“DEPARTMENT OF THE INTERIOR
. /GEOLOGICAL SURVEY -

&t i

. A PRELIMINARY REPORT OF GEOLOGIC FACTORS
" AFFECTING HIGHWAY CONSTRUCTION IN THE AREA

BETWEEN THE SUSITNA AND MACLAREN RIVEﬁS,"ALASKA

" Reuben Kachadoorian

D. M. Hopkins

D. R. Nichols

 REPRODUCED FROM BEST AVAILABLE COPY
1954 -
S#-137 :






‘t.o‘ ST miles: east’of Clearwate

0 3.8 ﬁles ast;of Clearwate "'Cr' :




iagrarmatic ‘cross ‘section sh

2
- . e W

ﬁiég::aﬂmjgt“i'_c ¢ross n‘s?}showirig devgipphéﬁt‘ c;f

gitsin end and lateral
e P 5:...{,% E N X
;Complexes




& PRELIMIKARY REPORT OF GEOLOGIC FACTORS
AFFECTING HIGHWAY COnSTRUCTION IN THE ARFA
BETWEEN THE SUSITNA AND MACLAREN RIVERS » ALASKA

Reuben Kachadoorian, D. M. Hopkins, D. R, Nicﬁols

INTRODUCTION |

Preliminary surveys for a highway route betweén the Maclaren
and Susitna Rivers (fig. 1) were made during the summer of 1953, by
an Alaska Road Commission location pzarty headed by Joseph Bell, Jr.
The proposed highway ic to be a part of a road extending\from Paxson,
on the Richafdson Highwey, to Cantwell, on the Alaska Railroad., Con=-
struction of the road from Faxson to t;'xe Maclaren River and construc-
tion of other segments from Cantwell to the Susitna River wae nearly
completed during 1953,

A geological examination of parts of Healy A-1l, Healy A-2, and
Mt, Hayes A-6 quadrangles was ‘mede during the summer of 1953 by a
Geological Survey party consisting of D. M. Hopkins, Reuben
Kechadoorian, and D. R. Nichols, geologists, and Lloyd Plafker,
»field egsistant. The part of the area lying along the route of the
proposéd road and along a possiblé access road tc Denali wu=s mapped: _
in detail, and special emphasis was placed upon geolégic factors
that will affect construction of the new highway. .This report, pre-
pared at the reguest of the Alaska Road Commission, is a result of
the studies along the proposedi highway roubeg » and describes only

those areas that are of immediate importance in planning the highway,
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Method of Field Work

Field mapping bY _thehﬁeological Survey consisted of a series =

1ater to a topographic map of 1 ho 000 scale. "’?‘Areas that were. not'

4 visited on t.he ground were mpped by photo-mterpretatlon and re-

A connalssame exarination i‘rom a 11ght ai_rplane. The accuracy of b

t.he gealogic map depends ‘largely upon the density of ‘the foot

traverses and there:fore, a d:mcuaaion of their distribution :w

pertinent.‘ : R
-

I.owland areas within a mile of the pa‘oposed highway route

between the Susxtna River and Corkscrew Creek were mapped in detail.

In this area tractor-dng test pits speced at 500 feet intervals ..

el

along the road al.;,,nment prov..ded data on depth of pemfrost, liﬂ\-""

* olog a.nd the soil profile. In areas of low relief and dense
‘ vegetation cover, the test pits nrmrided the best means of obtain-

:Lng sx.bsur.t‘ace information and cr:lt.era was estabhehed to extend

1ithologic units into adjacent areas. -

Mapping in the area betwecn phe br‘ldge siteon the Sus;tna
Rlver and Denali, and between Corkscrew Creek and L:Lttle Clearwater : |
Creek is of mtermediate accuracy. 'l‘raverses in these areas are
- somewhat .t‘a.rther apart than in the area between the Susitna Rlver :
and Corkscrew Creeko Tast pits had to be dug by “hand and were |

more widely spacad.




e

'lhe area between Little Clea rwater Creek and ‘ohe P'aclaren :
River was moped chleﬁy by photo-mterpretatlon. - Time permitted

only sketd’gy ground Coverage of this area. Some places, including

Crazy Notéh"1;<.ﬁ;foug\1 w":.ich the highway will pass 3 miles west o.f

the Maclaren River , Wwere not examined on fhe grot.nd ‘ ok
The na.mes Clearwater nountains 3 Swampbuggy La.ke, Hatchet Lake, ﬁ

'Nowater Creek, Raft Creek, Alp:me Creek, Corset Creek Corkscrew |

‘.'Creek, Osa Creek, ”Crazy Notch" -have no formal standing .at the ~~~~~ v‘

presentk but have been subxultted for approval to the Board of £

f ':Geographio Names , Department of the Interlor. »All other names

:used in this report already have rece:wed the approval of fhe

Board oi‘ Geographic Names or have appnared on the pubhshed

; vi:z;o,ooo maps of this area.
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The results of mechanical analyses in this report are based on
tests Seing made in the laboratories of the Twelfth Naval District at
San Bruno, Californis. These results have been submitted informelly

to the Geological Survey pending completion of the tests.

GEQGRAPHIC SETTING
Topograhy

The southern part of the Susitna-Maclaren area, the area thrémgh
which the highway route passes between the Susitna and Maclaren Rivers,
lies in the northwestern corner of the Copper River lowland physio-
graphic fwrovince. The are;a consists of an undulating lowland dominated
by long, sweeping slopes extending south from the Clearwater Mountains
of the Alaska Range. A range of low bedrock hills extends west from the
Jjunction of Corset Creek ax;d the Susitna River., A lower, till-covered
ridge extends squth f1jom t;he Junction of West Fork and the Maclaren
Rivers, separating the‘valley of the Maclaren River from the drainage
basin of Clearwater Creek.

'Ihek_northem part of the mapped area north of the main higw#
lroute and east of the proposed spur-road to Denali, lie in the Clear=-
water Hountaﬁ:s of the Alaska Range. These mountains gradually rise
westward from subdued, widely spaced bedrock hills near the junction of
West. Fork and Haclaren Rivers, to a higher range of rugged mountain
ridges near the mouths of Windy and Valdez Creeks, The Clearwater
Mountains are abruptly terminated in the west by the broad flat-bottox'nedA
upper valley of the S'usitna Rivér," through wich the spur-road to Denali

would passe. .
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Vegetetion in the Susitna-Maclaren area consists of
principal types: sprruce forest, brushland, and tundrz, Large
spruce is aburdant only below altitudes of 2,700 +o 3,000 fsct,
but small spruce is scatterad through ruch of the brisnland wnich
is found chiefly at altitudés of 2,500 to 3,500 feet., Tundra Is
confinéd largely to surfacze above 3,000 to 3,500 feet in altie
tude, '

Most of the spruce foresgt concists of op%n, park=liks stands
of black or white épruce swrrounded by dwerf birch and willow
shrubs, The traes generally are too.smzll for use in the con-
struction of buildings but may be used »z cordvroy. Oren spruce
forest is found along the route.of the propoced highway between
‘Lake and Nowater Creekc and locally betwean Alpine and Corecet
Creeke,

Dense stands of tall spruce aund cottonwood grow on the lower
pérts of alluviel fans and on the flood rlains of large streams.
Timber for stractures and:corduroy can he obtzined from dense
spruce stands along the highwey alignment at lNowatver, iaft, and
Alpine Creeks. \

Brushland vegetation is found inters;ersed with the spruce
near timberline and at higher altitudes, The brusaland is
covered by dense thickets of Zwerf birch and willow and is dif-
ficult to traverse on foot, though tne brush offers no obstacle

to tracked vehicles.



Both of the proposed alignments from Corset Creek %o the Maclarcn

iver lie almost entirely in brushland, and much of tiie route from
Nowater Creek to Corset Creek and the proposeé spwr rozd to Densli,
also lie in brushland,

Tundra is Zouvrd chilefly on the nigher mountain slopes above
the brushland vegetatibn, but it alsoc is found locally at lower
altitudes near the Susitna River bridge site and in m&untain
valleys. The tundra vegetation concists of dwarlad woody rlants
including birch, willow, blueberry, and ceveral heaihs, and many
cpecies of herbs,vgragéy plants, and lichens generally growing in
a dense mat, Taller representatives of mény of *he specics that
comprise the tundra are also found in the brichland vegetation.
Tund;a is -found from the Susitna bridge.site to a point atout one
mile to the east, and in isolated pztcnes along the higher part
of the roadvaiignmentkbetween Nowater and Alpine Creceks,

Alder thickets are presenf locally on s*eep bedrock slcpes
rahging'in altitude ffdm 2;500 to %,000 feat and along minor
drainzge lines that cross thelhighway alignment between Nowater

and Alpine Creceks,

I. GENERAL CEOLOCY

General Fealures

The general gecology of the area 2lcong the rrojected hishway in
the Susitna-Maclaren area is shown in figure 2. Redrock, confined

chiefly tc *he foothills north of the highway route, conesiste rredomi-



nantly of volcanic récks of Triassic age, but includes minor quantities
of limestoné, argillite, and quartzite. Tertiary coal, shale, and
sandstone are exposed along Coal Creek, a small stream draining into
Clearwater Creek 9 miles north of the proposed highway route., The low-
land through which the highway passes is mantled by thick deposits of
unconsolidated materials, chiefly of glacial origin, bedrock in the
Susitna-Maclaren area has been described by Moffit'(l9l2) and Ross
(1933). The unconsolidated materials have not been described in detail
except in the vicinity of Denali, where placer gravels are of economic

importance (Moffit, 1912; Ross, 1933; Tuck, 1938),

Bedrock
Bedrock will be encountered along the highway alignment only at
the crossing of Hindy Creek on the épur road to Denali, However, bed-
rock is exposed througﬁout the mountain front norta of the highway
between Lake and Corkscrew Creeks, in several loﬁ'hills between Clear-
water Creek and the Maclaren River, and in the mountain front east of
the DenaliAspur road.

' ‘]ixe bedrock consists chiefly of folded and slightly metamorphosed
volcanic rocks which originally were basalt and andesite lava flows,
ash, conglonmerate, and breccia., Locally, the volcanic rocks are cut
by tabularvand irregular masses of coarsa-grainedAdiofipe. The vol-
canic rocks are folded and fractured and their compositions have

been changed slighti&. This alteration was brought about mostly by



nected walorg oot Weminirico, rrocestes,  Dae rechs conslict of
felaspar. cuartz, epiunte, chlorite, augite ard nornblende. in most
places whnere tney were examined ine volcenic rocke centain sparely
dessiminated sm-11 greinc of iron sulphide. HKock colors generally
are greenish-gray, put red and dark blue-gray rocks are common,
The volcanic rocks are tnick-bedded, but are cut by fairly
close spaced fractures, ‘weathering along these fractures yields
angular bou;ders 0.5 to 3.0 feet across, 7
. The volcanic rocks cén be used for ripraﬁ or for sources of
crushed fock road-n&tal. Satisfachory rock for ccﬁcrete aggregate.
can be found locelly but commorly tne sulphide conteht'rendefs thé
iy

volcanic rocks unsuitabls. Sulwnide~free rocks are most cormon wesb
of Nowater Creek. The rocks should be thoroughly prospécted and
samples ‘carefully analyzed chemitally and pnysically before any site
is chosen as a source of concrete aggregate.

| Volcanic rocke between Raft and Corset Creeks are more highly
-metamorpnosed than volcanic rocks elsewhere in ﬂme arez, and locally
have been altered to chlorite schist, Throughout this highly meta-
merghosed zone, the rocks contain abundant micaceous and sulphide
minerals. They weather to relatively small, platy fragmenis which
are further weakened by tne decomposition of the sulphides. Vol-
canic rocks between Haft and Corset Creeks zre thus generally unsatis-
factery for use in concrete aggregate. They will tend to crush and
disintegrate under traffic, yielding & hign proportion of fines and_ i

thue will offer less satisfactory rmaterial for road subgredes or surface

than rccks found farther weste.



Argillite predormineter in the Llcarwater- Mourtains between
wWindy and Valdez Creeks, Thin argillite and slate beds are inter-
layercd with the volcanric rocks in other arezs, especially in the
mountains between Raft and Corkscrew Creets, The argillite and
slate generally are dark blue-gray 4o black in cclor. They consist
of quartz, sericite, chlorite, biotite, snd dark coloring matter
which vrobabtly is carbonaceous (Hoss, 1933, p. 436). Ccmmonly'th;
slate and aréillite are impregnated witn sulphiaeé. The rocks are
thoroughlj fractured and weather rapidly into piaty fragments i to
2 inchcs'across. Their bezring strength is low and therefore slate
and ergillite are generally unsatisfactory for subzrade or surfzce

| "o
materizl. The platy shape of the fragments and the presence of
micaceous minerale and sulpnides make the arzillite ana slate poor
materials for concrete ag regate,

Chart, interbedded with veolcanics and argillite, is cormon in
the arez btetween Raft and Corkscrew Ureeks. The chert generslly is
- in beds 5 to 20 feet thick, ranges in color from white to bright red-
brown and green, and consists mostly of microscopic grains of quartz.
The cnert is clocely fractured and breaks into angular fragments less
tnharn 2 inches across., Tne chert probably would be an excellent source
of' crusned rock, but it is relctively scarce and inaccessible from
the road zlignment.

Limestone is rare in the psrtc of the Susitna-taclsren area
adjecent to ihke proposed nighway. Qhere rresent, it consists of
thin Leds, generally less tnan 5 feet thick, interbedded with the

volcgnic rocks ard sediments. The limestone is wnite to light-gray

10



and cozrsely erystalline. 11 breake along becting rlanes and frectures
into blocks & few inches to & foot across. Many of the limesione
lenses are impregnated with sulpnides. The limestonre beds are toc thin

and too inaccessible to be of use as a corstruction naterial for the

rrojected hichwey.,

Unconsolidated Sediments

Most of the unconsolidated deposits of the Susitna-Maclaren
erea werepdepégited by. gleciers which severzl times have invaded
tﬁe lowland andxwhich,at least twice have covered a1l parts of the
area that lie below altitudes of 4,000 feet. The ice originated

i
chiefly in the high mourtaine of the Alaska Range and funneled into
the lowland‘area throuzh fhe valleys of the Lusitnz and Faclaren Rivers.
Jlaciers originabtini in smaller valleys in the Clearwater Mountains
have contributed significant quantities of ice to tne lowland glaciers, .
and thus significant quantities of debris Lo tne deposits that mantle
the lowlands.

For the purposes of this report the glacial dcposits are sub-
divided into silty till, ssndy till, rubblé till, coannel till
conplexes, end and lateral morzine complexes, kame-esker complexes,
outwash gravel, ritied outwzsh, and channeled oulwash. In geperal,‘
Tne character of ithe deposiis crossed by the rosd ere not influenced
by their relztive age, and conseguently, similar derosits ol differ-
ent age are greolped to;etnér for the vurposes of this report,

A sorewnzt different terrinology was used by tne autaors in

preparin,; tne Materials Loy ook for uhe slaska rozd Commicsion

.
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during tne 1953 field ceeson. The nanes used there were siricily
ficle terss and reflectea iucon;lcze.knowleagé'of tne range of
veriation of materizl: to be found in tie Susitné»ﬁaclaren area.
Further field mapping and tne results of mechani cal analyses have
caused ine auvthors to re%ise their interrretstions slighily{

Foet qf the material logged 2o silty till in the Materials Log
Book is classified nere as sandy till. hizterial now classified ag
eilty till was originally logged as sandy silt, :

Honhglacial5unconsolidated sediments occupy only a2 small part ofjt
tne Susitna-taclaren areé; but they/ére locelly important in planning{;
tue new niyhway. The non-glacial deposits inéiﬁde'gravclly allu#iuﬁ :;
¢ mincer streans, €ilty and sandy alluvigﬁ cf the Susftna and Maclareﬁ
divers, swamp depositr, and talus which mantles the lower slopes of‘
steep tedrack hills,

dlaciel Leyposits

Till.-=Till--unsorted glacial debris plastered at the base of

moving ice or Jdumped without reworking by meltwater at the point where
e ice finally melts--covers mucn of the Susitna-Yenali areéa Conmonly
the {ill ic interspersed with depocite of sand and gravel at the
surface ara carnot be rapped separately; thus, t%ill is 2 prominent
constituent of ihe channeled-till complexes and the end and lateraly
moraine corplexes. In many areas, however, till predoninates at the
surface an:i can be mzpped sepcrately.

Tne 111 is subdivided according to its texture into silty
11, ecorntzining more than 107 £3ilt and generally less than 20%
pebiles, cobtles, and boulders; sandy till, conizindng less than - -

107 gilt and lase tnan 507 pebbles, codbles, ani boulders; and



rubile till, coruzining litile or ne sill z:ad rore than 50% pebtles,
corbles, and ooulders.

The texture of the till varies with its proximity to the rock cliffs
“rom which most of it was derived. Thus, till in the certral part of the
Cusitna and Maclaren valleys and in tac Clearwater basin is geﬁeraliy
g¢l ty, while till at the base o! Clearwater Mounteins, north of the pro-
posed road between Lake and Corset Creeks generally is sandy. Rubble
till is mostly confined to mountain valleys in the foothills but
locally, tongues of rubble till extend into the 1cwland in the area
croqsed bj the road. ’ '

Silty till--Silty till rs tne predominant surface material below
an altitude of 2,900 feet in the lowland 8;25 between Corset and Clear-
water Creeks. The ridge, followed by the 1953 "L® line from the Susippa
cridre site to Station éh + 50, consists of a smaller sres of silty till,

Surfaces underlain by sility 'till zenerally are smooth and gently
widulating, Because sf the high proportion of fines, the till is
impermeavle; consequently, horizontal and gently sloping surfaces under=-
lain by -silty till are poorly drained and marshy.

Undoubtedly mucn of tne silty till has been méntled by wind-blown
£ilt., However, the incorporalion of this silt into the underlying
ciity till by frost action makes it difficult to differentiatg between
the ﬁind-bloun silt and silty till.:

Siity till is defined here as tlll'con"“n¢ﬁg more than 108 silt.
In most places, tae silty tiil contains 25 to 50% silt (Curve F, fiz.3);
in tne ridgé followed by the "L" line east of the Susitna bridge site,'

£ilt locally cdmprises as much as 90% of tne till. 4Angular or poorly

13



roundec rocls of &ll sizes are dispérsed nhrbugh the silty till, but
comprise only a small proportion of the whole deposit--generally less
than 20%. About half of the rock fragments consist of granite, gneiss,
schist, and argillite; the rest are veclcanics. Many of the granite,
schist, and argillite pebbles are deeply weathered and can be cut with
a knife, |

5iJty till generally is blanketed with peat 0.5 to 1.5 feet thick,
Much thicker layers of peat are common along marshy drainage lines and
iﬁ the flat lowlands south of the projected aiignment between Corset
and alpine Creeks. |

The silty till between Corset and,glearwater Creeks forms a relat;~
ively thin blanket, 10 to 20 feet tiiick, underlain by bedded sand and
grevel, Silty till in the area near the Susitna Bridge site, on the
otner hand, probably is at least 50 feet thick. .

The silty till generally is perennially frozen at depths of 1.5 to
3.0 feet. The frozenr till contains much ice in the form of lenses and ‘
- veinlets; sufficient ice is rresent to exceed the liquid limit of the
till upon thawing. Consequently, the till is extremely susceptible to ;:
frost~heaving during winter and during early spring tne newly thawed, h
oversaturatec till has little strength and flows readily. Thermokarst
topography--small lakes, depressions, and steep-wzlled, flait-bottomed,
swampy gulliés resulting from collapse fcllowing the thawing of ice-rich
pernafrost~=is ccmmon locally in areas underlain by siliy till. Most
silty till areas also contain polygonsl and strippéd vegetation patterns
which result from inténse frost heaving. Slopes greater than 10% commonly

bear solifluction lobes which are formed by flowage of saturated till junder

R



a vegetation cover during the spring tnaw. All of these features are
present in the ares of sZlty till near tue Susitna bridge site.

Silty till ic unsuitatle fér rost construction purposes because of
its frost susceptibility and high proportion of fines., OStripping ol
vegetation from surfaces underlain by eilty till will be followed by thaw-
ing of permafrost and cubsidence which is likely to last severcl years and
total as much as 3 vo L feet. Its use in subgrades or road surfaces will
result in intense defo;mation of the surface due‘té heaving each winter, .
The tili’will flow durihg‘spring in sides of cuts or fills; high artifi-
cial or natural cuts are subject to large-scale landsliding on slopes as lo&?
s 1:h. Because of tne abundance of fines and the low rate of infiltrationkJ

L]
in silty till, this material Is subject to rapid gullying.

Permafrost; frost action, and poor drainage combine to give many
construction and raintenarce problems in siity till. Thus, it is desirable
that large areas of this material be avoided., However, if construction of
roads on silty tili cannot Be avoided, the adoption of construction methods
wnich permit lesving the natural vegetaztion intact will be helpful, . Place-
ment of a corduroy of spruce trees on the undisturbed surface, followed by
several: feet of well graded gravel will minimize problems of frost action
and contamination of the base course by the underlying silt,

Ditches may be constructed to insure better drainage. Narrow and
deep ditches will ircrease the depth of seasonal thawing and are likely to
b;come leci of rapid thawing and collapse or of rapid gullying. Widg and
snallow ditches will have less tendency to increase the seasonal thaw;
thereby minimiéing problems related to the construction and maintenance

of the ditches,

15
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Sendv ti1l.-=bansy ;iL; is widely cistributed slong the base of
Clearwatver Mountains from Lake Creck to Corset Creek end from Windy Creek
to Valdez Creek. Much of the Clearwater'Creek basin and the Maclaren River
valley consists of sandy till‘at the surface,

Sandy till is here defined as till containing 50 to 70% sand and less

than 10% silt. Tne sandy till generelly contains a higher percentage of

rocks than sAil‘ty till; pevbles, cobbles, and boulders commonly comprise
about 30% of the till, and locally they make up as mnch as 50% of the
totél volume (Curve D, fig. 3),_ Volcanic rocks comprise €0 to 80% of tne
pebbles and larger fragments in the till., Slate, argillite, granite, and
schist make up most of the remaining rock fragments. Many of the argillite;:
granite, and schist fragments are deepl;?weatheredo

The topography cf areas of sandy till ccnsists of long, broad, smooth
ridges apd swales., OSharp prominences are likely to be sand dunes, eskers,
or kames, and thué are likely to offer sources of clean gravel ané sand.
Sandy 1ill is con31derablv more permeable than silty till, and conse-
quently sandy till areas gererally are fairly well drained in spite of
generally low slopes and widely spaced dreainage lines.

Most areas of sandy till are mantled by 2‘to 12 ‘inches of wind-
blown silt. . Frost action and infiltraztion of rain and snow melt-water
nave carried some of the silt downward into the till, so that the upper-
i.S feet of till may contain as much as 25% silt (Compare curves D and
E, fig. 3). This upper silt-rich gzone can be recognized by its toughness
and by the presence of platy horizontal parting wnich is lacking in the .

more frisble sandy till below,

17



-

plankened ©y 0,5 to 2,0 Tect of roos peat zna seversl [eet of sanal

The gardy till represents materisl auvmped alon
margire of glaciers, and consequently It is gererally founa in thicher
accurtiations tan is silty till, In mosi areas the sandy till ranves
ir taicxness from 20 wo 100 feet.

Tae siliy sediments overlying sandy till in swales and drainaze

lines are perenn*al‘y frozen at deptns of 1.5 to 2.0 feet., GClsewhere

[N

perrafrost lies obelow depths of L [eet or mors; conronly permoflrosl fo
lncking.

Sea93131 f:j;ai thaas rapidly in most erezs of sandy till, 1in
mai‘qul;; ¥ ; 3, uea“oqal frost had receded %o depthe of 3 to § feet.

| Tﬁe.ié§ cQaten§:pf ftozen sandy till varies widely. T:iIl. havi:b‘

ar éﬁti£$t§d é§it’§5ateﬁt of l2zs than 37 generally is "dry frozen’'--
upor t&awing; k?ill naving 2n estimatel ril% content of 3 to 207, howener,
contairs “uffzclen; élear ice to crause it to {low like stiff concrete
upen thawinﬂ. The siltv sediments overlying the till in swales commonly
contain much nere than IOp clear ice and Plcw like heavy lubricating
oil upon thawing.‘ ¥ |

Sandy till is far from an Ideal constructién material, and it
presents some ’problems for nighway building., The turf and thin

rentle of silt at the surface should be stripped tefore *tne subgrade

18



U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

" Peat , Permafrost
B =TT 25%| Boulders in silt
74 Weathered siit-rich till: 2| Sandy till
10 o 10 20

L 1111 ] ]

- SCALE IN FEET

Figure 4: Diagrammatic cross section showing distribution
of permafrost and sediments in swales on sandy ftill
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is placed, TIhicker peat, silt, and <ild

3 . a ¥ oy + 2 3 L 3 e PR S
d drairage lines should be excavaled vniil sandy till is reachode

[\
3

Titile or no subuidernce due to trawir = of vermefrost will result

Althourgh sandy i1 ic less {rost-surceptilble than s 1ty till,
the £ilt content ecommenly i5 sufficient fo cause severe neaving

durirg winter and loss of strength and local flowage during spring

thaw, wherever it is used fur fill. This is espeeiall

d

]
cr
'y
£
)
]
-y

£ill within 2 feel of the surface which has been enriched in siit
by soil-forming processes. Concequently, subgrades constructed by

usual 51d9-b0rrow meuhods will consgist almost eniirely of the upper,

—d

t-rLch till, while uhe more desireable, underlying sandy Liil

‘7‘3

Q.

yire

‘,w

aill be Le¢t in the exLaVations. Better material can be obt:
‘in selerted bor“nw pit from which the upper, silt-rich zone :as

been strlpoed awav, whe ever cleaner gravel can be cbtairad econoe-

..

mice 11, frnm.nearov al uv1a1 fans, kqmes, eske“q, and oculwash de=-

PosxtQ, 1t should be useﬁ in subgrad(s in prefererce to sandy till,
The uiltxer phases cf the sandy i1l are subject tc slumps and

flowage durlna svring in sides of hivh cuts and fills. They cuts

ilized with plantings of stout willow, alder,

o

prcbably:could te sta
pepler, or, torwooc ou ttlpgs.

A‘thou h t’i used in many low=-stardard rcads in Alaské, sandy
till is an uﬁdesireable surface material, Because of the high silt
content and the abundance cf ceobbles and boulders, rsad surfaces of

sandy til) are mudcy ir spring and rough in summer,
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Rubtle +il] at altitudes higher than 3,500 feet commorly is

: . e e s C o -
perermially frozen and contain much i-e whish is at lYeast particlly

v

derived from snow ofigjna};v ruriad beneath talurs avalanches, Scme
ef the rubtle till Jeposits at there altitudes move revorsl feet
per vear in a plzeier-like motione Subsidernce, flowage, and severe
heaving would be expected in rubtle ti1) at these altitudes,
Construstion problems in rubcle $i11 below altitudes of 3,500
feetrarise chiefly from its‘coarse texture and rough surface topo=-
graphj. The abundart coarse, angular rutble ie difficult tc handle
"Qfﬁh bﬁlldozers and carry-alls, ard blasting of the larger rccks
'w*ll be Pequ¢ ed, Though»tbé tcnography is rough, the totzl relief
is low, and cufs ard fills can be balanced ezsily to rive good
_Egrades and allgnnsnt, No qubs;dence.dhw té trhawing of permafrost
' ia to be ~xnected. |

x

The rubb*., llkis sultable for lcnal use in tut res

,~qu1res‘cru5hing vefore it can be used for nighway surfaces, The
‘abundart larre, angular rocks render untrosted rubble Lil) unsatise

?act"wv for highway surfacu;,

Channn ed~-t111 complexes,-=Channeled-til) comp iexes zre ex=

tensive in the western part of the Susitna-Maclsren zrea. The 1953
"F" lire croases areas of channeled-till tetween Corzet and Cork=-
screw Creeks,

A channeled-till complex ccensists of dizeontinucus channels

and terraces, mantled by washed sand ard gravel superimpcsed upon

22



U. S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

il ginal stream
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Figure 5: Diagrammatic cross sections showung development
of channelized till complex
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! - pni A P LA , . S . 1. ~
slopes ana ridves of sapgy 2311 (fiz. 5. Most of the cnzaneled-till
PR S ra Parrsd gt e maooire o ars ovmgrt ~losisa R
COMDLEXEE Werea J0TeEd 8t lie BEVLLNE C1 Shaghidlll JLallslris, darginéa

melt=water strears {lowed i+ vailevs, ornc wall of which was Ilce and the

v

. -~ ~ T R T - P i & + - - N
i Sore areas wre meltewater sureans flowed for sncert dictances entirel
5 = + B . s - 1 . P oo A\
iro till, cubttin: alscantinious channels {fig, 5cl.

vercent extending at right anglss or obliguely ito the channels and
terraczs, Tne chanrnels and iterraces taus ars separated from one anocther
oy ridges or escarpments 10 to 50 feet nigh. Individual channels ang

cerraces 50 to 200 feet wide znd resch lsngins of as much as helf o mile,

-

X féw shallow lakes andlunarained derressions 10 te 50O fect wide are

present atlﬁhg,inner édges ol some terraces and in some cnanr2lse
~‘fvﬁecaﬁse%6f the‘Sha;pflogal relief and tiie presence of permezble

grﬁvcl éﬁf%A? §iatt¢r:§ﬁ£%é6é5; chﬁnneled—ﬁill areas are generally well

-

Zrained. Even ths lzkes are epnemeral, belng drained hrougn tieir

mantles tue lerraces and chonnels. The ganl and gravel vary widely

\ o~

i1 mechanical comvesition, both vertically and ncrizortally. Lenses of

3 -

.
inger

sand, sandv pebble gravel, and clean pebble-cobtle gsravel inter

wita oné another., A few large bouldsrs 1 1o L feet in diameler are

roy 1 ry A, . e » Y . | T i»e 3 + 1. PN +
asarly slwaye precent, and locally they are so sbundani that trn

[a - g - i " o~ . 2 s i et e - 3 -
z1 Jrowm geversl cnannel or tercace Jdegosits are given

2k
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Lnolner moraingl conmrlexw D about a4 mils ea

iy exceels 1ou Leet, Zettle holes ranglrg Iron stailow,

in the xettle necles and in depressions Zammed by 111l ridges,
Drainage is generall» c,ooci TuLe small swempy aress are found &t the

margins of lakes ard in scme kettle noles and sweles,

Erd nd latérdl W@rain&'CCﬁplex&s were formed at ~ne £ides and-

.

plowed up

o

frcﬁts of l’""ers  .3° ’a"ger ridges rerresaert materia
dJuring pvrlgcc ane tﬁe glsc‘er were expanding and material durmped withe

oul much reworking by melv~~ater during periods whien the Jlscliers were
receding. umeler'and aﬂd grave‘ nillocks connint of maverial watoea
intc tumnels sicrg the margins of the ice and onto tne surlace of tne

ice Uy melt-water streams. The ketile noles revresent tne sites of

LD | ~ e b, - v b ] - PARAR 2 dyre s o 3 .y T
Inolated e blocke which melted ewsy after belrns buried in grovel by

“Sandy tilY is tae predominant raterial corposzing moraire comploxes.

b
o
[y

£ present everywihere at depir, and it creops oul at the surface
ir tne long, smoctn ridges wiicn are the dominant elemert in the rorazivel

LOTCITANNY . .
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Siratified sand and grevel are found in 2skers, kames, and oulwash
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ciannels and terraces, The gtratified de
3 or L feet on terraces and in cnannels to 10 or 20 fest in kames ard
eskers, Leoceslly, gravelly csand, as much as 100 feet tnick, is found in

areas wnere large tributary streams dumped cand and gravel on melting

The stratified deposits show a greater range of zradaticn than dc
and and gravel acposits of channeled-till areas. They generaily contain
a corgiderably highef proportion of sand; sand-free grzvel layers are
rare., Large, angular béﬁlders generally are rresent, especially in the
upper few feet of eskers and kames, Table 2 gives the ssiimated meche
anical c0¢§ositians of piterun material in several sand and gravel
deposits in mofainai édﬁnlexes. vokumn A is typical; column b represents
sn ekbr-”elj coarSr dpposit and colump C an exceptzoral¢y f:ne-vralned

deposit.

Swales and kettlc ho’es in ﬁoraihe 6omplexes génerally contain peat
0.5 to 1.0 f»et tnlck underlaln Eyksilt or rocky silt 1.0 to 3,0 feet
thick. Moralne complexes along the sides of valleys are crorsed by
drainage lines ;long whlch narrcw alluvial fans of poorly rounded
cfbule-cobble-boulier ~rave1 cover tne glacial sediments.

Ferm froqt underlles SW¢L8“ and marshy drairege lires at deptns
ofkl.S 1o 2.5 feet, Sandy tlll in the ridges locally contairs
permafrost at depﬂﬁs‘cf about 5 feet., More corrorly, permafrost lies
below tne depths reachied by test pits excavated during the rcad survey

and mey be entirely lacking. Jravel and sard in eskers and kames

28



TABLE 1
Estimated mechanical comrosition of piterun materisl

from sand and gravel deposits in channcled till 2reas (in percent)

AL B. C
5:1t (under 0029 in.) 0 Cc 0
Sand (.0029 to ,079 in.) 40 35 €0
Fine Gravel (.O79 to 3 in.) L5 Lo 30
Coarse gravel (larger than 3 in.) _15 . 25 10
_ 100 100 100

TABLE 2
Estimated mechanical composition of pit-run material from
sand and gravel deposits in end and later2l moraine conmplexes

 {in percent)

| | A B c.
511t (under +0029 in.) 0 0 1
Sand (.0029 to‘.079yin¢) . : . 50 30 73
Fine Gravel (,079 to 3 in.) | 40 25 25
Coarse gravel {larger than 3 in.) 1C L5 1
‘ \ 100 150

Estimates of the.percent of ezch component are based upon

visual examination and sirmle field teste,



- 1~ < e E B s Ay
pensrally 15 frze of tverrmafrosi,
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The randy 1111 of wie moraice comilexcs s as [rosiesuscertivle ag

eandy il 1n ouner srezs, The fine sand of some @gkears and Kames

P AT . . T Py , ved e 3 I L e~ PP +
ray be surlect to mild frost neaving, tut most of she strotified depesits

b

.

< . e S 2T oy s o ~T P IR L= i Pt
The morsice complexes arse relatively favoraile creas for rosd build-

the riages offer the most satisfactory foundatiors., <Jloged aeprecsions
end swampyi<reas uraer;awn by permafrost are cormon in fthe swales

between :iii ridges, a “‘gbug tne ridges are generaily e ve preferred
for road foundatiqns.’ Washed sard and gravel can be OUta¢“ed for fills
Cin any tequiféé ;ﬁéuﬁﬁ:ffom.kamé and égker deposits scattered tarougsh-

ot mcst‘moraihe mploxcu. Mainterance problems will te reduced =nd

& better rnad‘wlll rasu;t 11 trese nnferlals can Le used in subgrades

0

instead of ssrdy till. 1e tAll is sublect o flowage and landeslides
on slopes ¢ teeper tpan 134, Icisgs must be expected in high side cuts

in till rlages along‘uue promosea aignway alignment tetween Nowater

o
-
ﬁ“
=

Corset Creeks., UGonsequently, high cuts <nculd bte avoided whens

Yape-ecker complexes,--rame-esker complexes are most cormon aand

cest developed in thie part of the Susitnz-Maclaren area east of Cork-

k, but smaller arsas of kames and eskers alse are tresent in
the western part, - Of parzicular imppertesrce In plonning the Susitnz-

oy - v e ;. " ST P W P } . 2 £ o Cpa
soelaren highWey cre zreas of kames ard eskere asbout 3,000 fest soutnw
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site; aleni Wie lower course of sindy

e e . . ¥ - . o SO0 P b
vresxy &t ine west end of ine foctnlils, 1,000 feet rortnesst of

ration 110 & 20 on tae 1753 "L" line; arproxirately a third of a
wrteh! Lo the Maclzren ziver orid.oe

-

reker-wame cowplexes congist of material deposited by strezms on,

in, or Yeneath glacial jce (fig, §). Zskers zre long, sinuvous riages

congisting of teds of former sitrears tnait were confined in crevices

on tne cu"“aceg of ?1ac4£rﬂ or tunnels within glaciers, wnile kames are
conical, flat-»oppe“, cr irrezular hillecks corsisting cof rmaterials
deposi cd 1n noles and f;rrggularities on the ice surface. Zsher-vame

conplexes commonly~grade-up-or down;valley into flat-tOpped, ritted
CQtwas; pla,n\ CCﬂSiSt;ﬂn CL nb,erial aumpcd into an area wnere isclaved
ics blocks were ?ﬁ;ﬁ sgrawaj, sut no continucus ice mase existed.

.

,sker-name comp letws tnas consist of areas of low but rugged and

irtricate *el*ef. Ihverted.V-uuaned, steep=sided ridges and conical

¢

or irregular f 1llcc~s are interr ingled or are serarated oy flate-cotiomed

aave more or less even summnits Interrupted lecally by ope and saddics:
suﬁmdisAn ;joinin;, parallal ecners, however, w;y differ in zltitude
by as much as SO'feet.

The sediments of kar¢-erker ch xes generally are course=-

graired and perreavle; consequently the slopes and sumiits are

31



always dryv and well-drained. The {lat-nottomed deprassions also

are dry and well=drained where trey ars underlain by gravel, tut

are swampy and may even contain lakes where the substratum is title
Most keme-scicer complexes are composed of stratified, subrounded

t5> rounded, sandy sravel (fig. 3, curves & and 5). Pit run compse
2 J

m3

sitions are similar to the gravels listed in Table 2, Pockets of
sandy till are common within the eskers, and locally the eskers are
mantled with 1 to S feet of silt-free sandy tills Large, angpular
toulders are comaon, esyeciallj 1n the upper few fest,

The kame-esker complex at‘the west end of the Clearwater
Mointaing, 1,000 feet northeast of Station 110+00, grades from
pebnlovcaboLe gravel at the base of the mountains to uniform, medium
sand at the west eage of the deposit. The kame»esker complax at
the mou*h o$ W*“d" “reek probably 8h0ﬁa a.similar gradatiocn from
’ﬂoarse gravnl in tne east at the mouth o’ Wind# valley to sand in
“tue WBSu near tne Susitna szer. All test rits in the kame-esker
CJleex 3,000 feet soutraasv of the Susztna bridge site exposed welli=
\eo”ted ned*um and coarse sznd connalﬂlqg few cr no peaoles.

Tha ieprnsglans begween kamaé and mskers commonly are aress
that were Qccupied’by ice blocks and whizh are now floored by sandy
£111, L

Permafrost probaﬁly ié not present in the sand and gravel
ridges and hillécks of the kame-csker complaxes, but somz of the
depressions may be underlain by permafrost at depths of only a few

feet, The sand and gravel are not subject to “eaving, subsidence

32
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er flowage during cycles of Treeziqg and trawing,
Kame-asker complexes offer the pest Toundations for hizhways

3 be found in the Susitna-Macluren area, In many areas, eskers

trend in the general dirsction of the proposed highway; wherever

Uv
W

this is true, sericus consideration should be given to loca
the road on them., Despite their rugred relief, the material is
vasily handled with heavy equipment., In mcsi czsrg, cuis and fills
ean be balanced to give good grades and alignments,

The kane—hsxer complexes alsc offer the most widely distributad
sources of good borrow. Eecause they stand above the general level
of surruundlng terralq, pits can be develcped with a minimum =f
drainage and f”oct problems, |

Qu! wa=h gj&val.-~0utuash gravpl consists of sediments deposi-

ted by melt-wa er wnream Areas of outwash gravel large enough to

~map senarate y are found 1n terraces along Clearuata* Creek, Littls
"learwatar Cveek, and Osa Crepx, and in abandoned glaecial melt-
watar charﬁpls xn many Ouher pla res., The preposed highuay erosges
a narrow band oP outwash at Lake C*eek and 1arger outwash areas
near the crssging of Clearwater Creek and 2o the east and west of
"”*av; Voucﬁ”

The autwash seulmsnts Ocﬁuﬁy nearlv flat surfaces bounded by
sﬁarp escarpmenus cut in uill or kame~esker complexss, The out-
wash surfaces have a local relief of 3 to 20 feet consisting of low
gscarpments, bars, and swales marking the courses of ancient siream

channels,



Drainage conditions vary widely, The cuiwash 1s coarse and

permeable and thus has gocd sucsurface drainage, However, many of

D

the outwash areas have low gradisnts and are indented below inh
surrounding terrain, collecting drainage from lar-e areas, Oubwash
Lerraces along Clearwater Traek at and below the junciion with Tittle
Clearwater Cresk are exceptionally dry and well drained, Stesply
sloping outwash channels, sush as thcse east and west of "Crazy
Noteh® also are well draired., Flabtter ouitwash areas ars likely Lo
bewet in spring and late summer, and some of them are the sites of
large,‘permanent SWampSe

‘The outwash deposits are similar to but slightly ecarser than

o

1

“the modern alluvium in aeardy straamé. Tney consist principally of

w@;l-rwunded peba¢e-cobclﬂ g*avel with a matrix of sand, Curve G,

.
i

fig. 3 is tVUI ale zﬂi;knesses are generally less than 10 fee
' rownve”, the ext ive outwash terraces east of the junction of
f‘le»rwa ar and 3 tble Clearwzster Creeks probably are underlain by

about 20 feot of gravel, Most outwash deposits are mantled by 0.5

ta 1.0 feet of sandy 3ilt. Cutwash deposits at Lake (reek are

Permafrost probably is lacikdng in the well-drained cutwasn

areas, It is present, however, below deptns of 3 to § feat in

swampy areas bearing a mantle of.-peat or silt. The gravel is not

1~y

§-J

rost-susceptible, but the peat or silt mantle, where present, is
subject to teaving during freezing and flowage during trawing,
Areas of well=-drained outwash offer good foundations for highe

T

wayse Crading problems are at a minimum, Subgrades can be built



by stripping the surface tur? and sandy silz, ollowed by side-

Cutwash terraces a2t the junction of Tlecarwater and Little
Tlearwater Creeks offer good sources of borrow for highway subgrades

or suriacas, Ground-water table ligs near the surlace of sutwasn

L)

devosits in osther areas, limiting the possible derchs of Torroiw

(%]
-

pits to less than § f2et in most places,

Fittad outwache.==Pitted ocutwash is mostly confined fo the

ATT Hal of the Sasitna-ﬁaclaren area east of Corkscrew Creel,

®
m
?’

The only large 2 s c’ p ttpd outwash nrossed by the proposed highe

way alignment 11“ on each axde of the Maclaren River near the tridge

Pi*te o4vuush 45 iﬁte"medl e in character between unpitied

f sadi-

wn

~  cu*ﬁaan and kdmp sxer‘conplexe The outwash eonsists o
‘men(s deﬂcs-ued in aveus uwue*lain by scai ered<bloéss 2% stagnant
sla asier 109 (fzws. 5 3n' ?). The outwash areas are {lat, plateau=
liké_surﬁasz inde ted b; many si arp~walled kettle holes; generally
tﬁéy éfe‘icnnded by saarp esgarpments 12 to 100 feet high., Fitied
outwa3h‘p}ainsiarehgeh;rally well draired, but lakes and s «rps may
gg vresent in the xettle no*eo.
vP;ttgd outwasn plains are underlain by sandy pebble-gravel in
most places;’ Pitted outwd$h deposits alonb the lower course of Raft
Creek, 2 miles scuth of the highway alimmment, and near the Maclaren

¥,

Aiver 1 mile scutn of the bridge site are composed predominantly of

.

sand, Keitle noles are flocred with silt several feet tuiske



U. S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Figure 6: 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 in the Susitna- Maclaren area.
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U.S. DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Figure 7: 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 in the Susitna - Maclaren area.
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Feppafrbet is probably ilacking beneath the upland suarfaces of
mc3t pitted ouiwash plains, but swampy xetile holes are lizely 1o
be underlain by permafrest zt depths of 3 o 5 feate

Fitted cutwash plairs are generally favoraole sites for hign-

grades an

(
o
{a

onstruction. In the least pitted portlons,
alignments can be obteined by stripring and side-borrowing; in tne

more pitted portinns, similar grades and alienmsnts can be oolained
by valancing cuts and fiils.

More than a millisn yards of gravel cin be obtained in the
pitted outwash plzin east of the Maclaren River bridge site. Many
of the otb*r pitied outda i plains contain as much as several
hundred thousand vards each, Because the pitted outwash plains
siaud above ﬁhe s&rfoundiﬁg terrain, the gravel can be quarried

with 3 minimum of drainage problems,

Channeled outwasne.=~Channeled cctwash is confined to lew-lying
areés between Clearwater Creek anc the Susitna bridge site, half a
mile tc one milé’south of the proposed hichway alignment.,

The channeled cutwazh represents fine alluvial material derosi=
ted on a flood plain by the Susitna River when glaciers were more
zxtersive than at presenls, When the glaciers retreated, the melt=-

B

water sireams became incisad to form 3 network of oroad channels

3

separated by low, [lat~topped or rolling hills. Later, the topo=-
grapry was modifiad furtner by frest sction and the activitias of
peavers,

The channeled ocutwash thus consisits of {lat-bottomed valleys,
100 Lo 1,000 fe2t wide, twining among hills and knolls which stand

5> to 20 feet higher, The valleys are marshy and Lake-dotled,
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Streanc conectin. tae leke are uarréw, deep ard sluggish,

dort of ipe nilis and knolls are underlain by fine, silty sand.

A few are underlair by silty till, Wind blown‘silt; 1 or 2 feet thick,
and mosc peal, 0.5 tc 2.0 feét thick, mentles the surface. Pest and
muck (silt rich ir shreds of organic matter), 3 to 1% feet thick covers
the floors of the valleys in most places,

Permsfrost is present below depths of 2 or 3 feet throughout the
2ille and knolls btut may be lacking in the valleys. The soils of both
nills and valleys are highly frost-susceptible. Vegetation stripes and
polysons and tiltec trees testify o intense and widespread frost=
heaving. Many of the lakes, swam?s, aﬁg beaver meadows are being en-
larged by taewing and collapse of the steep banks at their marginse

Areas of channeled outwash are as unfavorabvle as silty till for
nigiway éonctruction becsuse of the poor drezinejge anc the high frpst-
susceptibility'of tné peaty and silty soils. Lxtensive marshes,
shallow permafrost, azndé highly freost-susceptible soils combine to
create construction and maintenarnce problems., No sources of suitlable
borrow for subgrade or highway surfaces exist in the channeled areas.
If a part of the chameled outwash complex should nave to be crossed,
tne measures recommended for construction in srezs of silty till should
be considered,

Non=zlacial ueposits

Jrevel alluvium.=--aravel alluvium underlies channels and flood
rlairs of &1l of the tributaries of the Susitne and Maclaren ilivers,

In addition, lerge zlluvial fans of gravel are developed along

ne cources of Nowater, Haft, Alpine, and Corset Creeks where
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ey snerga from the fooinills, The "F® and "a" line£ crocs e
alluvizl fens of lowaver zid Jorset Ureexs and narrower strips of
alluvium aleng several otiher creeks.

The fans ang flood plains have relatively little surface relief

and stand only a few fect nigner than the stream channels, Trenches

o

a few feet deep crossing tne fans and flood plains rerresent abandoned

channels and cinamnels that are now occupied orly during flocds. The
floeod plain surfaces generally are iry, but water table lies lass
than 5 feet beneath the surface, The upstream parts of the fans are
well-drained aﬁd water table éeneraily lies 10 to 15 feet below stream
Fgrade. Fufther déwnslope, water table is near the surface; the lower
énds of the fans are ringed by springs marldng trhe points wiere ground
water emerges.A |

The‘élluyiaifgr§§el cohsiéts of interfirigering lenses of clean
'pebble-cobblc‘gré§él;Véandy pebble-cobble gravel, and minor sand and
silt, A#efagé‘gféin”size decreases with increasing distance from the
foothills or from‘end and léteral roraine complexes. . The surfaces of
the alluvvial gravel depcsits commonl& are mantled by a few inches of
silt, |

The a2lluvial grave}'areas offer good foundazions fer hipghways.
Subgrades can bte construéted by side~borrowing methods, ¥lcod plein
areas are subject Yo occasio:al floods and thus should be crcssed on
fills several feet high. Occasicnal radical channel changes during

cr following floods must be anticipsted on alluvial fans and wide flocd

plains., The lower ends of alluviszl fans are likely to be poorly drained,



tut drzinage can be imnrovec Wwith adecuate ditcness,

Alluvial graﬁel areas are arong the best sources of borrow and
subgrades and surfacing materisl in the Susitna-tiaclaren area, bde-
ceuse of the rapid size gradation from ccarse gravel at the heaas

of fans to fine gravel at the toss, gravel of any desired average

size can be obhtained by selecning the proper position of tae fan,

Jravel esige vari

™~

s less regularly on flood plains. Borrew pits

ke

will be limited to depths of less than 5 feet by nigh ground-water
table on flood plains and on the lower ends of alluvial fans,
Ueeper pits can be excavated on the upper ends of alluvial fans,

Silty and sandy alluvium,--Silty and sandy alluvium uncerlies

tne flood plains of the Maclaren and Susitna Rivers. bBars and
channe S»of‘thévSusitna Rivér also are underlain by sandy silt
2lluvium, | | ,

~The flogd”plaihs<undeflain by;this fine alluvium are nearly
flat,‘marsﬁyyéﬁrfaces croéséd by a few windirg sloughs and minor
sireams, Lakes,.bea?ér headows, én& natural swamps are abundant,
Water table liés leéé thaq § feet beneath the surface tnro&ghout.
The entire surféce is subject to occasicnal floeding.

The flood pliain of {ns Susitna River is underlair by silt and
sand extending tc unknown derths. The surface is mantled by peat
ranging in tnickneséff;om 0.5 to 10 feet., Thin reat beds also are
intervedded with the sand and silt,

The flood plain of the Macleren River is urderlain by inter-

layered sandy silt and thin peat beds having a total thickness of

5



1 te 10 feet and averaging about 5 feet, The sarcdy silit Is underlain
vy sandy *avel axtending Lo unknown depuis.

Permafrost nas not been recegnized in the seandy and silty z2lluvium
of the flood piains, but it may te present locally. The silt z=nd
rend are subject to intense frost-nsaving during seasonal freezing
and tc loss of strength and flowage upon thawing. 3ecasse permalirost
is noi present, no subsidence would be expected tc result from strip=
ping of the surface vegetation,

?lqod plain areas underlain by silty and sandy alluvium are
unfavorable for.highway construction because they are composed of
hignly'frost;gusceptible materials and are sublect to seasonal
flooding, Gravel suitable for highway subgrades is avzilable at tae
surface in nnc bcrs of the Waclaren River. It may also be available

ocallj at de tns g*nater than 5 feet beneath the flood plain,
1lar bravel is more eas ily obtained, however, from eskers,
kames, and pitted outwash depogits near the Maclaren River bridge
Crossing.

Swarp depogits.~=A few large swamps are scattered throughout

the Susitna-Maclaren area, OSwamps are especially abundant in the
flat flood plain of Clearwster Creek, L miles above the junction with
Little'Clearwéter Creek, in the valley of Csa Creek, and along the
unnamed creek that dralns nortn to the West Ferk of tne Maclaren River
frem a point near the head of Csa lreek.

Several minor swampy areas, too small to be shown on figure 2,

may be crossed by tue proposed highway alignment, A larger swamp



lies across =ne rro eched aligrment cne mile east of ine Maclaren
iver. The altornate, ncriiern routc that nhes reen considered for
‘re segment of the highway betwecn Corset Ureek and "lrazy Nowch
would crocs a swamp 2 siles west of "Urazy louch"™, Large swampe between

windy Creex and Valdez Lreeh are a majer factor in the selection of

a rouvte for the cenaii spur rcead,

The swarps concist of large areas of impeded drairage in which
the s0ilg are savireted taroughout the yesr., Standing water a few
incnes deepr covers mogt of the surface, Meny swarzs are flat, but

others nave slopes. as steep as 2 or 33. Many swamps bear e chaine-
lire retworx of brcad, low peat ridges enclecing small ponds; the rattern
is conspicuous frcﬁ uite air and is a uselul criterion for the recognition
of s nevswam~y areas.

',The vegetationron the swamps generally consicts of a dense growth

gras;y piants.> Swamps benind beaver dars generally are ccovered with
willéus 3 feet high. |

Swamps In the S¢s tna-Mzclaren area arc unaerlazin by peat, muck,

and £ilt generally more tnan S feet +nick. The maximum thickress
reached by the swamp deposits is unknown but it may te as much as 20
feet in many placas; Pervafrost contzining clear .ce lenses and
stringefs lies below degths of 2 to 3 feet, lsariné or breakirg of

the turf is followed by ccllaige and development of thermokarsi lakes.

1 Y

Tnermokars® lares nave veen {ormed 1n the tote read near the peint

wiere the rrojlected alignment crosses the swamp one rile east of the
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Tor aifhwa)y consiructlon. & fow sWarpy wreas car te urslied, if recese
sary, and besaver zeadows can te gartiaily drained by remcval <of the

beaver dars,
anere ccasitruction across swam s is unavoldable, sub.rades should
ve rlzced witn a minimum of disturpance to the ratural vegetaticn,

N “

well-;raded gravel should be laic or tne naturzl surfacee--or preferzily

K

on a cense corduroy previously rlaced on the ratural surface, 1f tne

vegetation is etripped, permafrost will thew a.d subsidence will follow.
Thé highway grade may not beccme stabilized for many yeszrs. Ditches
also‘are likely to become sites of trhawing and collapse whicn wliiimately
may undérmine the highway grade. Coasequentlj, no ditcniig snculd be
done uﬁléésfthe swéﬁ can be completely drained.

‘f Talus.--TalLs de 051ts are found along the front of the foothills
and in steeg-walled valle;s uith;u the footiiills, No talus deposits
are crossed‘by e route prec nily rlanned for the cusitna-lernali
highway. :

Tae iaiu# ccﬁsis s of loose rock pried from bedrock cliffs by

frost action and otner Wwealsering processes, and deposited ir
aprons and cones on the gentler slopes.below., Aangular rocks range-
ing from a féw inchgé toﬂlﬁ‘feet or more in cdiamebter occur,
HowéQer, the talus commonly consists of unsorted rock debris
sirilar b rebble till. Sorme of tre talus deposits reacn thick-
resses of as much as 100 feet. They are relatively ﬁnfavcrable
arese Inr nighway counstruction teceuse of tielir steep surface

gradients, Many of ine talus depcsits are tne cites of active rock

4]
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slides, Gther stabilized talus deposits may be in a staite af

delicate equilitrium and would develop liarge-scale slumps and

slides if disturbed. Icings can be exrected in side-nill cuis

talus deposgils,

R
4
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e
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o
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Talus depesits commonly contain abundant coarsa m

o

suitable for use asg riprap. Talus could ve used for fill in con-

structing subgrades, bul kame-esker, outwash, or alluvial grawve

generally are more accessible,
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II. ENGIN:ERING GEOLOGY ALONG THE ROUTES LOCATED IN 1953

Introduction

Part I described the general characteristics of the bedrock and
unconsolidated deposits in the Susitna-Maclaren area, The following
part treats in detail the geological conditions along the actual routes
located or considered during 1953 as well as along the proposed Denaldl
 spur road. For this purpose, the routes are divided into segments, each
crossing terrain having approximately the same general charaéteristics.
Descriptions of tihese terrain units are held to a minimum in order to
avoid repetition of information given in Part I.

Part II1 d‘scussas the problems relating to bridge construction at
the proposed riverfgrosggng sites.

;"LodaiioﬁsAaéé”éi§§h by approximate diatance:in miles-from the nearesi
prominsnt topographic feature crossed by the route. Because of inac-
curacies in the 1 h0,000 base map and because of the authors! unceroa¢ntj’
as tO‘the precise location of the road in several areas, some of the
distancea given here may not coincide uith the distances measured by the
* Alaska Road Commlsaion party in 1953,

Engineering Geology

WL, WP and A" Lines

1. Susitna bridge site to Mile 1,3 (Station 16 + 80 to & + 50)

The "L® line follows an east-west ridge consisting of silty till (Qtf)
for 1.3 miles east of the Susitna River crossing., The till is exception~
ally fine-grained; gravel sized particles make up less than 1% of the
total volume. The till is perennially frozen at depths of 1.5 to 3.0
feet, and the frozen material contains clear ice lenses or stringers 1

to 2 inches thick. Larger masses of clear ice up to 8 inches thick and

13 inches wide undgrlie polygonal surface ridges of peat throughout the
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area between Station 33 ¢ 80 and €4 ¢ 50. The low permeability of the
silty till and the presence of frozen material at shallow depths impedesz
subsurface drainage and results in poor surface drainage everywhere in
the silty till area excert on the steepest slopes.

The surface vegetation was stripped from areas adjoiningithe nLe
line early in June, 1953, When the authers visited the bridge site a
nonth later, the minor relief of the peat polygons had been reversed by
the thawing of ice masses beneath the peat ridges. The polygons then
congsisted of shallow trenches underlain by peat, surrounding mounds of
plastic silt. Differential subsidence of 0.3 to 0.7 feet had taken
plape, thﬁugh thekngﬁhd had thawed to depths of only 2 to 3 feet,

Severe éonstfuctibn ahd maintenance problems are tc be expected
»along the parb of tha "L" line that crosses silt.y t:l.ll. The till in |
‘~the~stripped area Hill probably continue to subside for several years as
a result of the melting of ice 1enaes in deeper layers of frozen ground. 4
The total aubaidence may'amount to as much ag 3 or S feet, The pos=-  v:
sibility that deep gullies or thaw lakes ("thermokarst lakes") may develop “
along’ditches and undgrmine the road bed poses additional problems, If
silty till”is used;tb coﬁs£ruct the subgrade, severe frost~heaving in
ainter and soil flawage in sprlng mst be anticipated.

- Stabillzation of ‘the road foundation in the stripped area will re-
quire the removal of 30 inches or more of s-lty til11 and back-filled
with well-graded gravel. Though these measu}es will reduce the effects
of frost-heaving, subsidence, and flcwage of the till beneath the fill
material, moisture still is likely to collect under the road bed and

cause severe annual frost-heaving.
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Stabilization problems would be reduced but not eliminated if the
line wefe relocated parallel to the present "L" line about 100 feet to
the south, in the area that has not been strirped, The base course
could be placed upon a corduroy. Subsidence due to thawing of perrafrost
would be reduced, but probably not completely eliminated.

Plenty of borrow for construction across the silty till ares can
be obtained from a kame-esker cormplex ‘(Qk) located 1/ mile northeast
of Station 110 ¢ 00 (fig. 2). This deposit grades from clean sand con=
ta:ining Lew pebblea at its outar, weatern edge to cobble gravel containe
ing httle sand at ita 1nner edge at the base of the Clearwater Momtaim. |
Clean sand cbntaining little gravel also is available in the kame-esker
- complex l/h mile south o.f the L line between Stations 16 00 and
o An alternate route ‘about 1/2 m:ue south of the present "L" line

J offers cons.uderably more favorable foundation conditions than the present
route between St.ations 16 J so and 6 » 50 (f1g. 8). o alternste
‘ route would extend acroas a relatively coarse phase of the silty till for
abont 1/2 mile fran the bridge site and then would enter an area about L
/L m;‘.le wide of eskera and kames composed mostly of sand. Farther east
. the alternat.e route croaaes a narrorw, marshy swale along Lake Creek and |
_then extenda across sandy till (Q’&B) to re;o:m the "L" line at Station ' |
130 . GO._ ‘The kame-esker complex has a local relisf of sbout LO feet 8o
that cut and fill becomea a major factor in the econonics of the alternate |
route, However, the‘absence of permafrost and drainage problems in this
relatively porous sand would ease construction and maintenance problems
significantly,
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2. 1 mile west of lake Creek to 0.9 miles east of lake Cresk

(Station €l + 50 to 155 ¢ 00). Tnis portion of the highway route around

the southwest base of the Clearwater Mountains rest upon a nearly level
surface crqésed by shallow, poorly drained swales at Stations 99 & 00
and 100 « 00. The area is underlain by sandy till (Qts) containing a
relatively high silt content in its upper 1.0 to 1.5 feet and mantled by
a surface layer of pure silt a few inches thick (fig. L and rg, 17, Pt. I).
Drainage is good except in the swalea.

Permfrost is generally lacking but seasonal frost persists at -
E depths cn‘.’ 2 'bo h i‘eet throughout most of the swmer in & few areas nhere
the ailt or turf mantle 13 exceptionally th:.ck. Permafrost containing o
clear ice underlies the swales at depths of 1.5 to 3.0 feet. o
; Fill can be obtained in most places by stripping and discarding the |
t\n:f, silf. and npper layer of silt-rich till and side borrowing the under-

'jf“ly:lng sandy till. Cleaner, less trost-susceptible ﬁ.ll can be obtained

~: from the kame-esker coxq:lax I/h mile northeast of Station 110 . 00. ‘

: Construction and maintenance problema are likely to be encountered
in fhe fine-grained, highly froet~sueceptible sediments in the swales. R
These problem will be mim.mized if the fine-grained sediments are ex-

cavated and ‘the baae course placed directly on the underlying sandy tiil.

' The eastern hal.t‘ of the suggested alternate route from the Susitna v
brid.ge site to Station 130 « 00 extends across sandy 111 which is similar

in all respecta t.o that descr:.hed here.



3. 0.9 miles to 1.5 miles east of Lake Creek {Station 155 # 00 to

180 &+ 00). Rubble till (Qtr) pushed out of a small valley in the Clearwaver
Mountains during a comparatively recemt glacial advance, constitutes the
road foundation along this segment. The irregular surface is composed
of angular volcanic rocks in a matrix of silty sand. The percentage of
rocks ranges from 20 to 90% and average 60%.

The rubble till is relatively permeable, and drainage is excellent.
No e’vidence of permafrost was noted and the material is relatively none
frost-suaceftibla. Borrow material is readily available in the immediate
vicinity. e

1,8 miles east or Lake Creek to 0.5 miles west of Nowater Creek

lﬁtatiOR 180 « 00 to 300 2 00). The terrain and sediments of this unit

is aimilar to unit 2 above. The westem i:ort.ibn of the route rests on
an eaat-west ridge While the eastern portion crosses a gentle south-
facing slope. ‘l.he surface is underlain by sandy till capped by silt rich
t111 and 8 few inchea o.f pure silt. Drainage is generally good.

Smonal frost was encount.ered imdiately beneath the vegetation
cover during July, 1953 in test pits from Station 270 ¢ 00 to 295 ¢ 00.
No frozen ground was encountered elsewhere in this part of the line.

me principle drainage line crossed by this segment of the route is
the outlet of Swampbuggy Lake between Stations 225 4 00 and 225 ¢ 80,
During the drier part ofhthe summer this swale has no surface flow, but
a considerable ‘unc‘ierflov disclj.arges through a layer of clean gravel about
a foot thick which underlies 1.5 to 2,5 feet of peat and silt. A culvert
probably will be required at tais point to ensure that this underflow is '

not blocked by fill during construction of the highway.
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Material for base course can be cbtained throughout this segment of
the road by stripping and discarding surface silt and the upper silte
rich till and then side-borrowing the underlying sandy till. Less frost-
susceptible gravel is available in the alluvial fan of Nowater Creek
between Stations 295 ¢ 00 and 329 + 00,

Se 0,5 mile west of Nowater Creek to 0.3 mile east of Nowater Creek

(Station 295 4+ 00 to 329 « 00). This segment of the L% line crosses

the alluvisl fan (Qag) of Nowater Creek. The fan is composed of sandy
pebble=-cobble gravel containing lenses of sand and silt. It is free of
permafrost ahd is cémposed of mn-froat-susceptiblé‘mterials.

The present chamiel o.f Nowater Creek crosses the "L" line near the
axis of the fan and is. incised only 2 to 3 feet below the general surface,
During most of fhe summer the entire discbarge of Nowater Creek seeps
into the gravel about one-fom‘th mile upst.ream from the "L" line. How=-
ever, the cha.nnel carries considerable diacharge at the crossing during
spring t.haw and heavy smmer rains,

Many abandoned drainage channela simiLar to the present channel of
Nowater Creek eross the fan approximately at right angles to the "L"
line. Spruce, willow, and alder trees séveral decades 0ld grow in the
abandoned ctxanne;s ,' indicating that the channels have not recently served
to carry much of the discharge of Nowater Creek, However, some of these
channels niay otcasionally be bccupied during short periods of high water
in spring of late summer, Nowater Creck may also jump its course into
an entirely new channel during some future period of high runoff. To
prevent éucll a channel change, deepening or widening of the present

channel or the construction of levees along the banks upstream from the
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road mey be found advisable,

One of the important geological processes on alluvial fans is sedi-
mentation, that is, aggradation of the stream beds in the magnitude of
S to 10 feet within a few years. Thus, the depth of possible aggradation
should be considered in determining the height of the bridge above the
stream bed,

F111 material, gene;rally sandy gravel, can be cbtained at the

surface in any requiréd amount throughout the Nowater Creek fan,

6. 0,3 mile east of Nowater Creek to 0.1 mile west of Raft Creek

(Station 329 « 00 to 482 + 00). The "L" line passes along an end and

lateral moraine'comlex (Qm), locally crossing esker and kame ridges, on
the south flank of the Clearwater Mountains between Nowater and Raft
Creeks. The topogra;hy is generally irregular, characterized by short,
east-vest rid.ges and benches and southedraining swales and small al-
'luvial fans R

~The morainal deposits are composed chiefly of sandy till with local
concentrations of washed sand and gravel. The sandy till is capped by
sl and silty_till about 1.5 feet thick except on the steep slopes and -
sharp-crested knobs. The "L" line tékes advantage of a few eskers in
the area by following them for short distances. As described elsevhere,
the eskers are 7compoa'ed of stratified sand and gravel, commonly having
& thin ti1l coiér. 'Ih‘ek’mst. notable swales occur at Stations 348 + 00,
356 + 65 to 359 + 33, 369 « 00 to 371 ¢ 00, 395 « 00, 399 « 00, and
4O6 « 00, Many other small swales also cross the "L" line. The swales
are of two general types: swamp and alluvial. The swamp swales are very

gently sloping and have very poor drainage. They ars characterized by
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1 to 3 feet of peat underlain by silt, muck, and sand. These fine-grained
deposits commonly enclose abundant rocks up to boulder size.

The alluvial swales repx;esent small alluvial fans on which the
gradient has become so gentle that silt or organic matter is the material
now being deposited. Fans of both types generally are underlain by
permafrost at shallow depths, and their materials are highly frost-sus-
ceptible., Whenever possible, the organic mat and silt should be
removed to the underlying till and the swale then backfilled with coarse,
non-frost-susceptible material. |

Side cuts in the till of the morainal complex are likely to be sub-
ject to slumping and soil flowage. Icings are likely to develop where
swales are crossed or where gravelly layers in the till are intersected
in side cuts. Maintenance problems thus will be considerably reduced if
side cuts are vheld to a mininnnn.

Hoderately frost-susceptible fm can be obtained by side-borrowing
the sandy till along ﬂze "L" line, Eskers and kames occur in many places
a short distance sou‘th of the "L" line; these offer good sources of
non-frost-susceptible borrow,

7. 0.1 mile west to 0.1 mile east of Raft Creek (Station 482 + 00

to 492 + 00). "'Dxe "L" line crosses the head of the Raft Creek alluvial

fan, which is here :.nciaed about 50 feet below the morainal complexes
on each side. -The creek is incised 2 to 3 feet below a flood plain
several feet wide. The rest of the alluvial fan crossed by the "L" line
consists of low terraces 5 to 10 feet above stream grade., The fan is
composed chiefly‘of cobble=boulder gravel along the "L" line. Finer

gravel is available in any desired quantity in the lower part of the
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Raft Creek alluvial fan, one=fourth to one-half mile downstream from
the crossing.

8, 0.1 mile east of Raft Creck to 0.l mile west of Corset Creek

(Station 192 » 00 to 660 « 00)., The "L* and "P* lines cross an end and

lateral moraine complex, an extension of similar deposits west of Raft
Creek,

However, differences are encountered from Alpine Creek to a point
about 1.2 miles to the east. The line crosses an area of exceptionally
boulder-rich till between Stations Sh7 4 60 (Alpine Creek) and 602 00,
Rocks as large as 10 reet across are exposed at the surface, Some ex-
cavations in th;s area probably will require blasting. Slightly farther
east, between Stations 610 « 00 and 645 « 10, the "P" line crosses an
area in ﬁhich the‘tili of the morainal complex is mantled by 2 to 5 feet
of stratified sand and gravel. ‘The basé course in this area can be con~-
structed of non»frost—susceptible material by stripping the turf and surface
silt and then selectively side-horrow1ng the gravel and sand.

Elsewhere, construction problems are generally similar to those in
the morainalkcomplex between Nowater and Raft Creeks (unit 6).

9, 0,1 mile west of Corset Creek to 0.1 mile east of Corset Creek

(Stations 660 ¢ 00 to 666 + 00). This segment of the "P" line crosses

the head of the Corset Creek alluvial fan. The material, topography, and
construction problems are similar to those at the head of the Raft Creek
fan (wnit 7).

10. 0.]1 mile east of Corset Creek to Corkscrew Creek, The "P" lins

crosses channeled till (Qc) from Corset Creek to Corkscrew Creek. The

general characteristics of channeled till are described on pages 22 to
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25, Pt, 1.

The Geological Survey's materials survey was discontinued approxi-
mately one-fourth mile west of Corkscrew Creek, so that the precise
station locations of materials boundaries crossing the "P" line cannot
be given from this point eastward.

The eastern part of the route between Corset Creek and Corkscrew
Creek, between stations 666 ¢ 00 and 696 + 00, crosses a series of benches
and shallow terraces (Qc) on which the till bears a gravel mantle generally
less than 6.0 feet thick., Most of this part of the route could be con-
structed by selectivelf side<borrowing the local gravel.

West of Station 696 «+ 00 the "P* line ¢rosses a series of ridées of
‘sandy till separated by wide, gravel-filled channels (Qc). The sandy
E till in the ridges has a relatively hiéh-silt content and is highly
frost-susceﬁﬁiﬁie;vyfhe ghannéls, howevaf; contain abundant non-frost-
3usceptibie gravel covéred by a mahtle of peat and silt 1 to 3 feet thick;
The gravel‘in the chénnel bffers gobd foundations and a convenient source
of bafroi. _Thebpossibility that many channels may become flooded during
the sprihg snbwéﬁélt or during heavy summer rains should be borne in mind
when designing ditcﬁea for p#fts of the line which cross the channels,

The ti1l of the ridges is likely tokflow on exposed slopes as low as 1l:l.
Consequently, Qide éuts in the ridges are likely to offer troublesome
stﬁbilizationfproblemS. :

11. "P" line between Corkscrew and Little Clearwater Creeks. Time

did not permit detailed materials studies along the "P" line east of
Corkscrew Creek. The part of the route east of Corkscrew Creek, therefore,

is discussed only briefly and in little detail. The geologic factors
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affecting construction in each unit already have been discussed in as
much detail as possible in Part I.

From Corkscrew Creek to a point 0.3 mile east, the "P" line crosses
a southeasterly zone of eskers. The esker ridges are transverse to the
road alignment, necessitating considerable grading, but since the materials
are permeable sand and gravel, no serious construction problems ars
anticipated., Permafrcst is absent, and seasonal frost should present
no problems in maintenance.

- The “P" line from 0.3 mile to 1.1 miles east of Corkscrew Creek
crosses aﬁéeries of braided ouiuash channels cut in sandy till (Qo and
Qts). - Ab§u£ ohe-third of this segment crosses outwash gravel mantled
by a thin layer of silt in the channels. The rest of the line lies on
hills of sandy till.j

The channels prooably are wet after heavy rains and in late spring,

but. the poroua gravel underlying the thin silt mantle soon drains away

any standing uatcr._ During wet seasons, however, the water table ‘
probably ia close to the curface. Borrow can be obtained in any requiredrfi
quantlty in the kameoeaker complex to the east and in the outwash swale .
south of the "P% line.

Another”kame-esker.éomplex is crossed by the "P" line from 1.1 miles.
east of Céfksgrég Creek to 1.1 miles west of“CIearwater Creek. Aside |
fron cbnsidérabié grading; no construction or maintenance problems are
anticipated,

| Most of the "P* line between 0.8 mile west of Clearwater Creek and
0.3 mile east of the Clearwater Creek crossing extends across sandy till.,

The east approach to the Clearwater Creek bridge site extends across a



series of terraces underlain by outwash gravel.{Go),

From 0,3 mile to 0,6 mile east of Clearwater Creek, the "P" line
crosses gravel outwash of unknown thickness, capping sandy till. The
outwash should offer an excellent foundation material; the writers do
not have sufficient information to estimate the quantity of borrow that
"~ would be available, however, Ground water emerges as seeps at several
points along the slope between Clearwater and Little Clearwater Creeks,
This slope is a particularly favorable locality for icings to occur.

From 0.6 mile to 1.2 miles east of Clearwster Creek, the "P" line
’,croasea §n end and»lﬁte;él mofaine complex. The surface topography is
irréguiar, and many'ﬁarts are poorly dfained. The outwash deposit to
the west and a kame-esker complex immediately south provide good sources
of borrow. . | '
‘: | From 1.2 miles to 3. 3 mlles east of Clearwater Creek, the "P" line
 crosses & channeled till slope similar in most respects to unit 10. .
Many of the channels, however, contaln water throughout most of the

Frﬁm‘lgé mdles‘weét to O.4 mile west of Little Clearwater Creek,
the "p% iine is drawn such on figure 2 that it passes over an end and
lateral moraine complex similar to Unit 8 described above. As stated
ea:liéf ihé authoré do not know the precise location of the "P" line
which may be located slong an abandoned outwash channel (Qo) immediately
south of the end andrlateral moraine complex. The bottom of the channel
is floored with peat and silt, probably several feet thick, underlain by
a few feet of outwash gravel. The channel is swampy and probably carries

considerable drainage during the snow-melt and during periods of heavy
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rain, Large ditches will be recuired to prevent flooding of the roadbed
and to prevent icings., Cuts in the channel walls are likely to expose
sandy till which will be subject to flowagé and slumping during spring thaw.
Whether the "P" line passes over the end and lateral moraine complex
or over the channel of the channel outwash complex, the "P" line will cross
over pitted outwash (Qop) from O miles west of Little Clearwater Creek
to the creek. This segment of the line will be characterized by good
grades, good drairage and ample supply of borrow which can be obtained
from the immediate vicinity.
Gravel alluvium (Qég) is traversed for O.,4 mile across the valley
of Little Clearwatef Creek. Most of the line crosses terraces 5 to 10
feet above stream'grade; The lower parts of these terraces masy be subject |
,,,to occasional flooding.,v ’  . G
.  f Cobble gravel can bé obtalned in any required quantity from the
"5valley of Little Clearwater Creek for use in subgrades in nearby parts

of the road. ’ ,
- 12. tpn line and alternate "pPH Jine between Clearwater Creek

- and Crazy Noich, 'ﬂ'le geologic map (fig., 2) of most parts of the area

traversed by the "P“ line and alternate "P" line between Little Clear-
~ water Creek and Crazy Notch is based upon photo interpretation. The
general :h#racteristics énd‘the anticipated construction problems antic-
ipated in the various'nﬁits'traversed already have been described in as
much detail as poésibla iﬁ Part I,

13, MA" line from 0,1 mile east of Raft Creek to O.i mile east of

Alpine Creek, The "A" line departs from the "P* line near the Raft Creek

bridge site. Kame-esker deposits underlie this first segment of the road,



offering favorable foundation conditions and sbundant sources of borrow,
The "A"™ line crosses the head of Alpine Creek alluviel fan one mile east
of Raft Creek, At the bridge site, the fan is composed of cobble gravel.
Large boulders, such as those exposed at the "P" line bridge site, are

lacking.
L. "A" line from O.u to 1.7 mile east of Alpine Creek. This segment

of the "A"™ line crosses an end and lateral moraine complex. The line
rests upon generally south-sloping terrain, occasionally crossing a kame
or esker., Most of the Soundation material, however, is sandy till which
is silt-rich in its ‘upp:er 1 or 2 feet. Drainage is better, permafrost
is rarer, and thicker k$i‘1t accunulations in swales less common than in
adjoining parts of the "P" line.

15, line from 1.7 miles east of 41pine Creek to 0.6 mile east

of Corset Creek. Thia seynerrt crosgses the alluvial fan of Corset Creek,
The line 18 undeilam by sandy gravel alluvium S5 to 10 feet thick under-
le.in in turn by sandy t:.ll. The sandy gravel alluvium is considerably
thicker and more extensive south of the road, where any desired quantity
of non-frost-susceptible borrow can be obtained.

16. "A® line from 0,6 to 2.8 miles east of Corset Creek. The "A"

line in this section crosses an end and lateral moraine complex, an ex-
tension of the one described in unit 1k west of Corset Creek. Much of
this section is mderiéin by pebble-cobble gravel 3 to 6 feet thick,
which is underlain in turn by sandy till. OSandy till extends to the
surface locally., Numercus small eskers and kames are crossed, and others

are present within a few hundred yards of the line.



17. M™A" line from 2.8 miles eest of Corset Creek to Corkscrew

Lreek, The "A™ line here crosses the same channeled till complex that
underlies the "P" line in unit 10. Relief is not so gfeat, however, nor
are the channels so continuocus and broad.

The channels and terraces cn which the line rests are generally
parallel to the alignment. However, a few channels must be crossed,
Drainage is generally good, but sorme poorly drained swales and channels
are encountered. A particularly swampy channel is crossed immediately
west of Corkscrew Creek, Here, the line could be placed on small east-
trendiné eskeré‘thgiyéontinue with few breaks to the creek,

The till of the}channeled till complex is generally less silty and
thereforejless frost-susceptible along the A" line then along the "P"
1ine, Small quantitzes of non-frost-susceptible £111 can be obtained in )
~small eekers a few hundred feet north of the road, one mile west of Cork-
acrew Creek and in the flood ‘plain end terraces of Corkscrew Creek. :

 Larger quantities are available in an outwash plain that extends north
from the road at the west wall of the valley of Corkscrew Creek,

18. A" 1ine from Corkscrew Creek to 0.8 mile west of Clearwater

Creek. After crossing Corkscrew Creek, the "A"™ line extends for 3.1

miles across & broad morainal ridge (Qm). Minor ridges and swales on

the ridge trend parallel to the trend of the ridge itself. The ridge is
composed chiefly of coarse sandy till which appears slightly washed in
its upper few feet. A few swales and undrained depressions probably'contain
silt several feet thick. A small esker crosses the "A" lire 1 1/2 miles
east of Corset Creek.

Permafrost waes not encountered in the few test pits excavated on the
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ridge. Permafrost probably is present locally at depths of 3 to L feet
but probably will not present prcblems in maintenance or construction.

19. "A" line from 0.8 to 0.l mile west of Clearwater Creek. The

"A" line rests upon a till (Qtf) surface about 50 feet lower than the
morainal ridge to the west. Sandy till predominates but silty till is
present locally. Large cobbleg and boulders are strewn about the surface.
To minimize the effects of frost action in the silty till it may be
advisable to bring this segment of the line to grade by placing non-
frost-susceptible £il1l directly upon the vegetation and exposed rocks.

An ample supply of gravel can be obtained in nearby terraces along
Clearwater Creek.

20. "A" line from o.h mile west to 0.5 mile east of Clearwater

Creek. The “A" line on«both sides of Clearwater Creek crosses gravel
outwash terraces (Qo). Tha terrace surfaces are level, well-drained,
free of permafrost, and composed of non-frost-susceptible sandy gravel.
Large quantities or borrow can be obtained from the terraces along the
b 1ine.

21. ”A" line'ffom O;S_to 1.0 mile east of Clearwater Creek. The

®A® line here cicsées a kame-esker complex composed of non-frost-suse-
ceptible gravel., Permafrost either is lacking or at such depths as not
to affect road construction and maintenance.

22. "AM line from 1.0 to 1.7 miles east of Clearwater Creek. This

segment of the "A" line crosses an end and lsteral moraine complex forming
a bluff at the north side of the valley of Osa Creek. The morainsl
complex here is believed to be composed chiefly of sandy till which may

be silt=-rich in the upper 1 to 2 feet. Permafrost rrobably is lacking
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within 100 feet of the edge of the bluff but may be present farther north.

23. M"A"™ line from 1.7 to 2.0 miles east of Clearwater Creek. Sandy

till underlies this area. The surface drainage is poorer and the silt
content of the surface till probably is higher than in unit 21. A line
of springs and seepages extends parallel to the contour, 10 to 15 feet
below the top of the bluff and slong the walle of gullies crossed by the
"AM line. Walls of cuts intersecting this spring line willbe subject to

slumping and will be sites of large icings during winter,

2, MA® line from 2.0 to 2.7 miles east of Clearwater Creek.
Pitted outwash (‘Qop) fqrms the suwrface material. The surfece 1s welle
drained, devoid oi‘ permafrost, and ié generally favorable for road
foundations., The outwash probably is less than 10 feet thick; smell

quantzties of borrow for usa in other areas can be cbtained here.

25.f "A" line fron 2.7 to 3.8 miles east of Clearwater Creek. The
WAM Yine here crosses the flood Flain (Qs) of Osa Creek for 1.1 miles,
, accordmg to the sketch of the alignment transmitted to the writers by '
My, Joseph Bell, Jr. Beaver dams further downstream have partly flooded E
the areaand it was covered with 1 or 2 feet of standing water when |
visited by the writers. The flood plain is composed of sandy gravel,
probably mantled by 1 to 3 feet of silt and peat. Good foundations cen
be thainéd by strippitig and discarding the peat and silt mantle, Coarse,
non-frost-susceptible 'gr'gvel for back-fill can be obtained from the Ose
Creek esker or from the pitted outwash of unit 23.

The standing water can be drained by destroying the several beaver
dams that block Osa Creek within a mile downstream from the "A" line,

Osa Creek, however, is an ldeal beaver stream and supports a large beaver
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population which probebly camnot be permanently eliminated., Beaver dams
that are destroyed probably will be rebuilt within a year. After initially
draining the area, it may prove more economical to construct a high f£ill
which will stand above the level of future beaver ponds than to build a
low fill and periodically dynamite the beaver dams,

Consideration also may be given to the value of_ the beaver population
as a focal roint of tourist interest along the proposed road.

26. "A™ line from 3.8 miles east of Clearwater Creek to 5.5 miles

west of the Maclaren River. The MA" line here follows a long, narrow,

slightly sinuous gravel esker ridge (Qk). The esker offers excellent
road foundations and offers a source of large quantities of borrow for

use in nearby areas. -

2?. ngn line from S S to .2 miles west of the Maclaren River.

This part of the ”A" 1ine croases a chaxmeled i1l conplex for 1.3 miles.
The area was not visxted on the ground. Study of aa.r photos and compari-
son with known areas suggests that the till of this area has a relatively
low silt conteht, that it will afford relatively good foundations, and
that the lihe can be ﬁrought to grade by. side-borrowing local material,
If the till should prove ﬁnsatisfactory, any required amount of gravel
can be obtained from the Osa Creek esker (unit 25) or from the esker
followed by the "P" line immediately east of the point where it joins
the "A" line. |

28, "A" line from Lh.,2 to 3.0 miles west of the Maclaren River, The

proposed "P" line Joins the ™A™ line near the west edge of this unit
(washed till). The line then trends directly east for one mile through

Crazy Notch, a steep-walled dry canyon incised 300 feet into a till=-capped
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ridge. The notch was cut at a time when glaciers occupied the lowlands.
Meltwater from a glacier which occupied the drainage basin of the West
Fork River drained east intc the Maclaren Glacier.

The writers were urable to visit Cragy Notch; however, Mr. Joseph
Bell, Jr, has furnished the following information:- #The floor of the
netch ccontains till material that has been slightly washed, reducing the
fines in varying degrees in different locations. There are alluvial
fans... which are nothing more than washed till. At the summit of the
notch there is a depresaion filled with silt,..."

Study of air photos suggests that a layer of gravel 5 to 10 feet
thick may undarlie the washed till and silt reported by Mr. Bell in the
floor of the notch. The wrlters had expected that bedrock would be found
in the ualls of the notch, ‘but Mr. Bell's observatlons indicate that bed-
rock either 1s not present or is buried under a thick mantle of till and
alluvial fan deposits. - | |

Cuts in the steep ualls of Crazy Notch are likely to be unstable and
subject to slnmping and mudflows. Troublesome icings also are likely to
dsvelop if the natural walls are disturbed.

29, "A" line from 3.0 miles west of the Maclaren River to the

Maclaren River, The last 3 miles of the line cross a kame-esker complex

(Qk) for O.Bfmiie, a-channeled till complex (Qc) for 1.4 miles, and
fihally'anothef kame-esker complex for 0.8 mile. The area crossed by
this pert of the line was not visited on the ground. Study of air
photos suggests ;hatjgravel is available in eskers, kames, and outwash
deposits throughout this segment of the line and that foundation ccn-

ditions are generally good.



Comparisorn of the "F" and "A" lines. Planning and designing of the

new highway may be facilitated by a comparison of geologic cenditions along
the "P" and the "A" lines., West of Clearwater Creek the two lines are |
close to one another and rass over materials that differ only slightly
from one liﬁe to the other, £East of Clearwater Creek the two lines are
widely separated and pass over radiczlly different materials.

Only minor differences exist between the geologic cenditions along
the twe routes between Raft Creek and Clearwater Creek but these minor
differences favor the "A" line. A slightly larger proportion of the ™A™
line rests on sandy or gravelly scils., Kames, eskers, and alluvial fans
which offer sources of large quantities of borrow are generally nearer
the MAM line.  Gentler slopes prevail along the "A" line so that few
side cuts'uili bé required. Side cuts in sandy till are likely to offer
stabilization problemé, and may become sites of icings; consequently a
reductiop in the number required is desirable where other ccnsiderations ;f
are not bveﬁfﬁiing;; The proportion of frost-susceptible to non-frost= -
susceptible soils’does not differ significantly from one route to the
other between Raft and Clearwater Creek; however, the "A" line is
generally closer to eskers, kames, and alluvial fans offering sources
4 of‘large quantities of borrow.

Between Clesrwater Creek and Crazy Notch the "A"™ line passes through
an area in which the geologic cédditions are very much more favorable
than in the area along the "P" line. Only a small part of the "A" line
rests on till, whereas most of the "P" line is on till or on end and
lateral moraine complexes, Again, few side~cuts are required along the

"A" line, Numerous side-cuts prabably would be required along the "P"
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line, especially in the portion of the route between Clearwater and
Little Clearwater Creeks. Large sources of non-frost-susceptible borrow
are available to most parts of the "A" line in the gravel terraces near
Clearwater Creek and in the Osa Creek esker, Similar deposits are scarce

and widely separated along the "P" line,

III. BRIDGE SITES

Susitna River

The Susitna River is crossed by the "L™ line approxirately 7.6
miles south of Denali at a point where the river is confined between
high banks of till. Both approachee are nearly level,

Silty till is exposed at the top of the bluff on the east side of
the river. The depth to which the till extends is unknown, but it probably
extends at least to river level. A test pit dug by the Alaska Road Com-
mission in spring, 1953 at the base of the slope on the east bank exposed
only sand forming a slope-waan mantle over the slope.

The silty‘till contains permafrost at a depth of 5 feet, The thick-
- ness of the pefmaffSétbis unknown but may be 100 feet or more.

The bluffa linihg the west\side of the river were not visited by
the writers. A test hole drilled by the Alaska Road Commission in early
- winter, 1953, ét a point a few feet above the river on the west bank
pessed through 10 fee;yof mick and then 2 feet of silty till. Te
material was perqnni#liy frozen throughout,

Several shallow drill holes in the river bed exposed 20 to LO feet
of unfrozen stratified sand and gravel.

Silty till is likely to prove an unstable material in which to

place the foundations of a large.bridge, especially if the till is frozen
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when construction begins. Excavations in the till will be difficult to
drain, and the till probably will thaw and lose strength as the exca-
vation‘progressés. For these reasons it appears that the character of

the rmaterials in which tne foundations are to be placed will affect the
design of the bridge andyestimates of construction costs, More information
concerning the character of the substratum at each bridge abutment is
urgently needed, One or more drill holes at each abutment, extending

at least 50 feet is recommsnded,

Flood plain icings probably accumulates each winber to a thickness
of 5 to 10 feet in the river bed at the bridge site. However, icings
probably will npt affect the design of the bridge unless a pier is to
be placed in the river beds.

Bo"rnw and ccncre e aggregate for the Susitna bridge can be obtained
from ihe kame—esker complex 2, 000 feet nortaeast of Station 110 4 00, . 
’hgsical and chemical analyses cf thls material are suggnsted previous
to its use. ;jl“‘ EE T |

Clearwater-Creek

The “A" line crosses Clearwater Creek a few hundred feet downstream
from the confluence with thtle Clearwater Creek. Both approaches cross
series of low gravel terraces.
| Gravel :..s exposed at t«he surfzce on both sides of the river. The
gravel is at least 10 feet thick and Frobably rmeh thicker. It is
possible, hcaever, that the gravel is underlain by stratified silt at
a depth of 10 or 15 feet, Test holes at the site of each pier may be
desirable in order to explore this possibility. Permafrost is lacking

in the river gravel.
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Clearwater Creek probably is free of flood plain icings at the
bridge site, however, destructive river icings do occur 1 mile upstream,
All required borrow can be obtained from gravel terraces east of
the bridge site. Tests Bhould be conducted to determine the chemical
and rhysical characteristics of the gravel before it is used for concrete
aggregate,

Maclaren River

The Maclaren River is to be crossed at a point where ﬁhe river is
confined by eskers and kames that stand 10 to 50 feet above river level.’l’ »
Both approaches extend across esker-kame complexes underlain by gravel _/ )
and sandy gravel. The gravel is free of permafroat. S
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