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&!u'GUiTdKZ% GEOLOGY 3F ?iE SU1 TI.,"iA 

Jia:fes -4-5 quadrm;.le was n~al.ie rh l r i r r ?  J911;.' 1"5b by a :T;eoloh4cal 

r 1 
S~lr-~ley ~ n r t y  cons ; s k i n :  of ! k ~ h e n  Lachadoorian, '?my 1..  we, 

2 a ~ ~ i r l  2. Smj.t,'b, gccl~>hzis t e ,  md L l q d  f lnrker, f i e l d  a::sistant 

(Ti?. 1). A sement of the pm*sc.i 2cnali Iii,;hway cresses ovsr 

the southern portion of the area exanined, The Denal i  Hi\@.-my, 

my,  to Yci(inl+y Park Sta t ian ,  i?. :dlci(it!lsy ?ark. 

ma p a r t  of  the area %d:ar,e.n."t, to tF,e r0ut.e of t h e  hlghe;. 

was napped 5r. 3atcd 1, and opectsl emyihasis was placed upon 

ceo lodca l  f a c t ~ r s  t h a +  w i l l  a f fec t  ronstr,;ctioa of the new hiqh- 

my .  3 i s  r e p o r t  j s a reralt  of tS.e tudies d o n 2  t?le h!: qhv,7;j 

r ~ ~ t e  and rieszrihes ow those areas that are of L-rfieriiate in- 

m-tarlrs in plarxinf: and cons truc 5 i ~ n  o? + he highway. 

The 'holor~ic:l Surve;, >as cod ,c twi two p r e v i  3us eni;i?t?eri!:~ 

t 1 ~ y x ~ l o ~  - l , n y ~ . o s t i ~ a L t ~ n s  of wfifior,s of the Dena1.i F-'.J.+-.J~.-. iJeve 

m-ipped the a:-aa smt of the ':t. 1ia;es A-' qun<lrary:le . ot,ween 

t h ~ :  hv:lt! Lakes a d  + h e  Richs-.lson iiir-hway d u r i n g  t h e  1351 and 



1352 f i e l d  S F ~ R G O ~ S .  Zrl 195kp Kachadu~rf.ar., Fo; k i r , s ,  a d  Xichcl3s 

the S~is i tna  and Maclarerl !7i.vei-s. 

Field nzpgiri~: b;. the Oe01.c.eical Su:%*ey c o r ~ ~ i s % d  of a s r r i c a  

of Foot and tr;ct or t,ravcrseo durim, whi ch g?clr,@cal i n f a m ?  i c n  

w w  qatherad and ylo+*t;ed on verticzl pk;otn!gn~hs of ?:Lo,Poc) scale, 

ard l a t e r  trhn.;'e:-r~!d to s topographic map of 1.: 11@,090 scale.  

Amas that, ware not visited c;: the ,mu~d were ms~jpod by 

plrot&r-ictsrpre4z~?ion cnd r e c o r ~ t ~ ~ j  s!rar;t:~ fro3 a 11 :):t atr;,f . 

Lit .k:uloq &rid !)emafrcst i n f o n a ~ t i o n  w a s  obtaS ncd by hand- 

;tnd trae t.c?r-rl~ g t@8 j:, pi t~ . Lirjpt.1 tr: pema haos t was es ta!: i i ~ j h ~ d  

by assur ii:g thnt 64 to 90 percmt  o f  +he seasona3ly frozen gro~:nrl 

layer had thawed at t,he tine o f  the obemnt iorm,  

Tic ffcld work w a s  qrea t l y  faci 11 t atad by the cocpt.rs,t.i.r~r- 

of the Alaska Paad Cw,;.?i ssi cn. 1.5xhonical analyses were pre- 

p& hy J. R. h 'sit~ol?~ Yawriah  lini:i.l.eer f o r  ttx Val.i.isz a: st r l c  t 





The mapped area liea in the southern foo th i l l s  of the Alaska 

Range between the Maclarm River and the Tangle Lakes. The area 

is crossed by two eastvest ridges, the hphitheater ffounhina in 

the narth, reachFng al t i tudes  of 4,000 to 6,900 feet, and Whistle 

Ridge near the center of the area, reaching altiwdes of b,000 b 

&,8W feet, High Valley, a broad u p l d  surface at an altitude of 

about 3,700 feet separotem the Amphitheater Mouxltains fran Whistle 

R i d g e .  Hi& Valley is teminated on the west try a steep slope 

demcsnding 1,200 f ea t  to the Kaclaren River valley and on tho 

east by a gentler but more irregular slope descending 80 feat b 

the Ihngle lakes .  Sm th of Whiatla Ridge, the country slopes gently 

southward to a p a p  of lakea in tho Oulkana D-5 quadrangle tkat 

drain west into the J%clarsn River and east i n t o  the Middle Fork 

of the Oulkana River, 

The vegetation in the eouthern half  of the Mt. Hayes Am5 

quadrangle consists chiefly of brushland and W d r a ,  but open, 

park-like stands of black or whi te  spruce surrounded by dwarf 

birch and willow s m b e  are found  nor^ of the mad In the eastern 

half of the area and below altitudes of 3,200 feet in the Maclaren 

River valley. The trees are generally too amall far construction 



* 

t Brushland vegetation is found chiefly in the scruthern haw of 

the area between altitudes of 2,900 and 3,500 feet and ia inter- 

spersed w i t h  the sprzce a t  I ts lower limits. The hnlshlard con- 

aim# primarily of dwarf birch in welldrained areas and w i l l o w  

shrubs along trtreama and drainage line& 

Tundra vegetation is P o d  chiefly on mrfaceo above altitude8 

I of 3,000 feet and blaw 4,000 to bsSOO feet; it occurs on the higher 

mountain slopes above the brushland vegebtion ard in Hi& Valley, 

The tundra vegetation consists of dwarf birch, several varictiea 

of heaths, many species of herbs, grassy plnnts ,  lichens generally 

growing in a dense mat, and small rLllows dong streams. 

The general polom of the southern half of the Mt. Hayes 

A-5 quadrangle ie shown on plate 1. i3edroeks exposed chiefly in 

the Amphitheater Mauntains and Whlatle Rid@ canstst& predmlnaatly 

of volcanic rocks of Triassic age, but includes mlnor quantities of 

quartz diorite and hornblerde diorite intrusivea of probable durasaic 

age (Mof f i t, 1912). The lowlands ara laantled by unco~olidatad 

Quaternary deposits,  chiefly of glacial o r i a n .  

Bedrock 

Bedrock is exposed in the Amphitheater Mountains, in Whistle 

Ridge, and in a much smaller area in the extrme eaatern part of the 

area, in the c q o n  of the creek that drains Landmark Gap Lake (plate I)* 



Bedrock in the Amphitheater Mountains conaistn chiefly of 

folded, dark, s l i gh t ly  metamorphosed volcanic rocks that oridnally 

w e r e  diabase and basalt  lava flows, locally amygdaloidal, and 

minor quantities of tuff and argillite. Whistle Ridge consists 

prharily of l i g h t  colored metamorphosed diabase and s l i@t amounts 

of basalt; tuff and argillilte were not obsemed, The diabase and 

baealt consist of feldspar, epidate, chlorite,  auqib,  and hornblende. 

This bedrock complex i t s  believed by Moffi t (1912) to be of TI-iarrrsic 

Intrusive quarts diorite  and hornblende diorl ta  of Jurassic (?) 

a p  (Nofflt, 1912) crops out in the extreme -tarn part  of the area 

ard ranges from a frersh, U@t-colomd rock to more abundant Fay 

h i g h l y  weathered rack. 

The diabase, basalt and the intmaivs dioritgs can be used 

for riprap or for crushed road metaL. Satisfactmy rock' for  con- 

crete aggregate can be found, but t b  rWtra rrhould be thorou@ly 

prospected and samples carefuily analped chemically and physically 

before any site i a  chocren, 

glaciers that several times invaded park of the area and that 

at least twice covered all parts of the area below altitudes of 

3,800 feet, The ice orisyinrrted in the hi& mountains of the Alaska 

Range and f'umeled south in to  the mapped area throu& the valleys 

oY tht, Maclarsn and Delta Rivers and ta a lesser extent through 

6 



Landmark and .;hc!er Gaps. Zns l l e r  !:lacier5 o r i g i m t b x  in the 

A ~ p h i t h e a t ~ e r  :.Io~ntri:'Lns nr?r?ed si ~ i f i c m t ;  quanL,i ties of ice ard 

For t h e  purposes of t h i s  report 'he  unco:lsaUr!atcd sedizients 

are divided i n t o  n o n ~ l z c i a l  and ? inc ia1  deposits .  ' he  nonlflacid 

deposits  i:!ciude talus,  sxmp deposits ,  s i l ty  and sad:; aU~vi .m,  

grave1l;t a l l .uv- i~ l ,  and m5Lle sheet, The glacial depos i t s  are 

sutxiivlded ints rock glacier,  ~:i.tted outuash, outwash, e:d a d  

l a t e r a l  moraine complex, esker- me c o ~ l e x ,  ckanr.eled till car,- 

.;Lex, sandy till, s i l t y  till, and till or: bed~ock. In gener-J, 

t h e  character of the Je?osits  is not, inf1;ienceci by a:;e; sini3.ar 

d e p o ~ i t s  o f  dif'l 'erent a,yes are, therefore, qro~~pec l  t o q a t h ~ r  in 

this report. *The termin~lo~y and d e f i n i t i o n s  of mcsz of the 

hd :  vidual  w.lts are aod-ifi ec.i ?rca Sachadoorinn, Hoyki ns, znd 

N i  c!lols (19541 , w!l:.cl; describes t h e  enmeer inq  g e o l o q ~  of t h e  

a i j acen t  area to the u c s t .  

Thus .--Talus is folln;i alone t,!!e Yront of the X:r,pi:i%heater - --. 
!.!-!ountnins and in t h e  s +fie ,+srd.lec! vc~lls:.-s rJr t l l in  t i le  m0.m tnj r;s . 
klils is not, crossed by We route presentxy planned for  I 
bd &way. 

Pie talus consis ts  of lmso rock pried from bedrock c l i f f s  

by f ro s t  action ar,u ottior weathering ;>recesses, aLui deposited in 

aprons anJ cones on ;.entler sldpes below ( p l x t e  2 ; .  Anmilar rocks 

r andns  i n  diaqeter f C ~ n  a few inches to 10 feet occur, ;ale of 
r 

t h e  deposi t s  reach thic:messes cf as nuch as 50 feet. I 



Areas- of tabs are unfavorable for highway construction 

because of steep surface gradients; strbilimd talw deposit. 

commonly are in a s ta te  of delicate equilibrium and would develop 

large-scale slumpa and s l i d e s  if disturbed, Icings can be expected 

in cuts in talus deposits. 

Talus deposits  commonly contain aburdant coarse material suit+ 

able for use a8 riprap. Talw could be used f o r  flll, but other type 

deposits of equal q u a l i t y  are generally more accessible in the arm* 

Swamp,--Large swamps are s c a t t e d  t h r o u ~ h o u t  the area and are 

especially abundant (1) in the Maclaran River valley, (2) in the area 

south of Whia tle Ridge, and (3) west of the Tanqle Lakes, north and 

south of the hi&way. The proposed hf&way a l i m e n t  cross- a 

swamp in the Maclaren River valley, 

The swampa conslat of large are- of Impeded drainage i n  which 

the  soi l s  are eaturatecl thrcruqhout t h e  year. Starding water a few 

inchea deep covers much of t h e  surface. Many swamps are f l a t ,  but 

others slope as ateaply as 2 or 3 percent, I'lany awamps bear a 

chainlike network of broad, low peat r idges  enclosing small ponds; 

the pattern i s  cons?icuoue from the air and 18 uaeful criterion 

for the recognition of some swampy areas. 

The awamps are underlain by peat, muck, end si l t  generally 

more than 5 feet thick; maxhurn thickness is unknown but it may be 

aa much as 25 feet  in rnw places. Permafrost conbininq lames 

and stringers of clear ice up to 3 feet t h i c k  lies below d e p t h  of 

2 to 3 feet, Clearing or breaking of the turf is followed by collapse 

and development o f  themokarst topography. An example can be seen 

along the proposed a l igmen t  in the Maclaren River valley, 



The swamps are extremely unfavorable for hi~hway  construction 

and erhould be avoided wherever possible. If conatruc t ion of roads 

on swamps cannot be avoided, however, the adoption of construction 

methods which permit leaving the na tura l  vegetation i n t a c t  and the 

addition of several feet of coarse, permeable borrow to the surface 

will be helpful in ccmbating comtruction and maintenance probleras. 

Sf l t y  and aandy d luviun, --Silty and sandy alluvium underUes 

the f loodpla in  af the Haclaran River. The fine alluvium of the 

floodplain underliw nearly flat, mamhy murfaces crossed by a 

feu winding slou@a and minor streams. Wabr table lie8 at a 

depth leas than 5 feet throuqhout. The entire mrface ia mbject 

to occasional flooding. Tbe propohled alignment of the  hlghww w i l l  

n o t  encounter any s i l ty  and sandy alluvium. 

Permafrost has  no t  been recognized in the s i l t y  and sandy 

alluvium but may be present locally. The fine alluvium is subject 

to intense froabheaving during seasonal freesing and to loss of 

strength and flowam upon thawing. 

Floodplain amas underlaln by e i l t y  and sandy alluvhrn are 

unfavorable for highway construction because they are ccmpoaed of 

highly frost. auaceptibla materials and are subject to seasonal 

flooding. Gravel suitable for highway subgrados may be available 

;In the bars of the Maclaren River. ?finerally, however, silty and 

sandy alluvium ia unfavorable as a source of borrow, 

3ravelly alluvium.--jravelly alluvium, consistinq primarily 

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

,C 
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area. k g e  deposita of gravelly alluvium are developed along the 

courses of Rock Creek and the creek draining Xsndmark 3ap Lake. A 

smaller area of ~ a v e l l y  alluvb.un d a t a  south of mist18 Ridge. 

The proposed highmy a l l p e n t  crcmees over an extensive arm of 

gravelly alluvium east. of the Tangle Lakes. 

I'he fans and floodplains of the gravelly a l ludum deposits 

have relatively l i t t l e  relief ard s t a d  on* a few feet above the 

atreanr channels. The floodplain surfaces are generally dry, but 

the water table commonly lies less than 5 feet beneath the aurfacr 

Ciravelly alluvium consists of i n t ~ r  f ingering lenses of clean 

cobble gravel, #an& cobble @avel, and minor quantities of sand 

snd silt. Averace grain aise decreases u i t b  increasing distance 

~YOIIS the foothills or f'rom end and lateral moraine complexes, 

uhich contribute a new supply of coarse matarial. The surfaces 

of the gravelly alluvium deposita commonly are mantled by a few 

inohea of silt.  

Rubble sheet .Aubble aheetrs, a product of mass wast ing,  

fom blankets as much as ten feat thick of coaree detritue on the 

south slopes of t h e  Amphitheatm Mauntains and on the north s lopes  

of W h i ~  tle  ids (p la te  1). Ihe present hiyhway alignment crosaao 

an extensive area on the north slopes of '&is+Je R i d p ,  The ~ b b l e  

consiata of anqular blocks of basalt and diabase t h a t  ori(-ted 

further upslope and moved by stsong f r o s t  action outward wer s i lw 

till as far as 3,000 feat. The downslope edges of rubble s l ~ e e b  

am generally escarpnents 2 to 10 feet hi&. The surfaces of the 

sheets gerlei-ally slope about 10 degrees. 



Fhsblc sheets consis t  c h i e f l y  of an~r,:lor rocks  ran-ing from 

1/2 to 8 I.ncftes across, but Lloul i e r s  3 feet in cii,w.e 'L3r a re  cov:,7on, 

111 

Pine ~la+,eri.zl is lackin,:, ~ : i e  rubble  is we.ll-.irained, 'but i:1 Inany 

test r i t s  w a t s ~  was oSsenpod t'iowin::: at t h e  base of t h e  sheet a l o n r  

the  contact w i t h  +he underlyini: z l i L : -  till. 

Fermafrost Is p:ierally 1ncdn.- in t! e lnci3:~le sheet,. Pcrra- 

frost,, however, does cm,on ly  ex: st, hi ti:e urner1::ine si ltf till. 

?.:rbble s5eet.s o f f e r  a :go4 so?!rce of h r r o w  n a t c r i n l  f o r  hi!:h- 

m y  constmcFion if the ~ a i x r i ~ l  is crushed. 2,s t!;; c.ior* de:)ositYs 

also of ~ o o d  r o r d  f o m i a  t i  ons , 

T??ll-*nsortsd ~ l a c i a 3  de3r j s  p l x s t e ~ e d  a t  the base of rnovln~: 

ice or dumped withoit rewor~ing by meltwater at the poin t  wr:ere t h e  

i c e  f i n a l l y  melL,s--co~rers much of the southern h a l f  o f  the !*I\. 

Sages A-5 quadranylc. Commonly the  till is in5el-spersd h-ith de- 

r>osit$ of sand and g r a d  at the  sltrface and ca:lnot be mnp?ed 

separateQ; thus till is R profrlfinr3n-t c o n s t i t ~ e n t  of  end anct l a t e r a l  

moraine com?lexes, chameled till complexes, sandy till, arvl silty 

till, 

G l ~ c t o f  luvial rieposits --sand, &:ravel atxi cobbles deposited 

by i r i - e ~ ~ ~ l a r  wash of m e l t w a t e r  or sub,:laci?l streatns on stzi,:nant 

ice and :)eyond the icc  terminus--exist in !.he ma~ped area as 

R ? r k   la,: ier.--frock i:l-ciers in the southern n a l f  of  the M+, 
4- 

Ha)-es A-:) q.~slrxn;.le are o f  two types: \l) active rcck ; laciers 

# 

f3xa.i in the small  vzlleys of t h e  kf,:ph: t.heal;er ' I ounA~ins ,  and, 

4 11 



(2) inactive rock glaciers found on the north slope of Whistle 

Ridge, The proposed hi*way aligment crosses two inactive 

rock glaciers on the north slope of %is tle Rid2e. 

The topography of  the inactive rock glaciem are much more 

subdued than that of the active rock glaciers, Rock glaciers can- 

siat primarily of anqular blocks a d  coame gravel (fig, 2, curve D) 

imbedded In mud and interstitial ice.  They are hn,ve-shapai or 

lobate in g r d  plan and their aid- and fronts art3 generally 

atsep, The aidas range fm 5 $0 LOO feet high, a d  -the fronta 

fram 30 to 150 feet high. The surfaces o f  rock glaciers are 

generally rough and may contain longitudinnl ridges, t r w v e r s e  

r i d g e ,  mourds, Furrows, conical h i l l o c k i  and depressions, and 

small ponds, 

The matsrirl of rack glaciera is derived from the c l i f f s  and 

cirque-walla at  their heads, The aurface ia ~ompo8ed of angular 

mka 6 inch- to 5 feet ecroas. A t  depth, however, they assume 

the character of till and the angular rock fragments a r e  imbedded 

in mud or insbrs t i t ia l  ice. 

Drainage i s  generally good In rock glaciem; locally, however, 

actfw rack glaciers have poor drainaye. 

Permafroat is generally lacking in inactive rock glaoiers, 

but generally I s  a t  dep+h of 6 to 10 feet in active rock glaciers. 

Inactive rock glacier8 offer a good source of borrow material 

and are coneidemxi good as road foundations. 

Pitted oukrash.--fitted outwa~h is confined to an area near 

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

0 



G R A I N  S I Z E  IN M I L L I M E T E R S  

U F E  S O I L  G L B S S I f I C A  T I  O N  S Y S T E M ,  U S C E I  

F~gure 2: Cumulative size- frequency curves of nlne samples o f  glacial deposits rn the the Mt. Hayes A-5  Quadrangle A i  aska . 

G R A V E L  I S A N D  
C O A R S E  I F I N E  C O A R S E  ( M E D I U M  F I N E  S t L T  or C L A Y  



alignment of the hi&way. The outmsh area is flat, plateau-like 

mrfaee, inlented by m a n y  sharp-walled, sil t-floored kettle holes 

bounded by sharp escarpnsnts U) to 100 feet  high. Pitted outwmh 

ij intermediate in character between unpitted outwash and esker-kame 

complexes; it consists of sediments depoeit8d in areas formsrly 

underlain by scattered block8 of stagnant ice (fie. 3 and 4). 

The pitted outwash plain irr generally welldrained, but lakes 

ard swamp are preaent in the kettle holes. 

Pertaafroet ia probably lacklng beneath the upland surface of 

the pit ted plain, but mmpy kettle holes a~'d likely ta b urwler- 

la in  by pennrfioat a t  depths of 3 to 5 feat. 

The p i t t e d  outwash p l a i n  is a favorable site for highway 

construction. In the least pit ted portions, good grades and 
1 

alignments can be obtained by s t r i p p i n y  a7d side-borrorinr?;; in 

the more p i t t e d  portion, a h i l a r  grades and alignment8 oan be ob- 

kbu?id by balancing cuW and fills. Abundant borrow may be ob- 

ta ined from p i t t e d  outwaah, 

O u ~ h , u O u ~ h  c m ~ i s t s  of sediments deposited by melt- 

water strsans, Areas large enou,zh to be mapped separately are 

fwnd in the saetsrn part of the area north and south of the high- 

way and in an abandanad glacial lneltwater channel was t of Asar Lake, 

The highway al ipuent crosses a mall area of outwash 5n the eastern 

part of the area. 

The outwash oedhen- occupy nearly f l a t  surface8 b&ed by 

ah- escarpments cut in till or in asker-kame complexes, The I 
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U. S. DEPARTMENT OF THE INTERIOR 
G E O L O G I C A L  S U R V E Y  

Figure 3 : B lock  d iagram showing or ig in  and interrelat ionship 
of end a n d  l a te ra l  m o r a i n e s  (Qm);  sandy ti1 l ground moraine (Qts), 
o u t w a s h  (Qo), p i t t e d  o u t w a s h  ( Q o ~ ) ,  kames (Qk) ,  a n d  e s k e r s  (Qe)ddring 
g l a c i a t i o n  ( K a c h a d o o r i a n ,  H o p k i n s  a n d  N i c h o l s ,  1954) 
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Figure 4 : B l o c k  d iag ram show ing  in te r re la t ionsh ips  of end a n d  
l a t e r a l  mora ines  (Qm 1, s a n d y  ti1 l g round  mora ine  ( Q t s ) ,  o u t w a s h  

(Qo), p i t t e d  o u t w o s h  (Qop), kames  (Qk) ,  and e s k e r s  ( Q e )  a f t e r  
g lac ia t ion  ( K a c h a d o o r i o n ,  H o p k i n s .  a n d  Nicho l s ,  1954)  



* 
outwaah surfaces have a local relief of 3 t o  10 feat consist ing of 

low eacarpnenta, barn, and males marking the courses of ancient 

streams 

Drainage condit9ons vary widely. The crutwash l a  coarse and 

permeable a d  thus may have good drainaye, However, m q  of the 

outwash areas have low g d i e n b  and am indented below the surround- . 

ing terrain, thereby collectjnq drainage f rom large areas, 

The outwash gravel ia aimilar to, but slightly coarser than, 

: the modern alluvium in nearby streams, It consls ta principally 

of well-rounded cobble gravel in a matrix of a d  ( f i g ,  2, curve 0 ) .  

Thicknesses are generally less than 10 feet. In the eaatsrn part 

of the mapped area the ou-h is a thin veneer 1 to 2 feet thick 

overlying sandy till. Much of the outwaah gravel is mantled $. 

6 inches to 1 foot of wind-blown silt. 

Pemfros t probably i a  lacking in the thick wsll4rained MIC 

wash areas, It is present, however, in till immediately below the 

autwaah veneer l a  the eastern part of the area. The outwash gravel 

I 8  not h t  auaceptible, but the underlying sandy ull is eusceptibla 

to fros t  action, 

A r e a s  of ws1lcdrabx.i outvash offer good foundations for high- 

ways and w i l l  yield s,mll quantities of borrow material, 

End and lateral moraine ca~laxem. --Arm of end and lateral 

moraine complexes are common thmu;hout t h e  southern hal f  of the 

Mt, Hayes A-5 quadran~le. The highway crosses wer extensive areas 

of enl and laCeml moraine complexes between the Tangle Lakes and 



Whistle R i d g e ,  in Hi* Valley, and from the weabrn e d g ~  of Hi@ 

Valley to the floor of the Maclaren River valley. 

Erd aiid lateral moraine cunplexea are fomed at the sides and 

fronts of glaclem. The larger ridgw represent material plowed 

up durinr: periods when the glaciers wars sxpanding arri material 

dumped wlthaut much reworkinq by meltmatar during psrioda when 

the glaciers were receding. Smaller &and and gravel hi l locka 

consist o f  material washed into tunnels along the margLns of the 

ice and onto the surface of the i c e  by meltwater stmama. The 

kettle holes represent the sit88 of i solated ice blocks that  

melted away after being buried in gravel, 

The moraine complexes are areaa of rough topography consisting 

of ridgsr 20 to 100 feet high, separated by miss and undrained 

depressions. Kettle holes ,  shallow, pafi-like depressions, 10 feet 

deep and 100 feet across are cornmon. Lakes are common in the kettle 

hob8  and in depressions dammed by till ridges. Drainage 3a generally 

good, but 8-11 swampy areas am found at the margins of the lakes 

and in some k e t t l e  holes and swales, 

Sandy till is the predominant material corrplosin~ moraine corn- 
; 

(fig. 2, curve C )  , but si lQ till is found lo call^. Sandy 

till or silty till i s  present everywhere a t  depth, and it crops 

out at the aurface i n  the lonq, smooth ridges that are the dominant 

elenant in morainal topography. 

Pemafrost underlies awales and marshy drainage lines a t  

depths of 1 to 3 feet, Ridges composed of s i l ty  till locally con- 



t 

tain permafrost at depths of about 5 feet, More cammonly, 

however, pennafmst lies below 5 feet. 

The moraine complexes are relatively favorable areas for 

road building, Closed depressions and swampy areas underlain by 

permafrost are comnon in the males between the till ridges,  and 

thus the ridges are generally ta be preferred f o r  road foundations. 

The tlll i s  subject to flowage and landslide8 on slopes ateaper 

than I t  h and ic ing may be expected I n  h i @  side-cuts.  Consequently, 

deep cuta should be avoided whenever possible.  

&I ker-kame complex.--Esker-kame complexes aro most comon and 

beat developed in the Tanqle h k e a  area in the southeastern part 
b 

of the quadranyle, which the hiqhway ali;.ment crosses, and in the 

vici.nity of Asar Lake in the southern par t  of t h e  quadran~le, Ztro 

small areas of esker-kane canple?es exiat in Clacler LRka Ctap. 

Esker-kane complexes consj st of materl a1 deposited by s tre:nma 

on, in, or beneath glaclal  ice (fig. 3)  bkers are long, sinuous 

ridges cons i s t ing  of beds of former streams that were confixled in 

crevices on the surfaces of ~lacfsrs  or in tunnels *thin glaciers; 

while kames are conical, flat- topped, or irrctqlar hillocks consist- 

i n g  of mabrlal d e p o s i w  in holes and i~re~ylari t ies  on the Ice  

surface, Esker-kame ccaplexes cornonly grade up- or down-valley 

into flat,-topped, p i t t e d  plains consisting of material dumped in4& 

an area where isolated ice block8 were melting away, but no con- 

tinuous ice %ass existed. bker-kame cmple.xes t k u s  consis t  of 

areas of low but rugged and i n t r i c a t e  relief. frrverted V-shaped, 



atsep-sidcd ridges and ccrnic~l o r  irregular hil locks are interninglad 

or are separated by flat-bottomed depressions. ReUef ranges from 

5 to 150 feet ,  Individual eskem have more or less even s d t s  

in ta r rup ted  locally by gape and aaddlaa; s u n r m i t ~  of adjoining, 

parallel eskers, however, may differ in a l t i h d e  by as much as 

50 feet. 

Host earker-kame complexes are composed of stratif ied,  sub- 

rounded t* rounded, sandy gravel ( f i ~ .  2, curve E) . Pocket3 of 

sandg till are cmon. 

The sediments of esker-kame complexes generally are coarse 

and permeable; consequently the s l o p s  and m i &  are dry and 
* 

well-drained. The flat-b~tt~omed depress4 01-18 are generally dry 

and well-drained where they are underkin by gravel, but, are swampy 

and m q  contain l a k e s  where the subs t r a m  is till, Iocally, how- l 

wer, the dapressiorls are marshy if the watar t..able is within 2 or 

3 feet of the surface. 

Penriafrost probably is not  present in tile 8ard and gravel ridips 

and hillocks of the eaker-kame complexes, but sams of the depressions 

may be u r d n r l ~ i n  by penna,"rost a t  depths of only a few feet. The 

sand Bnd gravel are not subject t o  heavinq, subsidence, or flowage 

during f'reezing and thawing, 

Esker-~ame corplsxes offer  the best  foundations for highways 

and sources of borrow in the southern half of the M t o  Hayes A-5 

quadrangle. 

Channeled t 5 l l  complex,--Are= of channeled till colaplax occur - 
83~1th of  Whistle Ridge,  Channeled U L 1  complexes consist of dis- 



contirruvus tharureb terraces, mant,led by washed sard and 

wave1 superfarpcwed upm slopes rrnd r id~ea  of sandy till and 

s l  lty till. Host of the chanrreled till complexes were formed a t  

mardm of ah-t  glciciem (fig. 5A). Marginal meltwater etm- 

flcwed for short dis  tancca ent i rely in till, cutting discontinuous 

channels (fig. SC), 

Moat areas of channeled ti11 have a re@on&l slope of 5 to 20 

percent a t w d i n g  at right angle8 or obliquely to t h e  chariela a d  

temacas. The channels and terraces thus are separetsd f'rm one 

another by rid- or escaryments 5 to 35 feet high. 

Sand and gravel, ranging in thickaesa frm 6 inches to 6 feet, 

mantles the terraces and chmelrr. Ihe sand a d  gravel vary widely 

in mechanical composition, Isnses of sand, sardy gravel, and clean 

cobble gravel interfinger with one another. A few large bouldera 

1 to h feet in diemeter are nearly always present. Locally the 

till sud gravel is mantled by 2 ta 6 inches of wind-blom silt.  

Channeled till areas are generally well-drai ned because of 

the sharp loca l  relief and the presence of pemeable gravel on the 

f l a t t e r  surfaces. 

Permafrost $8 preeent, locally, a t  depths of 2 feet in gravel 

or till mantled by silt. Elsewhere, the gravel generally corrtaina 

no pennafros t. Sandy till a ~ d  sil ty till in t h o  ridbps between 

channels is locally perennially frozen below depths of b ta 5 feet. 

Frozen g a v e l  c o n t ~ i n s  interst i t ia l  ice but w i l l  n o t  heave upon 

freezing nor f low upon thawinq. 
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Channeled till conrplsrer are relatively favorable areas for 

hiaway conat.ruction, ?mod grades and alignments can be locatad 

on the gravel and channels, but minor  construc t ion and maintenance 

pmblans probably w i l l  be encountered uhere it is necessav t o  cross 

escarpnents and ridge8 in which till crops out at the surface. 

Road metal may have to be obtained abswhere, because the gravel 

of the ctu?innsled till conplexes cornonly contains considerably more 

coarse material than is desirable. 

Sandy till.-Sandy till is here defined ~a tlll containing less 

than 10 percent si lt  and 50 to 75 percent sand (fig, 2, curves F and H ) ,  

pnd is widely distributed. A large area of sandy till exists in the 

emturn part of the quadrangle north and s m t h  of t he  proposed high- 

way and a sti l l  larger area cmera the UcLarcvl River valley in the 

western part  of the quadrangle between the altitudes of 2,800 aml 

3,30C) feet, 

The tmography of areas of sandy till consists of lons, broad, 

smooth ridqes and males, Sharp prominences are l i k e l y  b he eskers 

or kames, and thus a m  l ikely to offer sources of clear] gravel and 

sard, The sandy till represents material dumped along the debris- 

laden m a r g i n s  of glaciers, and consequently it i a  generally found 

in depos ib  randne in thickness f r o m  20 to 100 feet. 

Sandy ttllareae are fairly wall-draind in s p i t e  of generally 

low slopes and wldely spaced drainage l inea.  

Permafroat i e i  generally lacklng in sandy till or lies at 

depths perter than 5 feet. Locally, homer,  permafrost is faund 



2 to 3 feet below the surface. %ere the sandy till is overlain 

by a thin veneer of ou&ash material, permafrost generally exists 

a t  the  contact of the two deposits ,  The sandy till of the Naclaren 

River valley is less well-drained than the sandy till of t h e  eastern 

part of the quadrangle ond consequenfdy, the permafrost lies a t  

shallower depths. 

The ailt contant in sandy till cornonly b sufficient to cause 

heaving during winter and loss of atrength and local flowaqe during 

apring thaw wherever it is used for fill material. This  i s  especially 

true of till within 2 feet of the surface which PAS been ernriched 

in a i l t  by rroil-forming processes and the frost  a t i rr ing  of tha 

loess cover. The siltier phases are subject to slumps and flowage 

during spring in aides of high cute and fill&. 

Although i t  is usexi in m a q  l ~ w - e ~ d a r d  roada in Alaaka, 

aarPdy till $8 relatively undesirable surface material. Because 

of the high silt content and abundance of cobbler and boulders, 

road aurfacas of sandy till are muddy in sprfna and rough in 

Si l ty  till.-silty till is hem defined a i  till containing 

more than 10 percent ellt (fig. 2, eumea A, B, and I), and is 

the predominant surface matorial in Hi& Valley. A smaller area 

of silQ till is present south of  Whistle Ridge, Surfaces under- 

l a b  by s i l ty  till generally are smooth snd gently undulating. 

The proposed highway alignment crosses over extensive areas of 

s i l ty  till in HI& Valley. 



Much of the s i l t y  tiU is mantled by w W - b l m  silt which 

has been incorporated into the upper few inches of ti11 by frost 

action; consequently, it is d i f f i c u l t  to differentiate between the 

wind-blarnmaterial and s i l t y  till within a feu inches of the surface. 

The silt  eontent of e i l ty  till ranges f r o m  10 to 36 persenti the 

m u i ~ ~ ~  silt content of silty t A l l  In the Ht. Hayea A-5 quadrangle 

i a  much less fhan in the s i l ty  till described by Kachadoorian, 

Hopklns, and Nichols (19514) in the Suaitna+.iiclaren area immediate- 

ly ta the weat .  They report a silt content as hi& as 90 percent 

in the Susi Lna-Maclaren s i l t y  till. 

S-L~QT till contains a high proportian of fines and therefore 

IB rela tivsly impermeable. Consequently, horl z o n t a l  and gently 

sloping surfaces underlain by silty tlll are poorly drained and 

are looally marshy. 

S i l t y  till is generally perennially frosen at depths of 1 to 

3 feet, The Prozen till locally contains ice in the form of lenses 

and veinhts ;  s~fficient ice is present to exceed the l iquid l i m i t  

of the till upon thawing. Consclquently, the till is extremely sw- 

ceptible to f r o s t  heaving durhg  winter and during early s p i n g  

the newly thawed, oversaturated till has l ittle atrength and 

f10- readily* 

S i l t y  till is unsuf table for m a s t  conataction purposes be- 

cause of ita froat susceptibility and high proportion of fines. 

Stdpping of vegetation from aurfaces underlain by silty till 

will be follaued by thawing of pemafmet and subsidence which i a  



*, 
l ikely to cont,inue for several years and to total as n ~ c h  as 6 

feet. The till w i l l  flow during spring in sides of cu trs or fills; 

high artificial or natural cuts are subject to large scale land- 

s l i d i n g  on slopes a8 low as 1:b. Becmae of the abundance of 

f ines a d  the low rate of percolaUon in s i l ty  all, th i s  material 

i s  subject t o  rapid gul ly ing .  

Psnaaf ma t and fro8 t action combine to glPe marry cons truc tion 

and maintenance problem in s i l t y  till. Thus, i t  i s  desirable t!!at 

large areas of t h l a  material be avoided, However, if construction 

of roads on s i l t y  till cannot be avoidd, the adoption of construc- 

t ion  methods which permit leaving the natural vegetation intact and 

the addition of several feet of coaraa permeable borrow to tho 

surface w i l l  be helpful in conibating the problems, I 

Till on bedrook.--Patches of till form a thiri, discontinuous 

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

A smaller area of patchy till on bedrock occurs on the southeaa~rn 

slopes of Whistle Ridge. The proposed highway a l i p e n t  does not 

cross any till on bedrock depoaita. 

The till is generally lesa than 3 feet thick and contains a 

higher proportion of boulders and lower s i l t  cont,ent. than other 

types of till in the Mt. Hay- A-5 quadrangle. Quarry sites can 

be developed in bedrock by stripping the till, but moat areas of 

till on bedrock are m o t e  frm the proposed highway aliment. 
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