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ENGINEZRING GEOLOGY OF ME SO THERW
HALF QF THE MT. PAYHES A-5 QUADRANILE, ALASKA
By

Reuten Kachadcorian and Troy L. Pewa
TN TROQUES TION

A geolorical-examination o¢ the soutnern half of the M',
Layes A=5 guadran~le was made durine July 1<5k by a Jeolosical
Survey party consistinz of Heuben kachadoorian, ™roy L. Péwé,
David D, Smith, geologiste, and Lloyd Plafker, field assistant
(™2, 1}. A segment of the proposed Denali Hi.hway crossas ovar
the southern portion of the area examined. Tre Denali Highway,
upon complation, will extend from Paxson, on the Richarlacen Hirhe
way, to Mcdinlay Fark Station, 1n XeKinley rPark.

e part of the area sd:iacent to the route of the hipghwzy
was mapped in ijetall, and special emrhasis was plarced upnn
reological factors that wilill affect conétructiou of the new hish-
ways. Tt.is report is a result of the studies alon: the hichway
route and descrihbes only those areas that are of irmrediate im-
ortanee in planning and constructlon of the highway.,

The ‘mologicel Survey ras conducted two previous eniineering
ceology investica*ions of vortions of the Deanali Hishwa, Péwé
mapped the araa sast of the i, liayes A=~ quadrangls “ctwean

the Tancle Lakes and 're Richardson Hirhway during the 19°1 and



«“

1552 field seasons. In 195, Kachadooriar, Hopkins, and Nichols
Lhwestigeted the ares west of the i, Haves A-f gquadrenjle, botween

the Susitna and Maclarep: Rivers.

Yettnde of Field 'lork

Fiald mapping by the Jeolemdcal Survey consis'ed of a series
of foot and trictor traverges during which melrglcal informaticn
was gzatherad and rlo%“ted on vertieal photosxraphs of 1:L0,000 scale,
ard later transferred to 2 topographic map of 1:h0,000 scale,
Areas that were not visited on the sround were mappod by
photo=interprefztion and reconnalasarce fror a8 1i=ht alr;lane..

Litkology and permafrost infornation was obtained by hand-
and tractor-~dug test pits, Dertl to permafrogt was estallilshed
by assuming that A0 to 90 percant of the seasonally frozen prourd

layer had thawed at the time of the observatlona.

Actnowladgmerts

The ficld work was rreatly facilitated by the cocperation
of the Alaska Road Coiunissien, Mechanleal annlyses were pre-
rered by Jo R, Watson, Materials bknedreer for the Valiez District

of the Alasks Roal Comnmission,
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GEOGRAPHIC SETTING

Topography

The mapped area lies in the socuthern foothills of the Alaska
ﬁa.nge between the Maclaren River and the Tangle Lekes. The arsa
18 crossed by two east=west ridges, the Amphitheater Mountains in
the north, reaching altitudes of 4,000 to 6,900 feet, and Whistle
Ridge near the canter of the area, reaching altitudes of 4,000 to
4,800 feet., High Valley, a broad upland surface at an altitude of
sbout 3,700 feet meparates the Amphitheater Mounteins from Whistle
Ridge. Hich Valley is terminated on the west by a steep slope
descending 1,200 feet to the Maclaren River valley and on the
east by & gentler but more irregular slope deacending 800 feet to
the Tangle Lakes, South of Whistle Ridge, the country slopea gently
southward to a group of lakeo- in the Gulkana D=5 quedrangle that
drain west into the Maclaren River and east into the Middle Fork

of the Qulkana River,

Vegetation

\

The vegetation in the socuthern half of the Mt. Hayes A=5
quadrangle consists chiefly of brushland and tandra, but open,
park-like stands of black or white spruce surrounded by dwarf
bir¢ch and willow shrubs are found north of the road in the eastern
half of the area and below altitudes of 3,200 feet in the Maclaren

River vzlley, The trees are generally too small for construc¢tion

porposes,



Brushland vegetation is found chiefly in the southern half of
the area bstween altitudes of 2,900 and 3,500 feet and is inter-
spersed with the sprice at its lower limits, The dbrushlend con-
sists primarily of dwarf birch in welledrained areas and willow
shrubs along atreams and drainasge lines,

Tundra vegetation is found chiefly An surfaces above altitudes
of 3,000 feet and below 4,000 to L,500 feety it occurs on the higher
mountain 8lopes above the brushland vegetation and in Hipgh Velley,
The tundra vegetation consists of dwar{ bireh, several varieties
of heaths, many speciass of herbs, grassy plants, lichens generally

growing in a dense mat, and smal) willows along Streams.
QENERAL GEQLOOY

yeneral Features

The general geology of the southern half of the Mt, Hayes
A-S quadrangle is shown on plate l. Bedrock, exposed chiefly in
the Amphitheater Mountains and Whistle Ridge consists predominsntly
of volcanic rocks of Triassic age, but includes minor quantities of
quartz diocrite and hornblende diorite intrusives of probable Jurassic
age (Moffit, 1912). The lowlands are mantled by unconsolidated

Quaternary deposits, chiefly of glacial origin.
Bedrock

Bedrock is exposed in the Amphitheater Mountains, in Whistle
Ridge, and in a much smaller ares in the extreme eastern part of the

area, 1ln the cenyon of the creek that drains Landmark ap Lake (plate 1),

5.



Bedrock in the Amphithea-a.ter Mountains consists chiefly of
folded, dark, slightly metamorphosed volcanic rocks that originally
were diabass and basalt lava flows, locally amygdaloidal, and
minor quantities of tuff and argillite, Whistle Ridge consiats
primarily of light colored metamorphosed diabasse and slight amounts
of basalt; tuff and arpillite were not observed., The diabase and
basalt consist of feldspar, epidote, chlorite, augite, and hornblemde.
This bedrock complex is believed by Moffit (1312) to be of Triassic
age, ‘

Intrusive quarts diorite and hornblende diorite of Jurassic (7)
age (Moffit, 1912) ecrops out in the extrems eastern part of the ares
arnd ranges from a fresh, light-colored rock to more abundant gray
highly weathered rock.

The diabase, basalt and the intrusive diorites can be used
for riprap or for crushed road metal. Satisfactory rock for con-
crete aggregate can be found, but the rooks should be thoroughly
prospected and samples carefully analysed chemically and physically

before any site is chosen.

0 (2
Unconsolidated Sediments %‘— G,
(1
47/;9*‘;6’0%’&
O"é/o,"b
Moat of the unconeolidated sediments were deposited by N

glaciers that several times invaded parts of the area and that

at least twice covered all parts of the area below altitundes of
3,800 feet. The ice originsted in the high mountains of the Alaska
Range and funneled scuth into the mapped area through the valleys

of the Maclaren and Delta Riveras and to a lesser extant through



Lardmark and Slsciaer Gaps. Smaller claciers originating in the
Axphitheater Hountains added simificant quantities of ice ard
debris,

For the purposes of this report ‘he unconsclidated sediments
are divided into nonclzcial and zlacial devncaits, The nonslacial
deposits include talus, swamp deposits, silty and sandy alluvium,
gravelly alluvium, and rubble sheet, The zlacial deposits are
subdiv_ded into rock glaclier, pitted outwash, outwash, e:d amd
lateral moraine complex, esxker~kame complex, channeled till come
rlex, sandy t41l, silty till, and till on vedrock. In genersl,
the character of the deposite is 1ot inrluenced by age; similar
depocits of dif-erent ajzes are, thererove, grouped together in
this report. The terminoloyy and definitions of mogt of the
individual units are modifisd “rom Kachadoorian, Hopkins, and
Nichols (195L), whichk describes the engineering geolory of thre

atjacent area *o the west,
Nonglacial Deposits

™lus.--Talus is found alone the front o:i the Ampritheater
Mountains and in the stesp~walled vallevs within the mo'ntains,.
Talus is not crossed by the route presently planned for the
hi shway.

e talus consists of loose rock pried from bedrock cliffs
by {rost action arnd other weatheriny nrocesses, a-.d deposited in
aprons and congs on rfentler slopes below (plate 1), Anpular rocks
ranzine in diameter {rom a few incﬁes to 10 feet occur, OSone of

the deposits reacli thicknesses cof as much as 50 feet.

7



Aresas of telus are unfavorable for highway construction
because of steep surfauce gradients; sﬁdbilized talus deposits
commonly are in a state of delicate equilibrium and would develop
large-scale slumps and slides if disturbed. Icings can be expected
in cuts in talus deposits,

Talus deposits commonly contain abundant coarse material suite
able for use a8 riprap. Talus could be used for fill1, but other type
deposits of equal quality are generslly more accessible in the area.

Swamp ,~~large swemps are scattered throughout the area and are
especially abundant (1) in the Maclaren River valley, (2) in the area
south of Whistle Ridze, and (3) west of the Tansle Lekes, north and
south of the hichway. The proposed hizhway slignment crosses a
swamp in the Maclaren River valley,

The swamps consist of large areas of impaded drainage in which
the soils are saturated throughout the year., Standing water z few
inches deap covers much of tha surface. Many awamps are flat, but
others slope as ateeply as 2 or 3 percent., Many awamps bear a
chainlike network of broad, low peat ridges enclosing small ponds;
the pattern is conspiocuocus from the air and is useful criterion
for the recognition of some swampy areas,

The swamps are undarlain by peat, muck, and silt generally
more than 5 feet thick; maximuwn thickness is unknown but it may be
as much as 25 feet in many places. Permafrost containing lenses
and stringers of clear 1lce up to 3 feet thick lies below deptas of
2 to ) feet. Clearing or breaking of the turf{ is followed by collapse
and development of thermokarst topography. An example can be ssen

along the proposed aligament in the Maclaren River valley.



The swamps are axtremely unfavorable for highway construction’
and should be avoided wharever possible. If construction of rcads
on swamps cannot be avoided, however, the adoption of constructlion
methode which permit leaving the natural vegetation intact and the
addition of several feet of coarse, permeable borrow to the surface
will be helpful in combating construction and maintenance problems,

Silty and sandy alluvium.--51lty and sandy alluvium underlies

the floodplain of the Maclaren River. The fine alluvium of the
floodplain underlies nearly flat, marshy surfaces crossed by a

few winding sloughs and minor streams., Watar table lies at a
depth less than 5 feet throughout. The entire surface is subject
to occasionel flooding. The proposed alignment of the highway will
not encounter any silty and sandy alluvium,

Permafrost has not been recognized in the silty and sandy
alluvivum but may be present locally. The fine alluvium is sudbject
to intense frost-heaving during seasonal freesing and to loss of
atrength and flowspe upon thawing,

Floodplain areas underlain by silty and sandy alluvium are
unfavorable for highway construction because they are composed of
bighiy frost- susceptible materials and are subject to seasonsl
flooding, Oravel suitable for highwey subgrades may be available
in the bars of the Maclaren River, Generally, however, ailty and
sandy elluvium is unfavorable as a source of borrow. -

Sravelly alluvium.--iravelly alluvium, consisting primarily

of alluvial fans, occur chiefly in the eémtem part of the mapped



area, Large deposits of gravelly alluvium are developed along the
courses of Rock Creek and the creek draining Lendmark Gap Lake. A
smaller area of gravelly alluvium exists south of Whistle Ridge.
The proposed highwey alignment crosses over an extensive area of
gravelly alluvium east of the Tangle Lakes.

The fans and floodplains of the gravelly zLiluvium deposits
have relatively little relief ard stand only a few feet above the
stream channels. The floodplain surfaces are generally dry, but
the water tables commonly lies leas than 5 feet beneath the surface.

OGravelly alluvium consists of interfingering lemnses of clean
cobble gravel, sandy c¢obble gravel, and minor quantities of sand
and silt, Averane grain size decreases with increasing distance
from the foothills or from end and lateral moraine complexes,
vhich contribute a new supply of coarse materisl. The surfaces
of the gravelly alluvium depositsa commonly are mantled by a few
inches of silt,

Rubble sheet.-=Rubble sheets, a product of mass wasting,
form blankets as much as ten feet thick of coarse detritus on the
south slopes of the Amphitheater Mountains and on the north slopes
of Whistle Ridze (plate 1). The present highway alignment crosses
an extensive area on the north slopes of Whistle Ridzge,s The rubble
consists of angular blocks of basalt and diabase that oririnated
further upslope and moved by stronz frost action outward over silty
till as far as 3,000 feet. The downslope edges of rubble sheets
are generally escarpments 2 to 10 feet hich. The surfaces of the

sheets zenerally slope about 10 degrees.

10



ucble sheets consist chiefly of anmilar rocks ran.-ing from
1/2 to 8 inches across, but houlae;a 3 feet in diametar are comaon.
Tine material is lacking. Tue ruvbtle is well=irained, tut in mary
test vits water was observed flowing at the base of the sheet alons
the contaet with the underlying =ilty till,

Permafrost is penerally lackan-: in t'.e ruoble shee', Perma-
frost, however, does commonly exist in the underlrine silty tille

Rubble sheats offer a oo source of borrow material for hich=-
way construction if the material is crushed. DTie thicisr denosits

also offer cood road foundatjons,
Glacisl Denosits

Till-=unsortad zlacial debris plustered at the base of movine
ice or dumped withoi:t reworking by meltwater at tre point where the
ice finally malts-~covers much of the southern half of the Mt,
hayes A=5 quadrangle. Commonly the ti11 is in‘ersperged with de~
posits of sand and gravel at the surface and cannot be mapped
separately; thus till is a prominent cénsfitnent of end and lateral
moraine complexes, channeled till complexes, sandy till, and silty
till,

Glaciofluvial deposits-=-sand, -ravel and cobbles deposited
‘by irremilar wash of meltwater or subjlacial streams on staynant
ice and beyond the ice terminus--exist in ‘he mapped area as
pitted ovtwash, outwash, and esker-xame complaxes.

Rock mlacier.--Rock glaciers in the southern nulf of the Mt
Hayes A~5 quadran=zle are o” two types: (1) active rcck --laciers

found in the small vallers of the Anphitheater fountains, and,

11



(2) inactive rock glaciers found on the north slope of Whistle
Ridge. The proposed hichwsy aligmment crosses two inactive
rocx glaciers on the north slope of Whistle Ridze.

The topography of the imactive rock glaclers ars much more
subdued than that of the active rock glaciers. Rock glaciers con-
sist primarily of anmlar blocks and coarse gravel (fiz. 2, curve D)
imbedded in mud and interstitial ice. They are tonjue=shaped oy
lobate in ground plan and their sides and fronts are generally
steep. The sides range from 5 to 100 feet high, and the fronts
from 30 to 150 feet high. The surfaces of rock glaciers are
generally rough and may contain longitudinal ridges, transverse '
ridzes, mounds, furrows, conical hillocks and depressions, and
small ponds,

The material of rock glaciers is derived from the cliffs amd
cirque-walls at their heads. The surface is composed of angular
roocks 6 inches to 5 feet scross, At depth, however, they assume
the character of till and the angular rock {ragments ars imbedded
in mud or insterstitial ice.

Drainage is generally good in rock glaciers; locally, however,
active rock glaciers have poor drainage,.

Permafroet is generally laciking in inactive rock glaciers,
but generslly is at depths of 6 to 10 feet in active rock glaciers.

Inactive rock glaciers offer a good source of borrow material
and are conaldered good as road foundations,.

Pitted ocutwash.--Pitted ontwash is confined to an area near

the Maclaren Bridge site. The deposit is croesed by the proposed

12
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alignment of the highway. The outwash area {8 flat, platesu-like
surface, indented by many sharp-walled, silt=floored kettle holes
bounded by sharp escarpments 10 to 100 feet high. Pitted outwash

is intermediate in character between unpitted outwash and esker-kame
complayes; it consists of sediments deposited in areas formerly
underlain by scattered blocks of stagnant ice (figs. 3 and L),

The pitted cutwash plain 1s generally well-drained, but lakes
and swamps are present in the kettle holes,

Permafrost i8 probably lacking beneath the upland surface of
the pitted plain, but swampy kettles holes ars likely to be under-
lain by permafrost at depths of 3 to 5 feet.

The pitted outwash plain is a favorable site far highway
congstruction. In the least pitted portions, good grades and
aligments can be obtained by stripping and slde-borrowing; in
the more pitted portion, similar grades and alignments can be ob~
tained by balancing cuts and fills, Abundant borrow may be ob-
teined from pitted outwash,.

Outwash.--Outwash consists of sediments deposited by melt-
vater s8troams, Areas large enouzh to be mapped separately are
found in the eastern part of the area north amd south of the high=-
way and in an abandoned pglacial meltwater channel west of Asar Lake.
The highway alignment crosses a small area of outwash in the eastern
part of the area.

The outwash sediments occupy ngarly flat surfaces bounded by

sharp escarpments cut in till or in esker-kame complexes, The



U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Figure 3 : Block diagram showing origin and interrelationship

of end and lateral moraines (@m); sandy till ground moraine (Qts),
outwash (Qo), pitted outwash (Qop), kames (Qk), and eskers {Qe)during
glaciation (Kachodoorian, Hopkins and Nichols, 1954)



U, S. DEPARTMENT OF THE INTERIOR
GEOLOGIGAL SURVEY

Figure 4: Block diogram showing interrelotionships of end and
lateral moraines (@m), sandy till ground moraine (Qts), outwash

(Qo), pitted outwash {Qop), kames (Qk), and eskers (Qe) after
glaciation (Kachadoorion, Hopkins. and Nichols, 1954)



outwash gurfaces have s local relisf of 3 to 10 feet conaisting of
low escarpments, bars, and swales marking the courses of ancient
streams,

Drainage conxditions vary widely, The outwash is coarse and
permeable and thus may have good drainaze, Howsver, many of the
outwash areas have low gradisnts and are indented below the surround-
ing terrain, thereby collecting drainage from large areas.

The outwash gravel is aimilar to, but slightly coarser than,
the modern alluviuwe in nearby streams, It consists principally
of well-rounded cobble gravel in a matrix of sand (fig. 2, curve G).
Thicknesses are generslly less than 10 feet. In the sastern part
of the mappad area the outwash 18 a thin veneer 1 to 2 feet thick
overlying sandy till, Much of the outwash gravel is mantled ty
6 inches to 1 foot of wind-blown silt.

Permafrost probably is lackine in the thick well=drained out-
wash areas, It is present, however, in till irmediately below the
outwash veneer in the eastern part of the area. The outwash gravel
is not frost susceptible, but ths underlying sandy till is susceptible
to frost action,

Areas of well-~drained outwash offer good foundations for highe

.waya and will yisld small quantities of borrow material.
End and lateral moraine complexes.--Areas of end and lateral

moraine complexes are common throushout the southerm half of the
Mt, Hayes A~5 quadrangle. The highway crosses over extensive areas

of end and lateral moraine complexes between the Tangle Lakes and

17



Whistle Ridge, in Aigh Valley, and from the western edge of High
Valley to the floor of the Maclaren River valley,

End and latersl morsine complexes ars formed at the sides and .
fronts of glaciers, The larger ridges represent material plowed
up during periods when the glaciers were axpanding and material
dumpad without rmuch reworkingz by meltwmater during periods whaen
the glaciers were receding, Smaller sand and gravel hillocks
consist of material washed into tunnels along the margins of the
ies and onto the surface of the ice by meltwater streams, Tha
kettle holes represent ‘he Bites of isolated ice blocks that
melted away after being buried in gravel.

The moraine complexes are areas of rourh topography consisting
of ridges 20 to 100 feet high, separated by swales and undrained
depressions, Kettle holes, shallow, pan-like depressions, 10 feet
deep and 100 feet across are common, Lakes are common in the kattle
holes and in depressions dammed by ti11 ridges. Drainage is generally
good, but small swampy areas are found at the margins of the lakes
and in some kettle holes and swales,

Sandy t1ll is the predominant material composing moraine come
plaxes (fig, 2, curve C), bﬁt silty t1ll is found locally. Sandy
till or silty till is present everywhere at depth, and it crops
out at the surface in the lonz, smooth ridges that are the dominant
element in morainal topography.

Permafrost underlies swales and marshy drainage 1linss at

depths of 1 to 3 feet. Ridges composed of silty till locally con-



tain permafrost a£ depths of about 5 fcet. More commonly,
however, permafrost lics below 5 feet.

The moraine complexes are relatively favorable areas for
road building, Closed devressions and swampy areas umderlain by
permafrost are common in the swales between the till ridges, and
thus the riiges are generally to be preferred for road foundations,
The till ia subject to flowage and landslides on slopes gteaper
than l:k and icing may be expected in high side-cuts. Consequently,
deep cuts should be avoided whenever possible.

Egker-kame complex.--Esker-kame complexes are most common and

best develoved in the Tangle Lakes area in the southe#stern part
of the quadrangle, which the hishway alijnment crosses, and in the
vicinity of Asar Lake in the southern part of the quadranzle, Two
Ismall areas of esker-kame camplexes exiat in Clacier Lake Jsap.
Esker-kame complexes consist of material deposited by streams

on, in, or beneath glacisl ice (fig. 3). Eskers are long, sinuous
ridpes conslsting of beds of former streams that were confined in
crevices on the surfaces of qlaciers or in tumels within glaciers;
while kamee are conical, flat-topped, or irrezular hillocks consist~
ing of material deposited in holes and irresularities on the ice
surface. Esker-kame complexes commonly grade up- or down-valley
into flat-topped, pitted plains consisting of material dumped in%o
an srea where isolated ice blocks were melting away, but no con-
tinuous ice mass existed., KEeker-kame cumplexes thus consist of

eraas of low but rugged and intricate relief. Inverted V-shaped,



Qteep-emad ridzes and conicsl or irregular hillocss are intermingled
or are separated by flat-bottomed depressions. Relief ranges from

S to 150 feet. Individual eskers have more or less8 even summits
interrupted locally by gaps and saddles; summits of adjoining,
parallel eskers, however, may differ in altitude by as much ag

50 feet.

Most esker-kame complexes are composed of 8tratifieé, sub-
rounded to rounded, sandy gravel (fig. 2, curve E). Pockets of
sandy till are comrmon,

The sediments of asker-kame complexes generaliy are coarse
end permeghle; consequently the slopes and zummits are dry and
well-drained, The flat-bottomed depresszions are generally dry
and well-drained where they are underlein by gravel, but are swampy
and mey contain lakes where the substratum is tille. Locally, how=
gver, the depressions are marshy if the water table is within 2 or
3 feet of the surface,

Pemafrost probably is not present in the sand snd gravel ridges
and hillocks of the esker-kame complexes, but some of the depressions
may be underlain by permafrost at depths of only a few feet, The
sand and gravel are not suvbject to heaving, subsidence, or flowage
during freeeing and thawinge.

Esker-ikame. complexes offer the beat foundations for highwaye
and gources of borrow in the southern half of the Mt. Hayes A-5
quadranple,

Charmeled till complex.==Areas of channeled till complex occur

gouth of Whistle Ridge. Channeled till complexes consist of dis-



contimous channels and terraces, mantled by washed sard and
gravel superimposed upon slopes and ridres of sandy till and

silty till. Most of the channeled till complexes were formed at
margins of stamant glaciers (fige. 5A). Marginal meltwater streams
flewed for short distances entirely in till, cutting discontimuovs
channels (fig. 5C). |

Most areas of channeled till have a regional slope of 5 to 20
percent extending at right angles or obliquely to the channels and
terraces, The chamels and terraces thus are separated t‘ran ona
another by ridges or escarjments 5 to 35 feet high.

Sand and gravel, ranging in thickness from 6 inches to 6 feet,
mantles the terraces and channels. The sand and gravel vary widely
in mechanical composition, lenses of sand, sandy gravel, and clean
cobble gravel interfinger with one another. A few large boulders
1 to i feet in diameter are nearly always present. Locally the
till and gravel is mantled by 2 to 6 inches of wind-blown silt,

Channeled till areas are generally well-drzined because of
the sharp locel relief and the presence of permeable gravel on the
flatter surfacee,

Permafrost is present, locally, at depths of 2 feet in gravel
or till mantled by silt. Elsewhere, the gravel generally contains
no permafroste Sandy till and silty i1l in the ridres between
charnels is locally perennially frozen below depths of L to 5 feet.
Frogen gravel contains interstitial ice but will not heave upon

freezing nor flow upon thawing.
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Channeled till complexes are relativeiy favorable areas for
highway construction. Jood grades and aligmments can be located
on the gravel and chamnels, but minor construction and meintensnce
problems probably will be encountered where it is necessary to cross
escarmments and ridges in which till ¢rops out at the surface.

Road metal may have to be obtainad elsewhere, because the gravel
of the channeled till complexes commonly contains considerably more
coarse material than is desirable,

Sgndy till,e-Sandy till i8 here defined as till containing less
than 10 percent ailt and 50 to 75 percent sand (fige 2, curves F and H),
and is widely distributed, A large area of sandy till exista in the
eastern part of the quadrangle north and soth of the proposed high-
way and a still larger erea covera the Maclaren River valley in the
wagtern part of the quadrangle bstween the altitudes of 2,800 amd
3,300 feet,

The topogrephy of areas of sandy till consists of long, broad,
smooth ridgee and swales. Sharp prominences are likely to be eskers
or kames, and thus are likely to offer sources of ¢lean gravel and
sand, The Bandy till represents material dumped along the debris=
leden margins of glaciers, and consequently it is generally found
in deposits ranging in thickness from 20 to 100 feet,

Sandy till ereas are fairly well-drainoed in spite of generally
low slopes and widely spaced drainage lines,

Permafrost is generally lacking in sandy tilll or lies at

depths greater than 5 feet. Locally, however, permafrost is found
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2 to 3 feet below the surfacees Where the sandy till is overlain
by a thin veneer of outwash material, permafrost generally axints
at the contact of t,lhe two deposits. The sandy till of the Maclaren
River valley is less well-dralned than the sandy till of the eastern
part of the quadrangle and consequently, the permafrost lies at
ahgllower depths.

The 8ilt content in sandy till commonly is sufficlient to cause
heaving during winter and loss of strength and local flowage during
apring thaw wherever it is used for f11] material., This is especislly
true of till within 2 feet of the sBurface which has been enriched
in silt by Boil-forming processes and the frost stirring of the
loese covere The siltier phases are subject to slumps and flowage
during spring in sides of high cuta and fills,

Although 1t 18 used in many low=-standard roads in Alaska,
sandy till is relatively undesirable surface materisl, Because
of the high silt content and aburdance of cobbles and boulders,
roed surfaces of sandy till are muddy in spring and rough in
summer.

Silty till.--=Silty till is hers defined as till containing
more than 10 percent silt (fig. 2, curves A, B, and I), and is
the predominant surface material in High Valley, A smaller area
of eilty till is present south of Whistle Ridge., Surfaces under-
lajn by silty till generally are smooth end gently undulating.

The proposed highway aligrment crosses over extensive areas of

silty till in High Valley.
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Much of the silty till is mentled by wind=blown silt which
has been incorporated into the upper few inches of till by frost
actiony consequently, it is difficult to differentiate between the
windeblown material and silty till within a few inchea of the surface.
The silt content of silty till ranges from 10 to 36 percent; the
maximum silt content of silty till 4n the Mt. Hayes A=5 gquadrangle
is much less than in the silty till described by Kachadoorian,
Hopkins, and Nichols (195L) in the Susitns=Masclaren area immediate=-
ly to the west, They report a silt content as high as 90 percent
in the Susitna-Maclaren silty till,
Silty till contains a high proportion of fines and therefore
. 18 relatively impermeable, Consequently, horizontal and gently
sloping surfaces underlain by silty till are poorly drained amd
are loeanlly marshy.
Silty till is gemerally perennially frozen at depths of 1 to
3 feet, The frozen till locally conteins ice in the form of lenses
and veinlets; sufficient ice i3 present to axceed the liquid limit
of the till upon thawing. Consequently, the till is extremely suse~
ceptibles to frost heaving during winter and during early spring
the newly thawed, oversaturated till has little strength ard
flows readily.
S{lty till is unsuitable for most construction purposes be-
cause of its frost ausceptibility and high proportion of fines.
Stripping of vegetation from surfaces underlain by silty till

will bs followed by thawing of permafrost and subsidence which is



1ikely to contime for several years end to totel as much as 6
feete The till will flow during spring in sides of cuts or fills;
high artificial or natural cuts are subject to large scale land-
8liding on slopes as low as l:4. Because of the abundance of
fines and the low rate of percolation in silty till, this material
is subject to rapld gullying,

Permafrost and frost action combine to give many construction
and maintenance problems in silty till, Thus, it 18 desirable that
large areas of thils material be avoided. However, if construction
of roads on silty till cannot be avoided, the adoption of construc~
tion methods which permit leaving the natural vegetation intact and
the addition of saeveral feet of coarse permeable borrow to the
surface will be helpful in combating the problems.

Ti11 on bedrock.--Patches of till form a thin, discontinuous

cover on the bedrook slopes north and eact of the Tangle Lakes,

A smaller area of patchy till on bedrock occurs on the southeastern
slopes of Whistle Ridges The proposed highwey alignment does not
crogs any till on bedrock deposits.

The till is generally leas than 3 feet thick and contains a
hizher proportion of boulders and lower silt content than other
types of till in the Mt, Hayes A-C quadrangle, Quarry sites can
be developed in bedrock by stripping the till, but most aress of

till on bedrock are remots fram the proposed highway alicmmente.

26



REFERENCES CITED

Kachadoorian, Reuben, Hopkins, D, M., Nichols, D. R., 1954,
A preliminary report of geologlc factors affecting highway
construction in the area betwsen the Susitna and Maclaren

Rivers, Alaska: In open-files of the U, S, Geological Survey.

Moffit, F, H., 1912, Headwater regions of Gulkana and Susitna

Rivers, Alaska: U. S. Osological Survey Bullatin L98.

27



