel, 22 to
23 £t bedrgak at 22 ft, Water iz gravel at
bese of €103,
Ty 17 ¥y Re 2 E0 .
24 BEC., 2, B, Hartin P e oAy » 1 | Torrace 176 | 26.0 | 42 |Grawel | &.5 July i3, 1949 |B |D
25 ﬁ s80, 2 4, Bragder Formar owoer | 1990 4o, 183 | D 20| X do. 24,45 Aug, 28, 1550 (AW | B P top of wood oribbing, 3,00 21 abore Lind moface,
26 Do [ W. Blaby Perber Balley| 1953 4p. 162 (D 22 42 da- 19 v, 195 | .. | D
27 32t sec, 2 P+ Re Simn Ty Hoffits 1943 dn. 160 | pr 17 4 d0. 8,7 July 33, 1949 |ET|D
20 . H, Mackie do. 1949 do. 183 | Ir 17 4 da. 10 Apr. 1942 |HF |D
2e Da. Mra, M. Hoaler |« 4 « » & 1950 da. 156 (D 17 6 do. 14 May 1980 |ET | D Greemhonso.
30 KEd sew, 11 |James hildsra | Owmer « + |Base of 151 | D 7 .. do. 4 1940 |. | W
' terrace
31 Do. do, I 1948 | Terracse 163 | br 28 4 da. . v [ b ] Teepaned from 24 £t after geing dry in spril 1944,
35 m sec, 11 |Clay Johnaon 1945 40. 143 |Do ia 1}  Sand 10 e v v »a s« BP (DS (Scrgensd drlve polnt,
a7 Beg, 14 |USGE test 3G3 1950 do. 124 b1 3 3 | Gravel 2.03 Aug. 8 1950 |4 W N Tialded 44 gmm with 5.6 £t of drewdown after 4% hra,
well 1
m SE gea, 14 |Ohyds Yigg, Jr.| Cemer .. Ao 120 iz EL) do. 10 3949 (ET |D
;) - Clyde Oy o 1950 do. 115 LD is.2 LS do- 17,1 June 13, 1950 |ET |D
42 Wk sea, 23 [Wsllaos from do, 1980 do. 107 p,pnl 38 . do. *x ey 1950 |HL |D g to 28 1%) dry in 19517 probebly perched ground
wntar,
43 D Joix Ripoy 2o, 950 | 4o, 105 [ o n 24 do. | 27.42 | amg, 18, 1951 |EW (D |Frovadly perched grovad water,
44 38k see. 23 |C. 1, Basilen | Farber Bailey 1950 do. 0z | 8 a5 de. a5 Spring 1951 e u|a s -
45 | W 200, 23 |A. B Iixk A and J. D‘?] igsh Qo 100 | o 63 4 do- 58 195% |4 -|D
Frey
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Wit asa, 23
ME Sﬂi 8o, 15
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seu. 34
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3 Bac, Z7
Bad, ‘2‘.?

B0, 27

seo, 246

NET 880, 27

B W} sec, 26
T, 1B M,

R. 2 L,
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W Wi sec, 33
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Doneld Parks
Mfred Chuarah
Iawrin Smith
Jemot Turlay
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Griilar reparts geveral parabsd watsr bodles ea
moch ax 3 £ thide; one {s 34 £ boossth warfeon,

Bpadnosss,

MP tep of wood ocribbing, 2,20 It above lard sur—
fuon.
[P top of wood oriibing, 1,5 ft sbove land safmce,

Hap watsrsd aa mary az 50 cowi.

Catimated ugs, sbout 400 gpd.

wWoll formerly used for coastruction cmp,

MF well~house floor, 1 fi above land surfsoce.

Tormarly viatered 1,000 shesp.

Woll on sdjeining 40-acre tTrot to wert oot iz Wde,
reached water at 36 to 41 £+,
Originally 47 {t desp; decpebed to fnarense yleld,

Bedrook belew 17 £ csalng gravel-packed: formen—
Ly vielded 75 gpd.

7411 below 25 ft,

So3l, sapd, aod grarel, O %0 19 ft; #1411, 19 to 26
1) bedrook, ZB to 37 ft] very slow recorery
aitor pooplng.

Badrook encrumtered st 0 (41 well fortwrly
supplisd 40 pecple,

Sotky gravel © to 53(1) £%; t111{2) 53 to 82 £y
sand, 22 to 95 f£{; reported hardnaps, 55 ppay
ohlorids, 26 ppm,

Tog mg‘gostn -ti.ll(?] or bedrosk(t) below 34 £4)
reported hardusse, 4,300 ppm; ohloride, 3,520 ppm,
PH. Su0.
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Tahls S.—Rsoords of wellas in the Mutamusics Valley agriculturel ares, Alsaka—Combimed

A LN
o g ol — 2
3 2] 8 |E- £43 : g
Well Locatdon OvDer 0T Driiler ] a 3 fa% |52 A 3-? ~ 3 Benaricy
= = AR IR L LI
Y o é > ] el gg % 2 3 b
I 8% |33 BlE3 : & 3
[ & <8 A a 3 ol -3 £
T, 17 3% 2

wsEﬁﬂ;ms oy Lrapp Py + v |Tarrace 230| 47 2 | ned- )... s ra s e s w|ns|D |Gravel resting on bedrock at zbout 10 £,

rock]{T

i¥ BB} sec, 4 L. Graso e 19499 dg. h) 6 42 | Samd 4 1940 B .

139 Do. Lloyd EALY T MoP2ith | o 4 do, o |pe| 72 ] o, 673 iﬁ EF | D |Originally dug by owner to 52 Pt.

142 | FB} SWY mso, 4 John Cope ARRE 1936 deow 223 I | 200 4 | Bed— ( 75 e e s s sa|es|N |Til, 90 te 132(%) It; bedrook belew 112 ft.

rook(?

143 | bwd Swh seo, 4 B, J. IeDuo de, . dos 223] 97 4 | Gravel |, , & PP . ¥ | Casing pulled,

14 se0, 4 Slaughter House da. 1936 doe 225| o 590 4 |Bedrock [ 4 o e s s a s as|ea| W |S0ddl; graval, C to 18 ft; shala 16 to 80 £t} limae
stona, BO to 590 f£t; salt water at 569 £1; well
plugged,

145 Skt eec, 5 Harold Thuma {woear 1934 dne 222| T 24 42 | Grawsl |22 1949 | & 0,5 | Badrook, st 24 £t; scuthesstwerd movemsntd of watex
obsarved in well,

148 | § [P Willlam Fogg ARRC 1935 Ao 208( T | 113 4 do0. 2érd 1935 | BL | D '

149 B0, 4 Jobht Cops 4o, 1936 da. 208| o | 114 4 do. L2 19348 | 4 o | ¥ |Cappeds

150 o, 2 Mexrle Andexsch |o o 2 o ¢ o | & = doa 200| Dz | 106 4 [ w e w 100 e« v a0 |ET DG

152 80, 9 L. Cs Stook J« Currle 1950 dos 208| Ir | 109 & | Gravel |99 g . 1950 (BT | D

153 SHE get. 4 Harold Thuma v ona | ew do. az| o 105 roa] e o« RO3 a v e + b s HL | W

154 aaa, 9 R Py Vohan ARRC 1936 40 224| or | 123 & | Cramsl Vo r » « a9 = s s | E |D,3

55 800y 10 |5 J. TMlly Ounar e da. oo O -3 48 do. P e »r s s ww e | B| ¥ |Dry ia 109,

156 rea, 10 | E, LeMalters ARRE pLoc1.3 dos 156 Dr 85 4 a0, PR v 2w ve | EX|D

157 sec, 10 |E, M, DePrisst Anu 1935 (1.9 02| v | 186 4 do, ar 1635 | 2T |B, 6

166 ey, 10 | H, S, Baoer .19 1935 dne 196 b | 175 4 Ao, 7% g, 22, 1999 | EL S |9 top of caaing, 2 P4 abowe tand murfans) olky

reported at 68 to TR £, way ba G111,

162 D, 4o do. L] doe 135 o | 200 4 |40 + a4 TR

1562 | Sa} Swi pec. 10 |E T, Fowter Ae, - do. 189] pr 6 4 &o. 72 R D |Well mwarty on same property waz in sand from 0 ft
to total depth of 147 I,

188 ae0, 15 | Pl partin 4oy v | do. x| O 7 64 do. PR s v u s s an|e | e |5-inok oasing to 33 ft,

iR wo, 16 |Clifferd Crovar A, 1936 a0, 150 m | 63 4 o, |56 Jane 2, 1936 X7 [D, 5

17t pen, 16 |B. R Barring de, 19% ao, va| e | & 4 do, |75 June ¥, 1936 | 27 |08

ton

irz soe, 16 |As EBrooks Asne " At a s| OT T2 & do. 62 v o+ ¢ w3 n| B |DE | ALse reportsd Yo be 95 ft dbap.

175 Baoc, 9 Curl Rammigosn ao. o dae 200 Dr B4 -2 I K;:] Aoga 1349 | 4 LD, 8

176 oG, 9 Slen Watltinzen doa. P dow 197 e | 113 4 | Gravel |70 s s o v e nle a|D3

180 gso. 9 A, Ca Erickacn do. . doe 184, Dr 5 4 do, a1 May EI|D .

182 : seg, B Rey Rebarohsk do. . do, 190 Dr 89 &, 4| Sand, B4 a s a v e s o BY DS |Well » few hundrod foet swmy, not completed, reported

gravel %o hawe struck weter at 37 ft.

185 | aWk vE sec. § Ga M. Woode do, .. doa 17& e 93 4 do. 2. 44 hog, 3, 19|, .| O |MP top of caslng, 0,50 £t abowe land surfaces
tomporature, Nov, 23, 1991, 39°7.

196 Ben,e 17 do, do, 1836 do. 177 br 75 4 do, e ar s X |D8

187 aeo, 16 |Cy O BHuntl do. ‘s die 17 or 72 G, 4] Gravel " wr # 2 e vou as|E |05 | Gdnoh onaing to 40 4,

1les aso. 6 Willlam Bowens do. " do. 180 L 78 4 do. 72 «n s s v E|D,3

89 ge0. 17 |As Ay Rempel do. .. dos 185 Ir 83 6y 4| Sand s e vwwos o n|na|D3|6-1nch casing to 42 £t,

180 gec, 17 |Roy Brock Aow 1935 do. o Im 74 4 | Graysl | 71 Jan, 23, 1936 . . |D, 8

193 880, 8 WLLlam Boekdn® o o u 5 & 4 | e u do. « o Ir 70 4 LN 50 s o4 s e e | HL| B

198 sec, 16 |Choster Llebin@ ARRC 1935 do. 1 o 83 4 Ao 57 w |08

199 asa, 17 Ce Ta Liebing do. - do. r a2 4 | Samd 56 HL |8, 5

201 800, 17 | Jo2sph loyer do. 1935 e Dy 62 4 | Greval | 82 EI| D

202 seb. 17 | Trvin PAAtE 30, e dor 1 I Q 4 | sidty P “a| B

gravel

23 SE} 2sc, 17 [William Rempel |2, Mereitt | 1950 do, el | o 4 [ sand )

00 sgz. 20 |WilIisn Smith | ARRC 1936 dos 124{D,0r | 55 4 | Graval 52 149 | IL |0, S

209 geo, 19 |Woodward Bros. do, e o, b or 45 4 | Ssad k- ook, 15, 1945 EF |D,8
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¥ 7 25 é
3 LPHHLAE Y il
Walll Loostlon Ounexr o Driller a_g - §'§ :ﬁ g% k-gE sg wle P———
an,; nAne ég gg us AL |82 k3 23 ua il I
a
4 D gﬁig LS $ : S
b £ g2 XS |82 | % = & -3 -
T, 18 1
nz 880, Bd) Flrcher Ovmara 1942 | Flood 374 | D 15 + o] Gravel |14 1942 | BT |0, $ | Drillad well nearby 60 £t drep wen In gravel,
and, Wel ter plaln
Henk
17 N 1 E
420 840, Robert Wendi Ay Wa Peeryson|I94S | Hillelde |343 |D 22 6 | 111 a 1948 {ET | D | thead after comorsts alaba wers plecad in bottom
to mals & regarvoir. PIIL below 15 14,
42 | FEp MR seo, 2 |Charles Cwmor . oa | BilZtep 33 | o a0 . = | Groem} | 32 s ne e |EI| B | TLRL ot 4 £t
Sohastfar " o |30 17.5 28
42 & . Y 47 . a Jupe 1949
Wi} W sea. 2 Poter Johraon :LAERAL D do 1557 m.za:m ™|
424 | Wi A%% a0, 3 A Bu Cuortls do, 1 v | Ticod . |0 14 ' g, ¢ e en v v |EW DS
: plajn
425 ﬁsao. 10 | John Martin R o + | Elllaide a s |D 21 42 do. 14,0 June 28, 1949 | HW | 0,8
430 se0, 16 |David Ehilo ARRC » « | Gemtle 1sa p,or | 'O 4 do, 25 s sawsna [ET|D
. slops .
431 | 884 W sew. 16 |X. Ee Churoch da, e o« | Level 178 |Dr | 7O 4 do. 30 ET | D5 | M1, 54 to 69 £%,
aarfeos
432 | %t St soc, 16 |Beory Jemsen | ARRC 1936 | Gemtde 158 | | 24 a do, 20,60 » o] ¥ |HP top of onsing, whioh iy 0,50 £t abowve land
1lope L 2T
434 #00, 16 |Fred Larson do, w &+ | Terraca 180 \pr 13 4 | Sand PO » v e o B nu.,sx&ouzre.
435 sao, 16 o, 4o, . do. 180 |pr 39017; 4|5y {7} . e v |EF D2 T35, 40 to 50 £,
4316 ss0, 15 |T, Hlom do. - da, 153 | | 31647 £ | s e 48 » PN P
457 Pa. o, da, e dar, 163 |or oL Gpd| Suxd e . « s 2+ |EL D3| TA), 29 to B6.£1) O-lnch casing to BO £
438 | 3wt 9B% sev, 16 |Hazry Joneen do, - do, 141 |Dr | 214 & | Grawal | 30 s ¢a ne oo ET|DS|Till, 67 to 208 £t well ylelds about 5)&31
batamen pbricds of recovery, .
439 | 8P% SE% sece 16 |Lloyd Short do. . e do. 14 |Dpx (192 4 0. 25 Juiy 194% | HL |I,3 | Well suppllea sawsral thousand chickens but ylelds
only about 4 gal betweon perlods of recoveryj
1)1, 69 to 180(7) f4.
«ommmm 0. By Eldridge | charles .1 do, 169 | 39 42 de, k] “ 2s o2 2o |H:| B | Supplisd 20 foxiliss and 17 horses ia 1935,
B Harion
Lol Qmulmn.wl.,.... ' 2o, « s 1D 1,0 | v u| 0. 8,94 | Sapt,l4, 1950 [EL | ¥
442 500, 18 |F. Blom 1 da, 1 |Dr ] 4 | 1 .o w e s o ¢ o | Hu| X |PLLE, 42 to 126 £4] caning polled back to 58 4}
water £ron sand apd grevel layer (= 111,
443 | Sl W} sec. 15 |U. 5. Depts PP do, . |D 3 <@ | Gravel g ndy };‘Enn,s igrionitors) Taparivert Statian,
&Ptt
445 o0, 22 |Le Lobexg ARRC 1936| do. |..|pr |208 4| ao. |7e e euese (RT|D,E
148 Aae, 15 do, s » | BL1ltop 13 |Ir |loe 4 do. e EEEERNIE Al
449 Da, do, de. . s da. 138 |Dv 9d6 6,4 do, 54,00 dmf. 31, 1949 |, .| ¢ |MP top of ‘casing, whioh 18 1,00 £ mhove Land
[ purfacs; temparsaturs, November 23, 1951, 34° F,
450 | W} NEE soc, 23 |J. T. Iepler | Owner » v | Hilleide |40 |D 12(2) | s w| @0. |s s+ [w2ssess|ES| D |Lend anrtacq st well 12 It ahove laks level
beslds (J‘%vw:gc].
Laks
i8N, B 1 X,
250 ﬁmﬁ E, ¥, Barry Owper o [ Bipdds |. . |D 10 .. 4o, ] ransnr s B O3
a5z | e soc. 29 |Baxry Duft ARRC . ¢ | Camtle . s |R2 32 4 Ao, e es s s e [EJ| D |HEgh fxon cootent {see malysinj.
alops
463 St sec. 30 |Eings Lake Clyde King, |s « |EOlalde |; o [D 10 .- Aos e s 0 v r w0 s |w oo o o 12 wt 10 £4; o dry wmlls in 131, 5O and 65
Cangs Sre neer Lok 1t daep, are on this propexiy.
RGE SWE eec. 17 e s 0 v ss v s s |ae |Texwecs, |57F |D .. ¥ ol.. . 3,7 Bapt, 4, 1850 |, | ¥
balow
il




SATVY] WHE] PUE wXW] FTLIIEN Wesn
—aq epyatp MOT o fodtd €Qercmon TITA DEWTT TIeM

*33 ST MOTOq YTRL
*pojrodas JedeT TTIL

93 {2)$T 90
doy mIn IART 00 £ ‘YIVE Jaweamwmaex poe {agof

*IT¥3 Ganqe TeswxP
X I0dEs apr3qo Aru TieM 197 ZU MOTSQ TOWL
4QPROPTOY ABITUNAXD

* sk ome
se1) soyun pavy (opdoad (f 30Oqs ‘POOY B, TOXPTIRS
"pueEsq Toarsd pa¥ WES P W S5 O3
‘(L)Tee pessiowed Ruedord WENZ GO YTeM 339 Y
°33 LOY 03 2¥y “TTHL

"33 19 %% X TR

'HgOAU wmaz o TIT hﬂﬂdn
moXy peA ISy Arqeqoad 137 gy 1% pejaodar amqwy

"5 22
03 §ST ‘Sxeamin Agues wory Tejes sy 0T MOTBq TIWE
2PN

Axoa0 3o qoxsy] oy aegmeszdes ‘Axp ueeq awyq YTeM

2odyd Maesowoe TP
PpORTL (901aur ey moTeq 43 ¢ 'X0O(J qramgwy &K

*hyddes pywubepuay
*ag

0551 Popanp ATddos oyxnbopway (dmwo 30005

"] anQ

[=X-1

an aR ARAAN

A a Aa R LB A AR

a

gl e eae
leveT TLAV
M | sp6t ‘sz Mriw
L2 | w8t
«ofe aenroes
a2 | 06T

LN ) nm.ﬂ

A ¥ | s9 e & P & a
» 91 2 a 29 51
00 | greY '$2 AIoe
H .......
B | &61 ‘& “Faor
LI LI |
.........
1| avex ‘oz Aov
B e & n
ag|ee s aw
*C 16T 2 *Por
u IIIIIII
L2 | 1067 ¢ somg
IR
& ) 8T

* * | omsT

x| e
Mgl eeavean
v < |oset

M| esaees
1)T=6T ‘ydeg
* ] wer & ves
" |vest L 2
£2 Ys6T ‘L s
eg e oo aan

02

9%t
%2

e 4

$35 34338 44 ’5 35 3

28,

A

v 2 © v ¢

S .

Q
83 RENEN

a

A A AR a bBa&q A an aa nna&n oﬁﬂnaa a

=]

8o

8zce

§4 4 43 35

--------

o114
° e

06T
-8

g8 3

------

oooooo

------

......
------

......

oooooo

........

XUy aEx

9T I

Eb8 9 $§98 T8

§ § G &

41



44

Tabls S5,——Ascords of welle in tha Metamasks Valley agrioulivral srea—Contimied

2 —
2 g3l |4E %A igg é g
‘g Fl - @ g = E
welll  Lecation Oumar or ig - 2% |23 % ’l‘ 2 Rezm.ros
w0, naza 2 legl E|E 5 535 )¢
&3 IR ‘23 ke 5 |z]s
2. gz B /] £R7% 3 iz
e= " |12 22 2 = 4 £
1551 | By 4] 26 42 |Craval | 24 ¥or, 83 | 1 D
. 0. . jud 40 8 i - s u e v s | B | W |DBry o 1950-51,
v o« | BiIdstde |34 Dr 16 i 2o, i3 198 |7 | D
531 Bo. BaTgman (v . dps B 25 » ] A0 3 g 1548 | 8L | O | 20 ab 26 1. -
532 De. Hedl Brown .. 20, 3 o) 2 12 do, P e varavaqs|BX|D |Lined with mete) drms and baokfilled,
foxc k| Do. Naaar Tryok v » | EAldtop 3 D 28 36 da, PRI s aw aa w oo | B OID,0|ME top of oribbing, which 1z 3.0 £ above ground
aurt soa,
540 | S} W seo, 10 |Peter Relaon . o |Eilleide |3 ] 25 0 4o, .. s s o wnwaE U | Iiced with poured conorete.
541 Da. Jamea Tannedy _— a-';t:l_a azg D 9.6 | 36 do, V7 July 20, 1949 | a .| D
ope
542 | amg mam. 9 Gayrwit Snidey s s | Loke ghore n g . do. 7 1940 | BY ;| D
543 o, 4 Je Co Baldwin s |E1lledds ] ] s do, 4 Taly 1040 | , D8 Doy
T, 17 . 1 Ky
560 sad, Honry Chnetad 1946 | Eilitop 38A 1 32 48 1. o . P 8 on e e ¥ | Mot complatad; gravel to 30 £4, ti11 below 30 ft,
561 0. Js Ws Reader 1946 | Billelde T 0 4B e o s - br s mv s s |nos) » f Insnfficlent sgpply: gravel 4o 10 I%; tiX below
10 24,
Wﬁ sec. € |3, I, Danlap | iz , don or | 62 4 Jomsrel | @{F) |2 s n e o | BT [0S
.63 sn0, & 2, Roach . do. poti ] 12 .. do, 7 s 4 a1 aau]|as] e sl Several springs isse fras hidisids inm valley pear
. - wail,
566 | T R meo. O Jobe HoDonsld 1933 | rlood o 12 . n 4o, i eree v e |E |BS
570 a0, 17 (M M, Bty s o |Eillsgide 174 O 361 4 4o, 45,0 Joiy 2, 1946 |, | ¥ | T, A0 40 10 £,
572 so0, I8 |Ra i Deseedl .. 4o. Wy o 10 25 &0, ¢ s ran e s BFIDS
573 se0. 16 |E. Gersotmel e | BALdtap . ] I % 4 [Sand e e ke n e s K LE
574 o0, 7 Jerme Pox . a0, = u| B &5 28 e . . 46,7 1945 | B | B | ¥131 beolow 12 2% lo sxosvation oesxrdy,
575 weo, 15 (i, R, Caroecd v+ [ERslde |25, D) o4 4 |Growl | 32 v e e aoan s |BF |BS |origtmily dng to 33 TE,
=77 w0, 38 |Johen Johnaon i¢ Wiltop ir 135 4 | Sand 5 #ﬂ BY (0,5 | T3], &0 to 75 1%.
578 pac. 18 |Jomeph Glaldason 1935 0. z3g p, o | 280 4 |Gravel g 24, 1936 | 10 r110, 90{7) to 174 Ity eriginally dug to 73 ft,
T, 17 H, 1 W,
585 043 [P - Tavesl «] D - 42 " oaow 14,45 ing, 28, 1950 |, | ¥ [MP $op of arlbbing, which ia 2,50 f1 sbove lanod
purfeoe mrtfae,
586 ga0, 13 |R. C, Tibbe 1545 do, 2% D 42 v |TALY 18 e s a v ae |» o D |sbout 10 gopd ueods
sa7 800s 24 |Rs 1. Tesgus e« o [HOlelde |. . D 18 T R s s an s ps [H: | B |TH] exposad in rosd oul nearby,
588 980, 24 [Fred Edlucd . I#'B% as| B 25 . .+ o s n e w e a| ¥ |TLIL balew 15 ft.
rarfoos
569 | SWh cov. 24 |iuton Pdlund e = |Tarrace - e 35 ‘ae 27 aug. 1948 | B (D, 8
590 880, 29 |R., ¥. Davis . s Ao, .l D 10 « « |Sand e P b O Y
591 pso. 23 |Jubn Hormung | T. Moffitt | 4 . a0, 76, 00 | =4 (o = {Grevel | 64,56 |dug, 2B, 1950 jEL P, 5 to 35 Pt
F5 s8G. 14 |R. &, Ldmocin | Earl MoEemnry| . . |Centle » | D 3 35 | Samd &2 Jaly 19, 1940 ¥ |I9
slope
595 | B JEL mec. 23 |Ralph Brwdley v o» | Level «a| D 35 <6 | 11,54 Aug, 31, 1999 |. .| ¥ |} top of platform, 1.0 1% ebore groumd surfade,
Farfaon Becorory dp 7 dxys sfter 290 g2 ponped in 45
=ie,
597 280, 23 |Thomuz Wilmen | (cmer PR do, vl B F1 a s |TER2{?)] v & » . - xr D, 8
] oo 34 |Eerbart as, . s do, sa| B 54 . TA1X(e} | 45 . Y |IyS | Lixited supply of smter,
Holatoln
599 Wik pec, 23 |Fumes Wilsom . » |Camtle « d B = . n [Gravel [a . . b e s s e s || D
#1ops
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By, X2
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Te 2T By Ba 2 W,
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&16%. B 2 M,
880,

SHY #ee, 18

T, 36 B, B 3 W,
L]

ﬁam. 26

a0, Z1

doa, 28

spa, 28

T, 17 2 W,
B0,

Yisoeat Swmith

Ja Hazy
Sarl Combp

W, 3. Osborne

Robart Lothrop

L, H. Tooer

{haghter Bar-den
Foy Tovtle

fwoar indarson

Ua 5. Depts
Interdor,

¥y

Liapis Rail~
rosd {Plitmn)

Clayten Roook
Sorman Cramald

]

e 1 oxoaw

do.

an,
dar,

RN

1945

Gagtle
alape
DarTaoe

Biliside
Alltep
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H111 pide
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xly 18, 1949
mg, 28, 1950

1945

1949
ing, gﬁ
Ang. 1930
ing, 11, 1951

ing, 18, 1950
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TAD, 1% to 18 f45 weber derived fran gravel be—

ngath 411 (may be gravel layer in &ill).

Well daspaned, sarmar, 19T,
Gravel to 16 £45 t111 16 to 26 Iy

graval

(pouib}.y iryar io ¥131}, 26 to 27 ft; M top
of ocibbing, whioh 33 4 1 Lelow lapd swisos,

Ti1) below 15 I,

Water lavel low, Jemiary to March sach winier.

Wetar may be dsxdved from t411; +i1) la expeosed in

Daarhy bluff,
Bry in dngust, 19730,

Watior apparently darlved from sand layer in tillg
HE ia well cover, 1,8 ft above ground

'Bow

Soail infiow of water reportad at 20 amld 26 fig

waber »t 30 % may bo fyrom gravel luyor,
T at 15 ft in hill nearby.

NP top of well aribblng, which 1s 2,4 It above

ground

anrfusa,

About, 500 gpd ugedy well 1s esslly pumped dry,




