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GEOGRAPHIC SETTING

Topography

The mapped area lies in the southern foothills of the Alaska
Range between the Maclaren River and the Tangle lLakes. The area
is crossed by two east=west ridges, the Amphitheater Mountains in
the north, reaching altitudes of L,000 to 6,900 feet, and Whistle
Ridge near the center of the area, reaching altitudes of L,000 to
4,800 feet. High Valley, a broad upland surface at an altitude of
about 3,700 feet separates the Amphitheater Mountsins from Whistle
Ridge. High Valley is terminated on the west by a steep slope
descending 1,200 feet to the Maclaren River valley and on the
east by a gentler but more irregular slope descending 800 feet to
the Tangle Lakes., South of Whistle Ridgze, the country slopes gently
southward to a group of lakes in the (ulkana D=5 quadrangle that
drain west into the Maclaren River and east into the Middle Fork

of the Julkana River.

Veggtation

The vegetation in the southern half of the Mt., Hayes A=S
quadranzle consists chiefly of brushland and tundra, but open,
park-like stands of black or white spruce surrounded by dwarf
birch and willow shrubs are found north of the road in the eastern
half of the area and below §1timdes of 3,200 feet in the Maclaren

River valley. The trees are generally too small for construction

purposecs.



Brushland vegetation i8 found chiefly in the southern half of
the area between altitudes of 2,900 and 3,500 feet and is inter-
spersed with the spruce at its lower limits. The brushland con-
sists primarily of dwarf birch in well=drained areas and willow
shrubs along streams and drainage lines,

Tundra vegetation is found chiefly on surfaces above altitudes
of 3,000 feet and below L,700 to L,500 feet; it occurs on the higher
mountsin slopes above the brushland vegetation and in High Valley.
The tundra vegetation consists of dwarf birch, several varieties
of heaths, many species of herbs, grassy plants, lichens generally

growing in a dense mat, and small willows along streams.
GENERAL GEOLOGY

Jeneral Features

The general geoclogy of the southern half of the Mt. Hayes
A-5 quadrangle is shown on plate l. Bedrock, exposed chiefly in
the Amphitheater Mountains and Whistle Ridge consists predominantly
of volcanic rocks of Triassic age, but includes minor quantities of
quartz diorite and hornmblende 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 area in the extreme eastern part of the

‘area, in the canyon of the creek that drains Landmark Gap Lake (plate 1j.



Bedrock in the Amphitheater Mountains consists chiefly of
folded, dark, slightly metamorphosed volcanic rocks that originally
were diabase and basalt lava flows, locally amygdaloidal, and
minor quantities of tuff and argillite, Whistle Ridge consists
primarily of light colored metamorphosed diabase and slight amounts
of basalt; tuff and argillite were not observed. The diabase and
basalt consist of feldspar, epidote, chlorite, augite, and hornblendee.
This bedrock complex is believed by Moffit (1912) to be of Triassic
age.

Intrusive quartz diorite and hornblende diorite of Jurassic (?)
age (Moffit, 1912) crops out in the extreme eastern part of the ares
and 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 riprrap or for crushed road metal. Satisfactory rock for con-
crete azgregate can be found, but the rocks should be thoroughly
prospected and samples carefully analyzed chemically and physically

before any site is chosen.

Unconsolidated Sediments

Most of the unconsoclidated sediments were depcsited by
glaciers that several times invaded parts of the area and thﬁt
at least twice covered all parts of the area below altitudes of
3,800 feet. The ice originated in the hish mountains of the Alaska
Range and funneled south into the mapped area through the valleys

of the Maclaren and Delta Rivers and to a lesser extent through
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Areas of talus are unfavorable for highway construction
because of steep surface gradients; stabilized talus deposits
comnonly 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 depositse

Talus deposits commonly contain abundant coarse material suit-
able for use as riprap. Talus could be used for fill, but other type
deposits of equal quality are zenerally more accessible in the area,

Swamp.-~large swamps are scattered throughout the area and are
especially abundant (1) in the Maclaren River valley, (2) in the area
south of whistle Ridge, and (3) west of the Tangle Lakes, north and
south of the highway. The proposed highway alignment crosses a
swamp in the Maclaren River valley.

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

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

along the proposed alignment in the Maclaren River valley.



The swamps are extremely unfavorable for hichway construction
and should be avecided wherever possible. If construction of roads
on swamps cannot be avoided, however, the adoption of construction
methods 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,.

5ilty and sandy alluvium,--5ilty 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. Water table lies at a
depth less than 5 feet throughout. The entire surface is subject
to occasional 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
alluvium but may be present locally. The fine alluvium is subject
to intense frost-heaving during seasonal freezing and to loss of
strength and flowage upon thawing.

Floodplain areas underlain by silty and sandy alluvium are
unfaverable for highway construction because they are composed of
highly frost susceptible materials and are subject to seasonal

looding. OGravel suitable for highway subgrades may be available
in the bars of the Maclaren River. Jenerally, however, silty and
sandy alluvium is unfavorable as a source of borrow. |

Jravelly alluvium,-~3ravelly alluvium, consisting primarily

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



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

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

Gravelly alluvium consists of interfingering lenses of clean
cobble gravel, sandy cobble gravel, and minor quantities of sand
and silt. Averase grain size decreases with increasing distance
from the foothills or from end and lateral moraine complexes,
which contribute a new supply of coarse material. The surfaces
of the gravelly alluvium deposits commonly are mantled by a few
inches of silt.

Rubble sheet.=-flubble sheets, a product of mass wasting,

form blankets as much as ten feet thick of coarse detritus on the
scuth slopes of the Amphitheater Mountains and on the north slopes
of Whistle Ridze (plate 1). The present highway alignment crosses
en extensive area on the north slopes of Whistle Ridze. The rabble
consists of angular blocks of basalt and diabase that orizinated
further upslope and moved by strong 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 hizh. The surfaces of the

sheets generally slope about 10 degrees,
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(2) inactive rock glaciers found on the north slope of Whistle
Ridze. The proposed hishway alignment crosses two inactive
rock glaciers on the north slope of Whistle Ridze.

The topography of the inactive rock glaciers are much more
subdued than that of the active rock glaciers. Rock glaciers con~
sist primarily of anular blocks and coarse gravel (fig. 2, curve D)
imbedded in mud and interstitial ice. They are tonzue-shaped or
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 highe 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 and
cirque-walls at their heads., The surface is composed of angular
rocks 6 inches to 5 feet across, At depth, however, they assume
the character of till and the angular rock fragments are imbedded
in mud or insterstitial ice.

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

Permafrost is generally lacking in inactive rock glaciers,
but generally is at depths of 6 to 10 feet in active rock glaciers.

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

Pitted outwash.--Pitted outwash is confined t0 an area near

the Maclaren Bridge site. The deposit is crossed by the proposed
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U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Figure 3 : Block diagram showing origin and interrelationship

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



U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Figure 4 : Block diagram showing interrelationships of end and
lateral moraines (Qm), sandy till ground moraine (Qts), outwash

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



alignment of the hishway. The outwash area is flat, plateau-like
surface, indented by many sharp=-walled, silt-floored kettle holes
bounded by sharp escarpments 10 to 100 feet highe Pitted outwash

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

The pitted outwash plain is generally well-drained, but lakes
and swamps are present in the kettle holes.

Permafrost is probably lacking beneath the upland surface of
the pitted plain, but swampy kettle holes are likely to be under=
lain by permafroast at depths of 3 to 5 feet.

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

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

The outwash sediments occupy nearly flat surfaces bounded by

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

VA



outwash surfaces have a local relief of 3 to 10 feet consisting of
low escarpments, bars, and swales marking the courses of ancient
streams.

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

The outwash gravel is similar to, but slightly coarser than,
the modern alluvium in nearby streams, It consists principally
of wellerounded cobble gravel in a matrix of sand (fig. 2, curve G).
Thicknesses are generally less than 10 feet. In the eastern part
of the mapped area the outwash is a thin veneer 1 to 2 feet thick
overlying sandy tille Much of the outwash gravel is mantled bty
6 inches to 1 foot of wind-blown silt.

Permafrost probably is lacking in the thick welledrained oute
wash areas, It is present, however, in till immediately below the
outwash veneer in the eastern part of the area. The outwash gravel
is not frost susceptible, but the underlying sandy till is susceptible
to frost action.

Areas of well-drained outwash offer good foundations for high-
ways and will yield small quantities of borrow material,

End and lateral moraine complexes.--Areas of end and lateral

moraine complexes are common throuzhout the southern 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

1.‘,



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

End and lateral moraine coamplexes are formad at the sides and .
fronts of glaciers. The larger ridges represent material plowed
up during periods when the glaciers were expanding and material
dumped without much reworking by meltwater during periods when
the glaciers were recedinze. Smaller sand and gravel hillocks
consist of material washed into tunnels along the margins of the
ice and onto the surface of the ice by meltwater stireams., The
kettle holes represent the sites of isolated ice blocks that
melted away after being buried in gravel.

The moraine complexes are areas of rough 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 kettle
holes and in depressions dammed by till 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 till is the predominant material composing moraine come
plexes (fiz. 2, curve C), but silty till 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
elament in morainal topography.

Permafrost underlies swales and marshy drainage lines at

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

f ad



tain permafrost at depths of about 5 feet. More commonly,
however, permafrost lies below 5 feet.

The moraine complexes are relatively favorable areas for
road building. Closed devressions and swampy areas underlain by
permafrost are common in the swales between the till ridges, and
thus the ridges are generally to be preferred for road foundations.
The till is subject to flowage and landslides on slopes steaper
than 1:L 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 developed in the Tangle Lakes area in the southeastern part
of the quadrangle, which the hishway alinment crosses, and in the
vicinity of Asar Lake in the southern part of the quadrangle. Two
small areas of esker-kame complexes exist in Clacier Lake Jape.
Esker-kame complexes consist of material deposited by streams
on, in, or beneath glacial ice (fic. 3). Eskers are long, sinuous
ridges consisting of beds of former streams that were confined in
crevices on the surfaces of glaciers or in tumnnels within glaciers;
vhile kames are conical, flat-topped, or irregular hillocks consiste
ins of material deposited in holes and irrecularities on the ice
surface, BEsker-kame complexes commonly grade up- or down-valley
into flate-teopped, pitted plains consisting of material dumped into
ar area where isolated ice blccks were melting away, but no con-
tiruous ice mass existed. csker-kame camplexes thus consist of

areas of low but rugged and intricate relief. Inverted V-shaped,
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steep-sided ridges and conicsal or irrepular hillocxs are intermingled
or are separated by flat-tottomed depressions. Relief ranges from

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

50 feet.

Most esker-kame complexes are composed of stratified, sub-
rounded to rounded, sandy wravel (fis. 2, curve Ej. Pockets of
sandy till are ccmnmon,

The sediments of esker-kame complexes generally are coarse
and vermeshle; consequently the slopes and summits are dry and
well-drained. T™he flat-bottomed depressions are generally dry
and well=drained where they are underlein by gravel, but are swampy
and nay contain lakes where the substratum is till, Locally, how-
ever, the depressions are marshy if the water table is within 2 or
3 feet of the surface.

Permafrost probably is not present in the sand and gravel ridges
and hillocks of the esker-kame complexes, but same of the depressions
may re urderlein by permafrost at depths of only a few feete The
sand and sravel are not subject to heaving, subsidence, or flowuge
during freezing and thawinge,

isker-<ame complexes offer the best foundations for hichways
and sources of borrow in the southern ralf of the Mt. Hayes A~
quadranile,

Channeled till complex.~-Areas of channeled till complex occur

scuth of Whistle Ridze, Channeled till complexes consist of dis-



continuous channels and terraces, mantled by washed sand and
eravel superimposed upon slopes and ridees of sandy till and

silty till., Most of the channeled till complexes were formed at
margins of stacnant glaciers (fipf. 5A). Marginal meltwater streams
flcwed for short distances entirely in till, cutting discontinuous
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 chamnels and terraces thus are separatsd from one
another by ridges or escarpments 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
1l to Lk 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-drained because of
the sharp local relief and the presence of vermeable gravel on the
flatter surfaces.

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

freezing nor flow upon thawing,
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Channeled till complexes are relatively favorable areas for
highway construction. 5Jocd grades and alignments can be located
on the gravel and channels, but minor constructicn and maintenance
problems probably will be encountered where it is necessary to cross
escarpments and ridges in which till crops out at the surface.

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

Sandy till.e=3andy till is here defined as till containing less
than 10 percent 81ilt and 50 to 75 percent sand (fig. 2, curves F and H),
and is widely distributeds A large area of sandy till exists in the
eastern part of the quadrangle north and south of the propossed high-
- way and a s8till larger area covers the Maclaren River valley in the
western part of the quadrangle between the altitudes of 2,300 and
3,300 feet.

The topography of areas of sandy till consists of long, broad,
smooth rideges and swales, Sharp prominences are likely to be eskers
or kames, and thus are likely to offer socurces of clean gravel and
sand. The sandy till represents material dumped along the debris-
laden margins of glaciers, and consequently it is generally found
in deposits ranging in thickness from 20 to 100 feet.

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

Permafrost is generally lacking in sandy till or lies at

depths greater than 5 feet. Locally, however, permafrost is found
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2 to 3 feet below the surface. Where the sandy till is overlain

~ Dby a thin veneer of outwash material, permafrost generally exists
at the contact of tﬁe two deposits, The sandy till of the Maclaren
River valley is less well-drained than the sandy till of the eastern
part of the quadrangle and consequently, the permafrost lies at
shallower depths,

The silt content in sandy till commonly is sufficient to cause
heaving durineg winter and loss of strength and locsl flowage during
spring thaw wherever it is used for fill material. This is especially
true of till within 2 feet of the surface which has been enriched
in s8ilt by soil-forming processes and the frost stirring of the
loess cover. The siltier phases are subject to slumps and flowage
during spring in sides of high cuts and fills,

Although it is used in many low=standard roads in Alaska,
sandy till is relatively undesirable surface material. Because
of the high silt content and abundance of cobbles and boulders,
road surfaces of sandy till are muddy in spring and rough in
summer .

Silty till.--Silty till is here 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 silty till is present south of Whistle Ridge. Surfaces under-
lain by silty till generally are smooth and gently undulating.

The propcsed highway aligmment crosses over extensive areas of

silty till in High Valley.
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Much of the silty till is mantled by wind~blown s8ilt which
has been incorporated intc the upper few inches of till by frost
action; consequently, it is difficult to differentiate between the
wind-blown material and silty till within a few inches of the surface.
The silt content of silty till ranges from 10 to 36 percent; the
maximum silt content of silty till in the Mt., Hayes A5 quadrangle
is much less than in the silty till described by Kachadoorian,
Hopkins, and Nichols (1954) in the Susitna-Maclaren area immediate-
ly to the west. They report a silt content as high as 90 percent
in the SusitnaeMaclaren silty till,

Silty till contains a high proportion of fines and therefore
is relatively impermeabtle. Consequently, horizontal and gently
8loping surfaces underlain by silty till are poorly drained and
are locally marshy.

Silty till is generally perennially frozen at depths of 1 to
3 feet. The frozen till locally contains ice in the form of lenses
and veinlets; sufficient ice is present to exceed the liquid limit
of the till upon thawing. Consequently, the till is extremely sus-
ceptible to frost heaving during winter and during early spring
the newly thawed, oversaturated till has little strength and
flows readily,

Silty till is unsuitable for most construction purposes be-
ceuse of its frost susceptibility and high proportion of fines.
Stripping of vegetation from surfaces underlain by silty till

will be followed by thawing of permafrost and subsidence which is
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likely to contimie for several years and to total as such 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 lande
8liding on slopes as low as 1:4. Because of the abundance of
fines ard the low rate of percolation in silty till, this material
is subject to rapid gullyinc.

Permafrost and frost action combine to give many construction
and maintenance problems in silty till. Thus, it is desirable that
large areas of this material be avoided. However, if construction
of roads on silty till cannot be avoided, the adoption of construce
tion methods 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 the problems,

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

cover on the bedrock slopes north and east of the Tangle Lakes.

A smaller area of patchy till on bedrock occurs on the southeastern
slopes of Whistle Ridge. The proposed highway alignment does not
crosgs any till on bedrock deposits,

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

till on bedrock are remote from the proposed highway alismment,
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