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JUATTRANY GEOLOOY OF THY WNMANS BIVOR AND ALJACENT PARTS OF THE
ALASEA RAWGE, ALASKA®
{sbstract)
by Clyde Wehrhaftig

The lenana Hiver flows northwerd across the Alsska Range near
U9 west longitude. Sedimentary bedrock: formetions of its basin
include cre-Casirdan sehist, wdiffarentisted alsozoic and Mesogols
rocks, continental Uppear Crotacoous rocks and pooyly consolidated
continental Tertisry rocks. Igneous rocks include preeiovonisn quartye
orthoclage schist, gresnstons, granitic and basic intrusives of prew
Fper Cretaceeus oge, and doleriiic and andesitic intrusives of Upper
Uretacoocus ago.

The pre-Tartiary structure L5 & complax faulted esstetrending
gynelina, Unpar Cretacoous rocks in the centar are flanked on the
nopth by Pre<Conbrian sohdst and on the south by elessclic and Hosowcde
secimentary rocks. Middle Teritiary structures include stepelike
nanoclines on the north, and anticlines, synclines and fa:lt blocks
within and scuth of the range. In soneral, a8 & result of these two
nerieds of daformation, the fommations are in broad bands parallsl o
the rango.

Fach of tho Alashka Hange has a dendritic narthe=flowing draine
age suporsosed on the daminantly easterdy bedrock trendse. The novrthe
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floving stresnz albternotaly follow nerrow canyons through east~trending
#dges of hard pre-Tartisry rocks and cross troad plaine eut on Twrtlary
rocke, The plaine wnd loviends on Tertisry rocks ertend witbout intere
rupiion asross dralnage dvides. The drainage lo bellieved to have
daveloped on o late "liocens or sarly Flelstocene eruvgion surface which
axbanded merogse the Alaskn Range betwosn Long. 1KE9007 W, and 1LLP030° W,
Vounbelne rieing above this swiace to the west sulminsted in K.
¥e¥inley, then sbout 10,000 feeb kigh, and those to the east in M.
Hayos, then sbout 6,000 feet highe. The only wellesstebiished ramant
of the surfees is the fiat top of Mb. wright. Thoe restorsd present
hoight of the surfoce is sbout 3,000 feot in the northern foothilis,
and 7,000 feet slong the crest of the range.

Fowr distinet glacial wivences have bean recognised along the
Venana Biver, although dencelite growped with suy gingle advence may

represent o or moare sdvences. During each glsolation ice advanced

northwerd fran within and south of the range to the nurthern foothlils.
Daposite of the eariisst advmice indlude erratics, several

L fest aeroms, on a terrace 500 fest above the river at Srowne and

1,000 £out above the river newr Ferry. Near Lignite erratics coowr

2,500 foot above the river. Host of the erratics ave granile, anpire-

antly fron near the headwaler glatierse The erratics indlcate vhat

an anchent placior estended at least to the northern foothills and was

16 ailes wide. Hotwesn t0ds and ths next glaciation the Henans River

dovmeut 200 feet at Browne and 700 feet at Healy, prosuebly

to a noptineard tilting of 25 feet per mile. Tributaries destroyed much




of tha tonograchy o which the crrabicz wers dosogited, woducing a
nonesiaglal tonoprerhy below the upland surfaces on which they lie.
Peneslts attributed to o seacond advance include an outamsh
tarvaco with 100 fest of pravel extending elong the lNenana nopthword
fran lignite. The terrace iz 500 to 1,700 fest bholow tho surface cone
taining the crretics md 350 %o 500 feot sbove the ocutwash tervrsce of
the follmdng glaciation, Varved cley in the valley of Iry Crecky &

stroan estoblished after the earliest lce advance, is also attyridbuted
o thie glaciation, as Lt 48 600 fest above the tawmingl moraine of the
next younper advince, which shands lmewdiately couth of the mouth of
vy Creel. The varwved clay was probadbly derosited in & glacler-darmed
lake. OScottered t41) in the mounteing south of refinley "ark station
is goveral hundped feet above ice-mergin deposits of the followdng
glaciation. The glacier probetbly had & teminug near [ty Cresls The
hedght and slope of its cutwash tervace indicate that botweon this and
the next glacietion the Yanmmo Miver deamout ot Hsely about 500 feet,
nresmably in resronse o 2 northvard (11ting of 17 feat var mlle.

The tarminal moruine of the third glaciation is 2 nrominent
comoound curved rdge of $111 on & tarrsce sbout LS50 feet sbove the
Hemanz Biver 2 miles noriismst of Healy., The smurs of the Usghaned
gorge betwesn fsaly snd MieXinleoy ark stobion are truncated, bdut o
amallegeale glacial abragion foxtures are prasarved. Mhdifled latersl
moraine ridges and patehes of 111 are preserved on gentle topopraphy,
Elsewhere, ylocisl depogite ware removad before the nextt glaciations
Eo lakes dating Droan this glacistion rengine The outwash derrece 18



sbout k70 feet above the Nanans rear Healy and 85 feet above the river
20 miles nowth of Healy.

Darding glacial retrsat s proeglacial lake sccupled the goargs
batuesn MeKinley Park station and Healy, ard was subsequently filled
with sediments. Bullding of slluvial cones by tributarisa from the
wegt forced the Hommna River, flowing on lake sediments, to the gast
wall of part of 1ts gorge, where it now has a suwerposed course in a
napow rockecut gorge sbout a fourth of 2 mile east of the sedimente
£illed glacial parga.

Slacial derosite of the fourth glacistion, the ymnzest major
adwmog, 2re wmuch better creserved than the older deposits, The
tarminal noraine foyms o ridge along the south bank of Adley Creak nesy
its mouth. Lateral moraines ad losemergin deposits fom iyregular

kod emberdosents for miles up the vallays of the Ymnert Ferk and
Henanas, Oround moraine hes wellepressrved drunlincid hills, madial
pine ridge, and many lakes, The outuash train 1s a set of terraces-
the highast 250 feet sbove the rivare-with outwash gravel 10 to 160 fest
thiclks The sutwsal rests uwnconformably on eroded lake sedimonts betwesn
Moinlay Park station and oodye Detwsen Moody and Healy the cutwash
tarreces are in the gorge of the suwerposed Nonana. Un Hoaly Croel,
blufls eut terrass graded to thls outwash and pevesl only alluvium from
creak lovel to tervace top. This indleates that prior to this glaciation
Haaly <reck and the Henanc flowed at ¢ below thelr sresant elsvetions.
Vallgy-train outwesh fron an end-modrzine near Carlo, foms a

gravel terrace 200 feet hiph in & sirsawecud canyon thdough $1il. and



outuash related to the tervinel moraine at Hiley Lreeks. Thess suggest
& wiolly separate reeadvance of the ice eftwer the retrest fras the
terdinal moraine at Blley Creek. Ho other river an the north side of
the slaske Hango shous svidence of tude sdvance. These depvsite ere
axslained by wms&wv that the retreating ice left, newr Cazrlo, o proe
glacisl lake thut wvas subseguently drained by ercelon of its drift dan.
4 short yeendvance o the glacier pushed forewsrd the proeglacial
dalte (o form the end mopaine, and & now willey traln was bullt by the
beavily loaded placial meltwater.

dvidence «f two recent cold periods is found in two rock
gluciers ot the heed of Jlesr Cresks The older rock glacier, now
stabilised and vogetation covered, has beon dssected with deer gullies
inte which the younger rock placier ils now noviugs. ‘resumsbly rock
glaciers are sotive during ¢old periods and disasction takes vlace
during intervening wam pordods.



Flate §

Ae Aerial view, looking west, of the Teklaniks and Sanchuary Rivers
showing superposed northe-flowing dralnaze crossing esst-trending
struoturalliy controlled ridges and vallars. Mot Wright s in center
of nhotograshe Photo by U Se Avmy Aly lorps, 19hl.

Be Hxvetic of ths Hrowns glaciation at mile 302 on the Alaska Hailroad.
This grenite boulder bas rolled or slid to the level of the railroad
track from the terrace OO feet above. The granite is sufficiently
fresh to require blasting the railroad cut. The nan standing on the
boulder 18 5 fte 7 ine highe




e View southwest fram mountain north of Gerner, showing the twoe
sty canyon of the Nenana Eiver. 7The broad flsor of the outer
gorge,; %o the right, is underlain by alluvium and lake-deposited
clay. The govge et the lef4 waes out after the Heuly placiation Y
the supernosed lemana River. The terrase gruvel on the west wall of
the imner gorge is Riley Cresk outwash.

Be Stasnly dioping foreset beds of the delta built by Sheep (reek
into Glacial Lake Moody, overlain by Rilay Creelc outwssh gravel. The
vertical bInff above the shars bresk in slope is alluvium resting o
the outmash gravel. Caspare fip. fea.



Flate 11

Panorans of the terraces on the west bank of the Nenans River between
Pangenl Creek snd ligmite.



Piate 12

Ae Gorth bank of @ rellresd tut in the tewainal woraime of e

B¢ Tronsoted ollowicd cones on the sagt aide of e Henwms Bives



Flate 13

Ae Terruoces on the ssst bank of the Sonims Hiver zt Feyy. The lower
part of the bluff is sandstone of the Nenana gravel, snd is overlain
by outwagh gravel of the Riley Creek glacistion (upper tervace) end

Carlo re-advance (lowor texrece). The terraces are mantled with a

layor of interbedded pesat and windeblown silt,

Hote that the thick lwyer of Carle outwash gravel on the lower
torrace onds sbruptly at the base of the higher terrace, and that the
peat layers in the silt of the upper terrsce contirme unbycken down
the terrace fromt to the lower terrase.

Be Outwash of the Carle re-advance resting on ¢$ill of the Riley Creek
glaciation on the east bank of the Henans fiver one mile above the
nouth of the Yanwrt Fork.
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arecse and goope of the resert: It pas long been knoun that Alaska

wag never conrletely covived by slacial loe during the Flaistocons.
torth of the Cordilleran ite steet of southern Alagkas there eslieted o
great Jdriftless area, which included the greater part of the dradnage
baaing of the Tukon and Kuskolosinm idverss {(lanpsy 1931, ~le 1)e The
goutharn border of this driltless area lay along e norts side of the
Almgita Rangee Jouth of the Alaghs fange ice covered nost of the lowe
Lring country during the plsciationsy and on the north glde of the
Alasha fenge ice tongees movin: downt tho velleys Irom tho ranse left
danosite of W1l and outwash sravel on the valley flooers. The Alasks
canpes as will be showm subssguently, wes undergoling uwlift continuoualy
throughout the "lelstocanssy ond the effect of this wlift should have
bean W ralse e cuwrlier decosits sbove Los zowe of ercsioh by the
later placiers. The north flank of the Alaska anie giould trerefore
be g faveranle ~lasce for wiravelling the lolstocene history of Alasgkae
Several rivers, rising in the low coontyy on the soubth side
of e slagks bange, eross tiw rance lron south to north to flow into
the laneng. Tlaciors which advanced down these rivers wore continuocus
with the vordillioran ice mhcet of southuarn Llsshng W 2 certein extend
toey were dstributary glagiors Jed by this Loe shioete The o cial
mietory of Uhese rivers reflsoted 4o & Jlose degree e placial history
of the Lordilleren lce sheot as o woles The rovermunieopersied
Alsnghke Hsildroad follows one of tlsse rivers, the lonana, in cressine

the ranre bebtween inchorare and Falrbankse Thls ranay is concorned



3

with the glacial Matory of tnds river and of the parts of the range
adjacent to this river, and thelr aprlicstion 0 an understanding of
enzineering ~roblens aleng the Jlaska Railroad,

This napey describes in reconnmalssance fashion the glacial
raolory of an ares 70 miles long in an castewsst dirvectlion and 70
rmiles wide in & northesouth drection, that lies botween Longs1L72307 &,
and 150°001 Y., snd between Lot G3°150 . and GUP15 u. (soe Cipe 1)
Thiz avea ip shown on plates 1 and 2. The seology of an area & -

iss wide addong the Alaske Hsllread and the Henana Diver botween Lat.

@

63%251 e ang GLP1SY de (see Fize 2) is described in sonewhiab nmore
dotaily and is snown on clates 3, hy by and G The slacial seguence
wileh wes wopked out for this narvow sted: was &olisd to the much
Lapger ares.e The area shown on vlates 1 o Oy inclugive, lics betweon
miles 328 and 305 on the Alaske Heilresd, and is soorowimately 21k
rities by railroad north of Anchoparsy snd %0 miles by ralleesd sgouth
of Falrbanks., It includes the =iddle cortion of the Henans Eiver,
hesinnineg at & roint roughly 50 miles downotrean fram ite source ab
he Henena Slaclier and ending aboubd 25 ndles wetress {ron 18 cone

fluence with the Tanana,

History and methods of the investipation: The attention of the

Geolosdesl Survey was droim o the lelsbocenc sroblems of the Henans
Siver s a resuld of a request from the Adaska Hallioad to Lovestisute
the cauges of landslides on the rallroad botwesn “eiinler rark station
and tpalye These landslides Do Tormed the osodotlion of the rallroag

alrost from the Wme of 1bs soeninee The asubhor had hecome interosied



in the "leistocens rroblems of $hils ares wille stadving the coal
deregites of the Jlemans toal Pield, and accordingly was assliomed o
the Permalrost section of the Seelegical urveyts Hilitary Ceology
dadd for the sursose of carrving out the investipotion of the lande
51idns.

On Cotober 19, 19h7, immeSately after several ssvere
sarthguakes (Ct. Semandy 1LY, oe G17), the railposd track at mile
351eb o0 the Alaske ledlrosd in the gorpe betwesn borinler Park
statdon and Hoody began to setbtle at & rave of sbout b feet par dave
vols Je s Jolnson, teneral Msnacer of the Jlasks Bailrosd, reguested
tae Jeclopical Durver 0 make an iosediate invest zation. Ihe arsa of
the landsllice was visited by dobert V. dack and Clpde sasahaftip on
Oetober 31, 1947, and o reconnalisgance of the geoloyy in the nine-nile
streteh of track between Jeliinler Park and Healy was nade in October 31
Hovember 2 (Bleck and rairhalftiz, 194E). It was decided that & poolozic
reconnalssance with greclial relwrence o Flaistocens geolopy and
arvinesrine vroblems ahenld be weade alons the Alaska S lroad nestvem
rdles 320 and 35, This was undertaken in the sumer of 194D by Jipde

vahwhaltly and Jdoim . James wio were in the area from Juns 15 until

unt 27, and wahwhaitly condimiod the work in the arse uniil
Rovenner 15, 19hl.  Information shich had bean psthered in the seasons

of 19hh and 1945 (hairbaftio, fokcor sl Freednan, 1951} hes besn

incoroorated in the dlscusgion ol peology, wiere apPosrisie.

aphaftin alse aude reeamdnailons of the aresy particularly the

landslide lecalities, in 1309y 1200 and 1951, The suthor, assisted b

(N



Alian ¥, vox, svent soverzl Sove In 1951 in mapping ceolovry esst of
the Hensna Hiver souts of the Yanert York and wost of the rivey necy
emite. Ubservations on the clacial geolopy of the Wood dlver
countyy were made In 19%0 when the suthor and h. A Tekiart mede
soologicesl sipvey of thet wron, and oosarvations on ths glaciald
reolory of the Yanert Fork and An Hoinley Yark were made ln 1951 oy

e acthor and Adlan Ve Cox. In 1957, tho subthor and Je e Slrman

narped countey on lowsy Ligodve urosiy on loody wresk, ano west of

Tapyyve The dlstyibution of slacial erratics was & subjeet of sceclal

ihe peolopy alony the pallyoad was viotbed In tne field en
maog and reoliles s iled by the Slaska Ballroad, on s scale of

Lok 00, with & contour interval of 10 feote Ceolegy at creater

dletances frar the rallroad was ~lotited wm vertical and obligue serisl

shoterrarhs takan by fhe . o. SFwr o iy Cores in 15h3, 19k, and

ey whibh 8 contoop

lshive The geology was transferved to tocompatlc o
intereal of 100 Psoty rresared by malbiclex netiwds in 1950, W th
Tonoprasii e Tdvision of the Ceolosical Durvers and those nars grn
3 -

romrocbned as Slatag vae sabpbaltin snd Jomes pade

tranglt teeverses and nlans cogarvers An 1PLE of the terrsces and
eritioal davonits slong the Lenane Slvery these are the bagls of
rniate Oy the Loogitadinel arofile of the inner tarraces of the snana
LAV Indgmuch a3 the course of oo river when the lwrrodes were

I

aiffered fron L38 rresent course, can oo lonrer

makey woiich prababld

e located, it was deeamed gulficiondtly ezact o use e Mno of the
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Llaska Heilroad as the sverspe cosition of tée river durlng latey

islstocsne tloo.e Tlate §oheg sooopdingly been nrooared using

distances along the flaske toilrosd g ordinates, wita e excention

that toe distance botwoen milss W2 and 35 1s doubled on the wrofile

Lo allow I

o) 2 don o o e 2%
veinity of Janerd lovhe The

}ﬁféﬁ%ﬁ.yiﬁﬂm Lhn unoar tarracss ond glacial o

{~labe 7 wes srecsred fros tho ceclogic sang (plabss

the

The puloor wia L6 acknowiad

~omh of the olaska callrosd, whio plased s LPEns

srtetion, and Leshnios 8 srateful

in partioular for e o n of the following menbors of the

gtalf of the rallrosd:s wol. Je . Juimson, Uenealsl DENSEOrd e Ge

wimpond, Whial LETiLn, Bridgs Ervinsery andlon

splepeon, wnglnear in Chargs of Salntensoce of wayy James corrison,
cagldent  npineery Horval [ iller snd Jamcs Alleny oudrverorsy the late

suon and Lalvin orowr, o

doseh Molaviei,

wvent lrasgbady Frank Drademy Ted Toommeny and 1 usBs, westion ©

mvboeds ab

and Jeres Heershall and dom

arl g “ork station.
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Paysiograchic ivisions: ost of tho aves shown in nlate 1 lies in

tine Alagka lance and its nortiern footuill belt (see
ranve of mountains lg onc of iap coinant Sopesrachic featurss of

ilaska. It fopms & grest are shout 600 siles long and 50120 niles
wide axtending frow a roint near the venadisn bomdary wesbward and

soubtbwacd o Lale Clark and Labs [liasnne in gouthwestoyn Slasis,

whare 1o merges with the Alentimm nountaing. The bighest noint in

the ilnska lange, and the hirhest soint on the Sorth soarican contineat,
ig Jount Metinler, widch lo 20,230 feet igh, located about A% miles
w359 b, of the southwest cornoy of tho ares shown in olale L.

Howewory e muber of Dirh membaing in the dlasks saape ls cospare
atively small. Less than LU neaks in the wacle range are hipgher than
15,000 feet, and the crest of mosb of the ranve is betueen 7,000 and
G000 Peet in altitude. The rance sopoars low a8 4 wiols, bhul ie

des’ nated oy four prest mountals vassess  tho Douant opwrrecount Cepiine

srour in the sxtrene soubuwest, culminating in Vount Cerdine (12,000)

tos Foand Ho¥inley spoun, just west of the avee stown in nlate 13 the

Hount Gares proun, culminatine Ln Nount lnyes, 24 nlles sast of the

ares shown in nlate 1 snd ke oountaine around Meunt imball, 70 miles

sant of Hound Horeos

~

sluska ance ig crossed by several low passes and

geveral yivers wolch bead In the lowlands on the goulh slde of tho
vange and Tlow northamed acrose the rance 1o ampby inte the Tanana.

These rivers ave the yhite Piver, near the anedlan bopder, the nisana
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and the Nabesne Hivers sast of lonre 10L3° sey the Delba Hiver, st Longe
U6 Wa, and the Nenana dlver. Llsowiore tie range 15 drained oy
rivars that rise on Lte flanke and Llow south inte the vopper op
susitng Slversy or nordh end west into the Tanana and fustolwin

Moet of these rlvers sre ssort and stesn, and neaprly sll those rising
in e HMepor portions of the rave besd in glacliars. In naprticulay,
Yo mowntalng around bount oourry boandt Delinleys end Naunt Uoyes
swoort mormous glsciors, soe of which extend 20 e 30 niles fras
thelyr source and soyead oud an oot cledoont loves st the edre of the
mraing borderine the ranse. Claciers on the seuth slls of the rawe
are rmmeh larger than those on thw norts side, ap the south glde
rogulves nore cresiritstione ‘n the olber handy lee is Jound in
noprbimiacing clrgues at lover alditudes than in soulhelacine olrques.

The noptheyn footslll belt of the Alaska fange, about 20

u

dles wde {gse flpe 3 consists of saraliol sastetysnd

n vidoes
vl valieyse The ridres ave 3,000 « 5,000 feet in sltitwle snd the
vallers are 1,000 « 2,500 feot in altdtulee The footidli belt is
erossed by northeflowine streass rising in the Alaska bonss.

#: o

The soubiern edee of whe Tmume Ylats

Lies slong the nordn
sopder of the ores goow dn -lats 1 {see flpe 35. Tbis cart of the

B b % e er e s el o T S o f el B e e
fiats ‘o s sorios of coalescing clluvial fans, extending 1% - 30

miles nortiward Iron the norts odes of the Jeotidlls.

The srosd  uss devession (flre 3 18 a Dlabefloorsd teoneh

N gy s . ek e . g gt PUER AT eI, X - " A . . A
st § niles «ldn bordering the dlaska noe m bhe south. Jts

altitude is oetwean 2,000 an 3,000 feet, alibourh scotlered moonialn



rpoeps rise Mohors The ralhentns Hountadns, the soutbermmost of the
~hwsiograrnic divisions covering the area of slate 1, are @ rugge
mountadn urland, in widch the nouwntaine rise to altitudes of §y,000
foat,

The Henana Hiver: The Hensna Divey rloss io e HJopans Cladiqy on the

pouth side of the Alasks Hanre, shout 30 miles east of Windy {slste 1.
It Flows south of west fop about L7 miles, in & bralded course along
the Iroad Pegs deression, and turns abranily nortiwerd ab windy $o
flow Wregtly soross the Alaska Hanges »b eindy the Henana 1s lolped
by the Juck hdver, which dyalns the nortovestern corner of the
Trlesetna Soutaine and ~aprt of the south flank of the flaske fave
for the next ten nlleg of Lie couwrsey 4o a polnt a fow wlles
dowastreay from Coplo, Lhe lenane lver otousles a broad Ueshaced
povgs with o noarly flat Dloor almost a nmile wide and with oroadly
flaring walle pizing to helphis of 2,000 « 3,500 {eot above the rivar.
The gradiant of the river in this streten 1s pentle, and rasdds sre

fowe At a »oint & few «dlose nopth of Carle the Sensns ver sntarsg

P

the derression of the Yanerd Fork wvallers The river flows along the

wasd side of tids depression and ocounies o narrowy winding tervensd

INEA T

roprey L2500 feot deen, cob in slacial deresits and bedvock I 1ls

gopiver is loined fros the oast

%,

avont midwgy aoross dido devession by the

wrd orky Lis lorpest

wibutary, wolchy viging in a lorpe glacler 30 molos oasdy Slovs

westword Ln a wealded couwrss Lo foin dhe Nenanage & few nlilon above

LRy sty A - 2 e Gy E N e e I £
ite confluonce with Lhe Sonang the Tmerd Toet alse sinde inte a



naprow winding gorge oud in glecial denoslits. Uhe Hensns biver loaves
the northwest cornay of the Yonert rork valler at Zefinlay “ark
station.

From reiindey ‘ark station to cealy, a Jdistance of 10 milss
glon: the river, the NHenana Zlows throush a renarksivls two-story
canyon across & hish eldres. The outer canyon is Jediapedy with a
floor hall 2 nile % throsequarters of a mile wide, and wiih brosdly
flarine walls with truncabed g urs rising to beighte of 2,500 feet

abave Whe capran O » L0 othe Jownpiresn hell of s canpron, o

aluo for a shortd «dlstance =1 Lte upstresn oni, the river lows in an

imner sorgs about 500 feet wide and with neardy vertical rooh walls

Um0 feat high, lsswiers Wis laner coarge brosdens out B0 noarly
the Cedl whdth of the ouber »oiuc.

Lergh of healy the river follows an almest straight course
He 25% Wy about 28 niles lon: noross the nortbern foothill beli.

feposs these feothdlls 1t octuoles a brood valley wiih centle terraced

walisy wo fron a Dew hundre! w 2,500 Peet above the riveds The
antire width of the vallay and ilts terraces walls rances from & to 10

miles and individual berrecos are locslly more than & nile wide.

Tomwsa HLver salers the fmana Plats,

Lopth Dras the Doothdlls ih

widen it arosses on @ larse alluvicl cone nearly 20 xiles lemg and hOO
fset hich o% the anexs The Senma Slver enters the Tanona ob lenang,

e Toobilllsa  The total loagth

30 mlles cownstyoss fron the e

4

3 Sy g Tne oo B i Pl Y B WIS TR, S . [ S
£ othe river ie thus sbout 150 sdiles, of wleh slisbtdy ovar hald is

w
oy
-

s %o oy % i w B ST SN oy
T BIDGE COVETTO LI CLl8LO8 ey
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Climate: The climatic duta lor Gwrev stations representative of tols
ares are serpariged in table . Loenlt Ls oo the Alaska Zallvoad at
the crest of Drosd ess, and ls showm on clate l. Jeflnley Fark
station, also on the Alseka boilroad, io shown on plate 1. [te
rgcords gre sarhans nosd Svolcsl for ids reglone Nemang Lo o toe

tiagka Eallrond about 22 wilss nopth of the north edge of nlute 1, and

1ty records are tyrical of condidions alons the north odge of the

gka Banpe foothillise 45 con be seen from thess records, creci itaw
tion is congideprably heavier on the souih side of the Aleska funge
taan on the noeth side. Averasoe ammuel tem eralures are aboul the
same for all thwee giations, vut spners are nuch hotler and winters
ape far more sevoars al benana than 3t the tw southern stations,

inow falls on dhe bloh smountuines at sny tine of the yoars

it can e sxotded 10 the valloys any lme alfter the middls of

Doctember,y vl lasts until enrly Yay. Lorly swuter wealher is

cenarally warm and dey, and e enaractorized by Lhardier showsrs of
: z £l s

i g o T e g B 3 Y R ko e on £ e T wag ol B 3 5 5 ety s e coaen® meam o )
sorrvective ordpine Late sgeor and Jodl wesiioy s ¢herecterized by

seriodic cyclonie storms frem the south and wost.  Winters are reorted

to be renerally clear e lon cerlods of i revalling winds are

49,

froes tho southy and are I rbdy of very prest lntensliv.







cunmary of bedrotk reolopys  Che sedrock lowmations of ihe Alagka

s e oocury in penorsl osslevest bavle narallel to the trend of the
range and normal to the course of the henana iver. The areel dige
trioution of the hedrock fopmatiocns ln the Alaska Lange is shown on
zlate 1. The bedrock fopmeiions along the Usnang Siver, wiere not

geerlain by lelstocene derosiis, are shown on nletes JeG.  In terms

of aray tectoric Wistory, anl desrec ol conmelidatlon they form tuo

swranely contraste op {1 an olier rrovs of rocks, ranging in
are fros cpreecambrian to wretacoous, wolch are well censelldated or
netanorrhosad, This grow contalng sehists and grelisses, shvlilte,
chelhy argiliite, liseatone, conslamorate, slate, sigls and coal.
Ureanstone, in nart intresive an ln part derived from basic lave
Plows, is comuane (2) & grow of ceoply consolidated Tertiosry rocks
wideh is now conlinsd 0 the northarn foothlll beld and lowland
areas within the rance, bub wnlch was onee such nmove oxtensive. A
=ajor uwnconformity cesarates the two srouns of rocks.

The Katory of the older oyour of rocks 18 very comnlios
and includes sevarsl lmown noriods of oroveny {Larmgy 1¥L0y npe 150
132)3 bowaver, f{rum tho oint of
rooks behave sinilardy in thal they ave all reslstont (o crosion.
Thely meranconent in bands acrogs Lho courses o dthe rivers aalss
sogelole the distincticon of do oglds sorne down the yiverg from
those woleh bave besn derived fros adjacent hilisides. Tho younrsr

’ 5 a0, i 47 S - R v ey B Flamewoy  levwepean e % 2T o e w ] en gy s s
sroup of rocks srodes easily So fors oroad  lalns anc lowlends. The

1z

x5
£
iy

vigw of ‘lelstocme geolory, all the
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wrond Lavraces alony rivers that oress the ares of Tertloxy rocis
are sensidive revords of Pleistocens svenls.

The iroee-Tartlary styucture of the parye L8 & @roeat
pynelinoriwy, Srst recognised by Loparr (90U, », 210, in which

Lpetacecus rocks ab the comber ave bordersd by Caleogolc and prge

camharian procks on the Slanks. gynelinoriss i comslexy with

many subsiiiery synelines and anticlines, sspecially within the area

i soulh

of the vantwell Jormeiioi. Tho casbelronding ro
~art of the range s o groat fault sons, woich compdleates the
stractare of the Talooselo rocks in this rosdone The fanlt hag been
traced the length of the sleska lenee from a oolnt near fentasta Pass
wootward berond Nount Verakor, and orobavly exbesds smen Tarther in

T

soth drectlons. Anotiay Tooalt in the nordnorn napd of the waln

t%
Toner Urobagooul &g

slasla Donve gerarates the Contwell formation @

. PR o e S TR B T Fece s it - 0y v, i oo v
o the south {rom Jipch Lresk scodst of oree-lanhrlasn are on tha nop

{sac ~18% Hl.
in addition o the preeertilary siructuwre there ore siruoe
wres omosed by She pidelortlory ovogenve  ssentlally Hwse siRuce

o

Frde gn F

mn uelifted area that celincides with the Wizhsy card

b

fures osonsis
of the slasks jance, and bt is boepdered by derresscl aress on the
south (Groad “gan) and north {(Tanans Flats). The Tertliary Jelomation
m bhe nordth @de of the Alesle lange is a goriss of siructursl
tarraces wyl nonotlines alon wilch the Tortisyy rotis are lowered

;

nortinsarde. soversl symciines of eonslderable closure exist in the

nopthein foetiillsy Lowover, snd a crossegmeline io Sollowsd oy the



Honana slver nortinmrd Irom Liesnlte. 2 line of synelines snd sraben
thot was formed duying the nidelertisry ovogeny and that iz scouwied
oy eerly Terdisyy rocks exbends westwsrd along the Hedlinleyr vark

Mloiwer s and arcayently onve extendied alon: the lencth of the Tanerd

Fork in the centar of thy ranca.
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Sodinombar POOKS

iho sireh creek sendots v ohuest Commation traversed by the lenana

- the Alaska lange e the

Siver amedl the Alasks Hal
nipeh Creslt sondst (Lmops, 1L, ne $5)e  This formetion ovcurles on
sastetrorying belt froe 3 %o 12 wdles vl fn the nordh cart of tho

slaske Hanpe {vlate 1j. It 13 tho sedrock fommation in the Yensna

Hiver garze betwesn sdle Wl and mile 350 on the Alasks iallrosd
{~lates Ly Ble The Dlrch Creel seldet is swedeidnately quardsegariclit
sehisty but locally worbeins lorers of gueartcite and bDlack carboanatucus

sordete Trom nmile 3L5.Y o nils 300,5 on who Alasks dallroad the

Ln welleforsas cubes as large 48 4

sehist oombteing strniant

guarter of an inch on a gide. “oliation in the soulsty wille not
i 2

roparally strikes casterly and dlog 20°<LIP gouthwmsdt (sow

The Peliation iz loeally wege irrocular snd dghly cons

The schdnd teaverse) by walledevalosed jolnbs thet comonly

{b-
Fadw
&

2t

strtln nortiemed and & closs o warticsl.” These jolnte are (wow-

41 ad wiih beseld dlkes that wre

sophlapyy Do

acoopding o

ovarlelin snconiomably Iy Toprtlary roek

&

Cipoh Orveshk pocdst Lo smply oroecnmbrlon.

Undiiferentistec Taleozole and esceeolc rocks south of mindyr  Loutdh

]
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vaasing in age fros levenien to Jursssic have been collected from

arione locslitlies in these rovise Jossile of Tsvenlesn and Srisesic

are have been oollsclod from tties senavated oy short dlsbancos,

x

and In vooks wilch cawmot 8 n—si Lok

mler steucturg, w

sersonal commnloation, 1H5Lje wcause of

she uncortaindles regamiin s ohhe vardess rook unlds In Lodn

o {nlates 1 sl &) a8 il Ter=

srouny 4% 1s shown on the geoles

R

iﬂ‘%wﬂ

b ebe! Poaloosolc and Yomosol

dewth of -adn wreok the rooits of thds ¢

davk rrer bo vuwels ariilibo, with dnbevbeddss grarus stretonal
co dlomerate,  Cutarons alon- the ratlyoss consiet dargedy of churd,
{adn Jrooks is

» Lentioulsy

v

aordes of lincstines. Soubh of bindy ureslty and alons the eact slde of

2 moutd of ldndy Uresl scutbmarmt o the

the Honang

oy bhe ares shisa on

el oonedets leposly of

d

» o3, &g
LA n.r‘ﬁ?; Ll

piiiitey Locally

wu«,E Rﬁﬁ e o mm‘a feigt

soteiled struobural

wark pub the

16 bhg Do lmeoso

relations within Wils ares of

enbary redise  lpo are slesn, and

O R 2T FCI N "
a% ieasht ope faglt zone of Jaype

rlacommt ouls the rOoiE.  arbhgures

Cphe argiliite and graywacike alons o sast bank of the lenana Slver

o ooreek ghow mumercus tseclingl fodds ano

: ‘!’
3
o

faulis
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Wroakine iy fO0HSe  LD0w

steenly dloodng Weest

atnoeeiile rocks
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throogh the steetohing of nobbles ((offit 1515, o hlle

Lantwell formatiom: Tw Condwell formotlon was firet desordied by

Adridee (1900, ce A0) wth o Yoo locality on the Henana Jdver (then

lnoses as Cantwell lver) about 3 or b xiles above its Junctlen wiln

S Yonerd Torke  Vinoe Hunt ¥ . b been founs w evtend fren Lg

Crhasley Jpoek, o teibutayy of e wood cdvery westuward beyond Dound

‘oraior (Vo ooy 1927, se 93)e  Tho Lontuell foumatlion, wasre 1% 18

e Alasks Hadilvos o, occunios o band 10 miles wide fron

“apk station {(mile 1B} {see

Ciear Upeel (mile 330) %
Tne Canbwell Coymation conglets of oonplomorale, Bandstong,

3

arciilite, stale, cealy shalo an’ coale Dandstone and conglonersie

soout G0 nep gend of the Jormationy Woethor make ws nassive beds as
rach as 30 feet thlcke The numeross ctnolomerstic and peibly layars
in these beds range from 1 2o 10 feet in thickness o total 10 to 20

pap cont of e sendetoneeconsiomerade soctloise  pbbles In the
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without fracturing awy of the neboles. his has redoced grestly lhe
orizinal poposity of the convlomerate, oandstons in the massive oels

rrades fren Lipht tan Yo wery ek praylshebroun and derk prave %

hes & Sfairly hMigh content of nonegurtoose meterial, such as black

chards arpillite, feldsnar, ofw., out is crobably ab least bhall querte

oy

sande Idoeod ban sandetene Lv gamon along diley Cresk {(nlate U amd

alone the Nedans Wiver sorth of Yselo. [lsewbore Hwoighout the

o

outores area of the Gantwell lormeilon very dark smdolone, sParyachos

« ihe pandstone has oon

ks In wroaraicay L8 W b

Lo

lx‘.t

geofeeted o the sane conpressive Joress ap the eonslumerate, and

sranly reduceds

«illite, shale and cocaly material togethoy fore zones in

the Lontwell Sorsation thal s much 88 F0 e 00 feot tidok.  woaly
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is marked by weakeomd yock, ~o8zibly o wide zone of gouge. Imall
faults, neraliel to this fault, that are exosed in toe rock walis of
the z@rge, have no ;oust.

The Lantwell formation has been determdined to be Late
Cretacecus in sgze, on the basis of fossll leaves (lanps, 19L0, -. 118}

Tertisyy coalebsaring fopmst.ont The coaleoearing {armation ig a

sequence of noorly consollideted sandstons, claysione aid suvblbuninous
cosle It crops out in an sasbwardstre:ding bamnd thai Crogses the
ilasks cadlroad betwsen ~iles 357.7 and 35046, and in an aree aboul

3 miles wide that exbends alons Lignite wreek anid westward across the
Nenana hdver to lower angeni .reck. (Ses ~labe L.} A complete

goction of tiw conlebesaring faumastion is excosed ab Lontrans, 4 miles

%

pant of Hesly. This prous of rocks nas been described in detall in s
recent voblicastion of tha Ceolocical turvey (hahrhaftig, dokeon and
Froadman, 1951)e 1ts litoology is summariszed brlefly as follows:

The {ormation is divided indo three meabors. At Suntrana the lower
mastner 18 S00 feet thick al conmists of zboubt 20 per cent sube
pltuminous blocky-lracturing coasl in bods S=30 feat thick, LD ~er cent
elavadane, and L0 per cent sonewhat clayey, wediume t0 coarseepralned
pobbly sandstone. Shis menber rests on an unovim erosion surface cutb
on Sdpych Upeek schilst. An intensely weabherel sone, ubich ls over
1 Teat thick in wlaces, lies imoediately bencath the base of the
cosle-bearing formation. weatbering in this sone, wiich took nlace
spior W the desosition of the walebouring rocks, redused the schdst

to a soft sticky mass of clayy sericite Tlakes mi aaris graluse



Consequently the contact between the coalebearing formation end the
spch vresk sciist is commonly maried by lmdslides and low saddles.
A% the too o the lowsr nmber of the coalebsaring fomation is a
nergistent bed of brownsweatooring clsystone whieh is 00 feet ok
at Suntrana. here thls claystons woesz to the surface over sxtensive
aroag, landslides are Covmon.

The niddle merbar of the coalebsaring formation at Juntrans
is a siw~times reseated sspence of sandstons, claystons, and coal,
totaling 750 feet in thickness. COne=fourth of ths section ig coul in
bads wr o 40 fest thidh, uellescrted pebbly sandstonce constitutes
about twowtiirds of the sectlon. ihe remalnder is claystong, in thie
vads commonly underlying the coal Leds.

The wpner membay of the coal-bearing formutieon consists of
mediumerrained mffecolored pobbly sandstone in layers 30 to 100 fest
tidoky secarated by zones of clay 30 to 50 feet thick which contaln
tiir woody ooul bulse 1te fhickness ot Duntrana is 600 fest, but it
thains sorurtly weetward sad 1o crobably only LOU feot thick at fealy,
where i1 crosses the rallromil. 4% the top there 1s & persictont ved

of preadshesray shole snl claystone apout 50 feet Wilck.

The rocks of the coale-bearing formatlion are in general
wgensnbed an’ roorly cunsolidabled. Thay can Lo exwgavaled easily
with 8 »ick or kmife, and can be scratehed by a lingernail, Inder
the infivence of freguant freezine snd thawing they Jdlsintegrate
rastily o thelr constituent particles, widch can be handled easily

the sallest streans. .onsegnuntly, thelr ex osures comunly teke



‘ﬁm Tom of pullies and badlarvisy and landsiides are very cowson in
the coalebosring rockss ecmge of the case with which they are
sroded, thelr area of oubero: is marked by broad plaing, wide strean
valloys, and low nasses.

The band of coal-bearing rocks that crosses the rollrosd ot
Hoaly is on the south limb of & large gynoline, whose ails 1lies aboutl
2 miles north of fealy. Tho Tormation in this band strikes aboul
e B9 1y and pe about G0° N. et dealy. Lastwerd, towsrd Suntrans,
the strike cherges to o nore capterly direction and the o decreosses
$o abont 35° He The broad twmrrace scuth of Healy reek and vetwoen
noody Creek and the Henans Miver is asvarently underlain by the lower
mesber of the coalebearing crows in 8 syreline, for the white Lasal
sandstone and conglonerate of ihe lower pesber crops oub at nmany
rlgces aroury] tho dopders of thls tovrracs, sl dlrs gently toward
ity contere

The voalebesrine formation on Lignite oreek and alons the
Sanane cdver between Uhe mouth of Dry Lresk and the mouth of anpend
vrpodk (nl. L) ig browht to the surface slong the crest and nortd
gide of a faulied anticline. Lot of the river snly the ywrheyr nember
‘g vrosant at the gurface; bobth the middle and spper senbars sye
sregent alony Lirnite (reek, ano the niddle mesber 1o also brousid to
thw gurface in the ¢ove of & mbsldiary antlcline axposod on the sash
side of the river oo-oslite the mouth of “anrend wresk. lips In the
coalebooringe formation woest of the river sre zendlss “ho beds Ln the

P

rioinity of Liznite are nearly {laty thoy dip 109200 #, and v. along
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rangend Lreek.  Fast of the river dios in the coalebesring formation
are also gentles but the formation is deformed into an anticline
anosed in the bDLalT oproslie Taapenl Ureslhy and brcken uy the fauld
between lignite and “cler Uresks witlch pounds this aren of coale
pearing formation on the couths The fault ~asses westward inte &
momocline, in widch the Tertiary rocks, both $he coalwwearing lomation
and the over<lying Henana grovel, strike west and have neaxly vertical
disg for a 4istance of nearly 'alf a mllo along the river Liuff,

The coaleboaring formation hes always been classed ag
Tortiary, mwobavly omply Tortiary.  Lie exact oosiliian within tbw
Tortiary hes always been doubtfal, tuine o the ninediagnostlic swbure
of the fosgll remaing in i, larsely isaef lmpressions and [reshesoioy
Tishoes. However, the »lagd remalng and the weathering ~rofile ot the
bage Indicats that the climale durdne Jderesition of the formation vas
much warser than &b presendt, and wes crobasly cowparable to tie
nresent climate of soutiien Unlied Slates.s n the Tordlary rocks of
the Yakatars latrict on bthe south cosst of sdaska, according o

Com e S33er {oersonal commuardoatlion, 1931}, & lote loCend woimie

water morine fauns was socceoded by an corly or o' ddle Cligocene
coldentapy faunay wiich was puccesded in b by date Oligocens ov
oarly “locens navine placlel desoclivs L secens resuonable Lo assune
that the sune oiimetdc chanrs would have affected the Alasha anpe,
and bherefore 1t ig walikely thot the conlebeaprin: gmrour is any
vounyor $h8n early Oligocene,

Henana cravelt the Nensns pravel is the major bvedrock fermation




alemg the Nenans Hiver nopbth of Healy. It consista largely of roorly
pomselidsted, noderately wall-gorted conglomerate, which was glven
the nane Nemana gravel by lsmrs (1912, o 30) for its exosuwes o
the east bank of the denans lver between lesly @d Lignite Crecis,.
1t hes recently been described .y vabrhaltis, Hickeox snd Vreednan
(1951, vme 152153} and by cabwhaftiy (1991, oo e 17017706

In the vicinity of lealy lthe Nensns gravel conzists luargely

3%

of conplomorate, the pebblos of wideh range In sversse sise lrom

12 inchos 2t the base 1o Jen Inches nesr the Lon of the formation,
and in maxinum size fron boinches at the buse to 10 inches near the
too. Yebbles mre couposed ol schist, gquarteite, sandstone, and
corylomorate fron the Gontwell Jmmation, snd granite and othey
intrisive rocks which are abuwriont in the iloasks lanyee Intorstitial
naterial is coarse Lo very convoe derk gandstone. Cebbles and sand
spaing ore commondy coated wlih tidn leyars ol iron oxlde. Inledw
bedded with the conlonorate ave lenses of coarse sandsbons S-10 feet
Lok, S0«100 fest lomp on! graces 350 feet anart. looally, nesr

the base of tho Joroeidan ano in the uwoeoor part the Henans eravel

2

containg bads of claystone 3=5 fael thick, . oaced W33 feet apart. The

Somenia rravel sast of Healy has o wtel tddmess of LyU00 fest, and
anears W sentain mogt ol the stratipreshic units which have been
rogosnized in this formoilon.

dordhwnrd fron enite the lowsy sard of the lienama cyavel
is exosed in biulfs alon: the yiver. It conslsts of shout amal

napts of cosprse Jdark saruistone and Mine conglemernte, in which the



nebbles range in aversse sisze from half an inch 0 2«3 inchos, and
sobbles lavger than be¥ inchog are rove. olaystone layers are move
anmdant hare then farther south, snd framente of cealified weod
ape sndant in the sandstone. Setwoen miles 3Bl and 385 on the
ilmeka Reilvowsd, avout 3% miles north of irowne station, 2 bed of
Lionite about b fest thick iz exrosed in the Nensna cravel at the
arest of an anticline.

The nebbles in the lonnna grovel are sonorally slichtly
weathereds Fost nebbles snd bonlders of graywecks and conglmeraio,
sanacially, have wenthared rinds as vuch 25 & lnch thick, in wilch
the craywacks 18 move {Eiable and lromegtaineds The core of ench
»ebble 18 penerally unweathored. Jabbles of ceritain Winds of mroeie

vl voleanic rodis are decorroszed to angular sand or g, in fresh
cutcrops in roadounts and river bhanks ev well us slsovhore. Presumably
e weatoering of the ooboleg in the letana pravel toeok place during
ar ghortly alter depositlon.

For the most part the Henang gravel, althouph nosarately
wall conselidated, Lo neorly canmenteds I surports sbese ©liils,
S0e100 feet hirh, for lon neriods of timed bhowevery when shruck

»

Lirhtly with a Labe 1%s consilitoent pebbles and

preinse It ig more resistant o crosion bian the wnderlyine cogle

baariny Forastion beoaune Lbs rreshory corviousness cerndits roee of

the water from rain and meltlny soow to gink into the ground, loaving

FE

laos yuneafl fop arosiony and Decause e coarsenozr ¢f Lis cwmstituent

»
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razrticles makes these lose saslly renoved Uy sleetns. loncs, the



suberooning edee of the denime gravel, where wnderlain by the coale
basrine formation, Joras hogbacks and ridres wideh rival in haight
nearby m’m‘m&m of smueh harder rockse n the othsr hand in structural
basing whare the lenang gravel io not underlsin by the coslebesring
formation bub rests instesd Sirectly on huwder rocks, it forme rolling
siging and velloys. fn azacels of such a valley is the eapbwnrde
trendivg valley thad the definley Park highuway follows for 20 niles
wost of Vellinley Park station.

The Henena gravel slony the Henans ilvr 58 penorally

LBty

bital

=arailel in attltude to the coalepearivy formetion Danosth it.
whare, nowever, there are indlcations that an ansuler wconfovnity
sonarates the two fopmctions (Walwhaltlp, 1951, ~ve 102«183). This
anconiorl ty revvaegents only o miner oroceny cospared with that which
tosk nlace before the deposition of the comlebearing rocks, for the
Topmations gbove and bolow the unconforsity are equaelly well consolle
dpted, end throughoub much of the ilashe Hange tbey sre parallisl.

In the bellt near ealy the Uenana gravel sieiles asvout
e G0%70% 1. The ddn ot the south contact is about L5° R., docreasing
noptiwerd within o wile %o sbout 10° ¥, Just north of “oker (reel the
Jonene sravel is broken by the Llorpe fault that forms the south
bormdiary of the coalebearing Jomuation sroand Ligrdte croske astuard,
coslebeapring rocks and Sireh wreck soidot are browght v on the north
aide of the £zl and westward, the fault dles oub and iz rerlaced by
the sonocline that is described in the seotion on the ooaleboaring

fornatione The denana gravel north of onpand Creak ovouries a
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crosgegyncline thet 1s naprallal to the Henmna idver. ips are coomonly
sentle (10°%159) toward the river, and beds slons the river are nearly
norisontal. An antleline in ihe lonans gravel ¢rosses the Alaska
Latlroad betweoen nile WL and 385,

to fosglls have been found in the Henens gravel, and its
agey therefore, ie atill uncardaine voves (1940, mp. 126-128) reparded
e Henana sravel as dofinitely Tertiary sd younper than the Cottle
besring foemation. The weslhering rind present on nost cebbles, and
the browm colop of the pravel contrpsl sbrongly with the nrevelling

ungxldeed conditlon and gray color of the outwush end teyrace gravel

t0o o destribed below. ‘rosimably, theraefure, e Nenma grevel was
deresited wder climatic conditione much AfTerent fron those srevailing
in the alagka fayve todey, and mrobably not grestly different fron the
climate under which the conlebearine famation was deosited. In
subsowgient chapbers of this papor L4 will De shown thal a comnlicated
history of mountainesuildine, ~artlal ceneslonation, and wnlify
followed the deposition of the Henana pravel and rreceded the earliost
recorded "lalstocene glaciations Tor those reasons the Nepans oravel

is agsizned o the Terdliary, and tentetively asalimed to the Jlipocene

ar Hloteno.



Totatlend ke nevists  The TYotablaniin o

L crops out on Llate Lredy,

g Doose and Chlchan Opeekey and in Ue moandaling east of the Dunana
Gvar in the viddnitr of lJrowrms ooe plates 3 and hel I rwobuably
undardies the Venmnoe sravel from Ulnte (red: narthwards 01 fomus a
pelt 520 miles wids %3t exdenis slong the nortd sdge of ihe Alashks
cange fpom the Xantlahna U 1ls, L0 miles west of the Nenana Slvery te

e 14%tin Daltda Dive AT &0 i

the Senana River (Lan g, 19h0y
=1y 3o The forotdon wns norwd by Conps (1912, rpe 22«23 Irom its
wromwes in the canyen of the lotatlanilm liver, 15 mileg east of the
Kemarniie

The Totatlanilke senlsl in the aress shown In nlates 3 and i

hag o types. o Slote Gro

s o oon Liddien and Toosu Lreals, 1t
conslste of {inoerpalned rellovw slate with gcattered graing of feldanar

and guards lose than Gl inch Bavetors In b mountalng onst of

rowne 1t 1 2 coarsgegrained pnediss whiich consists of subledreld
roprhyreblaste of opthorlsge oz such ss halfl s ingh in aversge
danober ad porrhyroblasts of ousrds as much ag Q1 Inch In dameler,
set in a netyix conslsting larpely of sericite and gquaris. -t is
thounrid that the Dotatlanils seilied regulied frus the motonorshism of

vhgpolite Ilows and ife {Lerrs, 1040y »e 105}, Follation in bhoth

trees of the sehlst 1s well Jovelonsd, and fu covponly pougidy narallel

L L L T TV e T e - TR TR S r o L ke d
to the Seddimg in overdylng rochs.  (his meons ondy fob Ghe folistd

%

ab e U

o the yvomper rocks wore lald dodm wss neardy horis

nob necassarlily that L4 hed been horlvontal figoughout Lto oxistenco.
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agoording 0 Cmysy (I9h0, vo. 100«107) the Totatlanika
soirlot 18 rrobably Tsleoweds and varllior than Hiddle  cvonlan in 4go.
Spesngbone: & band of gremutone Crosses the slsska Dsilrosd belueen
wiles 3275 and 320.5. It iz shown on nlates 5 and 63 on plate 1y
howeviry 1% has not boes dstingaished fren the wdiflerentiated
“aleogoic and Fesovoic rocke, with which 4% is growed. It aroarently
nakos Up Fenovans “ountaln, as vell as the vindy esks, md avcewrs to
axtand westward 0 the head of Clear wresk. The greenstone Lo myew
deminantly derk green, uub weathered surfaces are dark browne sbers it
crosses the railroad 14 wncars 4o beve two tyoes. The soullwen hadd
of the greenstone body consists of plocks of nasslve uneliered gabbro
gorronwied by sonsg of Intwnoe shearing and gerpentinization. ihe

rock 1 moderately closely jolinted, but stlll massive encugh o fomn

the most rogred mountaing in this nart of the Alaska langoe Hioroe
soordie study of & vary Ifresh sootinsn collected from balus west of the
reilrond showod 1t o consisd aboubt 5% rer cont of calsic lanradorite
in enhedral svaing 2=5 i llimwbers long, and LU cor cent of sudite in
arererates of graing, n uhich individusl crywtads we /3 o0 L
mi1ldmrter in overase diametor. The agoregotes of auglie rencpally
£33 the spaces bebvesn the feldo-ar orystals end are moulded $o thelr
sherey civing the rock on onhlitlc texbure. ¥Yive rer cont of nrlaary
sarnetite or ifluerdie is wrezmt a8 skeleton crystals in the feldsrar
and wupiies Locally the augite 1w slbovs? to 3 [lne-grained mosy of

oy

srdopite and seycenting with sone secondary quarti. Taldwoar hag

S

cloudy »etches which nay bo inciolent saussuritisations & snecinen of
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tha coarsescrained tvoe {ron 2 niles south of Slime Uresk on the
HeKinleyelantwell hisrhway ls [resieanpoiping rock with opbitic texture
and consists of labrodorite {(in 5L), mupita, amd ilmenite in graine
bobwesn 0.2 and 2 millimeters in average dlameter and with anell
aooants of enlorite and sericiie s aliasrabtlon products. This vre

of comrse gremstone has nrobably suwrliod most of the pebbles of the
Mepaon o-hitic dloplte’ 1o the Nenana srovel (vahrbaltip, Fresdusm and
rdckoons 1961, e 152e153, and calwhaltin, 1951, pe 1701791,

1oy msberiad in pravels of uaternsry agee

nobhleg and bedders of zinl

the hills and Jumbled ares

A Tineesrai ned Yo

1Y

{imown locally as the "bedland”) through widch the railroad passes

botween miles 32865 and 329,70 south of Cleny (reele This is o donse,
nessive roelk, s is cub by frreculsr weins of guarts and calelic.
5% in byoken by irpecular fractures 10«40 fest wart, and iz locally
alterod 10 brown eartly ssbtorisls The zlaciar wblch ocousied the
eangon of the Henans niver susrrled grest blocks of greonstone from
Bidls on sither alde of the rollrond track in the vidinlty of mile

tance Cobance dowmstrenn,

327 mndy trascporting then o short

duced the chaotic twosre by ealony the rallresd just soubs of

denr Cresle A frotinem of the Tiseerrained ivpe collscbsd from a
talus cone alone the now i bwoyr on the sast slde of the Nenmana Glver
sbeut 1 nile south of Clime Opeck ghows, In tin sectiony @ relict
sapelyritic tecthure. The zroandnoss s bsen Cormletely recrystalllised

s altersd to o nmass of Slnoesrained oligovlase, chloariie, goidcte (1)

myl an wdentified ninerale The clhenocryats, orobably origineldy



rlagloclasey are indicated by masses of Ysaussurite®.

The conbect of the preenstone with the "alsosolc and legogoic
rockes o bthe south is rrobably nearly vortlealy it L pesmunably
intrusive. The gresnstonc body murous westvord and has an lrresular
wosbarn contawd with sedimantary rocks whlch includs ferroginous
slatess o the north the greenstons ig in contoact with the Canbwall
FTorsetion, shether it is inteoolve also into the voabwell {ornation,
or is overlain unconformably by it hes not yet been Jefinliely doterw
alnedy althouzh the authorts -vesent belied L8 thet fhe contact is an
anconformitye 4 oheedar holleorder recomalssance in 1951 of the region
apoured the Yanert slacier indicalted that the Cantwell formation resis
with morked anpeler uneonfopnite on & sopuence of glate, schisd,
~nyllite and limestone, intrded by Lirge gremstone sllls, and very
similor Méhologically do the roucls el me cxnosed at the head of
Clesr Oreek wnd slomy the Henans Diver botween Clesr (reek and windy.
Heweyor, 813ls of gabies siniley do thls premmstons are intrded inbo

the lanbwell lomsilone-tio lorceot thot was cboerved was on Younw

urooks & tributayy ol the - CAVOT

Jeneous rocks in s Lantwell Jormaliont Tho wonlwell formetion

locelly contaling interbedde’ lows and tullygy md, nmopoover, LU Lls

Inteudal by sllls, dikes wyd! lrregular bodies of rocke that ranye

from Gabase o eigolite combvive
Altiwush voleanic rocks are rave In the Jantwell Sormation

near the Nenana dver, wort of the Janctuayy Slver they comstitute s
]

considerable cart of the Pavmation (Lenns, 1932, ne 2603 4 Llaver of



white rlyolite 100 feet wiie crops oul on the arest of the ridocs
petwsen iiley Creek and the Yenspa iver about 1 3L miles due west
of lLagown section bouse md 3 niles due seuln of Holinley sk
shatione

The potrogre hy of the rocks thet intrude the Cantwell
forpation is swmarized in the accompanying table {(table 2}, which is
based on & few thin sectlons from these rocks. he collootion la not
rarresentative, but indicates ondefly the ranse in cuwposiy on of
thega rocks. The mest sbundmnt intrusive rogk in the Cantwell farmation
ia <labase. THs ook io davk presm % black on {resh surlocos, and
wgathars dark broun.

in irvegslar sill of dlabase, aboud 200 fest thick, 1o well
pxrosed 1o the north wall of the valley ocouried by the lakes west of
Yanertd (nle Sie Svocloens nos., & a7 were collected Trom this #ill.

tadeross at the norith end of the ridge east iley .real,
axout 1 mile south of the month of inep Urecky on the sast site of
this sane ridee sbout @l z «ile soutimest of =ile 343 on the Alesks
Ecilrosd, and in the walls oF the porge of the fensng fiver ) nile

post of aile 32 on the Slasks caflroad soresr %o 1le sl sovroxing
£

the same steatisre-lde comition within the Lontwell foyrmmtlion, and way
e rard of o large sillelile ioteugive (0Le 5 Thls sild is zbout

B feet tldcek whore 4% crosses the Uensng pivare 1t nay be contirmous
with 1 Mkowiiba body that lies alone e Gxidb betesen the antwell

1

formniion and the Diveh wreel sexlst md axbends fyen west ol Helinley

fark headouarters as Jur east ag the Loneng (lver.



Other sillelike and lacoolitnic bodles of dlsbase and assocw
1ated imeous rocks are excosad on the banks of the Henana diver fov
four miles downstessn fros the mouth of the Yanert Force. The contacts
of some of thele podies w.ih the enclosing sedimunbts are extremely
irregular. & wide range of rocks, [rom diabsse to quarts-latite, is
nresent in thls soall ares.

Popohyry dikes and allls, renging in cum-osition fram
andesite to rayolite, in which the rroundmsss L5 commonly Dinewrrained,
are copmon in the Cemiwell fermation. Sills and Lrreguler fotrusive
voddes of Jiabase and andesite orcohyry with small saocunts of lighte
colore:d Telsic rorolyry are sresent in the mountain west of the
fiasks Hailroad between miles 337 and Wd. These have been serarately
HMetinrished on plate 5 only on the east side of the mountain, tut
are undeubbedly present on the west side of ths mountain as well.
south of mile 337 the ontwell lormation on both walls of the Denana
Sy canyon ¢eentaing many sills and a few dikes of lmnooug rociites
et ofly andesite, latite, an. rhyvolite rorchyrye lhese were not

5

marced gersrately. 0 consrel disbase iz pore abundant north of
late &3",3?'}3“ ey and andssite and latite ars more abundant south

Lgnov.s rocks Yat inbrude the Dirch ireek schists Lasalt dlkes are

eommon in the dirch Uresk schiste Thoy ave ponarally vertical, strike
rouchly norts: o e 300 wa, mad are 5«50 feet thick, They sre shaced
1,000=2,000 feet a-art on the evarage. Ihe dikss wers intruded along

3

sireh oreek sonist, whleh strile b 1w° . 1o

b

croseejointa of o

33



Tiw 30° we Thay do nobt oxtend inle the Tortisry coslevesring Tormation,
uiieh aopoars to overile thon unoenfornably.

in irregulsr bedy of greomishegray busali, evidenily relsted
to the dikes, i& sxnosed on the east vank of ¥he Hehana Liver ooposite
mile 195.8 on the Alasks Bailroad (nlalide  frochwses from the body, ave
ex-oged in the radllroad cut west of Lhe riveare. ime ninor sodchysis of
thie intposive 18 g tidn cdke thot striles sastward and Jios northward,
napoondioular te the sohistositye. It has been offget a fow inches or
a ovusle of feat by many fxlts that codnolde with the nlanes of
soldntositr.

¢ large body of wilte rhvolits en! Lrown basalt nmskes w the
top of & wiile contesl mounteln inown locally as Sugerloal Hoonbalng

apout § miles soubth of deslye Ihe riyolite vody was viglied by tho

jadl

aubhor and L. Ae cokhart in 1950, and the fellowlng deseriction is

surarizad Proo thelyr rerort (ahrhaftip md (ckhard, 1942, nre 2el}e

: maln wody is aboub 3500 feut long snd 2000 feet wides It
conglots largely of w ite [lneesrained riyolite with sall shenovryets
of quarts, oligoclase ans nlotite. ‘he rhavolite coniains an andancs
of nearly g-horicel vesicles, each [11led with s single lavge orystal
of caloites 0 olagas the rigolite exiinits close nlaty struchire. 4
pody of basalt 700 feet wide and 2,000 feet long llos on the scutivest
gide in nearly vertical contact with the rhyeldte bodve 1t was 1moge
vhis b0 debermine wiksh was hw vouner in the short tine of the
enmroations The basald ie sl ller in sopogrance Yo e busalt of the

Hhese 5 cubeh of Tortiary conlebsoring formation that comeists of



conglomerate with nebbles of guarte and chert, and wown, slightly
sllicified coal 15 exoved at the baso of the southeast corner of the
riyolite body, outside the area shown in nlate Le Its relations with
the rigolite body, and the absence of riyelite pebbles in the conglomere
ste make i1 exiremely unlilksly that the owalebsaring formetion ls
vounper than e rhyolite, and 14 awears, theraefore, that the riyolite
was oxtruded onto the surface very early in the period of deposition of
the coslebearing formation. 4 scall oody of curlite, not of commercial
zlge, rests on the codlebesrin: furmation.

The rhyolite was vrobably ssttiuded as an endogencus dome
whille the basal beds of the conlebesrine Lormation were belng laid
down. It was later buried by the coalebeaping formation. Febbles of
riprolite in the besal conglomerate of the coal-dgaring formation in
excosures on the Teklaniks and Lgvace ~ivers, 1920 miles west of

sagarleal Heuntain (eabrbaftic, 1951, -« 17h), nay have been derived

drdy

roo this rhyolites This iz the only known instence of ignsoup
activits in the dlsghs Banpe Juring the oried of deosition of the
Tartiary rookc.

The sebragra by of the ‘nirusives into the Birch Ureek

gondiot is summariszed in tabla 2.
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Intreduction: It 18 Jesirabls, at this —oint, o mresent a byriel
mwary of the Vlelstocens hilstorr, bHefore entering ints & dotailed
Hpeasgion of the Plelivtocone Jecopiis. This mumparyy progentsd 1
the Tollowlng varecyaobs, lncludes none of the swreorting evidencs,
the dogarictdon of wiiech s lalt for the Jellowing sesctions of tils
naners The vurpoge of tids sweayy i mandlold. In the fipst rlacs,
it will plve the readey o pensrnd »ictures of the ovends indleated by
the lelstocene derosits and landfomee. In go Joing, 1t wiil give
mm slso 1 Irane of reference in which to relate the sernarate nlaces

e

of evidonto as they sre describsd in the body of tho resorbt. Shis
shoul! nake the folicwing secllong, wiich are lergely descrintive,
both easlor and nore intereoblng 3o rosds  Plnally, tile sumery will
enabide the resder to swalunlte vove eritionllr the ~ertinence of sach
Iten of svidenco and! 50 arrive 2t o move sound opdnion of the velldity

ol the conel miong,

Iyarnts leading to the loisbtotone Lloo advencent Tha later hages of

-~

the mldeforiiary orogeny that coused the donosition of the lenans
provel caused alse its deformation into grmadlines and antlelinogs,
morebs wyl zrabens, stractural ferraces, monoclines and $1lted fault
blociise 4% the end of the nli=ltiaory crogany the Alasks lanws stood

ag ¢ belt of mountains of considerable yot variable helgnt, bounded on

the north and south by desressed asress filled with Teritiary sedinmonise
Fart of the ranos Leted of moontaing of hard rroelorpticry pochsws

sedinentary, netanoyniiic, md lonecuge-fron which the Tartlary rocks

Lt
&
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bt
&

nad besn depived, and the ransinder counsisted of soft Twrtiary rocks.
Part of the labier had accuwmlated in the early sitages of the orogery
and vers deforsed snd wlilted in 116 later stagess irosion quickly
reduced the areas of Tertlary rodk %0 nesrly featuraless »laing, at

the orous of »roeisetlary rocus, much nore resistant W erovsion,
norelgted as highlondse Thg conters of the groestest rodelertiory wilifte
are believed to have persisted as highlands continuously teo the sresent
me (Hahrbaltlsz, 1950).

Yo record is lelt of the poriod between the nmideTertisry
orogery ol the corplastion of mn extengive aerosion surface of low
reliaf in late “lioCane or eardy lalstocone tinme, bud vresunaebly tids
nariod was concerned largely with the slow wldilt end eresion of thls
pord of the Jlaska Zango wntil, by the end of the llocene, much of the
wres shovm 1o nlate 2 wes nearly festurelsss plain. Isolated syrouws of
irh neundalng dominated the landsceasey s grow to the west culminated
in beunt Defindsy, then srobably aboud 10,000 feet Righy anl 2 proun

in ihe past colwinsbed in Jounits tnves snd Deborab, then sbout 3,000

iely soatitored monadnocks rose above

Pavt Highe & fow additlonal
i paneniain.

late in the FMlotone or esydy in the Flelstocens an uwplifd
contared south of the Alasks “myre inclined the erosion surfacs
mortiamyde i the tine of the ‘vome zlaciation, the earliest whose
Limits in the central part of the ilaska dange can e deternined, the

srogion surface bad beon wlilfted mure than 2,000 feel, and valliers at

loast 2,000 fsot deen had been ereded by the congequent northelowing



L

streans. This set the stage for the fireb of the four great glacial
advances which have thus fur bown recopnized with certainty in the
canteal slaska langc.

ihe Zrowne slacistion: Tho Alaska ianne st the time of the lroune

placiation was s rolling cwuntey of low ridges and broad vallers
dominated by the Hount Nolinler prows to the west of the denans “iver
sxd bhe Nownt Vayes sroup to tho easts, In the easbtern proury and
preseably a fordiori in the aloher wesiern group, snow sccunilsted
and Tormed glasclers, ubich, advancin: down the valleys of rivers that
dreined these highlands, grpend so oloduont lceelobes in the surrourde
ing lowlands. Claclers sdvoncing doun the Jonaa and its mein ribue
baxry, the Tanert Fori, coaispced to form a love whileh extended a fov
miles north of Drowe, near the nerth edze of the fooblnills {see
ninte 2)e Hear lipnite tids lobe wos ab lesst 16 miles wide. 4
subsidiary lobe extendirg westward ot tids ~oint may have poured its
rioltmmter down the cavape nivere Anothey placier advanced noprtimard
downy bhe sncestrel wood fiver, and srread as a niedmont lobe 6 miles
wide on the plaing ayound Cold ling (reeks. This ¢lacial advanos,
here ealled ths irowne placiation, on ihe Honang extendsd farther
dosmatress than thet of oy subseoent staroe

The wlift sl northward “nelination of the Alagka Sanpo
rrobably continued darine the frowms glaciation, and cortainly
contimiod alter the dsavoarance of ice of this steges The unlift
of the Hrowne derosiis bofore the newd placistion asounted to 730 feot

ab healvy ab Browne, 22 ailes norbthy 1t ascuntod o about 200 foot.



The average tilting in the norits rort of the ranpe was about 25 foot

in o menoelinal Jlexwe Detwomm

nad nidoy bub mach of thls B
omite and Verry whore the slope of the (Liting was 37 foot ror wille

nurtdnnrds

curing the paried of wllilt bolwesn the Drowme and Lue

rounear Lry reak pleciations, stroany and masgewastiing wroCesses

Jlasectad the comntyy whilch had beon ovaryidden by the rows lugg

atrewss lagvensd the cenyons and hoosdened the valloys.

Bolt Tertiary rocks wore peduced $o bread valloys and Teabuwele

slaing, wills in e sese o

tranch the gldes of sountalne s
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mowntaing of the ALaske lange weve highey and oresweably could have
caughit noras anow, the nowmtains dordering the Julf of Alsske weve
npobably balng uwplifted af the swe time and may have beon sulficliently
high to cateh mest of the nelstuwre fran the Tecilic Ucean and Lo
decreage the anount of snow accumuiation in the rlaska fangoe the (ry
ireek glaciation apnears to have resched a few miles north of Healy on
the jenana livar, where 1t desmed 2y ureely & tributsry of the lonsns,
and caused 11 o devosiit varved olaye The glacial meltwaler derosited
an outwesh lain many wiles wide thad extenvied nordlnmrd from ldpmite.
Tha wilft of the Aluska lange, which presuassbly had been poing on
during e Dry Creek placlatias, sontinued after the disappearsnce of
iee fram the lowlands. Uelore the advent of the next glacial sdvance,
the northern foothill beld hed been lnclined norilward about 17 feet
repr miloe The welift at lealy woo aboud 500 feete uring 648 intore
glacial ecisode many dralngre chencss tooll clade In the Alaska dange,

with ths reselid that the Jralnese besln of the Nenuas flves wes

gnlarred ot the expenss of the Yotatlanika dlver fo the east. Iignite
{reek oxbonded headward slonys the zone of solt rochks ot the base of
the cosleboaring formation o canture the hesdunlers of arpuerlic

reoke 2t Lhe same time aaly creel aroded hesdward slony the same
*Ea

a5

oo swhore Lt wes Wourst o e swrlave by fzalding farther south, to
{~i, 1} to canbure hesbwsturs «&ich foy & short tlns {lowed into

dox nsture ook nlsce

s changes of als

Liomlte Lroclte

alnsvbere 1o tha ! Sante  Lhande Luvelwedl the cwoture of coydions

of noriheIlowln sonssguent streais by soort subgeguent gl o woste
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Ihe Hiley Creek plscistion: The youngest recognized ice advance is the
“iley Groolse 1ts axbent, shown on plate 2, was cunsiderebly less tnen
the exbent of ice during Hsaly glaclationy st 1t is doubtla) fhad
sinciors covered all the :iwlm%{m of Southern Alsska during the fdley
Creck. laclers advanced down $he denana Hiver snd Tsnart fork to the
Junction of these streans, whors the lobes soalesced o {urm an intore
montane ice shests The Henans 2lacd oy was socarently ihe nore vicorous
of the two claclers for the interlobate moralns whloh gengrates thon ls
conves towsrd the Tmnerd Vovk valler. The termiinus stood a2t the moath
of dley Jreelk, near Melinley ark statlon. Une lebe of the placier
srilicd over tbe rpass north of Lado intw the tiley Ureek dralnace vhere
ite termiinus coalesced with the ferminug of the slacler ot was adymice
inr doun idiley reek. Ulaciors on bhe Toklaty Teklaniba, and Lanctuary
Hvers reacthed only as Jay nords an the tkelinley Yark idelneyre Tha
Lavare Diver valley amesrs not W hove besn ocdurded by o glacior
during this rdeciation. ine glaci.r that sdvmiced dowm the wood Jiver
snded in the Yoothllls seversl »iles back of the termdnug of the saly
PLANLiOT
There 1 evidence which suppeste that the les advance of the

iley  rock was o double or multicls advance, like that of tho Hoadyw
gorarate sdvances belng seoarated by shord noriods of ninor retrest,
The advance wodeh ilt the term nal moraine at the moulh of iey
Uresk was comnlex, relrenting md re-gdvanciny at least bwice over e
idatance of geveral humdred yurds.

: i cril y o e U % opinmn ot
vonmetresn fron the bareded of the piseic he yvors palt



descsites of oubwash rrovel wiich were several hundred foet tudcahk st
e glacier fronits and wilel toared Jownstrems o o lew feet thick
2030 milog nowth of the placier fremts. The variglacisl stremns
azeraded thelr beds with pravel decooibts W meot the maln streans at
Jrade, as they had done Jduring the Healy slaclotions

The rotroatiny Henans slacior loft, slong the inmer margin
ol 1is tern nal moraing, & Doy of stagnent ics rrotected by a thick
covering of suroreclzeizl movsinoe.  South of this ice the plact
meltaber bnlld an outwssh ~lain wich ahutted apalnet ihe stagnant
icee Thet cutwash nlaln now fronte the denression whish was 1cft by
the moltedeout lcoe whan the ice Iront stood 2t Windy, 2 sroglacial
ledis mporently ceowded the valley of the lenana (dver fop several
nilng north of Lindyve Uhdle the lake otoeied the canyon the debdis
Tyom the odselsr was cresumably belns derosited as a oroplacial delis
gt the head of the lakoe The lsie wns deginad by the erosion of 1is
dam of teyrece gravaely shortly thereafter the clacler reea’vances 0
a ~oint L niles north of Larlo, where 1t melit o terminal norain
sor-osad largely, rerhacg, of the nroplacial delts wiich had baen

rld

The rlver araln acpraded Lts bed, leaving m
cerbmnes nlaln wilah Lo owanorved as 5 serisg of btervanos which can

e traced contirme ol doymstron: o the footihillse The slacier araln

rotreatod and left a secon) croplocisd lelo. Finally the claciors
votresbed Do dnte Whe pombtaing, the -roglastial leke wins deadned,
aryt bhe Hesena vy and other siromss orodsd $halr beds Lo ~ogitdons

Shard O GODWTY .
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The worn neried which Uollowed the Hiley Creek glaciation
was brousht to a ddose several hundred or s few thousand yoers age by
o shordy oinrn, cold oariod ublch csused 2 penarel zlasial reeadvance
and the prowth of rock rlaciorse This was followsd by & sgommd nerlod
of climetic smelioration wdch was followed in tarn Wy a second cold
raplod that began o few cemburios ame. This verled resched its

climax botween LH00 md 1920, and i soperently now on the wane.



tvidence for the erosion surface: /1 strildny discordance cxlsts

bebween the diralnoce of the Jlesko lanerg and 1ts fopograchy and under
Iring plructure. The simds dendritde pettern of the northeidowing
shrempwethe Sorks of the Tolind, the Toklonike and 1ts tributariss,
the Nenma #iver snd (ilegy trook, Totallanika and Tatlanika Lroolsws
ghive noe clue o the Teot thot the ryedoninant frend of the pidpes o
castaward (ol. 2je Clesply these sireans originated on terccrachy or
rock formations thet bad noe ebnilarity % the tocorrahy of the prosomd
Alagka Jonges [ 15 extrenely wnlikely that the ecsstwardetrending
Yidpes ware formed by fauitins md felding dch ook nlace aiter this
strewn ratborn was establisnod, (e nany of e otresns are T oo
faeble to hweve nalntalinng Lhamselves across riging ridges of senist ond
pneles, and would quichily nave bom Avertesl, by canture, toserd move
vigorous streanss The wroor sushane lvaory some of the farks of
Totatlanika wreck, and olo Ming Creds, Jor instance, cross rldges of
hard rock bizsugh deer cammyons just 2 fow miles Jownsiiesn Iron tholy
Sourtat, althourh ek sacior cnarses axist %o left or right of than,
alone valleye and Jow ragoes cnderlaln by softer rooks (Copros 1940,
=late 3Je It poous cortaln, therefore, that ot oue dne a relatively
gemebly nisin existed asress ot lenat oot of the Aleshs fongrgees slaln

which muy or wmay nob hove boen covered by nearly wndefornmed late

Leptiary sodlnenbaey rockiest Wiy pdaln was subseguently inclined

nertomerd, wud that s consequant dralnase Jovedoped on ite 1% runging

o ba determined whelbey or net any yremnants of b olaln exist, what
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its original limite wers, and the mount of subsequent delormatiom.
Moy flat surfaces cos sountaln tops darouglout the
northarn foothill beld of e flasks famos, xsenles are the flat top
Yeunt vright and of the moumtein sast of 14 d north of the

efinley ark nigtwmsy (ole 2)3 the nearly flat ton of the mounialng
tharourh whdch the Teldanils and fushena dvers Dlow at aboub Lot
£20550 5, (nle 203 Juzbo ‘ome and the mountains naeth and east of
Jusbo lome, ayound the hoadmiers of Califomls and Uusgard Lreoshsg
ant the mowntainbops on ond ovvund Cex Domae  Although sll thess flate
torad mrunteing Wuncats the steucture of the underlying sahist theyr
ars not mecsssarlly remants of the lale Tertiary o euyly Guaternary
erovion surface; in fact, most of them o nol ouwe thelr origln solely
e whis aurface.

Harry smooth suriaces and areas of low relisf in the Alaska
ramngre ave norblons of the Jolded and eudumed wneonfamity st the base
of the TYertlary rocks. Triamgelsr facets ou the enda of truncoted
sours on bhe narth slde of the ridge o ldrch (yeck scilst Wourh
wiieh the Nenana diver has out ite gporge bebween Seilinley ek and
Hoaly sve remnante of that unoonforaitre The Jacets truncste ot o
someloiarable myle the soblgtosity ln iho Direh ‘reclk soidste The

ng of these zoebs ls ag stoes as and in claces steepsy than tho
die ol the Tortiary beds thot are estosed a8t the bDase of e nills, and
who faoet surfeces cuincide ab thelr bases with the contact boebtweon the
Tapbiary rocks wnd thoe wnderlyine daon reck schlast. Those truncated

gours are sxeerbhlonally well srescrved west of the Savene dver (nie 2.
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sindlor sarfaces are vxoosed slong the south side of Hoaly ureek for
the first 12 miles sbove ibs noulis The hiph norihegloping latesu
wivich care the mountain between oody (resk and the Hommnma v is

thousht o hisve o ainllar orlgine

The ZSrosd Pass desrvession, thrvoogh which the rallroad cross
the dvide botwean the "scilic and Sering loe dralnapes just south of
the Alagia Bango, 1 eroded oub of & greben in Tertlary rocke, Foatches
af Tertiary yo.ks lie on the floor of ihe derression, snd the walls wre
mich dasected and nodified faulteline scarns. (sahwheftip, Whly ne Lo

Henana gravel uwndorlies the rlain which is foliowed by the
Pardt highway from bavese dver to Teklanile dver, sbout 15 niles west
of verinley ok stations. Tlde body of lenans gravel is connectod
with the broad valley of the Yanerd Vark by & sorles of lowlands and
apsst.  he valler of the Yaners Fork for 15 niles above its mouth hes
& lowland floor newrly 3 nilas wids and broad flarin glides. This lows
land could bardly heve bBeen carved out of hard noseDoptlsry rochks Uy
the leistevane Tanert placisr, for tiie glecisy and the Uleisteceane
tomena glacise ceobably exlste! over the smo poriods of time, and the
mach ladper denma placlor, bobh alove and below 108 conlluence with
tae Yapart zlecior, fadlsd Lo capve s cmoyon widar than 1 milo.

e purface of the moundsin soulionst of olinley Park

station is broadly ecoover ool baz s slope of 1,730 feet %o the nile

sastward anwl northeastuward, This glope 1o dlssectsd by mmerous

canyons with steer walls. e slope Wuencales sisecly dippine beds

¥ b Y g PV o gty b en ® wa o ; TS R 5 o8 £ e
In the cantwell foredlons The sountaln »ises eh ahovs e hirkessd
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lovels veached by the lce ol the luder placlel stoges,
that have lefd clear marke of Lhely rresence in the WGre Iy
Although ervatic boulders de owited by some of the earlicr placial
staes vest on this slope, wy attenst W swplain 1t arigin tirowh
ice soulrdure must account for the absence of sueh twritle~oach slones
slomere alon: the Henmne Lapoa at the same allltudes, Illeise, an
attar-t to exnlain this slope through svocesses of solifluction sisilar
Lo those onevating elsewhore in ilnska {Taber, 1I9L3s e LhSle52y

ring 1516y v, TOe7i), rust slso exnlain e peneral absencs of such
slopes on nowmbaing of sinilar ese, ot the same altitude, that are cub
in sinilar rouks botl nast and west of this localliye. The mountoln

phe Yanort Fork valley cnd the body

lize just south of the pass botuewm
of Henass grovel along the Hofinley ark hisinmye Ibe surface ig
thouphty therefarey, W ve o uwwonforsity ot the base of the Tertlaxy
rouka, hre delormad into an sntéciine.
dgfeces of sindlar ordiin cre widely disteriboted throughout
the flasls Dancs, where ghootheslled mpmtaing in the ghano of Ovare
turmed cmoese-such o8 bhe nounbadn norbth of AL eldd Oresk sd the hasd
the Totatlomibe (01, Lieesgrg flmied by torraced lovlands underlain
by Terblarr rocks which dd- swoy fren the nemtalns at sngles approsie
mataly equsl to the slore of the mowndainsides. Adong the aresta of
tho antilclines and alons structbarsl torracss those surfaceos ghould be
sosentially flaty and may of than, 18 traced ler enough, will be Jound
o coinclde with dhe surfsoe ot the base o the Tertlary rocks olsom

3

where along the antlolines ol stractural ferraces. Juch geeng o Lo



the cass, for exmnple, with the tor of the mountaln crossed by e
lowor Tekdamiks snd Dusheng lverse {(Loo wiate 1.)  imall petches
of bagsal white guarts conplomrate resting on such flat smefaces s
thosa arouwnd ey Come denmstralc thad these surfaces ymat coincldis
whih the wneonferndty ab tho Dase of the coslebosring forsatione

In o fow ~laces, wamver, thers Iz ovidence to sunoet the
comtantion that some of the lat mownteintops mre revunbs of the late
Tartlory or esrly wuabernory cveolon spiaca.  Bownd aright and 1tw
nelghbors are the mountaing for ilch this evidence is the stronsott.
In the frst place, the surface o the ton of these mountaing makes a

shary assle with the trianmiay Zroets on the erurs along the nertn

Fde of W sountaine=faonts @ s e wowsrd extenslons of tho
meoniomad bty st the Dage of the Tertiary coal-bouring fomation. This
alone does nob rrove that the Mlad W of the mountain i nob ourd of
a ghrisped wneonformity, Tor 16 could Do the uneonforelty st the bape
o7 the Henana gravel, which iz unconforanble o tho corleboaring

£, Tk . E e gyt { o e ¥
vopnation in thia vicialy Uaahal

e 12} immewer, the

temgnn oravely whiich woe dorosited from the south (wabhrhaftio, 1051,
e 79}, baa 2t the tor o falck larer of conglomersie made us lovgoly

4 - A P 4 " g g e e P . .
£ vouldera of Lirer Lrock soilobe Thig sollst could hove came omly
i b & o, et A 4 e gy i Yot 5

norkh of the Jofinlery Tark Mohwsy thet inelnde

gt oneurs south

s S pie
o no droh wresik

The Lo of conolomerste conbalning the sokdst 1

O with the rest of ihe con-lmorato, and dire 309 O, near the

A5 gy 128 ey i s g Lot FEE O, SO ke X
momtl of Sevaze Llvere The sowrses cebblos of Jreh treek seodst in
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the folded lenana pravel seversl @lles noeth of HLamd wisht couldd

have besn derdved only {ram o ra or mouataing slons tho site of
Vound wpizhd end 1ts velonbors, and these nounbains could not have
been buried by the Henans cravel, Jor the layer of schist pebbles lles
noar bhe too of that fomaticn. “urthamare, the surface on widch the
Savage, Sonetuary, and Teklenlka vers wers conseguent mugt have bean
formed after the deformation of the Jonana gravel, snd must have {(rune
cated folds and faclt blochks lrnvolving the Henane grevele It e vayy
likely that the £lat surface ihot truncatey the atructure of the
soidet in Faumb wrdpht and Lo nedrhbors ls card of that surface.

ihe nature and tooograchy of the srosion surface: It is not rossible

to demonstyate conclusively that the other flat momtainios are ard
of the late Tertiary or early coternary oresion wmupfeces. The
moantsinters of thie card of the range, however, ars crobably net Cap
volow the level of the erosion surface, for sweit levels bebwoen Long.
1589100 v, and Lonmge 1490307 L., are accordsnt betwoen §,500 ang 7,000
feots & reconstruction of the srosion mrface, wiih LyUKefoot contours
on its present {restored) -ooltd ooy, 1o vhowm in Plrure be This recone
styuciion is bessed o the sgsrption that the top of lount Wpight iz a
rammt of the surfaco, and Wmt the oresent cosiilon of the suriace,
17 restored, would have 4 rentle nortbhwerd siope and would Justh oloay
the tons of the meumtailnzs in hls opard of the 2 Langoe A3
Tiures L shows, the sresion surface has a present slope of sbeut 90

foat nor wllo nortiapatunrds

ety

the rrodient of this surface 2y 2 wiwle
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adient of streans now dralning the

was no crester then the avedase
Alasks Range, and if the sherelins was near 1te prosent nosiiion, the
eronion surface would heve ha!l an aliituds between 1,000 and 2,000

faet in tha ilaska it nhany thepefore, apparently bemn wplifted

& leanat 5,000 feat and ~oselily 6,000 faet in the centrsl nart of the

A T g
Alaske Paneo.  Le will be siown in the Tollowing sections, mueh of

tols weldft took ~lace gradenlly threugbout the “ledstocens, My
batwsen the succesgive placiationg.

M. b shows that serdaln somtaing sroejoct above fhe lovel

. v 'Y
3 ey R o
GEEER SR

of tho rostored svoslion purlaco.
molieves o be the wprediged sore of an antielinel mounteln of

Tebablanilka soilsb that rose above the sroslon surfacs A nenadnocks
Larce aread, well to dho sast and wost of the Uenmna ~iver, elso rise

The sombtsine mroand e

ahove the reconstructed aroslo

Py

hesd of Vanerd Pork, 1,000,700 feut shove the erosion surdace Deve o
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L CROWHE GLAGIATION

Glacial deposite along the Nenana :dver: The oldest recognised glacial

derosits on the lHemana hiver consist of scatltored boulders snd blocks
aof sranlte on gome of the blrher mountsains on oithar slide of the
Homema Hiver. Soulders chokinge the beds of smell trivatarics fyom
thase mountaling, and in the bed of the Nenana iteslf, outslde the
limits of later glosiations, ave balioved to have slid or besn let
down to thelr sresent sogition Iprom tocogrss-hy wilch was inherited from
the lrowne glaciation and is now com-lotely destoyeds 1hese 0GR
rences of boulders are shown on Jige 5, anu on nlates 3, ky and O, and
are destrived froo goutih 0 norbh.

Two large boulders of zranite, the largest approxinately
20 feet high, rest on a nountain of sandstone ol the Lantwell furmation
at an altitude of 3,L00 fewt, sbout cne mile south of the ~oiinley
Fark headguarbers {(ple Se Jramite boulders 5 - 10 feet in avera;e
dimeter are Jound in the bed of Copsland Cresk, tributary of Hoody
Croask (five SJe These boulders sre found fop twe miles v wopeland
wreek, the canyon of shich a -ears nover o bave been occunied by a
rlacior.

Hoalders of granite, gabbro, snd conglomerate, frem 1 food
o 10 feot in diameter, are found along Doody Lresk a2y far wstrean
as a ~oint 6% niles soutieast of 1ts mouths These rocks are all
foreisn o the draina s basin of Yoody Lreck. o bouldars of forelgn
rocks wers osserved bovond thet ~oind, wlihough the creek was carefully

sramined for ancther U miles wetroan. aring the fleld sesason of



1952, & record was kent of tho mumver of forelgn boulders larper than
4 foet in Jdiameter observed alony loody (roske The regulis of this
rosord ave show a8 a gra-h, nlotted along hoody Ureak in figure 5.
inis grach shows the denelty of lurpe forvelgn boulders aleng oody
{raeeky vlotted as the mmber of bovlders per mlle of length of the
arojection line which i8 the base of the grache In reparing this
grarhy counts ware kent of the mmber of bhoulders betwesn selectad
=oints on Yoody . recke The oints wore then projecied to the bose of
tha grash, and the intercenis measured. The runber ol boullers in
sach intercent, dvided by the intercert datance, In nlles, rave the
munner of boulders wor mile, wnich was nlotbed at the midroint o the
interce:t {shown as a small circle «n the srarhje  The -oints were
connected oy 4 Curvey o Zive tho srach shown along oody Creek in
fipure 5.

Large poulders of pgrandte, conglomerate, snd gabbro are

found alemp the lower & niles of Heuly (reek md in all streans which

entor Healy Ureek in the lower 6 miles of ibs coursce lone are nrosent

slorng wpor Hoely Lresk, or in the basing of voal and (riople (reeks.
lpanite bBoulders, the largest of which iz 30 fest long and 15 feet
hing are foand as high as 3,300 fent in altitude and as lar cust as
santrana, on the ridge porlh of tunbrana. ranite boulders choks the
iy of some ol the oreckes dralolng nwrth fros thig ridge into Lisnide
LPenil.

Laree boulders are oresent in sreat sbundsnce slorg lower

fdgnite Grocke In 1952 2 count wes made of these Louldersy similar o



that made alomg Meody Upesh. & sindilar grach was orepared showing the
copcontration of boulders alonr Iignite wretis Tkds grach is ghown on
fpure 5. The concentiation of bouliers 1o proatest sbout 3 miles
ahove the nouth of tho cresky nbove which wolnt the cancentration of
poulders falls off abruntlye ‘ast of & »oindt & niles above the mouth
of the creel thare mre no lsrrs boullers excest for L lurpe boullers
of proniteo and gabbro, the lurpest 15 feel scvoss, which are § miles
shove the mouth of Limite (roeke (Joo Jigure 5).

Jranite boulders are soatiered sbundantly In an eastefdending
band along & rldge betwesn tho sash and niddis Perivs of Dgy Jresl, at
an altitede of 2,100 feat. {(lne Digure Se) & fow boulders wore

ghasrved in the valley of the wost fork of oy Ureek, and thelr
mogitions are plotied on Tisuwre Se

Uraaite boulders are scatterod sbundently over the sarface
of tho ridge novth of lry Cregk, asg far weost as & -oint about & niles
wert of Healy. Beyond thds colnt the ridee i nearly free of boulders,
axcent for a few pranite erradics near the tWp of the 3,944 mountain
ot the ridge. The govtimestern linmid of abundant bouvlders on the north
siie of $hig ridge i shayeoly Jefineds 1t crosses the ridps amronle
mately at the -oint of an alwt change in e height of the crest of
thia ridees  tast of Lids coint the oroest has an aliitude of asovout

2500 ~ 3,300 Teeb; west of tils ecint Lts ddBitude is sbout 3,000
foote (See plate L.)

The abru-t change Lo arest altitude of ihe yidpe doss not

raflsct any chanpe in the wnoerlyine stmetures. The rid
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of Honana gravel, ond the structure of the grovel along Mhis »idge s
urnroken and uniforn frar Dry orosk to the cevage Hlvery the stwrile of
the bedding nearly constant st about He 70° « 80% B4y end the v
votween 309 snd L5° northe o Faull crosses the ridges The crosiline
of the lower, castern cart of the ridge 1s in pord at a horisen low
within the Henans gravel, and tnls pard of the ridre is charoctorised
Ty soveral long evenecrestod nopthetrending saurs; olsevhere s nart
ol the ridgecvest crosges tho struw transversely. Ghe crestilne
of the nigher, wostern ~art of the ridge is at a sone ol cosrse sravel
in the Henana gravel, and the north lace of the ridse is a swolh
din slopee The pravel horigon which wnarks the crest of the westarn
sart of the ridre cyone cubl al e north ends of the srurs on the
sasbern ~art of the ridees. There is no chanse dn Mthology of the
heonang gravel o accound for the eorwet shifilng in stratigrashle
rogition of the crestline, or for the abrmuobt change in tho haipght of
the ridroe The chanse is thoushd, herefore, to be dus Lo eroslon,
elther by the Fenmns iiver, or by o placler noving Jdown the Sonmong
Giver wvallerve The sastern vort of the yidgs fs tuought to nark @
snolent valley Sloor of the Yenana fivere The westorn linit of sbundant
beulders coincidss closely with the west wall of this anclent vsllop.

o
5

In the east well of the Nonana Zilver gorge, botwsen niles

AY and 352 on the slaska Lallveady wre Jour evanecrestod ridgess at
richt angles te the river, with crest altiiudes of 3,000 - 3,500 foat.
Goe nlate he) Ther give the in ragsion of mavking m anclent valley

floor lovel o tarrace on the lmmana (dvery and would dellse an



onanevalley stege of the gorgo. This openevalley staps would probably
have bean the sane a8 that rocorded by the ridgomCrast north of vy
Lreake

Nortdward fron the videe nopeds of Dry Creek the sbhundant
bowlders litter the surface of twe low warallel ridges which e o

sither gide of the divide ab tho bead of Tish creskse The sastern of

Jivide petwesn the denans and Lavase

the two ridees Jorms the dralinsgs
dvers, Lontinging nortiwerd the beld of sbundant bouldars coincides
with the remmant of g high bench or $errace ot about 2,000 feet which
flanva the mountain west of olste Creske (See plate la)

wost of the belt of abundant boulders, scattersd boulders are
found on the susdd of the 3,07h-foot mowtain sbout § miles west of
JerEy andl on the ridess of Honana gravel whilch exbend westward from the

i

sumnli of this mounteln, {lenkdng the schist cors of the enticling,
toward the Lavaze and Tekloniks ‘Ivarse (See ~late 1 and fipure 5.)

The mountaln, 3,901 Jeet .dph, nopth of Lignite Creely has
mavy bouliers scatbered over 1ts nearly flat uoner surface. ogt of
these ave granite. Thoy are several feot to L0 feet in diencler.
few bouldors are found on tho yideo east of lsle wrosk. (Sco
figure fu

Hoptiward from Hooss creel and fron the mounbadn weost of
Llabe uresk, the valley of the denana ldver s flanked on eithar side

5

by & heh berrsce with o orellisf of sboub 100 fecte The riser of tide
torrsce 18 3 stoo: biuff about 500 feet highe This terrace slopes

nortisard fren an altitade of 2,100 « 2,200 feat in the vicinliy of



Forry (nl. 3) to an altitude of 1,200 feet aboub 2 miles north of
‘roune (2le 3Js It 45 cut on Venmna sravel, the structure of which
it tmncates. The terrace is trenched oy canpons several mndred feet
deans large white graniite boulders, similar to those mentionad above,
are scattered abundantly over nart of itse surface, and are sirewn dowm
its slopes. {(Cee figure 5.) &t z fow nlaces depcsiis of sand and
sravel, as much as 100 feet thick, contalining thesce boulders, nantle
tiw terrace. U(ne and a hall miles nortn of “rowne it was necessary 1o
plast throuwh one large boulder For the righteofewny of the Alasiks
sallroad. (500 nlato Hels)

wastward, beyond the limits of this terrace, the dissscted
relling wiland wylerlain by lenma gravel fros the latitude of Ferry
nopthward to the latitede of Prowne (nle 1 ond fige 5) has scattersd
boulders of granlie and conzlonsrate as much &8 20 fest acrogs. inlike
e concentration ¢ boulders on the terpace, widics loceily ascunte to

3,

sevoral hundped wor gguare » le, the concontrstlon of poulisrs west of
the tervsoes fg only one every few souare niles. The boulders, however,
are of the zame grenite as the soulders on the lerrasce. & gimdlar
boulder was obgerved on o of the 2,5h0-foot nmountain west of lower
windy Ureeky and bayond the sasd Liait of the terrace. {(dee fipure 5.)
&4 few boslders omy be soen in the Henane Hiver, whoers they
must have remeined in the sase cosition for o long tinme.s Ine such
bosldery in the middle of the Nenana miver 2 nlles nords of isaly, 1s
cawed by & patch of turd fros which is orowlngy & tree sboub 20 feelb

tall.



The granite froam all these boulders is stedikingly similar
natrograchically to that which fors a large stock betwsen the Yanert
glacler and the Nenana glacisr, and the boulders wore nrobably derived
at least in wert fron thds etock. Tresumably slso, sindlar sranite
occurs elsewbiere in the headwiters of the Henana Liver, for sramite
stooks are deseribed by vogus (Hoffit, 1915, po. 50=50) at the hoade
waters of feattle lresk wd petwosn Yelle (resk sd lrushkasna Ureok.

These boulders ware Tirst described by Carms (1512, -. 35)
who recosnisel them as evidence for o glacial stage older than the
wisconsin and sepsyated from 1t Wy e considerable interval of tine
(Capnsy 1931y pe T/e The boulders on the terrace near Srowne defing
this glagial sdvance, which will be relerred to in this rerort a5 the
Hrowne zlacliations

Ine glecial lobe defined by the glacial “sposits: The distribution of

the glaclal srratics of the rowme glaciation susrests thed a srast
slaclier advanved from the hishlunds erocund the Yanert and Henana
plagiers wostward and nordisesd Jdoun the donana ver to a low milssg
north of frowns. The floor on widch the glaci- advanced s bean
falrly well preserved nortiwerd fron toose Creck as the hizh terrace
on whlch the glacial erraties ocoure 4t foose Lresk thiz [loor has
an altitade of 1,600 feet, and 5 miles farther north 14 has an
elbvitude of 1,200 fente 148 ovesani slono in this distence is thorew
fore L5 Teet per mile. This vard of the glocier lobe oceuwsded &
srosd velley 500 - 1,000 foob bolow the hills on sither slde. It had

been inciged Dy the Nemana Liver almost 2,000 {eet below the lovel of

G2



the late Fliocens o corly lelstocano erosion surface. Southward Orom

Hooan Uresk the topograsly fowmed by the lrowne glaciztion near the

Henana Hiver e been Jestrared, alithouzh the level of the vallay

18 indleated by the low pard of the rldgescrest north of 'y Cresk, wmd
Wy the aceordant ridgeecrests on the esst side of the Senana Torge
batuwean Foody and NeWinley ok statiosne lgirg the terracs and sccordant
ridpe=crests as control, contours have bYesn constructsd on the inferved

valley floor of the Semans Wlver during the Irowne glacistiong those

£
*

are saown on figwe S
The close association of the denosite of amndant boulders
with the respants of the ancient openevsllar stage suopestie o dlose
conotic relations ‘reswiably the srest concentrations of bhouldors
rorrosant lodersl noraines. The decopite lle close to the walls of ithe
anclont valleyve This suorests thet the vallsy walls anfined the
sncient glagiore of fals relation betveen vailey wall and claciar is
e,y the owurrence of widsly sesttered boullers far berond the
limite of the valley 1o 4i70ieuld o gxnlaine f the placiey which
denomited the sbhundant bealdars along the borders of e valley also
deroslted the widely scatiered bouliars beyond the vallay, s rathor
turdions slacisl regise must be imssined Lo sccount for the fomation of

voth tyoes of pellc Al dwrine 2 singde glacisl advances Ihe placier

wonkd hove had & soet poriod of ppoct gx-ansion durdns which it

5]

carricd 1ittle $11l, and subosscuently woull heove rofrsated within the

velleyr and there acowwdoted massive novalnes of whlch the abundant

arpatlos are the Pemanise 4 wore reasonabls exnlanation, $o the



mathor's way of inking, would be that the widely scabtiered bouliars
ropresant o gleciation earllier than the Jrowne placiation, snd
serarated feoa 3V by @ lomg Dntorclacial covieds In om effort bo
deternine shether or not e widely scetlered boulders on the high
mmntain tWes could have bean do oelled by the glacier of the lrowns
claciation, an sttenpt was made to sstiznic the ryobable thickness of
the rlaciere It was ngoumed that the Srowns glacliar oo the lonans
ddver would have hed & strecture and thicknese sinilar to the slaciers
of the loter glocial pericds widh ginilar toomprahic rogltiom in the
slagks cayee ihs thicmess o loo of those laler cerisds, as
deternined y woll-ielined icowconiact features high on the gldes of
valley wallsy wus nessured ot soveral localities on many of the rivers

in the ilaska lanpes 1hose thicknesses e wesmnbed in table lu
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tiver Jstance in Thickness in Average Jowne
miles fyos foot at coint streun decreass
tarminus to of noagure- in thickness,
roint of nent feet »o» nile

e fork Toklat 12 14530 g

SLLEY CHOEY GLACIATIN
Henana L &0 150
Henana 12 Ly 500 125
Ymert Fork 16 1,600 150
o 16 1,200 75
Le Pork Toklat g &0 160
Teklaniks g (1) &0 76
telta 1z 14200 10

Lalta 2% 1l 55



From these data it apresys thuat, in genoral, the tdckness
of the browne glacier would have lnreassd roughly 100 fest per nile
for about 15 miles south of its terminus, snd beyond that -oint it
would have ressined relatively constante I8 maximm thicknoss in the
vielnity of lLipnite was »ossibly no mors than 1,500 feety and was
mrobably 1,000 « 1,500 feet, as it was more nearly like the ‘slta
Hver placier in pround plen than ay of itha othar ice streams listed
in this table. It could, therefore, have overegidden the 3,951
mountain st the head of Llsie Uresk, ss well as the 3,67h mountain
sonthwest of “@ry md the 3,9LL ridee west of lealy, and could, tharow
fore have deroglied 2ll the LGoulders which have yot been foumdy wilh
the ~oseible exgeption of e boulder on the 2,0L0foot mountain wost
of Vindys Crocke I 1t ovar-rods these momtsins 1t is A 00cult i
vnviersband Wiy the glacier siould have left only o few scatbered
boukiers on and beyond these nontaing, and & grest abundence of
boulders on the valley {loor at thoelr bases The -osgitilllyy that
erosion subsecquant o the frowme sleciztion removed most of these
bouldors is wnlikely, for the 3,07h mountein is praded Lo the terrace
formed dopdng Urowne claciatdon on the cest glde of tiw mountaln, snd,
Turthernore, such erosio, 10 1t took placey ghould have delioversd
many boulders o the Teklanikm and Totatlaiks drsinages, vet no
forelmm boulders were found on these stresns or on the streans draining
Lrdo t&wa, alihouwrh & carelul search for the boelders was made.

Thare tme avomrs te be some evidence W sugrost that the

srratles hors srousoed undaer the Hrowne glaciation o the Jemans River
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are actually the product of two senarsie placial advacesy yot 1t is
gubirely sossible that thay wers deposited during & single glacial
Ay Ce

Unlift of the slsska .ange since the Drowno siages The present slope

of the valley flucy fopmed Dy Srowme glacisdion betwesn Hooss Lreek
and Iisnite L& abowt 100 fast sor wila. (Seo Diguye Ye) Herdn of
Boose (resk & swuth of Lignise it is sbout 60 foet pur milae The
oyar-all shepe of the preasbeday Jdenana Avar across the Alagks
hsnge is about 25 fest rer wile, rrcjectad to a straipht iline sarsliel
to the rivers Tho Henmana Hiver during the Jpowme glaciation very
likely hed & sinilsr elone. Therefors the totel nordiamrd inclination
since the frowne hes mounted to 75 feel per nile in the sirelch Irom
Yooge .yeek to Lignite, and about 35 feet —ar m le fras Mefinley “ark
gtation to lignite and fyom Hoose (reek W Ipounid.

drowne glaciation on the weod iiver: Very large bowlders of granite

mnd gavhre mantle the ~lateau suwriaces to thw czat and west of Jold
King and Bonnifield Creeks, at altitudes of 3,000 « §,000 feete (Dee
wAate 2.7 The source of these rocks was the graniie bodies on the
tribubaries of the houd ver {nle 1), ond a gabbre 8ill in the
Cantwoll formation on Younp Ureeck (1. 1lle At tho time these granite
and gebbre bouldars were brougit fo thelr present nosition, thereiore,
it must hove been rossible for a clacier $o nove {rom the headwslers
of the Wood ‘iver to the -latems surface syround Jold Ying Cresk. {Soe
nlate Z.) AB no sranito boulders wore ohsurved mmntling the nlatenu

snrface north of the hoad of Cogl (reek (teilmbary to btood iiver), the



main valley down which the glacier flowed must have bean wsst of Coal
ureek, aml rrobably wagsed over Hystic Creeke This Limplies a conside
grable change in drainaze, a2z well ss a downcutting by the Wood liver
of 2,500 feet pince the glacicr which de-osited thess boulders
advanced down the Weod flver. This is cauparsble with the Jdowne-
sutting by the Nenma dver and its tributarizs beneath deposits of
the “rowne glsecietion in the vieinity of leady. Hence, these derosits
are tentatively correlated with the Zroune glacletion on the Henana
siver.

Tonoprachy durine the rowns placiation: From Fige 5 it is clear that

that nard of the Alaska Ramge widch bad been truncated by the orosion
purface had g rellef of shout 2,000 fest durin: the Drowme gleciation.
The srmsarance during the Hrowne glaelation of the interior —arts of
the runge, sround Fellnley sel station and Carle, must mave boen
similar to the present spmewrance of the neribern foothills west of
the Henana Hiver, where the relief is of the sane order of magnitudc.
lowy solling ridres, probably with suooth, nearly flat sumits, marked
the energlng rre=Toptiary cores of the anticlines, which later becane
tha rogred cast-wsst ridges of the Alaske hanges The intervening
valleys, cud on Tertiary rochs, wilch at that tlne must have coversd
most of this nard of the “lasks linse, sither were nearly festureless
~lalng or had brosdly terraced slopes. ho windwgans, mentlonsd in
the »revedine section, at tiv head of Louls, "oosg, swl Riley (reeks,
and e wnderan ot the head of Mystic (reek, sre st m altliude at

least as low 28 the swwmosed valley {loore of the Srowne glscistlion.
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Amarantly not rmach drelnese rew-orienietion had ieken nlace before the
srowne plactation. Iy amalegy wih cmaditions in the narthern foothills
wast of the Henana, 1itile dralnace changs would have been exnscted.
The monbens oF the Yound Saves sroup rrobably stood 5,000 = §,000
fael above the vallay botioms, and miy Love goroeachad 10,000 « 11,600
foet ‘n heighte ihey were sulflciently high to have served as
reparvoirs of ice accumulations The mouwnbaing of the Hount "o inley
rrouns ware even highery Dmant  cilinisy nay bave boon 16,000 or 17,000
feet hizh at this tiae. Jhe moumtains botveen the Alaska Rmro and
the acille ocem -robadbly were sue lower than they now are, 41 nay
ot lwmve actod a8 barriers to the vaszare o molst windse lance tha
Spowne rlac stion ekl b nove oxtengive in the fissia Lanog than

the saceeedin: stages, ovan troush e nountalos were nob nesrdy oo

lohe

e
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Jeposits of the iry Lreck placiation dlon: the Jenmna Aiver: The naxt

plaglal advance in the Alaske famoe 18 named the oy Ureck glaciation
and 1s desoribed for the Tirst tlee in tals paper. Glacial dercuils
ard reloted derceits which are zssigned to the Lry Cresk glacliatien lie
well below the level of glacial aryatics of the rowne glacistion an’
lie on hillsides above lce=contact de ogits of the youngar Healy
slacliation, deseribed in the following section.

A daroslt of yellowishenpowm varved clay on the east wide of
the valley of Dry Creek, st an altitude of 2,L00 Teedy and located at
arroximately Lole G o, s LOTEe P05 w, {nle Ii), sorves bash to
dafine the altitude of the ilce during the Dy Credt glacistion and the
mont of wllfh and eresion which soouryed betugen the ice advance of
sz stage and the ios adveices befwre snd altar ite The varved clay
in fiatelying, auvd arpoars L0 be g ramant of a Jormerly nove exlonsive
drealt which mey once have filled the welloy of Dry (resks It wng
apparently derosited in o lake damned by lce woving doun Lho Henand
dver, slthough 511 ollier vestiges of tds lake hove baen desiroyed.
The sersinal noraline of the osly olacler, degeribed in the follwdlng
section, is well preserved on o oroad terrace aboud 2 miles noprthesst
of the vervad elay deroslit, at an eltitule of 1,850 feebt (ole b} and
makes the soubh bank of the lower course of Lxy (roske It 13 cleay

[

thet the fealy placier could nob nave boen res-onsible foy the demving

of the ialte, far iis uwroner level lay well balow the lavel of the clay,

and adeoguale drainsce was ~rovided avound the 109 tmminise ‘m the

70



other hand, the valley of iy .reek in wilch the varved clay octurs ig
105 fest below the lowest ridros on wiich boulders asgipned to the
Srowme rlaciation cgcur md siout 700 fest below the suppvssed valley
floor of the Hrowne stage at this locaility. Pfurthersore, (ry “reek and
the ridre north of it tremd b righd anvles o the direction of flow of
the Sroame slaciary anc the tornoors iy on which the lske derosit rosis
is very wrobably of a2 later arlslys dhan the ice advance of the Irowno.
Tha varved silbs, therefors, 1 they wers derosited in a glacislly
dormed lake, are vounper than the loe advance of the Zrowne and older
than the ice advance of the sealy, and were cansed by & glaclar vheose
restorsd wper suwrface woul: be 2t least 500 feet hisher than the
restared weey suriase of the Zealy 100

ihe broad {latetomnod mouniain botwesn the Henang Jlver and
Filey sbout b niles due north of Lerlo rises to an altitude of 3,700
feate (Ume plate 3.0 clacisl erretics are sirem over the ton of tals
pountainie 'R the soutimest side of this mountaing at an altitude of
34375 feet, i 5 low romnded ridee of $Lll, whilch ls probably & remant
of & latersl movraine of z lobe of tho Joneng dver zlacior of the

Healy rlagistion. The arratic voulders on the nomntalin above ihls

moraine idpe arey therelfore, ferogite left by a glaviey Wi

E P T 2 B o o £ L TN I T
an tha ealy stage slaciore  They Could have

at leasb 500 feed bipher %
bean decoaliled by the placl-p wilch damed Dry Creok o Jor: the varved
#11E denoslite

in 1951 the author observed large rounded wite boullers,

arpsennly oranite, wasting oud of & deroslit on 2 banch sl an albitude
2 2 .

7



of L0000 feot, gbout L rmiles narth of Carle Triangulation station
{valn L1929 between Cuarle Creal ad soving Lreek on nlate 5. These
devoslis are about 500 feet iohor then o ridoe of 11l which was
oogerved from the alr to dan the valley just east of larle Trisnguletion
astatbione This latier ridee is correlatod with the Hesly glaciation, ana
ig regarded as marking the lcoeiimid of thet stages The derosit of
white boulders isy therefopre, rezarded as marking the lceelinit of an
oopliiar pleciation which stood 500 feet higher on the nountain sides
than the Healy icee » gi llar de oalit of boulders occurs ab an
altitude of L,000 = 1,300 faet on the west wall of the Henana & ver
Lorges 1: miles west of the moubh of Carle Cresis

The posltions of these deposiis and thelr reletions lo the
spofile of the glacier thuy rosresont, and to olior and youger
vlaciers, is shown in tw lowpitodinad crofile of the lenmma Fivars
{Lem ~late Te)
Cutwash cravel of the lry (reek placlation on the Nenma iivers The

rlacidl cutwesh derosite of the vy Creeh glacistlon are belleved to

e recresented by & croeuinent terrace with a thick caming of tervrace
rravel on aither sidse of the Venana lver, extending from sbout Lignite
Urest W o shoprt distance north of Torrye (Jwe nlates 3 and Le) In
the vicinity of lignite, the outwagh tarrace of the vy (reck glatioe-
tien hag s altitude of 2,200 feat, abwmt L350 fest above the highest
of the terraces wrdoh a-pooy Lo he assoclated with the dealy (Lire Gy
and shout 500 feet below the restored nroelfile of the Nenana iiver of

the Jrowne claciablione In the wieinity of Derpy, sboubt D niles north,



14 fa ohout 350 feet above the terrsces o ithe fHealy. Paptbsy north
the tarvacs has been reneved LY sTOHLOD,.

mosurer of graval on thw tervace are noor, bub east of the
vemang civery enmoslte lignite, cravel acars 0 be 50 - 100 faet

thicke (ios figure Gwbde) Tids zravel ooveazs $0 have been deposited

g the denams Rivery, Do it Lo Diueestoy in colory os ls bhe gravel of

the modern Henang (iverg and cunsisis of boulders of wmeathored gabbro
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granlie, Diren Lresk sonlsi, dark oray conpglosspate, i coarge sandstone

fron the Cantwell Jormabione b 13 commlotely unllke cravel dorosits

iwed from the Nensne grovel. Thess latler, wilch fors ailuvial
eorss resting on the disial —ards of tho tarrace, sre coommonly buff 4o
arown in golor, Jor nouldery derived frow the lenmna rpovele-althoush
alse consisting o sendaty pableo, sranite, conglocerate and dark
gandabone-=are camonly deorly weathored and lronsestainsd, snd berrsce
pravel dexdived from the Henana pravel 1z gulte simdlor in cslor snd
aepearance to the Henana cravel itaell.

w borracs on the wvest slde of tho river forms the fiat top

I the nowntain fast north of  anrend Lroely 3 nilesn due wosd of lipnitae

L

ey widte grenile boulders litter the oo and soula eide of tils
mountalng dowm widch they are in thwe rocess of slowly sididing into the
bad of Fangend Jresk, lheso bouldors condd yerresent 11l o the vy

aolt clact ore anvly A7 850, fwr weuld indioote e merozirele northern
s » # ‘

1ad® of glaoiation of e stere, Jor o terrace pravels nopll of

x.

Ty sy o P 3 P mod e g s "
tods oolnt are clearly riveredgrozited and msd recrozent o oo twash

nlgine 1% is more lkely, ey, Bhst tooses bouldsrs wers not



davoalied by lece of the Ury Lreek, bat by ice of Irowme zlaciation, and
later partly roworked Wy the lanana dver and ilts tributaries. Thay
are vregserved on the terpace ot this ~oint becmuse they were teo lappe
to bo noved any farther.

an indistinet bene: thet apoocars o be the dlatal cdee of &
tarrace 1s rreserved at an altltade of 2,500 feetl sbout & aile sast of
the leke at the bead of “oker Croeky and avout 2 sdles noardn of the
metion of Meoody and Healy (rosho. This terrace rammieel? that il
wimh 1% le-wwoukl correlate witn tho outwash terrace of the Dry (reoh
slagiabion.

idvence of the ixy Ureek ;laciation on obhier rivers: Climatic

osonditions which would cause o rlacial wivance doun the lensoa Slver
as far as Healy would, ‘n sll likelihood, have caused ice sdvances of
cemparable segnltude on other tivers of the Alsske sange. ilenosits of
1l and orpatics twt, because of thedr torograhic rogitdon and
relations to other glacial dornosite, are sssigned to this glaciation
have been faund on the Iosgt Fork Toklat Mver, on izloo ureel, avaze
hver, @l lgoss Uresk {tributary to Tetlanika wreek). Those deonoslis
Lie on tosogre lyr wihilch aomenrs L0 be rouncer than that of the Urowns
ciatlony fovy by anadory with cemditlons on the Henena liver, thess
obhor stroams should nod have eroded tisdy vellars during dhe lrowe
glaciation a8 doo as the level of these placial denesitse (n th
othor hanvly bhey ey Lo avove mnd berand the limite of the leoaly
plagiation, or scouy andiont vallers which should have been sbondompd

elore e advent of the Hoalr.



Glaclal deresits 2t two locelitles on the Vast Pork Toklat
bave been assigned to the ry (resk claciatione 4% an altitude of
aoet 2,000 Teet on the west bank of a tributary of the Last Fork
Toilaty ot sorroximstely 63%L37 ., 190530 k., (1. 2) there ia a
depoglt of 111 conmloting Jargely of buddders of mdesite and rigolito.

aceording to Caprs (Ball. 836, -l. L), the desinsye basin of the croolt
on which the t1ll ccours congists alost entively of Sirah Ureslk sohist
and Faleosole und osozole solnentary rocks. The nountaine st the
headuaters of this creek are not &5 high 28 mowntaine in this vicinity
wiich anpear not to Lo mipourded glaciors during the lealy and iley
{redk glaciationss The wolomvic rogks eould have been derived from
vodeanic tepraine on the tast Tork Toklat iivers The exsct rock tyres
-resant In the Wil how not been found in -lace where the Feriniay
Yar® hishwey orossos the voloanic fieldy howover, ey may over out
forthey damolbos.

I the #1101 was brousit 4o its present position by & zlacier
asdvancing down the Jset Yok Toklab iiver, thoe suface wer witdh the
#lacder sdvancel must have Deon lnroely destroyed inaswch zp Lhe
camyon of the tast Yok Tolflet Tor st lesst 3 niles soath of this
~elnt s o norrou Veghaned porce with inberlocking erurs several
maxired oot highe Above the lmwr cangyon 1o o wroad canyon, w th
ghripht flarving walls wid a Mloor sbond a quarde of o mlls wide,
wilon eoeuld have been eceusiod by a placier, although this cayyun, also,

w

Jezimeed walley of the Fast Pork

i3 Doy sareounr bhan Hhe brosdl

Yoklaty which ends sorupily Jomgtress sbout § miles acuth of this w11



denosite It would gpwear, therefore, that the placisr which denceited
this $ill, 47 it adwmnced doun the fast Dovk Toklat, is of conslderable
antiouityy and that wplift and eposion % the arourd of several
mmdirsd feet have occurrod gince 1te adwimos, vidence which ls
srogented in the followins sections Indicates that twe serarete glacisl
advoncos have taken place on the sost Fork Toltlat since the devosition
of this tille These younger iCe advances we oorrelated with the
dealy and Ll Creek plecistions on the lenana River. n te olher
hand, the derosit could hardly be as old as the rowns plagiation, fw
1t iz only 40O feet aveve the rresant lewvel of the nearby Jaset Fork
Toklaty and wrasmmably tie vallyy flooy of the ast Fork Toklal Juring

tae drowne glaciation would hove been far higher above the present

7%

eiver levele The 111 demosit st this localllyy is, thopelore, correlabed

with the Lry Creek slsclation on tho lenwna Jivar, oltboagh it must Le
rorgrbered thet the gvidence for thle lce advance is stlll tentatives
W peclogy ab the head of Lily piver was stadled only in reconnalise
pwice fneidon by Caps and lrooks, an! ithe gbsence of wleaic rocks in
the bagin of this tributoyy must be demonstyrated vefoars it coan e
coptain tind the wicanmics could have cone only from the bagin of the
Lagt Fork Tokiat.

The top of the LyYi0efoct mountdin sbout 3 miles Se 20° ©.
of Sable Hountaln in oiinley wk fs Libbsred with large boulders of
limestone and of 2 clastic recela which consists of Limegtone »ebbles
in 2 moatriz of wellecomonted prayuschics Lome o0 those boulders are

nore than ten fest long. Thoyy are not fownd in the Uenana gravel whlch



nekes ur this wmowmntaing and thay wuolt heve been orought o thely

resent voslilon by pleciers sdvancing down the Lest Jork loklat from

e
4

mountaing to the suthy whers these rock tyoes ave nresents Those

boulders areo 1,500 feot nbove U bDed of the Last Pork Toklat idver,
and about 500 feet avove benches wideh are regarded by tho anthor ag
icpeoonitact bonches fomed at the moximgn exbent of the nest younrer

Hdosly glaciation. Thoy are belleved 0 Lo younoar than the Drowme ioe

sdvinoe botsuss they rest oo Loogrra by wideh is velisved to hawe beon
carved later than the Sroume placlation. lence, they are reparded,
together with the deoslt of $111 1L milos mordh, 2 evidmee of &
giacisl sdvance wilch, in helghiy ~robable extent, and aticd by,
roganbles he Dpy Ureck Lloe advonce on thoe Nenana, and is tharefurs
coppele ol with that glaciation.

4 Lield of boulders, abmit 50 ner cent Direh dreek sehdist
and the remainder pradio, pabbeo, cnplomsrate and bosald, liss aboud
Ll o rile nopth of the folinley Japrk hisbhwgy and 3 niles east alony
the hivhway Vran the Sevare lver Irildpes. Zoclders 3 fesl soross are
serynon, and the larpest one cbumrved was an anoular boulder ol cone
zlawrate & feet longe The sohist coull have besn deosited by strems
dralning the rides of Mroh Ureel schizt nord: o the ighwary wmt th
othor yotks omld have been boourht o thelr sresert cosition only Ly
slaciers advaneing ob of the nowmdaing o U soobtly for o torroin
o waich thay rest s underlaln by lrah oreek soklist and the Terbiory

coaleponring Tormatliany nelter o wldh contelos boeliers o spenliie,

EE % Th 4 N
ool Whin alazge IV Lg wlikely that tho €113

cabre Or conglomars



eould have been Jerosited Wy o slacier sdvmneling dowm the Nenans Hiver,
for no gindlar dorosits wore oosarwed east of thils crest, slthowh
avary straas bed erossing the lohuny so favr cast ag the hesd of Hines
Creelt wos carelully ezumineds The deosition of those bouldors by s
lobe of thw .moctusry plocler seeng unlikely 2iso, fur the extension of
the Sanctuary slacier to tids olnt wuld rewire & cansiderable icow
shaet in the valley follovec by the lelinloy “srk hiphwrr. Ume would
pannoes that tils loee=liold woadd send & love down the Sanotusry
oron naprth of the Mgnmyy vob, there Lo no evicence ¢f slacial
arosion in this cawpron, which 1o 2 narrow Vegshapod porge 2,000 feed
daon with interlocking sourse. The only ramedning hyrothssis is thed
the boulders vere dooosited by lce advanclng down the Lavare divors
“hls fos may have roworked HUIL of the lrowne zlaciotion condaindny
sranite boulders, fur no bollos of graniis ars koovun B0 be at the hood

of bhe Suvaze :iwvers lessons fop concluding thed the Savepe Zivexr

camyon wag not ccowled by ice urine the last (lley Lreek) placistion

sre rlven ln e folloving seotione 1% sesms likely that the Usaluned
porpe of the Daveps ilver gouth of the “ark Highway, was formed durlng
Healy rluciation. This deosit of boulders is robably beyond the
terainug of e lealy oo, for all topograsivic ovidence of the tareingd
moralne of the Nealy hay beon Jdeptroyeds he zlacial advanse which
devositod the ervebic boullers of il feld is bemtatlively assiomed
o the Ty Lreel placiaticne

Soulders of Zireh Crosl pehist, ibe laypest of unlch is © fest

o sidey are sirewm ovar W {lat sadlie (alte 1,000 £t.) bebwoon the



hand of Hoose Uresk and the hosd of Jold Ming oreeky about 3 niles due
north of Keavy Pesis The sadile iz underlaln by Totatlanika gohlst,
ad bhe contact betwsen the tw suhlate ig almost 2 wilew southy un
the (lanks of Yoovy Yeolie Veosamebly these oouddeds sre orratics laft
by a pladi e whilch adwvanced nortowore fron the cdroue ad the heal
Yoops oreake i all Mlwellhood, foose wreck drained northward to Dold

&

ding wpeck at the dme of tide rlacial advance, and hne aince boon

Drarted Uy headwerd oo tre townrd Yotlaniks (recire The strean b
oo several hudred feet below the boulder Tields This bowider devoglt
is tvemtalivaly covrelated with toe v Jreck glaclation, althoush 2t 1
noasible sl thet 1t was nade Juring tie lrowne glaciations

ho glacial dewsgite Jefinitely cssipnabls to the v (reeh

siaciation were Tecamized on the LAVORe
¥

ZpIEft and srosion duxing U intorvel belween the Ivoune and [¥y Creek
Lationgy Comparison of contours on the resbored valley of the

¥

Hemena River daring the Urowme 2lacisl advance {(Pir. 53 with the
crefile of the lry Ureck cubuash tarrace (0le T) shows et the Henana

s ol about 2% feed nors oo

rile bebtwsen Lignite and .wowne than has the outwash terrsce of the Doy

Ureel olacimbion. {Sow %abls e
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The grestest anount of dversonce in slope is betwesn Pegwy and
Lignitey shere the ddiferunce in slope axouwnts to 37 feot ey uilce
This indloates that the ilasks Danse wiilfted TOO feet 4uping o
interval vetween the irowme ol ry Croek claciatdons, and tint the
disciasenent was largely restvicted 40 s narrow monoclinsdl belb,
arnrosdinately O miles wide, slong the nardh zide of the vYarwss row

swrably this monoclinal belt exbtonds gastward to rpess just novth of

the hizh rlateau around Jold Sing dpoclyy whare depoelits of the lyowe
»

rlaciation indicate = valloy Jlooy 2,000 Lfeat shove thw - et riv
levels  The sonoclical flaxbure crebably irends soubhwestuwerd fron the
Vemena Hiver toward the Dantiohns (111s.e

the wilift in the interwal betueon the Jrowme and 3y Crosk
sleclations was accormanied by swbtonglve erogion by noneslacial
wencles, incloding chlefly nossewnsting rrotesges and strean orosicie
The suwrface gvor wiich the fvowme rlaciers nad advenced was dssocied
ay strenns ereding culefly along bolts of poft Terbtiary rocks, and the
eriginel surface of tho rowne slacisidon in the wielnity of limite

suantalnetorge The slopss of these

Uresh e now orosorved oniy on
movmbaing are graded o extensive redinontsessriacey of 8iToss
shrasiony sloping sway {pe the moundaing abl angles of 79 - 1P, which

are mantiod with 3 Sdn Ly of siress orovel derived fror s

i J—— 3 e o g T g B ' . E
dostraction of the sountaing. Those pedimants in rn ape graded fo

o romper terracss alons the Nenana

We vy Vroek ouluesh texracos o
Hivare Uomeslacial erosion wes rognonsivle Sur the seuloture of most

of the Alasks Lange, martieularly the foothlll cowniry, in the intarval



vetweon the Drewne and Dry Ureek slacistlons,

e signillicant drainage chonge apears to have ccourred
duping this intervel. Durdny the Jrowne glaciation, the wood Hiver
draingd nerdthward through the poase ot the ed of rstic Oreelt t

Tlow sporocdnately dlong the presont cowrse o Pomifield ar Dold Hing

Urosite A atres eroding howdword in s soutbwesterly drectlon slong
sofd vooks in the coalmbooring Joematlion cacbursd the Wood Miver, and
Averted it dn 2 broad arc o flov o fow nmilse east of its original
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Glacial de-osits on the Hemans [iver: The Healy placiation, with @
Lo lotalltyy consleting of torinal moraine denosits neay Hoalr,

follows the lry treeks Do dsosiis bave bow fownd which require the

interpolation of o senarate glowial advancs betweon these %o glaciaw
Wonse Tie dopoglte of Uw lsely cladation spe much more swnviant and

oelda ol sarlloyr slaciations,

macd: betler praservsd Lhan o

et of the &

vae of the Senana dver glacier of

svvenl &8 8lx o soven parallsl arcuate

& euﬁ

feat sbove soa lovel, abnt

. * e it & . o ol YL o~
dn2z mlleg duo werd of Healy. Tiwse vidres aro about 2 nlliss long,
Bave s total width of o tidyd of 3 nilo, and rhes Lo a helshd of 20D

crasslonge 0 berninal mopano of wieh
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Ty are thooght W Ue o oty we desosiled by o rdednont lobe of the
ot ey 0 et 5T P o

Senana Diver placier durin: the Usaly olaclatione

geuth and of Ue ocutermost of

Anoemoomire inoar

ey ridpss 8 awe ™ COArLG, Clean spaveld conglatl

of boullers of gabbeo, o0 mil ranite. The ppranite is low

interrasteds Pebbles in the ches in sizse. @ ouldery

as b0 3 feet across are v s ool e ridoe ig nuntlod
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with o Loy of wized sllit

wabbles alowt 2 leot thidcke Presusably
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thls surfoce larer 1o coayslitaroate, oo o resib o the nlxine I
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Inbengive frost action of @ wvr Ly of sobbles with windblown

auts in olled ridos are lupoely




The arcusbe ridres were recognized Ly Ce De tams (1932,

o 200) an naridog the maxioam oxbent of 2 sread glaclal advmice, wilch
he ssswmed 0 be the latest slociad advance in this ares.

The areuate ridoed have saootily rounded erests md pontle
slones, and sre narkedly Jl7forant in appesrance from the nore angulay
desogitioel Jandforms of the younesr Wilay Cresk placlations. Thay
shviocusly hove boen conpliderably nodified by nase wasting smnce they
were daoglteds

soutismrd from YWe srcuste ridoes, the borrace on wileh thay
reat hag ney doen, drverilar, closed deressiong. These depresslon
are nostly dry, vl the largsst is over 50 feet desr. Larpe boalders
of conclomarate, the larpest neardy 10 feclt acrons, are im 4
Leryact SWioco.

tn the east side of the Henana Idver, nesr Labe 3°50' N,,a
terrace 1,000«1,%00 foet in altltuwle m@ botuweon the Lilver ad

4

This terrace Lo showm on Flgurs 1 as Terrace £V

Veedy Lpeslk (e Ble

#r g ’ 3 - A% g 2 Yt e » B
e upeer muriace of s terracs hau ramy hiliocks

s wvirael ned derrosslionse Tho moberdial thet coms tds levrace aoneads,
fron puer ewosuwres, o be lapely pravels Thiw zay be a nitled bane
borrace deoosited slong the narpin of the terminal lobe of the Nenana

T o F gpad o Boga o S penr, o Vg FL [RTTR YE P PN N1
Pivew rleclor ob the saxbmun advence of the dealy claciation.
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filied with olue clay. 4p ex-lainon in & later sectlon, the olwy ls

m

demeslied Uy a lake tual was loft by the roirest

believod W have be

therolore, wan »yehanly dooogibod

waly shaslor, and the

Tyt pid
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Yirer the Healy

e 2 " NP, S et an e ke & 4 Ly — S ok byara o
1111 Ls exmvosad wn Gho capt bank of the Henmms slver, sbout
et S NP N PR QUL SO PR JRER PRI v oy g
1 mile ampeth of Vodinley ark station (3l 5y and Dlpe 10)e  lore,
k # F o o g % £ ot g oy wwih PR . M & Bagass  hnFam o
alsoy 1t rests on Direh tresl sosiet and Lo overdaln by biuve olay.

& gnall bedy of 11 of the virciatione ovarlaln unoone

rowhly Ly bluesgpay cutuogh swavel of the (lley lresk placiztion, is

awazed in 2z rallrosd cut ebout o mile north of Lofiinloy ark stalione

el b the Healy slaciellion, nanile

gogits of @i, ¢
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The {1lat srea ab aboud 2,000 fest aliliude, about hall

of the Jetlenal Purk hesdouerters (0le ), I8 undorladn by 113

containirg large boulders of groandile and

o

10 Pest soposse his 311 rush hove besn byrousit o this nesition by

a glacisy flowing down the Densoa lver valleve

An oxcavation for o walter ~ivay o

12 \ gy % e 0 E g el N
ot brreewepiardars of & mile west of the

delindey Park hig

dational rark loadguarters, dlsclosed reshear

contalalng boulders of sraniue Dhpo, eboe, In o malreiz

of vluserrsy sand wud clarye The AL Interfingers westward wiin strowne

iroh Uresk sonisd

decogited grevel wiich contelas abundant Duulderg of

- vo 4 o & 3 & & by g N S N 8 o e % J
in sdiition o tho othar rotho. The exvosure wes nnount o feeb dess,



snd neithar the base of the tlll nor the bage of the rravel wag
errosoede The altitude of bhls emosuire 1o about 2,200 foets. ‘Tomine
ably, these depceits o il and sravel represent the margin of ihe
Homang cdver glacier of the tealy glaclation, as very 1idtle evidence
of placial depositicn was obsorved farther wr the valley of dines
uresits This fixes the wywoy surdacs of the glacier at MNekinley Park
station during the lce mexdimam of the lealy advance at sboat 2,500
fout. Southward a nroandnent bonch rises siony the west side of the
velley of Elley Lreck fyom the lewel of these denosite.

A slmilay dencslt of $illy interfingering laterally wesbtward
with sireamedeposited gravel, underiies a triengular terrace remant
botween dley ireek and Hines vreek (le 5) 8t 2,000 feet altitude,
or 530 feet below Lhe uppar wuriace of the ice at the maximum of the
Healy ~laclatione The veladionshiv of W1l to slreamede ool tod gravel
ab this clece surgests taot Lheoss, also, are icownargin deposits. They
oy have been derosited durine a vause in the melting away of the tealy
ise, or duping 2 ghord re-wivmnoe of Lhe lco.

iU resmants of the Healy laciation gouth of cofinley Daxk
station conglist rgely of ilvsecontact deosits 1n wvoebtected -ositions
on monnteing, hivh sbove the ryouyer Mley (reek deposi ts.

& smoothly rounded ridge of t111, 20 feet high, es along
the southwest slde of the sountaln betwgen Hlley Creek and the Henmna
fiver about 3eh niles novth of Carlos (Soe nlate Se) The ton of thls
ridee has sn altlitwis rancing from 3,175 faet ot the south end to sbout

2,000 feot at the nortn ond, two miles swave Its base is about 300



feat above the sharnly defined icewsargin deposiis of the idley (reck
rleclation in the -oss soutinmst or thls nountain. This ridge is
beliowed $o be a rawast of & literal mowsine of a lobe of the Henma
Givere-nilay Creck glacliar of fhe Healy advance wiich has Deen vrasorved
on the relatively flat shaulder of ths mountain.

rofe Uirtley Ve Jathers Ivoy L. owe, amd the writer, on an
sirolmne Sght in 1951, observed wuat o poered 10 Do & moreine-like
ridge, With sreatly subdued nepainal tororraphy, blocking the meouth of

a mall ecanyon deainins eastwsrd into sovine Creelr from Carle Triengus

lation station (nle 5), md causing the strem that formorly flowed
ganbuward 1nto Jevine reck to Flow noydtiwnrd parsllel to deving Lresk,
into the Lonerd Porke This ridge stosd about 3,500 feet in alidtude,
apoat 200 foet abowe the welledsfined morainal ridpes of the (dlay
Crocke It is eliaved W mark the iceelimlt of e Healy placintion
at tls ~oint.

The rogition of the lce gurfece, indiosted by these
spattered Jepodite of H1l, 1o shounm on the lomgitudinal rrofile of

the Venana iivers. (Soe clate Te)

Landforms of the Healy -dscislion on the Nenaps ilver: Landfurns of
the Healy clacistion on the lonmos dvar are »oorly prosedved, compared

with the andloms of te younger hiley Crosk glaciatione. Tho ouber

ropoe @ She Henana River betwee foiinlay Perkt stetion and loealy is
straichl, and bas faceted zvurs widoh have evidently bewn olaned away
by the dagal ico of the lenly andy posuibly alsoy of the Jry Jreelk

claciationg however, ne clsclial rrooves or roaunded rechss moutonses




e nresorved. The triagular facels of the spurs faclng the river ave

rough mnd humrodey in detall. These landfoms sre guite wnlike the
rart of the Henana ilver gorpge Uetweosn windy and Carlo, wich wag
porupied by iee of the later (iley lreek glacistion. There, tie side
walls rossess Jdistinet borisontal srooves oyl benclss caraliel w the

ie The ahsence

viver, and fhe lower slones of surs are gendly roamde

§ miner glacizl landforms could be attributed o the reater sustone

than vopkn $hat

i

ipdlitr of the Riych Crsel senist toward weathering
make we the mowntaling of the wrer parge of the lonans. twevery o
canyen of the »o00d Siver, 30 nilss esst, and the canyon of the Telta
Hlvery 80 miles sast, voth of wilch wore ostunied by glacluore of the
lnst adwmmce (Troy Le Pous, ~orschal commmication, 1751}, contalin

excollently rresarved glacial crooves on the camyon walls md have

wollerounded roches nouboness on the wells and floore of tho Cormronde

Lobh bimse canyong are ool in Bircs reok schist that i sinilar dn
gvery rempoct 10 the Lireh urosk scidst of the lower gorze of the
Honana divwewre This Jdifforesnce in degree of rresorvation, bDotweon the
ieciad lavoforss in the sarge of bhe leonana cobween felinley apk
shation and Healy on tho one hand, md tooce ou olhwr rivars and
fapther uestPosy on the Honano on tho otiwy band ig evidence that the
naptod during wich loe ceenisd the lousy Jewna sovge ( Lezey Lhw
Healy slaciation) is much older thon the lotest luve advance in dide
Perlone

Lake decosits of e lsaly ~Juciation on the Nenmma Hiver: &fter tw

roetreat of We ice of the lealy placial stage, the Henma Diver porge
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was oouried by 8 lakewellacial liks Noodyeesbout oneetiird of o wile
wide, and ab least 9 miles long, from Hilsy (reek northward Deyond
Garnors The surface of Lois Ioke steod b an altitude of about 1,750
ooty and it was conmletely Pllded with ol myd gravel before the
FMver cezan Lo cub down it outlobe Ustwden Hilay (reel md boody the
ilake colnelded closely with the ~vegsent canyon o the Nenma Biver.
Horth of Moody, howevers tho lake was oneeciphth of s nile to half g
miis weed of thoe oresend Jlenans o vary which flows in 4 nayrow rocke
cut corve that was made afber the lake wes £1lled with sodimorts. The
lake deposlts are larzely olueweoray and rollowislweorsy, horlsontelly
varved, silty olary but esch sirean [lowing inte the leke bullt s

delbs of coarge sand ooy avale o of these delitas are exosed in

grossesociion dlone the Alasks lailroady and others sre undoubbedly
uried boneath vouncor Sooonlis. The exwromues of the laks derosiis
are deseribed in detldl In the followiny parasPa-hide.

The noptherroos t sxcomuwe o clay is in the forkg of the

creck hslf a mila weet of Carnar (nle L)y in ITostenclysor

i llelds un b0 1,750 feet in altiinde. oiny 15 ecawosed on bobd bonls

of the canyon that the ilssha callread ropses at nile 3550, aloub

1 miie seath of jarnery betweon a rolnt oooewsixih of a nile ur the

caryron fpom Ghie rallroad brdd s codnt neld a nille w the cagyon

a mile of Lw savron
ig ln drod Ureok scndsb. Sloryr Sl sontact belweon e elay beds and
the Sirch (realr sthisty cuterors indlcale an leregalar noege ol 44

and sravwl, which Ll the decesld of ALY ot thds logelily nentioned on
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page 8Li. The clsy in this canyon is found from the level of the
canyon floor (1,470 feet) to about 1,670 feet altitude on the canyon
walls. It is overlain on the north side of the canyon by gravel
consisting entirely of Birch Creek schist about 50=70 feet thick. The
upper surface of this gravel bank is a sloping terrace which has the
appearance of part of a low cone radiating from the point at which this
canyon emerges from the mountain wall to the west. Thls gravel deposit
and the slope across it are apparently an alluvial fan built by this
canyon across the upper surface of the clay, and later partly dissected.
The exposures of clay are very poor, as extensive slumping of the wall
of the canyon tends to obscure them. Enough clay is exposed, however,
to demonstrate conclusively that the upper part of this canyon, where
it crosses the broad floor of the outer gorge of the Nenana River,
crosses a body of clay.

Similar exposures of blue-gray clay occur along the north
side of the canyon at mile 354 (pl. L) (about 1% miles south of Garner
and half a mile north of Moody) and extend along the canyon wall from
one~cighth of a mile to half a mile above the railroad bridge. The clay
ranges in altitude from about 1,600 to 1,700 feet., Geologic conditions
nez ohis canyon are indicated in figure 7.

Fram about mile 353, just south of Moody (pl. L), to mile
35345, north of Moody, the Alaska Railroad is laid across a deposit of
blue-glacial-lake clay. £An excellent exposure of the clay and inter=-
bedded sand near the north end of this outerop shows that it is flate

lying and varved. Poor exposures of the clay along the railroad track



near Soody slse indlcats Lis varved charzcters The clay is the locug
of many landslid

dSetusus mile 353 and Lhees Gpoek the olay is confined o 2
narpow band betwesn the rellrosd track snd the river. Lost froo the

raliroad track 1o a bank of seavel 165 fesbt iiph, wvislng to sbout 200

faet above fhe rivers 4 cross socbion of Lids bDank Is shown in Dipure
{wae  For about 50 feet above the rallroad track (v i an altituds of
1,550 fest) the sravel bank is wellebedded, coarse grovel consisting
dmost entirely of boulliers ol Dlrcs .reck schiste The bedding dios
1000 toward Lhe rivers (fee viate 10«4, Thepe are a narently
fovesst boeds of o delite beild by Shess wrselr inte Glaclal Luke oody.
Cgsting on the foreset delia beds with & clanncded unconformity iz

»

Tiw b0 Lbefoot laver of cosprse Llueepray pravel, consisiing of boulders

of conplomearate, course dark sondstone, andesgiie, gabiroy and grmile,

Aopdved Jpon b Lantwell Foroatlon syl obber rock bodles mavyy mllsg

wwtrea on thg Trie prevel 18 ouxactly glailar W the

nf‘@taxl }

The Slupespray cysvel i

ovampdain in barn

Ed

,_g
3
3
<
5
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of mpown silly oravel consletlsy entirely

L P I S TR L S B Qe e B e " 51 v it B0 gy, oy, 3 % o
ol bouliers of Diyd Oresl soendely the weor surface of wideh hes

; " PATIN PR S N S < Lo 4 Aty g s g s e g e U B . N ATV,
slone of aboul 15 feet ner 100 Joeb northesst and east, ey oo the

Pl

Sho sorpe of Chew ureele This woped dgyer off gravel i3

srobably mn ellavial fan wulib oy Jheey Urosk on gravels Jderogited by

ol blue rravel, rest

wim Pivers Ghe loger on wlor, cas b8
treced nopthaard 4o the viciniws of Hw rellrosd tumnel, whers 1% i

alwest 20 Ceet lowor fhwe 4% 1o st Shoee wresite g will be sovwn in e



fellowdng section, the leyey of bDluowsay gravel 18 tho cotwash gravel

£ the later illey Creal glaciation, resiing unconformsbly on partislly

eroded lake decosits o the lealy slaclation.

Takve depowiis dolts gravel ore exrosed et the
railroad beidre b mide 351.h on the Alaska tallroads (See nlete La)
(ee figure U=be) Hapre, horizontelly bedded, varved, blue md grey
zleglal olagy e ex osed along the rellrosd and betwsen the rallroad and
the river Laterfingeres wasiuard wiih coarss gravel that comslsts almost

X

entdeely of Birch Cresk schlst, anc ding 200e25% soward tho rivere The

rravel is the foreset pert of o delts eild by this oreds into O

Lake Joodve This gravel extenis o mm ald tude of 1,000 featy aboud

¥ feet above the railrosd trocke 1% is overdaln by & laver of bluoe

§»sq

spay cravid g sindler bo the Uloewctray tutwash gravel at Soodys sbont
15«20 feet thicky tide Layer iz overdain In Surn by vellowishebpoun

silty oravel congsizting of ren Credr soiisty; poparently deoosited as

an allovial cone on oo pva thet wes lald down by the Henong Slvore

B & kTS R
mdationg on this oresk in 10LT,

pl 1Y 4 & o
b I u}&m’?'ifj in bhe wpidr

selesed thal the olay exbomdz Lo a desth of &5 muech ag 100 feel below

thy ot Doengyed s ty OO {) Tenerd, io onoerlsin

y unurse, olean, wator-lmng)

Glay is owoged downslves: slong the creel fyum the rallrosd

wridre a2t nile 3063 {vle Llp and o sanll body o Clgy was sxoosed mn

L neialls § =, % . s N &, v e 2047 o, A5 - A e 2 vy 5 ;- 3 )
the nopth tank of de Just weat of the brldge daring: constructiom

EC i K3 PR i g \ B2 SNV S zﬂ SR et &
of ihe now trestle in 19Lle ravel Areling DY towsed the river males

e south well of i canpon Jusd west of s rallioade At ig overlain



moeonfornobly Uy harlaonial blusesrsr sravel ot track levels resumably
B sltustion here ig 2 recotition of ¢he situati-ng ot Lhes Jresk and

viie 351.h3 that ls, & delta mili into Clacisl Lake Moodr was nortly
dagstroyed at o later ting by the Menamg flver, which deposlited oubuash
gravel aeross thotruncsted delta bHodo.

Detwes rdlos MY st 35003 (ple l)y voth the Hemana fiver and

e Alagha Sallrond swing in 2 broad arc sround o low Bench Lhat srojecte
sastenrd from the wost wall o the lenasa Diver goarpgee tost of e
sench arvarently was cut lavly on varved olay of Glaciel Labe loodr,
wilch i3 swrosed betwsen e rivoer and the rallroad trock on the south

.

2 of the beneh botween milos 3L% and Mely and an e north side of
¥

&i P
the banch 100 feet sast of nile 350 and bedwsen piles 350 and 350.25,

t all thess ~oints the dlyg outtrors bave bean the loci of landalides.
Setwesn niles TS mid 300, the wept wmll of the corge Lo vy (roek
sehlaty wiioh apparently Toamo o norvow seobtan of schist belwem the
rodeesilled povge Of the demana flver and the clapelilied rlaclel orge
wast of the rolleoad tracke The surlace of the nenwh is an almost
~exfactly rresarved alluvial cone deposited by the areel sb mile 0.3,
e eliuviadl grevels, woilch emsist almost entively of Uirdh vresh
sehist, rewt on a thin layoy »f blueesrny pravel derogited by the
senae Sivery which rests in Lurn on the glaclel Inke ¢layr ano the
sorvam of schdat sust of the clare Juoloplc tonditiome bementh tids
manen are illustrsted in Jigwre 9, wildh represents an sasteunngt
sectlon fhaoaph the benche

Clary overlying tlll, is swosed on the casb bask of the



Hognane Slver sbouat 1 aile nopedd of

The relastions at this slace cre indoated in 2

gagd of the pallrosd and asboud kalf o nile v

cerinley rark station.
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(ioe nlsto He)

Maouwre 0. Tis toyracs

g

nupte: of Hedinley Fark

station i3 underlaln oy day, on woloh i resting 100 feod of Hlupe

exay rrovel deoslied by the lesona iver.
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of siley resk aooub
an albitade of 1y0LU fesl, &
clay of Glacial Lalte Joody.
The alluvial cones,
mdle 35L were orobanly deosited
bean destruyed

sagtward over o ladpe of Siray !

oy 21lng.
the turmel ob Dawrmers dad the
movaing &b Dry Lreel, the lako would
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L Senang
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croosbly Lhe souliwrnmost excosure of

&ry north of the cmyon st
after Glacial fabe Hood 7 had

Yury 3

Rk

been noyihe

shilat,

spopably just south of

lake outlet begn nord: over the tarsinal

rave Deen dralned Uy aresion of
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tarrsces, that extend downsires: alony e lenmma iver fron Joymer
naprtimard, locally the sravel is as oush as 180 feet tidek, v the
wor garface of the oubwas: ~loin neay the placier bardinus ab Sealy
ig Le500 fest sbove the rresont river levele The ocubwes: torvacos
are coolex lncluding et leart 3 and coosloly § 4ifferent terrace
lavels fommed By the Henona Diver dopins the adwanoes wnd retrent of
the feely 1oge

i grovelecovered terrace sbout h0D feot sbove the rresent
river level, and aboud 1) milos wide, extends narthward on the wost
gite of the Henana iver fros Doy Uresk t0 Pongend Uresh. (Goe

=lates by 7, Je) Its toroprmohic mosition alony lwy Jreak surpests

strongly that it is the ocubwes: ~lain of the torming] noreine of the
Healy slacier, and 4t i 5o cwnsldered heres Thie terrazce continues
noertimard s a benco o the Biliglde Dyon Canpeni Ureek almost to
eprry b which olace 1t is dwut 260 Ceet above the river. dortiserd
from Farwy {ple 3 the loaly outsrmsh ~lain is cpobably one of o
comnler sories of terrsccs sions the wool side of the yivery snd
sbands sbout 250 foot above tho river opnosliio Perry and 100 Teet
shove bhe river soroside Drounce The thdickness of orovel on tids
Demch 18 wimewn, bud LY I8 robably vetwoon 50 and 100 Pavte
The Heely oatwesh torrsce on the essdb 8lde of the river at
gnite stonds noarly 300 feet hichor $hen tie bervace on the web

sidey or 500 feeb above the river. I oo & sbecsor northward glove

than e berrace on the went ofde of the rivery, mod 2t Tarry Lo only

shont 250 feat above the river, the smue helphl as the torvace on he



wast sldies The thickness of srovel on tals terrace, in the sxeellent
oxnosure ovouite the mouth o mnponl (reslk, is 180 Doote Thus, the
bagse of the gravel on the oast alde of the river i 50 Zest below the
torrece-ton on the west side ol the river, asnd the two terraces cold

2aslily have been fodwmed Jduriny the swmo e igode of filliny and ¢ibting

desrite the denarlly in slone and ddtitulc.

s

tarrace sbout o0 feet lower than the ferrece on which the
Henly moralne pests, bBeginclny aboat hall o sile nortd of the rosd
wosh of dealy mnd neving » slove of nemds 100 foet cor nile (Terrace

SRIT of fige 1), is thousht to have been oud shping the sexiod of

arosion that Tellowe! the rolpent of lealy ice. 4 tarrace coprelated
with this terrsce, L mile due south o Healy (Dloe i), with & surface
altitwde of 1,000 feet, ol undoriain by shout 150 fset of terrace
gravely 16 slso belleved o Lave beosn cub during the retreat of fealy
ieey althoush the gravsl may hove boan deosited b the ~powrlacial
straan derlng the adwvanoe of e log, anmd may have Deen overerldoen
by Jos. Ursvel banks, Wik altltuwdes w bo 1,000 feety on the north
gilie ol {he wredk {lowing tirourh Carner statlon ooy also have boeh
dgoslited duping the advace of ihe icss. The surfacs of the berrace
north of Lids pravel bank hos many fentores wilch surcest LU wis over
rididen by 1coe

Tarraces caned wiih alluvign ag mush s 50 feet tiick,
graded o the ferraces of ihe Jealy cdaclatlon on the Nenana Hvar, can
e trscel ur Healy and Lisnite Croeis and their tribubarins. (leo

Tigure 17.) These terraves ore sbout 500 foet sbove the ~resont cpresk
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hodse Jse 13 made of theoa torysces in 2 subsequant sard of this
section in deting stresmecasture oast of the Henana Livers

Glagial decosglis of e Healy slacistion on othey rivers: slucial

dorosits and lenifoms in obhor river vallers of the Aleska Lvre,

Iving ebove md bayond the wellemaried iinits of the Llley Crsek
slaclatdon, but on tooopraly whlah has been lLituls nelifled since the
degnodl bt and landfomme vere creuaded, are orobsbly eguivelent in eze

to those reselilng from Usaly rlaciotion on the Nenang Rivere (Joe
~late 2+ These decoslts hove boen ouserved on the kood, thw Lanchusry,
md East Fork Tolldsd Rivers. Clnciated vallers thet are thound W
have been carved, in part, during Hsaly glaclation, are present ot

the headwaters of lasd Chonce wreck and Ssvaps Slver.

The deosite oo dhe tood diver are bost nreserved in the
valley of rostic Ureskte (lew ~lote 2.7 The flat at 3,500«3,000 feel
altitude, betwoen the forks of lystic Ureel, w5 miles sbove 1ts mouth,
hay derosits of large granibe voullers as much &g D10 fest in Lameter
givenm over ite Jimilar boulders are found on the flad sbout s wile
dus south of tho fork, at altitudes of 3,500=3,000 feete The noint
fartised fron bhe river at uhilch boailars were observed was b rilos
nortumet of the forks of Irebie Ureele clmilor #1311 is found at about
30 feet at the headwolors oF Joal Crecits (Voo plate 240 Amparently

2

tag ice wileh wousht these buliers o @ils coslition 4id nol oxbeno

farther wost, up Jystic lredi walley, and was no higher than slout

&y
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a body of rrmodiorite on the wost zide of the wood Miver aboud hellwey
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batwea comop wresk md Jody Jreck. The deposits ave aboub J0HU0
foat shove the welledalined weor Malt of wellenreserved glucls
rpooves mnd scoured surfsces on the walls of e valley of the wood
Mdver, anl nrobebly were laft Uy the lealy iloe advance.

& wery low srevabe rides on e flat on the sast slde of the
ood Fiver ot an altitude of 1,400 foat, noar Late GUPI1Y ey Lono.
LH7930 e (2le 21y was fdanbtified on asridl ohobtogra bo a8 —ossibly
she Wweninnd noraine of the dealy olecler wilch desusibed Uw bouliers
in the valley of liystic Creeks “hisz ridge bas not been visited on the
spound, nor hes it been ing ected from the wire If this iz the taminal
noraine of the vlacier, it hes been almost copletely buried by outwash
of o rounger Sisge, for the rresent ridge iz no sure than 20 or 30
feat hlph

The Healy sluckal “oresits on the tanctuary Rivep (“l. 2)
gensist of scabtlered siant bouldiors of gravwacke, prosnstoe, oylone
vrate, and pobbroy 58 mueh as several feet in dlaneter littering the
srost of the ridee east of tho river and 2eh miles south of folinley

be

Tard bicbewgs, at dliitules of 7,200e3,400 fesete his 1o awub 3E

fert nlrher than & wellerosores! tersinal and latepsl soraino
younrest prest rlocial advinnce on the Sancluary oivery waich 1o
sorreleted with the 1iley Creek glngliobions Thewse Do liars ore bhare-

fove nrobably remantes of o latersl moralne of g gleclier of the Healy

T o i s S N . Jenrp N i s (g e L 4 ’ AT
advanes Wl on may have mdvanced down bhe bancbaary diver sg for as the

=
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The wnly clace on the Last Dok Toklst whers dealy Wll has



boen exanined is in the cass at e hewd of ilgloo (reek and sbout
L nilos southeast of Seple Mownbaine {(See plate 2.) Hidges of t411
e o sltheyr side of e trond valley et the oeed of igloc Gresk

from the Ly500=foot pass ol the head of the oreek nordiward for about

W

2 miles., osoulders in the are largely linsstone breocis, like
that frow the Ly (reelr 411l near Lhds locallive These derosits srcem
o be of nues more recent arizin than tw scablered il and aerratics
of the vy wwreek advance & mantde the nounbantop west of the head
of Iploo ursely for Ulelr woer Lol against the sides of the valley
of iploo Uresk is welledeflned, and they apcear W Le lotaral and
terminal soraines defining g ~lagiael lobe that exbended down lgloc
Lreck for 2 miles north o the nosse. Thar were nicbably depusited
by an sdvance o the snall plscler Wwt cccusles the valley in lne
with bhe weoer part of ploo oresk md wileh llos soabh af the paos}
yaty the most recent log sadvance dam Wils valley avpears Lo hove
nong down the camyon waloh tans sharcly westumrd to Join the ice of
the last Fork Toklat st 2 level conslderably velow ths nass. The
demoslis at the ool of [ploo (resk are belleved to have been lald
o wnen bhe bributary 4o the ast Twk tulded st311 dralved nortie
ward, velore lgloo Uresk was bohondeds They robanly resulied from
Heoky plactiation.

s vingal dovoslte corprelated sth the bealy have beon
soslidvely ldentificd cloewnere in thds nart of the flashe Banuee

ihers are, bowovey, pary Jeghoced valleys st are Wronsverse to

structural treig, and therefore cannod Do explalned as haviig been
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eroded along bands of soft roclke o morainal depesiis rosalin in

these valleys. Come of the valleys sre Jloured with pezdglacial
terrace gravel. Judging Dyon the fresiness and abundmee of dencsits
of the [iley Lpesk placlablon (wWiere 1t e been rscognised}, and the
wallerreserved morainal oopra by in the valleys known o havoe
contained Riley Uresk placlers, 4 wroare unlikely that the few nortie
trending, Jeghaved valleys that contaln no moralnel derosits wore
oocunied by loe duping thot slactiations Toe Ueshaned fomm of theos
valleys is, thevefors, attribubed to loeegoour during Healy slacliation,
and the soreingd de-sgite of the Henly advence were pregunsbly removed
duping the intervel betwesn lboaly and Hilery Creck glacistions.

Ixsnles of these vallogrs over  The velley of the Sast Fork
Toldat Liver for © oiles nedn of e olinley Park Mgty the
valley of the Savape ver sorth of the lelinley Park hichwey (1. 23
the valloy of Last Chanpe Ureck soubn of 1ts junciion +f th Mooss Ureeky
and the beadwater valleys of tody and iealy iresks (althouzh those
latbor may o exdaised in rard as having been Darmed by the resovel
of Tertiary rocks along exbenslons of the Healy Uresk gyneiine). 41l
these valloys are delleoved to have bom eroded by Healy 1os, altboush
the rossibility that they were sroded by dice of & ewrllier placiation
cammoet be complotely elimlnnted.

##

Undifd and erosion between the Lpy Uredk and Healy rlaciations: The

sgtlnntes of w1ift slong the Denma Jiver in the following parsgrachs
are baged lurgaly on eowarison of the helght and gradient of cutwash

) o i J " B s T wn s T e Gagn 5 db e et wm 4 s oy & ki
bapraces formed at the Waness the rlaciers hnd Lelr saximun gbtents In
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gamering these terpyaces 1y 1s sopumed thad the rrofile of tho river &b
the tine of the espller fve advnces woeld hive Dog sgsenticlly the
gane a8 the ~rofils of the river during the I ter ilce asdvances, and the
Hiferonce in the sresent done of the oubwash terraces is Lhe resuli
of defopmation. Imndiclit in tids asseption la the assumptlon et the
rivor was gssentlally in e iliveium ot the fmes of claciel advance.
b may e questioned that a river affected by conltimaing wlllt and
ciimatdc varistion with re-ested rlaciation over @0 much of L8 length

v 3

is ever in eguilibyiuse Foroorg, insload, the terraces may renresant

gbages in the adjustment Lhr strean made to sn wnlifd which hed slready
conged by late Tertlary Winc. o corelful vonmlderstion of the eviden

in the Yenana Slver vallery leads %o e conclasion whmat this latter iz
nob the cese, bub thabd ths river wao agsendially in sgdilibriun throughe
out most of 1ts Rlstory. he Henana aposrs B have agpepadod 1Mo bod
in yegronge B0 alichd claclal advances and to hnve re-axcavated tio
sravel during intoreslagiel coziodse  ALL the roriglecial civesns o

the north slope of the adashs lawe have done likewise. The senziilive
resconge of the strear rrofilos to cllnmatic wariation sugpests thet

mont ol the stresas in this aves must have been vary noarly praded

e hmrwiss 2 Ohangs in dimate would

dagdag most of the Mlelstous
not hove alborsd the yeplnmen of the sireaw 50 steilkingly. One must

agame, Wnereforey thatl dirin sone purty 2t loast, of each glacintion,

w ¥

the river hoad o grodod oourse, mwl 19 1g very kely thatd 118 cowse

fpon oy norbhumrd wne aluwars oraded, ar aearly 30, fiad the river an

5
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handled tie orester quantity of detwls
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urpmraded wPolile, 1% cmld hove
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swrlied Lo it by the glaciers without agprading 1te bed to give 14 the
O the othar handy the tremendous effect glacial advenoces
have had on the reaflile & the river raises the question whethar the
rrofiiles and helghts of the torraces formed ot the nadlmum zdvances of
the lce ware essontially sinilier at the tines ¢ muxinmum lce advance,
or whether, ingstesd; ihe prentor haight of the older outwash iterraces
waraely reflects the grectar axtent of these older gladlers. ilowever,
the teminus of the Jry Creck glocier was only 3 o 5 miles downstresm
from the termims of the Hesly clacier, and only 16 miles dosnstrean
fron the terminus of the [lley (reek gleciere The ice termioms of the
Bilay Creck was 57 wslles downstrean fropm the present terminus of the
Henana gladers Hance, in the vicinity of Perry, for instance, sboud
9 mileg downstresm {yon the tewminas of the lzy uresk slaciery the
ixy Ureck outwmsn teprace should be only very littles ypher than the
Healy oubwash berrscs, @nd only cneefourts higher than the Hlley Creek
outwesh tervrace, The gravel on the older terraces has shout the sane
ranze in siee and the sase sversre sise ag the gravel on the ypouyer
terraces, and in the rrosent chamel of the Nenana ilvere 4As Flate 7
phows, however, the Ury Uresi oubuash terrace at Forry is over twice
as bigh ag the lealy terrasce, svl L tines es high as the idley Creek
tervace. The great diiference in the helghts of the outswash terraces

bably due, thersfore, to defarmation, ard not merely to climaiic
Fluctuations,
At Lirnite the cutwash texwace of the Diy Cresk is LS50 feet
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nlgher than the Hoaly oubtwssh wliaine {(Lee clate Ye) “dobt niles north
of idgnite, the terrace of the ‘ry (resk is 350 feed blrhar Low tuo

7 outwag: vlain. Hear spowne sistiong 10 miles fartiwe norti, the
Dpy Crock oubwssn nlaln can bardly be more fhen 150 foet above lhwe
dpaly outwesn olaln, This dilference in noebdiwerc slope of 300 Jeeb in
18 miles, or sbwet 17 fest por mile indicates s tilting of like mwount

potwecn the two siyasy Sor no o

ee L the chargcteristics of g

Senana civer dralnace basin adomusie (o scoount for this roarkasls

S ECerence can have coourrede Sho wilift ab desaly during the interval
notwsen the Uy lredk ansg lealy slscistions smountec to abiut 500 feot.
Lomth of Healy the csrellles of the woper surfsce of the two cleclars,

caligl L0 le Ty

as nearly 48 ¢on be deltsrvingd, amear W ave bear

ard 4% 48 Likely there was no $ilbing ol thst pard of the Alaska o

south of Healy, mt rather bodlly oolifte womparable awcunts ol
wilify in the Alasks cange vear the rast fork Toklet ave lndlosted by
o differences sotwenn e alttade of Jeely 1L and iry Jreek L1

along Wis rivire

The Senane Slvery in resronss W the wlilt eand oiitdng of
the Alaska Danve dupring the lnlerval between the oy Creek and s

rlaciatlong, oroded Lis Led o establish a praded srofile, rrobanly
close o the base of the oubwash pravel of thw Healy oubwash plala.
The nor theflowin Toklat, Teklanilha, Jmobusry, lavase, lobatlardia,

Tatlandika, and oot Clvers did4 kewlee wisrever they could overoone

the reslstance nrovided vy hard roeeloptlory rocks acyoss thal r

Courses. A5 the maln rivers loworod bthelr ohmmels, their iunbtarios
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~=gubsogant streans developed alons bands of soft rock, os well az
older conpeguent tridutarics ostabilshed on tie tilbted penenlaine
incised their chamels to mect tho locsl bnss Jovel rrowlded Ly ths
naln sireans, and eroded hosdward, ohlefly by headwstor zullying along

bands of soft yocke The Nenma Fiver crosses only oot Tertlerv rocks

noprth of loalys wheroas the lotatlanika ‘o the sagl Crosses thveo
bands of crystalling sehlst % resch tho ‘wanong flats. oy the labter
card of the Iy Creck and iealy interglacial, the denana had deenened
ite bod, in resgronse to ths wlifi, sufficlently that the tribubariss
of the lenmna, srodln: headward slong benls of soft Tirdiary rochs,
ware able 1o cooture gome of the hoadwabtors of the Totellanika., Luter,
these tributaries effected sobsiant ol Jyainage sdjvetments emony
themselves.

It eppears likely thet the headwaters of Lignite Creelk
drained norbiward indo Barguerite Ursalt (ple ) during .y Uredk
rlaclation, for the slope of nedinents graded to the iy Ureek outwash
terpace supvests at o norbtoesouth rides pay beve oistel soross the
course of lower Lignite Upeclty ond pedinents corrvolated with tids
torrace along the pess betwson Darcverite and Lisnite uredis ave
continuous goress the wage and surpest o Jrainage o the norths  odle
rents parth of Jdmaite Oreck srajed to the lealy bterrace, on the other
harvt, slope gently soulinmrd, swsr {ren tids oaas, indlesting that the

. e s 3 - e e 1 o s % T W kN PR e Y w*i betata
pombure of the hoadwaborp of s sehte Lresk by Monibe orask hod

Shortly after Lisnmite oreel vastured the headvaters of



Harpuerite reelt, Hewdy Cresky sroding headwerd on g band of seft
Tertlary rocks, cantured & larps -ortion of the hesdwsters of lirnite
‘repks 1w puss bolween Healy Creelt and lLignite lraesk, about 1l miles
merth of the mouth of Goal Creck (rle 2}, i2 floored with cosrse gravel
conglsbing largely of Dirch Cree schilsit, bul containing bouldors of
baselt which are algo in the gsravels of Uoal Uroells The terraces ol the
lovel of this psss around the hwetlon of Landerson and lignite Urecks
are gyaded t0 terraces which are lower than the rass belwoen Lignlte
and Jarguarite Oreolse The rass 18 about 100 leet above terraces on
Healy Ureol whidch grade to the Jooly ocotwash -laine.  Lonseguently, thls
carture, alsoy is thoupbd 4o have taken nlace duprine the interval
vatussn the "y oresk and Ssaly JlsciationsS.

Irainace diversion of the lowsr course of Hesly Creek a~esrs
to have taken nlace dardln: the rotrest of the fealy ice. The noess st

the head of “okar (redt, st the lowvel of the Healy ocutwash tevrace, is
floored wibh gravel mede mostly of pebblos of Jirch Cresk sohliste row
mably belore the lealy advimcn, saly oreck md Loody resk flowed

nordh throuch dids cags o entor the lenena Giver noar Cokey srook. The
hosdward avosion of a strems, nrobelbly slong an onticlinel axis in Sho
seplebonring fopmetion east of Jualy, resullied lo the cwrbwe ol Lhose
wabers and Shely Qlwwesion caosloy W o Jlow into the Demana Dvep
at Hoalye The dealngre Jdiversions Surine the ey wresek and Healy

rlagiations are indleated on Jirurs 1i,

smmary of the istory of tho dealy :tsclation: The Healy slacievs

[ O S o b PN b R O T T S S a4 ¥
advanued over a tonorpacly eisilar te thet sslsting in ths llseks iange
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snels sioos the rotreat of

today. tain streams hove dogenad thelr o
Houly ioe no nwre than 300 faety 10 tal much. Albhoush the rrossar
landgcare features rroduced by the oaly ice have beon nreserved,
darwalts of the Hoaly lacier have bewm -reservsd only in favoreble
locelitios. <onsequenily, the swnts of the ealy placlstion con e
recongtroctod only wiih wncartaintr.
log advanced dam the Yenana dver to dealyy Joun the wood
Dlver 0 theo Tanana Slate, i Jdown the ast Vork Toklzt o sbout

& e
%

& oiles norts of the Sovinler ark Bl

Iom alge Miled the

o zhonh ag

valloys of the Lavane, smetusry,
for nopth ss the Selfinkey Jwok

She discordan

WAL CaEn De oxplalne
sgnarate ice advances, wiith an intervening meried durding which the ice
retreated an unimoun distancs Sran U maximan terdioug. This ropiod
of retrest ves very such abortor than the intorplacial —ortods before

meltunter

or afteyr the Healye uvrins Ude roriod of refrest the

removel the oarller termingd moralne the lovel of the oute

wash «lain nearly 100 fooby but di4 not resove all ihe ouvtwash dovosite.

slaciar Dot ite ol

Than sooond loo advanve robum
sogition, ub without the trecendous merden of Jdebeds Do the river o
caryy awayy widch was arisdcelly vesconginle for the Ydok oubwag

sdain of the frst sdvences :(O%or the comelex forvinel moralne of tha

*
H

sgoind Log advence was deroaited, the slacier retresiod, lsaving

P P 9 . | AN iy v
lecial Ladwe Yoodry & leke woout BOD S ¥ Canyoe of
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boen wresarvel on loglnd

ot whore

.
Wiy have
sens ol

~onbie boosoys by rosemandy
Whay wore rawved by solilloction and crenn U
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Hley treck lces Had they oo rewved luring the Hilos wroelk advance,

ol derasits of bodny md

chais woadd novvo Lurmed slopee rroded o
tho Lfee marvgln of that sbages  Luch landlorns, houwaver, ape rare. i
o oosgible that the gread perlod of magse-msting wlch rasoved tin
dealy decoalte coinclded wiibh e carly stopes of growlh of the Aley
Gronk slaclorse It is egually 1ibely, howovery thal the renovel o

Hnady Coroslte took ndace darla the interglacial betwosn thoss tw

b

rinelations
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Leosite of the iiley wwesk glaciation on the Henann flveps The Hlley

Ureck was orobebly the latost owxbamsive plocistion of the slaghs hafr.
The morainel derosits of tids stuce aro such LDebtier mreserved than the
deromits of sy earler stare., The oxisting decoslls sre oo well
sroperved, ol thely diagseotlon 1o oo slighty thet 1t s llbely Hhot the

mogsing ~artions of thy loberal noapraines o they wore nevey deoalited o

wars rooved duping the neldl

supetrt oo ths placier slde poasoveds Lakes in bDugine on the moreines
the “iley Creek placlation heve nob boon lowersd aspreciablys no

intosrated drainage Lo present, cmtect woere large siroaw Ccross nopalne

wranse ihe renarkable fresiness of the terosrarhic Teaturss serwes to

saks then easily Ldentifiabvio ol aseb Shanm off froag desogits of 13

curllor astasog.

Tew of the cilgy Lyeek slacialion advancod dowm the Nemana

fdver to the mouth of hiley (reely whers o terminal noraine 70-100 feet
gk 4o rrasorvnd as m lryorulapr ridoe extending slong the south bank
of ileyr dpesl foy sbout Lsoequarbers of o nlle. ihis large wpavel
dpe nrooahly owes LLs oresarvation nartdy to the Jact that 1% wse
demositod boodnd e lyroouder ridee of lpeh reck seinlst. aris of

2

ET P e S g T N 1 SR e b e & Y g
thls =ldgn of sondsd are efpogsed L e Dok of dlsy Jrosk, whoers the

soldet 1o cowed with $411. Vhe rallyoad oub biogouwrdh thds mopaine

revonls ot extellont exogore in wiich the struoeturs o the terainal

Loehotoorach of thls cub is showm in olale

e vy & 3 B P . YW
mopaing 4o well disndag

L2wzy znd o oshetoh of the peolory aponed 19 ghower in Jlowe 1.
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meilotely south of this teminel noraing is 2 beli of irvegulsr, dry,
closes deoressions sovoul 50 leob wlde snd 10-20 fect doop. These ars
voanded on the south by @ irpemudar wall, 2050 fget iigh, witch is
the front of & gravel vialn oxbtending seutbward for about a mile along
the rallroads  The deoowits ave lnferrreted 40 resvesant the following
sequerice of events: (1) During ibs advance, the glacler desostted
cubwash oraval and 411 ot the zite of the terninal morsinse (2) The
glacior retrosteds (37 e clacior reealvinced, shoving the alroady
deroulited gravel and YW1l forusrd inte o reconbent lscclinal syncling,

which mekes ue the cors of the napaines (L) The glacier retraated

agnlng loaving $011 -lastercd over the Jeformed grevely the area botwes
the ylecier and the moPaine wae osceoied by a lacoe (5] 7411 on the
Jake sediments was reohably decoslied frenm grounded logbergse At Uds
tiney Lhe iop for aboud HOO ool benind the front of the placter wie
trickdy covered with superglacizl 2441 wilch jwotected it from Uw sun's
rayv. elidnd the tllecovered Loe wus an wres of bare ice al Jewst a
wio wide. The bare ice nelied lastex than the Wllecovered Lce, mdy
with 158 dswpesrande, cubwash srevel wilt an interlor {lat (Twr und

3,

Hartin, 191h, one E00-2LL) boignd the ridpe of tillecovered ice back of
the morainges ‘uch later, when e tillecoversd ice [inslly melted auny,
1% left s derrepalon bobusen the morsine and the lndericyr flote.

he loteral morulnes of Uhe 2 lay Ureel pleciollon e well

npeserved as irrepular lnprocky bonches, @ as 0ol evenesredled ridges

gxtending for miles alons the 5lles of the vallagy ol Tanerd Jork and itg

teibubaries, and along theeuyon of Uhe lenans sdver, oxoert whers slopes



are tov stees for it to Lo preserved. Latersl moraine derosliz are
rars slone the west side of the enuns ivers Howevar, the low pass,
Wit an altituds of 2,450 fewt, notwesn the lenans Xiver and filey
realk {(le 5Jy sbout 3 wiles nertdh of Larlo, wos soparently occuqisd
oy dies of bhe «4lsy Lresk placiations Irregular arcusts morasines block
the nortiwest end of tids rasg, and marpe with moraines decosited uy
ive sdvanglny doewn cddey oresk bo aboud tods cointe The pass liselfl Iis
a gravel olain soout 500 fecl above toe Venang Rivere The bluff facing
the river 8t the soubthienst end of ihis ~lain, aboud 200 feet high,
indicates that the pravel Ls sbout 200 feel thicke Hear the southeast
border of the nlaing nexb to tw Liull, are severdal stespewalled, dry,
closed ~ibe, the lergest o vouximately 50 feet desr. Uhase are
armarently kettleeioles that resultec from the meltingecut of iow
wurded by the oravel of the -ialne This plain ls rvobably 8 kane
tarracs derowited by the latarsd wellwmbtor of the Yenang dver gplscler
in 5 devression fomaec Dy the selding sway of & geall Lstributary lobe
of ice bolweon the maraine ridres depesited at the saximun sxbtent of
that lobe and the stllleexistisg denana idver glacier.

Southward alens the wost wall of She Henang +iver gorgos
discentiauous pateioas of Il and oravel o lastered against the wall of
the canyon form a bench taat pises peradually Opom 2,900 feetl in
altitede at Lhs -aas o aboudt 2,400 feet o altitude on the mountaine
gide west of varle {(sls ¥, 3 nilos southe 4 @il anount of this
11 is rreserved on the noards sido of (lear Jreek (ole 5}, and may be

2 yomant of the lstersl noraing.



The sast side of ithe lenana siver north of Tanerd York was
not sxanined on the groauwnde. Corefil lusceciion of asrlal photoprachs,
znd distent observetion fros hills on the west @i e of the river,
Tailed to disclose any larye body of wellesresarved latersl morainc.
Eastaard fron & noint about 2 miles ur the Tenerd Fork (ole 2}, a
apamingnt bendh wiith irregulsr topogranty and mey smell lakes can be
traced for many miles along the nordd side of the valley of the Isnert
Farke 1% rrobably merks the woor 1linit of ice of ths liley (reek
slaciation. The limits of icg shown on ~late 2 have besn drown to
follow this benci.

The lateral moraivne along the south gide of Yanert Fork
valley, west of devine Uresk (nle 5)y 1s & croninent evenetorsed sravel
benchy at aboud 2,700 feot, paralleled on 1ts wehill side by & dorede
gion sbout % feet dees, Lateral moraines extend for tlree milss v
Zevine (rodk snd con b olsarly recognized on the tooouranhic man of
Healy el quadrangle. {bee rlate 5.0 The wells of tbe canyon of tals
creaky farther w strean, are mmarotly too stess W suocord continuous
movaine dencsits, or else ars the areasg frow which these demosits ware
doprivod,.

An areuste ridge oxtends nortisssbtward frem the lateral
moraine on the svuth aide of lanerd Fork Valley near the -oint wheors
it srosses the 1&5;%%‘ moridian, and forms in clan a larpe bow convex
toward the Tanaet Forke (Doo nlate Se) It ends near the Tanest Fark
ghoud 2 miles {sirline) avove the mouth of thed strean. Thls vidse

araars b be an intorlohate sorddne decosited hebwoen the Fanans snd
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Tanert glaciers, where thay oxnanded in the great valley of the Yanert
Fork to forp coalescing lobes.

Ground morains and witbed ostuash covers the entira valley
floor in the vicinity of the lunotion of the Nensns biver and the
Tonert York, W th the ssecesiion of rournded bedrock hills riging above
the Lili, and o narrow band of river=ie-oslted gravel in ferraces and
floodrloing dlong each rvors Fhe oround moralne has an irrenlsr

humpmocheandenollow $ooosrachye 0 some avess of pround soraine the

undpsined derPessions are dry mest of the year, or nave vary saall
marsly sross at thelr vary botbonse Utoer deryessions are ocouwndiod
by deor lakoss  The sroess 1o wodceh all desressions are sitner dry or
lakew{illiad are extensive, and -robably are arsas in stich the woraine
is elither corous or lopervious.s The corows nareine -voemmwmbly consists
largely of sand and graval fron wides most of the clayesize particlos
have bem removed U7 melbewatore [0 may conpist larsely of ocutwash
oraval which was deroglied ovar Lo, and may owa 148 husouly 4000w
crantyy W melbing oot of lrreculsr bedics of ice benesdts ite The
tapervious moraine nrobadly conslsts lavrgely of clayoey 1l with o
without small bodies of lakeedsosited cluy snd pravel.

Several drusiinellile Bills In the sround noraine of the
Jenagne cdver cladler have besn sxrosed In crosgesoction by rsilyond
oute on the Alasks Ustlironde Uuelonss of Ifrvesh cx-osures on thoss
rogdegute, made shortly alter the excavailong wers enlavged, ave ghown
in Digure 13s 48 can be seen [ron tho shebinos, nost of the prounds

noraine nille on tue flecy o the Lenena uvsayon have copes of streane
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desosited gravel or lake sili, with a thin and, in vart, dlscontinuous
veneer of $41l., The struchuwe of these nills sugrests & connliex sorles
of retrests and ree-advances ai the lower end of the Menane siver ~lsoler
during Riley Cresk sleciationy for the lake derosits and outyash
gravels, which include mazses of $iil and rrobably rest on 111, have
wyagsumably been rounded by later sdwinces of the ive alier the 170w

slscial denpalis were lald dom,

irogional landforms of glacial ericsin of e nlley Creek zlacistion:
iropional landforng of the «lloy lredd zlsclation are wall-nresspved L
many narts of the deainepe basin of the lenang Hivere The msaunt of
arogion of bedrock below an alltituce of 3,000 fest, since the retrsal
of the ylaclers, has vean ssalles largeescals norlsontal grooves,
sarallel to the direction of movesent of the lce, mark the walls of the
canyon baetween Lindy and Carlos. Jpectacuiar Ueshened glacial sovpes,
of which this canyon 8 oo, a¥s commen in the fretied unland around the
Uenang Hiver nesy veyles. (lsor reek, Dlilmo Creek, Csrlo Lrecky Hevine
crecl, and many other streans [low in thsse gorges, ond thaly heedusll
clrques are imrensive. ochebasin lakes in these clroues are raro,
excerd in & ssall sres Debwsen the hewdwolers of Clear Ureek mud Riley
Lreciks  Slsesbere the alroues sre PLiled with gread neases of rudble,
wileh originated ot s such loter daley ag will ve indlcated in the next
sacticne

soches moutoness and rounded sHurs are nyesant in the pass

betwesn upper Tansrt Lake snd the Genana llver &b Yonert. The shoulder

o the weed side of the lenans (lver ot Windy, wbich reccived the full
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rresmue of the lce from the denana glocior, iz gnilarly well rosmied.
The welle of Panorama Yountalng, on Lhe othey hand, are Jzored ad

P

sapalay, with mearous couloirs. The erosion of thiy memisin may have
teken olace after the retreat of the lco, but At was vrobably sculntured
in pert bafore the Liler Creek lce sdvmne, apnd subsequently »robechad
by & venser of telus fragments md G111 esuzbt in the contave side of
the zlaelsl bend.

Lake depcsiter Glaciel lake deposite of the [illay (reek adveance are

not cospmon in the vallsy of the Henas “ivore 4 moreingl ki1l about
ong mnd ono-pall miles south of Lagoon stution on the dlssbe dedlroeasd,
congists lorpely of deforncd clay. (%eo Mpure 13-a.) Alony the rivey
tank, below the reilroed =t mile 330 (sbout b sdiss narth of Carlo),
there 1o exosed sbout L0 feet ¢f varved, slightly cslcarecus, silt md
clavy overlain by aboub 25 feet of terrsce rrovels This clay in
oxrosad for about 1 wllis alon: the rivey benk, @myd landsalide tororrephy
o the opnoglie rivar banl sugvests thel L4 1o also rresent on tis east
slde of the river. Thds clgy le Lelleved o have Dom Jecosited in s
lake Left by retreating lce of e Jllgy Creek glacliation.

Uatamsh prsvel oo the Henano lvere Outwash cravel of the dlley Greek

claslation forme s connler asrlos of terraces sxtendine downstresn fron

the tersinal moraine on [iley Creslkt W the norihorn edpe of the foole
WMils. “utammsh gravel, desosited uring the retrest of the placier

from its madenm giand ab Riley Credd, Dorms terraces along the river
from ~iley Credk sa:timsard to o voind & fow miles north of Jario.

Helllnley “arl station ond hotel are uilt @ two terracess ohe



sbout 200 feet sbove the river, aul the other 250 feet swove tin
river. The lower tevreos Lo clsardy the oubwash olaln exbending doune
stroan fros the terdnal moraine on the south side of Liley Uresie
The wwper terrace i1z & Jew feet too high o be the outwash ~lain from
thls terminal noraine) howevery it could eithor have been Tormed during
a slightly eswrlior ndvmnos, or 3% could have beon bullt by the culaash
strean draining from the lanert Lekes and Alley Creek lobes. Fremwmably
the grester nortion of the leteral Jdrainare on the west zide of the
Henena glscier deadned throuph the conven of Yanert Lales and not <own
e weat slde of the teru nal scrxines Thiz kent the termdnal moraine
from weing leveled by the outwash stresn of the retrsating cleclier, o
fate camon o the tormingd moreines of valler oleclers. Oubtwash fron
the teminal moraine lobe iltsall could heve eroded nart of the ndrher
outwmsh tarrace Lo sptablish the terrace graded to tho prosent
torninsl moraing.

towmstrean the uprer outuwash terrace loses altitude more
racidly than the lower, and the two coinclde neayr Moodye The thidiness
of pravel beneeth thp ocubwnsh ~lain at Bolinley Park shotion iz at
lesst 80 feet (»l. 0), and the base of the gravel is 120 asove the
m*@ﬁmi% river lovale A% mile 350,3 the tihlcknsass of grawel) asvesrs o
be ot least 110 feet, and the base L within 70 feot of river lovels
4dditional remants of the outwssh olaln are focond in the cayyon bobwsen
Herdinley cark statlion ond Heslye ‘The lavers of bluserrsy river gravel
rasilny uncondarnmably on orcds? inke de-osiie of the Healy slaciotion

ot miles 351l and 353 (Noodr) (fine 8], asre ramants of the &ley ireek
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outwanh nlain. Horth of Moodys the terrace remants of the idley Ureek
are foun? on hoth sides of the canyon thst ls out in Hreh Creslk seidet,
at aboud L00-190 feet above the river (nls. L and 8], and are conmonly
underlsin by oboutl 25«00 foel of hlusecrsy farracs gravel. The terrace
above the rallroad track, extending 1 mils southward from Sernors I8
nart of the Siler (resk outwash, 2s i the terrace ehout 90 feel shove
the railresd teack for 1 wile novis of Darper.

Tha flight of terrsces ot Ussly g ~robahly one of the most
complox terrece fiichis mywhers. (See olate 11.) Fourteen terraces
which have beer identlifieod betwoon the Healy glaclal movsine and the
river are ohowm in olom end secbion in fipare 1, mmbored consacutively,

with Roman mamersla, fram river level wwards Yost of the terroces are
rraserved on both sides of the lenana River at ilealy, zs matehing palrs
of terrsce romnants, Ther could noby thareflore, be slips=off slope
terraces, such s arve farmed by g meanderl o strean during & poried of
continuous dowmouttine . Therr re-reset, rother, extensive plaing formed
oy the river dwring cavses in cdowmontting ofter the raximm advanes of
the loy Urock gloctztions The flealy terninel moraing reste on
terrece TVe Terrsces V1T and UV ere olesrly relnted to the Healy
glarintion, but all lowsr terprsons rust have heen deros!ted altar the
courso of the Zensna wme estenlisha? In the badrock zorpe bDotweon
voedy and Healy, sz they originste in this sorges {lee figwre 1« If

the Hilsy Creck terraces are ryolected demetrean through the Nenang

5

Hiver gor e ot » hoioht of ahout 180 Dot sbove the river, thoy CorPoe

labe with tarpasce VT ap tervacs V0D ot doslys Above those terracos
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are four terraces, sach 15«30 fset above the other, which apposr to be
mach doser in alil tude, mopyrzobhic cosition, and relative preservation,
to the #ley Cresk terracos below the: than fo the loaly terraces sbove
them. These terracss are tentatively carrelated with the Eilay (resk
outwashy, although their extrene helght st this roint ls 410000l to
wnderstands 4t 15 vosslble that the gradient of the lenana Siver during
the Biley Crest glaciation wees loss steor than at the present time. It
sould certainly have beon dormwd o o shert time by an exsess of
alluvium belng brought down Moody, Haely, md i3y Crecksy or it i
mogaible that s o¥ll Kegher ond farther advmee of the Hilay Cred:
ezlaciar, the terminal moraine of which is nol preserved, mey have
brosght the zlacier to a2 ~oint 3 or L niles north of Biley Ureeks &
distance sufficient 40 rive & credo narallel to the vresent river
sracdienty vt colnclding in aldl tude with terrace il ab dealy. An
alternative ex-lanstion i5 thot some of the terrsces may have bewn
earved during the reireat of the Healy ice alter ths lepana Ziver was
fiyaly estavlidhod in the bedrock gorpe.

Terraces a2t Hsaly snd dowmstrean froe Healy sre sinilsy in
that they generally conaist, were exosed, of a nearly ~lans, roclecut
pench everlain by 5 to 50 fest of river-dooglited gravels Judging from
ax-osures on the banks of the Heonans Uver, the ravel coroving each
darrace madntaing 1te thickness falrdly wifomly fra the Ledrace lace
W e back of the teyracs, sl ot ths back Jles spaingt o bedrock
aslome which ls contblimons with the terrace Dront of the next hig

torrace. (See figures 1L wad 1Y wnd ~late L3ea.) For the lenena ivey
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0 have formed all these tarraces durlng & single aplsods of cuteande
£311, would require that, during the stege of removel of the gravel
{downcutting aftor ageradetion), the river remove the excess thickness
of gravel over ths lower hench szactly up to the huwrrled base of
hedprock in the upper bench, at lozad ab every locallty where this
relation i8 exvossd. This remires s degres of coineldence of G
sgaantially dfferent rocessas--the cutting of Dodrock benches during
agmradation, and the erogion of gravel during degradatione-that is
ratber wnlikely. Therefore, it ie probable thet the gravel «n mosb of
the terraces was devosited ol thor durling or lsmudiastely aflter the
tarrace was cub, and that cach jerrvace represents a2 shord ssuse ln the
rotrent of the Riley Creek placior, o oven & ghori reeadvance. [n
all, soven terraces at iealy Qerruces VI to X1} are assigned o the
Biley Creak glaciation, not including the Carlo reeadvimce described
bolowe Four torraces at Lignite and three s Farey are szslgned W

this glaclation. (See -late {.}

Alluviem desomited by the tributary streaus of the Henanas iivor:
Terraces gradod to the terraces of the Slley Creek glaciation on the
lanans are wvell developsd alony the fribustries of the Menana ilvery in
nartioular on Hesly snd Iigndte Croske. Theee alome Hdealy Uresk ave
egrecinlly srominent, Torroce L bos baen traced urn Healy Ureechk fop

about 1h nileg, hare Heolr Uresk {lows soross the coal-boaring [odniaw

Py
-
L

tlong this terrace 12 o rravelsvonseled, wikecod Donch
- gy

the tarraces bt Haalye. (Cee Shours 17.)  Adowve the conl fleldy howover,

the torrace of the i lwy Jreck plsciaticn conalste of gravel denceited
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by Healy Creel, frem modemn cresk level to the level of tho tes

The gradient of the terrace mnd of Healy Ureck sre parallal, and the
rravel sxposed in the terracs (5 aboul as coorse as the gravel in the
modern strean beds Tharedore, it is Lkely that Healy Creek once
flowed in & canyon along its rresent course bedfore ths terraces were
cuby and thet 1t agpraded i%s wallgy with debris provided by Lngreased
solifluetion o a new slope, parsllel Lo the old one, and meeting the

tenana at the level of the Viley ‘resk terrave, Tho shiesm: 2t lis

aximem altitude cut a new bench acvoss the coalebeaping doposits, mud
the bterrates below tids dbonch on Healy Ureok sl en Conl (reck
(figure 17) were cub during the period of deuncubiing i;hat followsd
e rotreat of the flley lredh sluciore

Alduviun dewsited by the torrents entoring the Henana Llver
betwon: Melinley Pk sdation and lealy fomms deposits of vellowishe
brown gravel consisting almost enilirely of nebhles and fragnents of
Bireh Ureek schist resting on s lgyer of dDluswgray pravel deposited by
the Henans (ivers Suwth deposits, already ‘escribed in the section on
the leke de-osits of Henly slaclation, arc found at miles 3L5-350,
Flekis 353 (Moody) on the Aleska wilresd (figs. 7, 8, wwl 7), md in

the canyond crossed by the railroad o miles 35h and 355, Truncated

renants of alluvial cones decosited by two streams entericpg the

Ronana Jdver ooposite nile 351 sre shown in plate 12«5,

Alluviw: deposlted by tributeriss north of Healy can
ganerally be recosnised by its strong resechlance to lenma gravel.

A good axaerle of such alluvium 45 exposed Ln the blalf of the Nenans
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Biver oppoglie iealy (fige 10}, where a f£latelying layer of blusegray
sravel decosited Ly the Nenena civer resling on sieeply loping Henana
graval 18 overlain by suout 50 feet of Lram sravel identiczl in apneste
ane to Henana gravel, but dincing sbout 7° toward the rivers. The roun
sravel was moparently & grouw «f coslescing slluviel fans ballt by the
small torrents eroding the bluifl esst ol ithe rivars and exbonding oud
across the river bed wien the Honana liver atovd as high as terysces
Aoasnd Ve

Leposits of the Riley Ureek glaciation on other rivers: Secauss the
silay Creek le the youngest cxtensive placlation, ol 14a dencsits ave

wall rreserved, it has been possibls to recognize with conalderable
cartainty the Linite of this slaro on cbher rivers.

The most striling evidence of Liley Ureek glaciation on the
Lood Biver (rle 2 is the renusrkable Ueshared canyon of thoe river fvm

ite source to the edge of the mountains. % is trus, of courss, thod
noet af the seulpture of this cwyon was accomplighed by sarlier
glaclaticns, out the evidenco on the Sireh Ureek seilst wells of the
canyaly in the form of glacial crovves and soaratihes snd pemarkably

gmooth roches noubtomses, which Inilentes rodent ocoupancy by ice, 15

Lmressivas 0 the east side of the river, nortésscsd Dros the mouth of
sheer Lreek, a Junble of low hills mnd Lefteeiillod depressions, wartly
aried by alluvisl fang deposiied by credls entering the river lrom the
oudy 13 the lateral mmly in oavly Lormined moralne o the kood Blvay
slecier of the (Ulgy Jredh lune The torndnus of thiz glacier abt iis

moximen oxtent redveuly stood at G4°0T narth Latitude, 2t an altitude
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af 1,800 feote The surface of the glaciar stood at aboul 3,000 fest
Just south of Ceal Creelny abumb 1,500 fest at the pouls of oppar
Ureeky amd about 1,500 feet necy the nouth of Lody creele It wazs thus
nearly 1,500 feet tidck for much of 1ts length.

Zlactel $111, made cumsricowous by its content of large wihite
grenodiorite bowlders, forms o todok latersl moraine oo both sides of
Yansas Creak (»le 2] for roout 3 niles below the mresent bermmus of
the glacior, doun to an altituie o 3000 feeis Oimilar $il, congiote
Lryr of cungrlcucus lighiesray pranodiorite boulders resting on thw
weoun canyon walls of virginda lreek (ple 2), extends domm that oreek
W ite Junction with the Lood Uvoer, and indicates that the tuso
placlers coalegsceds Judgling fros 8110 derosits, the illey Credh
slacters on ceovy Pesk {le 2 ware not mors LShon helf a mils longer
than they are nowy and the pleciows atb the head of woper wresk (1. 2)
s about a gquarber of & mils longer than at rresent.

The vallay of the Smnctaary dver {-l. 2) iz resly coupletaly
Dlocked, about 2 miles south of the cidnlay “srk hichusy, by & Usshaped
ares af gmmocky tosespa ly rlolng awmut 75 feet asove the survounding
nlaing and containiny many sondg.,  This leghored ares 18 tlesrly showm
an Henly Jeb guadrangloe T was rosoonized by Le e oanes (1532,

e 850 @yl nle L) B0 o the terninal moraine of the cladior wnich
advanced down the canctuary rivers The excellently presarved 'eghanod
rorye of the canetusry Civer in the nouhtains south of the teminal
novaine is mworominately 1)=2 niles wide. Tho freshmesy of tovosrenhic

wreatsion of glsclial oripln, oth on the noraine snd In bhe roepe, e
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atanilanee of condds, and the abeence of terninal mrsinss of oy younger
rlaciation on the tanctusyy ‘lver, indicaie that this terminal moraine
ronvegents the vaiman extent of the fenclowry glecier of the dley
Crenk.

He torrminal movaine was recornised in the vallgr of the
Telklavdlka alver, dthouwd leclally scoursd lske basing indeate thed
the plucler must have sdvanced nopthwerd boyond the nouth of igloo
Uroeke Tesumably the tersdinal noral ne was destroyed by the glecial
nelitwater.

The teyminel norsine of thoe Ziley wreek glocisztlon on the
imet Fork Toklst (sle 2} ao-ssrs to bo crosged by the river dvoud 1
rile south of the hisiemy leidice 4% this soint, the breed river {lat
is congtricted by & grow of lowy rerallel; arcuate ridess with gseveral
nondSe The latersl moarsine which joing this terminel moraine fams a
paningnt banch or low yidoe alone thw sapt mountein wall of the river
valleve Tho bend rises soulintard from an adtitude of 3,200 fest st
1te nortn end o an Alitade of Ly200 feet in four wiles.

Sevarol twmches of the “asd Jork Toklat joln just south of
the Metinley fark hishany bridge. {Los olate 2.) The castermmost of
these gtreans Lo the naln brangh, but the branch just weshb of it is
slmost as lorges bwest of the two lovge wranches ave foar srell strosas
which head in swall laciers in the sowiaing soulth of wilychransg "088.
The braided courses of Lhepe stresus oross s sladn underlain by Jenana
graval to wilde at the base of the Wlalf south of the “¢linley “ark

hichwere Tho intersiress sress of thobt revd of the olalin bvetwesn the
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nain fork of the Dast Pork Toklat and tho tuwo branches immedistely west
of ity are coversd with thin rround soraine. The most consyicuous
objocts on this moraine sre soversl glent clocks of limestons, the

larpest newrly 35 feet high. Uwse hove wone froan g bhald of limestone

about ¢ miles south of Their yresent neosiilon, and were prosunsbly
horpe here by & slacler of the (iley oreck sdvanve. The sbsencs of ayy
sicn of moraine on the part o the nlaln crossed Ly the thres weslarn
trivutariosy inMentes that the claclers 24 the hoend of these (rilbue
tardes did not extend out Lovond the odge of the nills during the
Mley lreek glacis il o,

The Carlo reeadvance on the Henana idver: & group of decoslts on the

Henana Miver, in pard nlaclad and im oart fluvistile, soear to lndicate
thed there was 3 dacial advance on this river youwnper than the iley
Cracky thet tiis advmes took ~lace alter the Riley Creek glaciers had

almost comple tely relted miayy and thot the advance brouht the ice
dewn the Jenang Slver o wltoin 9 miles of the Biloy (reak terminal
moraine, o almost 50 miles fron the rresent tarninug of the Henans
slaciure These desosits are wnique and presert a JLfLewldt ~roblem,
for on no othar rivar on the north olde of the Alasks lonee hovs
sladial decosite been dlseoverad that lndicate 3o lee advanze, of thls
axdent, vounger than that of the (iller Creek. & carefnd seareh Dov
ach denosits has bean nade on the vood (lver, the lelta olver, and on

A

Anley Habional Poxke

sovarsl stramms in thoe wastern ~aed of Mt A

i all these streans, tae arpet gloeial sdvnneo asare L0

corpalate with the Hiley Jrech sdvance on e Sendmide
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The "teminal soraine” of Wils yoeunger advanve la o ares of
lrregulory muwmsocks and hollows, roushly crescenteshoned, extending on
e g2t aide of the Henans flver D about 3 miles north of Cepls
Crpake {Use plate S.) Some of the bollows are nearly 100 fest deens
“ost of these hollows are undrained deopessions. [ Do@ures Ln new roade
cubs belng muie daring the summer of 195, intleatad that the $111 In

Lhe noardh oot of Lide morelng

ares mnsists chisfly of loyps and

mll subrean nebtles, with interstitial sand and

relativelr 1ittle olaye Im the south cord cloy-rich 11311 18 oo

rosdeuts,s Jebvemn this roraine angd Larle Creek 1o a gravel slaing

af course mravel bully from vl

rop level w e Yhe pwrfecs of tho nlaine
A tongus ol this nlain llas betwean the moraine snd Yhe Henane River,

axtending noptinmrd from Carle Gresk. on the wost slis of the rlwey,

oy

from Lovie nortiwesrs Jor 3 wllcs, i a rrominent lerrace, which, ab

nlle 330 on the Jlasks lallrond, wonsiste entdrsly of interbed ed

poarse sand and cravel from river Level to the Swrracs-top.

werrecs sbondg abogd X0 7

L oabove the river ad Lhls wolnt, wd Lin
surfaes Ls eboud 250 feot bolow the lorrscesbon md oase of the Jiley

3 o 2 g . ot s i AL E e e r - do A r i 2
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amosrs Lo ba 2 level surfacs, -resurably cut oy the stvess: wilch
darozited the gravel. In e outbank of o neander zbout half » mile

downstrean Tron the now hiclney brddps 8 Yanert, o blafl axrosss ahoud

100 fout of this gravel reolisg on 100 Test of $11l cresuzably Srom
iAler (rosk slaclation. {ise rlate 13eh,)

A berraca, Srlianmular in olany o the wost side of the
Henana [dvery oppotite the mouth ol Yanord Pork, oonsists of tarrace

pravel [vom river level u

thb of the terrace, aboud 150
faat above the rivers The noe relations of this cravel Dody susgest
that 14 sceuries part ¢f o velley cub by the Henona Mver in Blley
wreek BLll. A1 the south end o thls torrsce are large sicenewalled

wloged dry desresgionge Thoss

resslons are obvisusly oite 1oft Uronm

o Y R ¥ e 5 o " LWV N, P, & A& o, g & T v g
the maliing of gtagnant log Dicdkoe 2 ol thene dbs 1las pordly in

1

ae trisamndar darrecs and cartly In the hisher moraine araa of the

S

»

ley Croel meraing. This »11 Indlcater that ths trianguicr torrace

o

was donoslbed balore all the siugnent ioo bDlocks of the lower & wiles

of the Mley tredk glaclor un the Jenena Kver hed melted swave

Opavel torvsoes, cboul 10 Teelt hipgh, form the river benk just

napsh ol Lllay Cresisy and ar o sogupy valisye eut in dley Jpesh

%

cubwashe. Torpaces lower thsn the llay Cresh erraces can be fomd ad

seweral locslitlss In the Honana Dlver canyon belwoen ofinlay rary

5

P . % i % n e . - . %
doalve The oropd teprscs u fow feod louse toen the radlroad

shaldon ¢
track ot varner 15 spobably Lho lnrpeet sudy romna

Torracas |

Ve wul ¥y alb sy, sre bentatively assiagned
 J ¥ ¥ 24 ki

0 b floviatile do omlits of the Larlo roenivencds



Terrapen corrolaled 8

at saveral nlaces on iHealy Ureok

hove bDeen recornised to Zdale on e Yanwt Fork.

derogits, sinilar to the |

on Yhe Yeomert Parky althe

st its wpdoutarion.
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th these terraces sre loeally Jdeweloped

o such tervaces

Holledalingd clacial

sarde Ytemingl noraine’, sre likewise sbesant

wrh & stoesly sloplar lateral movaine ridre

interaects tie river sbout 15 milos above 1t8 junction with the lenma

Giver, mnd gbont 1% miles dounstren:

Yane't plosliar. Tnis loterdd moraine ridee

Yran the progsent tervims of the

nay represent o reeadvene

of Loes but it could equally well resresent siundy a shord pouse in the

maltingwback of Hley Ureck ~laoclsys.

imgtresn I <

tarraces consisting aluwost wnbirely of sand, owxw

of strem pravel, border the rallvesd an
Tavse rraces ore about 00 foet hiph.

e Vaneme River velley Tron the mouth of Jlewr o

wiich stess mowntain walls
swandaring flow of the river in this styetchs &
il gurrest that the moraline st

gtanded for 2 Pew miles up the lomante

1t was complately [illed wit labke sedinentes au

clesated so fer that sand ob &

The glaclal and fluviatile &

{nlse 3y Ly 5y and &) 25 Larie de-os ts, ing

the following eventos

gnast Lo st are Sow

~axdoy oni the west olde of the Henana iiver,

24 with a thin lsyer

I river for aboub 2 milog.
The extremaly flat floor of
ek to Curloy, from
risoe abrostdy, thoe low gradioat and gontle
il the decopits of sandg
Carkla mey have doed o laks which

The leke wes dpaloed before

L before the rlocier

Pon the lske floor.

T C e i S PR
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o bhe

cube wegaivocaldly



126

{1) The glacier, sfter tle maximwp #lley Ureek advmce,
retroated scuthward at lesst zs far as Uarlo.

(2) After the scuthmard retresi %o or beyond Carle, the
Henana Hlver was sble to excavete a canyon nearly 50 uilss long through
the Riley Ureek moraingl derogits and tigough the outwmsh train extende
ing nortiwerd fro: these de osits. Thls muet have besn as dees as the
sregent canyon of the Hemans, for the Carlc terraces in rmany rlaces
consist entirely o stream pravel.

(3) After cutting this canyon, the rivar filled it with
gravel to the lewel of the Carlo outwanms nlaine-g thickness of 250 feet
gt a voint three miles north of Caries 4% the same time, the placlier
deroglted the body of till here called the Carlo moraine.

(L) The glovier retreated, leavirng s lake dawsed by the
moraine and outwash deoslts. 1his lake extended soubthward at least as
Tar as Clear Creok, md ~oassibly ss far as the mouth of wWindy Creelt.

This soguence of events coull be explalred by & pradusl retrest
of the glacdier by melbing awey of the 1¢e 0 o rosition mear the nresent
placior front. luring this retrest the river would crode the depcsits
of the iiley lreek cutwash terrace, alweys maiandaining & gradient
gufficiet 10 nove thoe material suwlilcd W0 1L Uy the ever-retreating
lLogwlronty and whan the loee front stood nesr the rwasent termimis of the
Henana glacior, the river would be {lowlag st aproxinstely 1ts rresent
ievel, a8 1% must have dong north of vsrle In opder to cub the canyon.
Following this retrsat of the icg, theare woul’ v a3 reeadwmwce of sbout

50 miles 0 the —eeition of the Coarlo terminal mora ne, with the river



£illing the canyon with outsash grawvel of o separate Uarlo glaciation.
Thie explenation of the relationshins of the Carle till and oubtwash
sgumes that the glecior snd ite meltuster river system alimys tend to

a condition of equilibrium in waich the zlacisl meltwmter would deposit
outwnsh gravel untdl 1t established & slove steep mough to remove all
the debyis sopnlied to 1t and that during the sdvance and retreat of
the glacler, harring accidents, and interrwptions in the gourse of the
river, s sories of graded srofiles, sssentially parsllel to one mother
ut converging downstreanm, will bo created in turn by the rivery and the
heleht of each prolile will bLe Jdotermined by the rosidon of the glacier
front and by the mmount and coarsensss of grevel surplied 1o the melie
water river (Mackin, 1948, »n. LPB=477)« This would be the most lilkely
explanation of the events indicated by the Carlop deromts if all the
rivers of the Alaska Rmnse showed deposits gimilarly situated on their
courses, &l 1 lateral moraine decomits eguivalent to the Carle noraine
were proeont on all rivers. 4lacial deosite whichoould be correlated
wlth the Cmrle deosiis have not besn found o any other river on the
north side of the Alaska hange, althouph the fast Fork Toklat, Lanctusky,
woody and lower ielta Divers (Vewe, norsonal communication, 1951) were
carefully searched for iLhemj thorefors, ancther exslanstion far the
Carle danosits must ba found,

Ify on melting beck fron the cenyon bDetween “indy and Tanert,
the Nenane ‘iver glacier of the Biley (resk glaciation left a rroeglscial
lake, the river dralning that la ¢ wuld no lmger have to be groded fo
the position of the placier frmmiy o the coarse detris of the slecier
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would be deposited in the lake, anl the river draining the lslee would
e clear. The meltwater river would temd to evode the sravel dorosits
dosnstreas fras the lake by roiling and bouncing pebbles along the
river bod without replemishing its gravel badlead from upetresn sowrces.
It is necessary %o ssmme that this arcosion woulsd be rarid enough to
ramove, in & short time, the till and grevel £illing s valley nearly
50 viles long to a depth ranging from 290 feet st the upper end 1o
about 30 feet at the lower eonls Frosion of the outlat of & =roeglaciel
lake wus used by Meollintock (1922) to explain the double terrace
soquence on the wisconsin dvire. FPresumably the lake would have bemn
formed shartly sfter te zlscior melted back soutbward, beyond Yanert
shation, snd $he glacier front may have retroected o Hindy belore
re=gdvance began. The advancioz glacier would bave Incorrorated in its
lowar part much of the delte gravel which would have been built into
tie lake in front of it, d wuld have carried thie gravel foreward as
the mass of »orous bouldery till wilch choked the canyun of the Henanas
fdver north of Carle (reeite Tho lale having bewn drained, the melte
water Nenanma fiver would apprade its bad wiih aravel, [aning the larie
osutuesh deposits. Upon the subsoguaent mslidngeback of the glscler from
the pogition of the Carlc Wll, ancther lake occupled the cengyomn belween
¥indy and Gaxlo. In this lake, the sand decosiis westi of the rallroud,
south of Carlo, vare decosited. Iubsemently the plseler melied back
alnost W0 L4 s0urce.

Varved clay deposlis, overlain by the Carle eutwash, extending

for a few milop north of tie Carlo moralne, indleste that a lske must
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have existed exactly where the hyvothesis requires one. ‘resumably
these doposits were laid down wfter the iley (reel ite melted awey
from thig areay otherwice thoy would be defomod. Furthetuore the
rits in the trianguler teprace opsosite Lhe mouth of Yanert Fork indicate
that the pariod of tire betwesn the retrest of filey Creek ice frum
this »odnt and the desosition of the tarle ocutwash terrece was shart.
The varlo deposite are, tlwrefors, regarded as svidemce for a minoe rew
advance during the genaral retreat of the idley (reelt -dacial lce.
Swmmary of e history of the :iley Creck placiations The rivers of the
Alagks Fange @y ear to have cetablished thely nvsitions &b o below
thelr rresant positions by the begimning of Biley (reesk glaciation.
This is caertainly true for the Nenana nopth of liealy, and appesrs 4o be
trus for the Sanctuary, Toklat md wood Aivers. The tepogrsoly of the
Alaska Range at the beginsdns of the ilsy Creelt advance differed little
graphy cxoent in details. In the interval between

the Healy and Riley Creelt glocistions, the ice presumably had retvested
s far back ap the wresent slacior fyonts, o farthere. It mey have
diearpoared altogethar fyun the area shown in nlate 2.

%ith the genersl cooling of climsie, ice advanced dmn the
Hemama Hiver, and eventually reachsd a position nesr MoRinley Park
station., This ice advance ngy have lovelved nsy reversals in the
direction of movemend of the loe fromt, including short episcdes when
the icee{ront was stationory, and ithen ratreuted, only to advance beyond
ite formor positione A% the sane dime that the ice was advancing down
the Henana Hiver, ice advenced down the Tanert Fork and ldley Ureek to
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coalasce with lobes of the Henana Hiver glsclers Host of the ice
seouwmilating in the headwaters of the Henana hiver probably moved
southwestusrd <down Hroad Pags into the Jusitng basing however, suffie
clent ice flowed dan the Nenmana Fiver to reach s pesition near
noKinley “ark station.

Iee advanced down the Wood #iver % the odgo of the mountaing,
and down the Sanciuary to within 2 miles of rehlinley Park bigiwmey. Ice
advanced down the Toklanilka 2 few miles beyond the nouth of lgleo
Creelty, and dowm the Toklat almost as far as the highway wridge. The
smell glaciers in the foothills of the ilasks Hange, at the head of
ransas Lreck snd Loprer (resiy, and on Xeevy Pealty advanced 1ittle if at
all bayond thelr mresent rositioms. The greatl range in the excess
length o the glaciers during the llegy reek glaciation beyond their

vrasent langthee-the Henana clacior, 60 milosy the Wood iver glecise,

30 mileas the Yanert glacier, 0 milesy the Sanctuary glacier, 16 milesy
the Last Fork Tokdel glacier, only 9 milss; mnd the glaciers around
Keovy Fealr and (orpar Creok less than a nile--indicates that orograshic
factors were important in controlling the growth of glaciers in the
Alagka Hangee. Thls ig slso apoerent when the depression of the regional
orograshic anowline (determined from the rosition of cirques), is cone
gidered. In the latitude of Lindy, the regional snowline amrears to have
loversd soproximately 1,000 feet, judging from the difference in altitude
of cirgues now occupled by lce and those formerly ocousied Yy ices In
the latitude of Heswr realk it does not aposr o have shifted nore

than 2 fow hmpived fest, 1f that muche. binters are much more severe
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narth of Windy than smth of Wingy, and could have been only move
gevere then at the present tinme under condléione of gladlation in
southayn Alaska, 7This indicotes that mowfall and clowdiness, rather

than nson rature or winter extrenes, ere najor, and possibly

oradoninent factors in oroducing plselatlion in flasks.

The glacier front Cluctuated over a distance of at least a
Pew Immdred yards, and rogsibly s few miles, during tho period shen it
wag near the mouth of Riloy Creak. The fluctustion of the glacier
front probably took the foam of repeated short, repid advances, followed
by cradusl weesblng ewsy of the ives Coprtainly at lesst three such

moves oveurred when the ice front was neayr

erisodes, and posgibly mey
the nouth of Iiley Creck. This alternstion of advance and retreat nay
have beont tha characteristic rattern of placier behavior during the
antire nardiod of waking anl waning of the lce sheet. Hoffit reporied
such an advancs of the Glack iapids glacier (12L2, ppe 146=157) end
Tarp and Hertin recorted sinilar advances of the Yalmtet Bay slaciers
(191h, pre 168«197), and of childs gletiar (151, na LODWROD), and
Colwmbia plactar (393L, 1p. 201.282). The cause of the fluctuebions of
the Nenana placlisr of the “iloy (reek ndvance 18 not necessarily
gimlilar to any of the casepwechlefly sarthgquake-induced avalanchofee
attrituted by foffit and Tarr and “artin (191hy ppe 160«197) to the
glacial advances they roorted.

The retrast of the slscler wasy, natureily, & rrocess of nalle
ing down and meltine back of the clacisl iooe iress of clear loo

exnosed to the rave of thoe sun melted first, and bhe deprossions they
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laft were fllied with outwash gravel., Continued melting of the lce
laft irreguler moraine derosits over much of the lowlmd countey ot
the junction of the Yanert Fork and the Nenana. South of Yanart, the
glacier left s lake. This lake was quickly dralned, se it was dammed
solely by glacial debris and outwsshs A reeadvance of the glacler brought
the ice-front narthward to varlo, and caused the river tc aggrade
bed, After this shord advance, tho glacier sgain melted back,lsaving
& short~lived lake bLetwesn Corlo snd windye

Bimilar sventa were presumably going on along other river
gystens, although the record is not so clearly rreserved, nor was it
g0 cerefully studied, 4 the placiers advancod, however, the glaciasl
meltuater rivers aggradad their beds as 2 result of the incressed

contribution of coarse material by the ice. At the sane time, potlie
glagial vrocessss were over-supnlying the periglacial tyibutaries of
the Nenana Jiver and other streams of the Alaska Range, so that they
slso appraded thelr veds, more or less in ster with the sggradations
of the naster streans. A4s the lce retreated, all stremms, no longer
beling supolied with vast quantitics of coarse debrie at their heads,
eroded their outwmsh terraces, and cul elsborate terracs {iighte.
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DEFOGLTES AND LANDPOHES TOONZIE THAN THE CARLOD JLPGGITE
Terraces: Some of the terraces alony the Nenma Hiver are much lower
in heizht than the terrsces assignod to the Carlo re-advances They
have been separately distinpulshod on plates S, 6, snd 7, from the mouth
of Dry Creck sonthward. Nerthwerd fras [y (reek, the terrsces assigned
to the Carlo reeadvancs are so close in helrht t¢ the younger terreces
that 1t was difficult 4o distdnguish them. These texraces, like most
of the highor terraces, are in pairs thet matoh across the riverj that
isy the sams terracs con be recognived on both sides of the Nenans.

They cocowr only a3 interruw ted remnants, and bave been remowed where the
river arodes steep banks, or swhere the river flows in narrow rockewalled
garges. ry Lresk ano some othey tributeries of the Henana have
revently built alluvisl cones which bury the torreses. Zecause af

thalr low and variable hedght, correlation of these teryaces is diffi-
gult, 1f not imrossiblo.

At Healy, where the terrsces on the Hemana :iver ore nost
fully develo-ed, two terraces lis velow the lowest terrsce assigned to
the gensral period of the Usrle reeadvance, Teorrace I stands 10 fest
ghove the floodnlsin, o' consists entirely of rivar gravel. {(See
figure L), Terrace 17 stands 28 fool above the floedplaing exsosures
onn the east bank of the river, north of the railroud bridge, show it
to congiot of 18e20 foet of dedrodk overlain by Je10 fset of gravel
similar to that on the rresent [loodplain. (See figure Lha)

Two terraces, 10 ani 25 fest high, are wosent on the west

side of e rivor ot Lipnite. The railroed track and vililaze of



Ldgnite are bullt on the lower terrace. The terrace mn whiich the
village of Farry is loeated is about 15 feet high and consists of
10 feot of bodrock cawmed by 5 feet of terrace gravel. This terrace
cantinues northward to Drouns,

& pockecut bench with 2 thin layer of gravel 20 feet abowe
the river ocouwrs newr nile 350 on the Alsska Keilrosd. About 1 mile
north of Mefinley Park station, s terrece 10 feet high on the esst
side of the river consists entiraly of gravel. The terraces on which
the railroasd between niles 337 and 341 is built ave much lower than
the Csrlo outwash rdain om the cast side of the riverj however, they
are 65«110 feet shove river level, and are probably best explained as
having been cut by the river during exgavation of gravel derosited
during the Carlo reeadvance. st mile 338.6, 15 feet of tervace gravel
reste on LO feet of clay. At mils 340 thers ig & terrace 50 fest high
that Lo made us antirely of graveles Torrsces on the sast silde of the
river and about 15 feet above river lewel, on the other hand, are
nyobably to be correlated with the low terraces along the Henana Hives
nogr Hoaly.

Tarrsces 5 to 20 faeol sbove sirean levsl are present on nost
of the trivstaries of the Henana Hiver, and also on many other streams
in the Alaska Hages. 4t memy lovalities, cérecielly on Healy tresk and
Lignite Crecky these are yothwecut benches with & tidn veneer of gtreenm
gravel, bore cumonly, howevers, they sopoar to consist entirely of
gravel, from stroan level (o terrace-tops oinilor low terraces hove
bean ¢hoerved on many other rivers, voth slacisl and periglacial, in
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this part of the Alaska Range. Thely ublguitousneas, and thalr nearly
und.form height, far below the lowest terraces of the Rliley Creek
glaciztion, =ake it uniikely that they were formed merely ag an incident
in the degradation of rivers during thio retreat of the Hilsy Crack ice.
Tha fact that in many olaces they consist entirely of gravel, susyests
& climatic rather than a structural origin for these terraces. along
with othar features, to be doscribed subsoquently, they are regarded s
nwe of retent, ninor cold nerieds that occurred after the thermal

naximm whilch followed the retrest of e Klley Creok ics.

Talus: Thers are large or small mounts of talus at the base of all
the rock ¢liffs excopt those that are puricdically swent by the Henma
by a thin layer of talus which is presunably an acosmulation of rock
fragmonts that rollad or slid to the slopese Clopas less steop are
covared with congeliturbate wilch will be described in the following

Alver or its tributarics, Slopes steenar than 35° are

ssetion. Large dercgits of course vlocky talus have ascoumulated
below ¢cliffs md cirque headewslls in conglomarate, gresnstons

rocis, snd lirch Ureek schist. The new higbway on the east glde of
the Henmna iiver between olime Greek and the Lrldge opposite windy is
excavated, in part, in talue cones. Un the west alde of the river,
about hoel? a sile north of Clear Uresly the Alaska hsilroad obtained

blocks T riprap froam 2 ouarry dug in tslus. The blocks of conglonere
ate and sandstone ovtalned fyom thls quarry were used as shapsd riprap
glonz the river bank ab the north ond of the tunnel ot Jarner, and show

no noticeable weatliering or disnlacennt. The supply of very coarse
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blocks was quickly exbeusted, snd W quarry was avandoned after a few
yoarp. The swrface of this talus apron is dark, as the upwerd-fecing

surfaces of the voulders are completely covered with lichen, Doulders
in the quarry feca, however, have no lichens growing o themj although

the quarry has been sbhandoned since 1925, The quarry fsce, conssquently,
is Jizht tan in oolors This can mean eltber that conditimg for lichen
growth are no longer presant at this locality, which is wnlikely, o
that the period regmired for lichens to establish themselves is so long
that there has bsen no sooreciable lichen cover since the querey wasn
sbandonad.

Talus derosits of considerabls thiclmass are present locally
along the canyon batween Me¥inley Park station and Healy. At the north
and of the tunnel at Gamer, blocks of schist brealdny awmy fros the
meuntain of Zireh Creek schist northwest of the railroad teeck, form a

great talus descelty which everloeds the talus cone extending to the
rivary ceusing 1% to move slowdy out towmrd the rivers
onreliturbater Congelitmrbate, defined by Brvan (I9L6, p. 6l0), as
"a body of material disturbed by frosteaction®, fomms an almost
eontinaous mantle over all the land surface of this part of the ilagks
Rangs, sxpent whers sotusl cuterons of other foemations mre rresent.
The mantle of this material is ravely nowre than o fow feet thick.
besause of the grest oxtent snd thin nature of this mterial, it is not
marned separately on nlates L, 5, 6, and 7, excert for deposits of gresat
thiciness.

Congaliturbate is the result of intense deformation and
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digrlacanent of a £ilm of surface moterial through the hesving and
settling effect of alternste fresming and thawinge Solifluction
{inderson, 1906}, which takes plasce vhen soil viscomity is temporaril;
reduced by the mresence of lsrge mounts of neltewater, also plays an
impertent part in the develorment of conpeliturbate. The accumulation
in the poil of the large mpounts of water necesssry for congelitarbation,
vos the presence of en impesyrvious subgtratum. This is provided in
aretie regions by the layer of nergelisol {(fryan, 15h6, pe 6LO), @
parenrially frogen ground (Taber, 1943}, which is present neorly cverye
where fron the crest of the Aleska fanse northward (Rlack, 1750,
ne 2l&)e

wmpeliturbate of solifluction origin ¢an be reccgnlized Ly
axtensive evidmoe that soil moved down slopes gentler than the angle
of repose. In very coerse solifluction de-osits at hipgh altitades, the
blocks pried loose from the outcrops by {rost action glide directly
downalope (rom thelr source. Whore the rodk varies slichtly in color
from place Yo placs, slopos havo a stresked armesrance
topograchy is the most striking feature of the mountaine

tops of Uireh Creck schist on both sides of the Henana River porg

anl can be seen clearly from Holinley “ark station. In crosgesection,
solifluction devosits are & hotarogenecus mess of mgular fragents
and ulders mixed ¥ th sand and sils, and containing sporscisble
amounts of peat and windeborne materisl. They coneist exclusively,
howevary of material derived from directly up the slope from thelir




present resting place, and o can be readily Mstinguished from till,
Commonly, alme, they are not as compact as till, Although stratification
due o wobter and wind action is shsent, the deposits may exhibit & erude
flow layering mnd preferred orientation of inequant fragments, resulte
ing from the Dwnslops movenment of congeliturbute.

Congeli turbate on level surfaces csn be recognized in Crosge

soction Yy tooical structures in the sedl: in soils with wide range of
grain sisge (from Douldars or pebbles to fine sand, silt, and olay),
comgeliturbation effects a sorting of the soil into pings or rolyzpoanal
networks of stones swrrounding clayerich centars of level ground, and
cavsen the fometion of altarmats stipes of stones and finer coll on
sloping pround (cp, Fashiarn, 1750, »e £9)s there the cosrse rarticlss
in the soil e rare or ebgent the effect of congaliturbation is siill
recognizeble in the pressnce of Srogtegoars, vosberings, and allled
forms (Hopking and Sigefooss 1551), and, in crossesection, in the sheve
of inwolutions of & fferently colored bands in the soil (Schafer, 1519,
e 156s165)e Even whore there are no exposures, congaliturbate may
be recogniszed Wy the developnant of a gpeclsl nicro-topopraniy which
conglete of mounis or hmswwocks 6 inches to 3 feet high and a few feot
to 10 fect across on lavel ground, or lobes and terracotbtes on sloping
groands AlL these featurss are present in the Alaska henge. Thelr
groat sxtent males 16 ¢logr that most of the land surface is mantled
by a layer of moterdial which bes underpune congell turbation.

Pregornbly moveoent of rocks and soll by congell farbation

inndbites rlant growth over the active bare areasy 17 congslitwhetiom



eeses in intensity or covses, vlants wll cover the bare arcas in

a fow years, srovided the slupe is not too gieer and rocky, and the
altitude not too great (Nopiing and dvafocs, 1951)e ‘ven erownd 5,500
feat altitude, 2,500 feet above Himberline, thare are a few Mchens and
wnally nearly level patches of turf, which Indicate that plant growth
of one type o another woull bDe cmtinuous over most of thds area, wvere
it not iohiblited Y intense movenant of the scdle The only vepelation
sumorted by coarse congelituwriate in reh Uresk schist abovs L4500
faet i a sparse growih of woods with lony “freoe-swimsing® roots adanted
to grouwliy in movine talus. lichens oo sbammt from bave ook suwrfoves.
4 fow boulders show by the masence of desd licheans on thelr undareides
Wnt thay have bean recently overbuomed altor 2 long peried of stability.
Asove 1,500 fent, tharefors, active comgoliturbate covers the entd
surfacs excent on oubtorops and soatborod patches of turfe AL lower
altitudes the talue and solifluction doroslts aro covored with a dense
turfy which Is broken at mly o few locallitleseely londslides, badlsnds,
outerong, or frostescars (Hopking nnd [izafoos, 1551, rre S5e70)ew=and
songeliturbationy althourh locally effective at the presant timsy is not
ranerally active over the entire surface.

Iendslide devogitss Tooosits of anciont landelides are to be found at
soveral -laces alons o Alagke Sailroad and lenema Rivers Landslide
activityr in the Nenang Diver porgn bag lod %o serious malndenance
sréhlens on the Alaska Jallroods landslides are of two typess rotes
tlonal shear slips, and detritus slides or sud rans (Gard, 1945). The

rotational shear slisg ccour were a ek larer of convse noderisl op



2 block of rock e oodl behaving essentisily a8 a rigld wnity is undepe
lan by elther a laye of finserained material {(clay or clapw-rich
) or a gently inclined frecturse & landslide of this fype, botween
the Alashe Zsilrosd and the rivery aboud 1 mile southenst of Delinley
Yark station, eongd ats of a serles of arcuate blocks seversl bunired
fest long and 50100 feet wide, which have besn rotated so that their
originally horizontal surfaces nov slope back towed the reilrcad at
angles of 10P=25%, it the mase tims, thoy moved dewnwerd and outward
toward the rivar, creating o series of asometrical ridges al succebie
ively lovar sltitwles from the rellrosd treck towsrd the river. This
landslide cccurred because the Nomana fiver eroded the base of a bluff,
about 150 feet high, that congisted of 65 fset of clayerich €11 overe
ladn by 85 feet of outwasih pravele. The till flowed out tosmerd the
river, undemining the gravel and dreagging blodks of gravel) with it,
zd causing thelr ariginslly hordlsontal wper surfoces o rotate away
fron the rivare The landsilde is now stable.

Lendsiides in the Tertlmry cooleboaring formalion are oommon
along the wells of the canyong of Lirndte (red: and 1te tributaries,.
{Loe plate he) The landslides start where gramnd water 1s concontrated
alomg the tops of lmpepvious bods widch slope pently townrd the oresi
ar lte tWributaries.

incient landelides, now completely imective, heve
torruce fron ry Uresk nortinmrd to the road west of Lignite, These
landslide deposits were recognised frem thedr topogra-hic exp

OB,y



which conuiste of & number o nerrow ilrvesular vidges s ervaces
parellel to the trend of the Llnf#f. ‘resumbly the thick cutwash
gravel of the Heely -laciotion bers rests on & ¢lay horlecn, elther
111, rroeplacial lake deoglis, ar a clgys-rich gono within the Terticry
rockas Tho clay flowed out from beneath the gravely letting it settle
a8 irregular blocks.

Totritus slides and muderuns generally flow into o stam,
wilch ro-dguogits thick debrls as alluviam, or rencves 1t altogethar.
Small sudepunz on hillsides are guickly eoverpgrown sith vegetstion, and

their recogmition io AAffionlte Yo moiend emmnles of such landsildes

were recosised, although 16 1s believed that sany badland arees
regulted fron the exvomire of Tertiery rotks 10 active erosion alter

the integument of vegetnlion wao resoved by o detalitus slido.

fogk plascliers: Jock glaciers similay in overy respect 1o those In the
Wransell nountaing, Jdeseribed by Sapps (3910), are common in the Alasim
Ranpes These are commondy lobale mounds of inteswixed cowrse sl fine
apular detritus, similar to talus in couvosition and grein sizes They
axtand Jownslops Srom tho base of talus cones and talus wrons on
declovitdas as pentls as 5% Thay stlgngly resesble placiers in
wpearances, Ln that thay are coneonly elongaie downslopes have steen
fronts and sddes facing lowsr countey, ond besr on thelr wper surfasces
botl: arfuate ridpes conven dounsirean, and straight rideges paraliel to
the drectian of {lowe

fock plagiers occupy dhe heoodwober cirgues of Jlear Cresly,



denana Blver and Tanert Forks They are camson in cirgues draining into
the Tanart Glacler; ab the beadwebers of Vieginia Creak in the Wood
ars of the Senctuary iivers The

Fiver countayy and at the headwa
depoaiis of rubble, conposel of andesite blocks, surronding Jumbo
Tome (Wahwbaftig, 1549) are regordsd as ancient rosk glacier denosita.

Rodks which break into soarse angulay blodks seem to be the
moat favorable for the occwrrones of rock glacierse Hente, vook glaciars
are nost cormon in the granite terraln bDotween the hood Aver and Fansas
renlty and in moutalins of greenstone along the erest of the Alasks
zange and in the vicinity of Yanert clacler.

Hposures of the intericr portions of rock glaciers are rereg
locme, angular debeis fron the ton snd wides suickly slides into oy
exposure that is mades. 4n exosure of the side of an aclive rock
glacler, whiich is the dowmnwvalley sxtension of the tertinal morains of
thw glacier at the hosd of Hansas Ureok, shows that this rock lacler
vonglete of soldidly frosen clay and gravel in wilch mmerous hlocks of
granite are evbadded like rduns in & puddinge The surface lavey of this
rock glacier ip moetly larpe blocis of granits. Similar relstions boetwesn
e intericr and swrface of rook lasclers were sesn in an axrosure of a
rock glecier at the head of one of the forks of Virginda (recke An
gxposure in the sldes of s nows-inactive rock placier on Jumbo lase
(anrhaltigy 19LY) showy $hat the matarial of the interior of the rock
sdacler g of much finer grain slze, @d has & mach largey rroportion
of fing motarial, than thut on the surface.

reliminasy resulis of neasurenents, now in ~wogress, of the
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movemant of & rock glacler at the lwal of Clear lreelt, show that this
rock placier is moving foveowerd at a rate of about 2% fowt por vear
along the medial axls, decreasin: to lel} foet per year alung the niden.

Carps (1910) regarded rock ;lsclors ss the last gtages of the
molbing sway of enfeebled claclorg, and thoapht then to be essentisily
the deposits laft by the last rlacisl ice during & peried of deslaciation,
it ayrears nove Mkely, howewer, that rock placiers are nowly fomed and
are indenandent of the last sleciation.

According to dichmond (1952) rosk zlacizrs of the La Sal
Hountains, volorado, have cores of €11 snd other festures of glacial
orizine e belisves that they are "residual from snall clacial roe
advances, retaining the essential confipgurstion snd structure of the
ice™, The ros:lis of studies of the notlon of the Clsar Creek rock
zlacior indcaste that Lte motion todgr iz nrobably the result of glscierw
ke flow of interstitial ices. Tho surface of the rock slacler, however,
ig froe of snow during the latter hall of the summer, and the ice in the
rock placier, therefore, probably scouwnlates from fresesing of intore
stitial wator within the talus, rather than from compection of snow.

The rock lociors wilch now ogensy the clrques that wers once
£4lled by the Mley (reck ice, rrobably originated long after that ice
conplotely disappomred fron those clrguoes, aud are o result of recent
eocling of tho clinates The rodh slacior for wilch a recent origin is
nost clear is o the hoad of Clear (reeks Yorey the roghk glacler, wvhoge
motion 1 being neasured, is sdvancing over o turfecovered nownd whdch

fills the floory of the clrques The mound has steor slopes which face



downevallay as well 28 towsrd the valloy walls on slther side, and an
upper surface that slopes gently northwnrd down the valley of Clew
Creck. It is dissscted by deer gulches, whose walls, also, are partly
covered by tarfs The upper part of the mound is burled by the active
rock zlacler, but from its mpesrance and axomures along ths walls of
the gulches that dissect 1ty it i3 evident that it is an ancdient rock
glaciers corlately stabilised mnd overgroun, and later dlssected by
trivutaries of Clear Creskce The pides of the active rock glacier ars
free of turf, and turf on its upper surface, whore pressnt, is tom
@d broken by mmerous {resh oracks. ihe active rock placier lo advance
ing over the older rock placler snd Dilling the julches which dssect
L%« & poriod of time in which the older rock glacier was farmed and
later dssscted, senarated the formation of the younger rock slaclier
from the melting sway of ice froo thiz clrque, amd, by analogy, o
meriod in whiich there vere no derogits of this tyre in thie olyque is
valieved to howe senarated the formation of the oldey rock glacier from
the d sappearance of glacial ice.

Il & wellepreserved low moralne crossss the Yanart Fork sbout two
miles downstress from the mresent teruimus of the Yanerd glaciers (See
nlate 2+) uhare it crosses the river it consists of several lrreguler
hillsy, covered ¥ th soruce forest, rising like islands out of the
wraddad outwash »lain of the Yaners Forke Large gronite bLlocks are

strown over the surface of the hills, and ;resumebly the hilis them-

selves are composel larpely of blocks of similar granite. These hille

form a doubls are convex dowmstresm across the river, and are
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continmons upstresn along the walls of Yanerd Valley as two low ridges
of ti1l about 200 fest spart tub merging locally. These riss to abuub
200 feet above the glacler surface, which rosition they maintain far
back inte the headunrd cortions of the Yanerd gladier, especially along
the north mountain wall of the glaciel vallaye The forest covering the

tarninel noraine 1o o donse
tinues upstrean Loy about a miley where 1t grades into a fwest of

growth of mature spruce. (his forest ocone

cotbameod and willow which extends almoat up {0 the base of the glacler.
At sbout the nudnt vhere the two forests grale into esch obhar, about
ong nile balow the placler tavdnes, another moraine crosses the river.
On the mountainsides around the terwinue of the glascler, this moreine
is a thin sheat of till. The glacler itoelf siuis sgainst the tille
covered glopes, wiilch are ovargrown by aldere and low taniva, with an
abrupt contact betwean nwalnewcovered lce and vegetationecovared t4ll.
Hecand till, coverling stagnmt ilce, vas observed & lev tens
of foat downslope from the placlers on cesvy Pealte Till, recantly
denosited by glaciers and now senarated fyom the glacler by narrow
outwash plains, is mwesent mround glociers at the head of Lopper (reek,
Virginia Cresk, and Kasas (reek. This till vasses dowaslope inte reck
glaciers.
dilaciers: There are no active glaciers in the srea irmediately adjacent
to the Alaska Nsllrosd thwrough the ilaskas Renpey although the Nensna
fiver,; Tanert Fork, Lonetuary Hivery, Teltlanika River, last Fork Toklak,
weod Hiver, mnd manmy of their tributaries, head in placlers. (See
nlate 24) Less than onowtwontioth of the sres that was Lloescoversd



duying the height of the hiley Creek ilce advance is lcewcovered

Pxisting gleclers renge in length from half a mile to 20 rdlesy the
longest and lorgest is the Yanert glacler, which hesds in lount Deborah,
12,540 feet high, just cast of the srea shown in plate 2. The existing
glaciervs are onoetanth to onowtiird as lonz as they were st the beight

of the iiley Uresk claciation, Mistoricsl records (Taliaferro, 1932,
ve T6h) mnd biological data (looper, 1942, ppe 17=-20) show thet the
glaciers of southern and southvastern ilasks duwrlng nost of poste
wigconain tinme wers much smaller than they now avej; and thaty boginning
2z fow thousand yoars 2p0, 20 ice adyance took slace whdch reached its
culmination about 100200 yeors age in scuthesstern Alaska, and about
20=50 yoars apo along the soutborn Alasha cossts Since this culmination,
tha glaciers have boen melting beck for distances of a fow bundred feet
to scores of milos. For instace, according to Barnes (19L3), the
"optage placier retreated 1,000 feet during the 25wyear peried from
191L to 1539 sdmilarly, the Spencer glocler retreated about 2,100 feet
betwesn 1906 and 1931, and the Dartlett glaclier sbout 1,000 fest botween
1911 and 1931 (Hemtworth and izy, 1533, e $90e903)

Ths glaciers of this sart of the Adasie Renge show evidence
for wimllar recent advance and retresty although, a2 w1l be shown in
u folloving parapraph, the conbined evidence of all the recent derosits,
glacial and othorwise, suppests a someshad wore camplicated climatic
idebory for Alasks than thot outlined by (ooners. ‘regumably the
vegetation spainst whdch the neralnewcovared lcs of the Ymerd plocier
is in shary contact, took o consldersble time to establish itself and



complotely cover the onowmile moraine, The shars contact with thds
mature tamdre lmpliss edther o long puariod of standestill or & recent
advances At the present tine, however, the lower part of the Yanert
glacier appears to be dowly wsling swey, as the clear ice surface is
swoth for neny miles above (to termims, and ridees of $illecovered
ive rise as high as 50 feet above the swooth surface of the witte ice
of the plader, Sinilar sonditions were observed by Tarr and Haprtin
(191L) on stegnant glaciers of the Yakutat Bay regions ihe Yanert
glacler mresented a sindlur sppearance in 1513, as photograshs teken
then (Hoffit, 1913, pla. L and 5) attest. The glacier was photozrenhed
in 1941 by fvsdford Weshburn, who has kindly given these photogra-hs
for study. At thet time its surface wus freshly crevassed, and the

surface of the nmoraine-covered ice was {lush with that of the clear
ices Amparently the glecler was in active movement during 1941, but
had heen dormant in 1913 and was dopmant in 1950 and 1951.

Tary and Hortin (191h) have shown that rapidly advencing
glaciers have deeply crevessed surfsces, whoveas glaciers which sye
gtagnant or in which lee in noving forward only slowly have relatively
smooth surfaces. The rasariatle swootiness of the swisce of the
Yanort slacior for ot least § miles above its terminus, whem expmined
in 1951, and its freodan fram crevasscs (shown by the large meltwater
streans flowding on its surface), indicate that the lower puet of the
zlaclor was not advancing for soveral years prior %o 1951.

The small glaciers on Keevy Tosk and arourkt the Wood ldver
also show signs o recent rotrsest. Un noarly all thase gladiers, the
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arous of visibls lce are emelior than the glaciors shownm o topogranhic
maps made in 1910 (Carms, 1910, nle 1)e The ics surface of the glaciers
on Eoevy "ouk uns observed in 1550 40 be much Jower than the ridees of
Premh t111 in front of the glaciers. The easternmost of the twoe glaciers
on Keevy Peok was separated fron #llecoveresd stagnunt ice by s sall
prowglacial o supsreglacial lske. The large, nearly circular glacier
at the head of Virginia (reck was bordered by & band of bare 11 and
bedrock tus hundred feet wide., Deyond the band of bare rock, the $111
and granite wers covered uwith Lichens and have s dark sppoarance.

Jeats Pest iz accumulating in boggy sreas slomy the Alvwka Rallvoad,
imedl, closed basing in 111 in the vieiniyy of lagomn appear to be
filled with srhagnum and Carex bog, swhich resis on peate The thidiness
of the peat is unimoun, for frosen groms wme encountered ot = depth of
& ittle more than one ooty and no Durther disging wes atbespled. Fest
1.2 feet thick mantles bop=coverad hillsides on the west gide of the
Nenana Hiver canyon fevn Hoody narthwestward to the Diamond coal mine.
(fee rlate Le) The bogs on the surface of the high torrace sast of
mobly underlain by pest. (See

frouns and north of Farty we pros
plate 3.} The thickness of this pest iz unkunown. Layers of post a
fraction of an inch to more than & foot thick, are interbedded with
the silt which nmantles nany of the tarraces. wotly nimmt resains are
found in the peat, dong with remins of vascular nlants, vhere the

neat L2 in two layurs, ithe lowver layer i black and inveluted, snd the

upper layer is brows and only slizbtly detwded by frost actisn, This
relationshly of twe pent loyors wes ohserved at loody mnd on the north



bank of Doy (reel sbout 1 mile sbove 1ts zouthy 14 is bellsved to be
fairly comie

hdoolian devositey seclim dovosiisy In the fam of sand dune and lowss
layers, sro comon along the
Alaska Range Dhese decosite are ot distinguisbhed oo the maps (nis.

3

enang Glver and in sdjesent naxrte of the

26}y but the locatlons of the wore signilicent outarops are piven
helow. Sand dunes e restricted to the Lmmediate vicinity of cliffe
a8 trus clifl-hesd duncse Thay ave prasent along the tops of &11
southefacing badland blulfs in the Tertiary rovks of the NHenans coal
field, but have not been cbhserved along the tops of narthefaging
bluffa. The sand cowposineg the Jdupes hes been darived fram sundstone

md $o the Ise sides of "ballmd® areas, where they acouwsilute

or cornplomerate of the sdiscent Ybadland®y which is in the Tertisyy
coal~boarin:g foarmation and ovarlying Henana sravels Sand dunes ravge
from 10 to L0 feot in thickness md ray extend several hmdred feot

W the les of the cliffwheads C(liffehead Gunes show sll gredations

of staddlity, from bave, rapldly groving dunes, some of nearly porfect
sigmoid shaps, to dunes complotely stabilised and overgrown with dense
spruce forest. In rlaces vhere thay have beon dissscted by wind, water
arosion or rellroa: mutsy the unes show ono, two, or three pest md
Porost lorarge.

Cliffehend dunss with interbasdded forest layers are exosed
in gsection along the rallroad aboub & quarter of a mile northeast of
voody {rle W)y about holf a mile south of Garner (at the south end of
the siding), and on the high bIuff above the rellrosd track about
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1«13 miles along the rallread south of fealys. The high bluff e the
east side of the Henana and the Llwfl on Ww north side of Dry Creek
have many Cliffehoad dunes.

A duns deosit ot the top & the mountain shove the Damer
tumal (rle L) contalne platy Cragrents of suhist half sn inch ok
anl as much as L inches in long dlometers These have been blowm,
rolled, or ricochoted Ly the wind for o Ustance of seversl tans of
fonty, o & fow hundred fest, Srom thelr scures in cutorops of Zireh
Croak scidste In no sther woy could some o then have reached thely
nreamt lodging placo on top of mnd interebedded with thick tarf and
in the branches of low bushes. n alternative sxplanstion thet theose
E%
axnlosions during the construction of the rallread, fails to exslain

ts may have beon thyowm ue o the too of the mountain oy

an exactly sinilar occurpence on the Totetlanila idver (vle 2},
eopoglie the moulh of Danlels Cresk, where no wnstruction or excavation
haz begn conducteds The presonce of thess course fragments indicates
very high velocition of soulh windg.

Depoaita of windeblown il mmntle alopos and toos of
terrsces nlong the lNenana lyere The oilt mantle ie 3 to B fool thick
on bluffs ovarloocking the river, bt thine away froon the river. 1t
trlckans northwurd fron 3 foct ab Healy to § feot at Byowe, 20 niles

£

northe sonly the sidt is in two logrers: z lower layey in whish the
bedkding hae Wean deformed by conpeliturbation into involntione, and in
which the contained nlant materizl is blacky and an wrer layer in vhich

the bedding

is endisturbed, and in which the contained plant muterial 1s
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atill brown and woodys Une, twoy or thtvee peal lavers may e present.

& prominent pest layer narks the boundary Letween the two tyres of

silte The median grain size of the upper silt is sbout Oulim., wheress
tie medlan prein size of the lowsr sili, which has besen affectad by cone
gelifraction, is 0.015 mm. (lsteminstions by Jolm we Jumss.) She silt
wofiles on the higher snd older terraces were not found to be any
thickar or mare com:lex than those on the lower terreces. The separate
stratigraphic unite of the silt mantde can be traced in nany ex»osures
from one terrace level to the naxt, the silt having been derosited upon
the frent slopes of the terraces as woll =s on their tops. (See plate
13.) The implication is that the period of depcsition of the present
ailt mantls was & late event in the histary of the regiom, following
opmoent of all the terraces, Consegnently, the silt mesatle now

on the terraces is ~osi=larlo in ape and probably of guite recent
origine.

The silt is derived from two scurces: (1) silt decocsited Wy
the glascial meltwster and blown of £ the dyy river beds by strong
gsoutherly windsg and (2) badland eutcrops in the Tertiary rocks. The
firstemantioned source is quantitatively the most important, iust
storna, similar to those described by Pewe (1951) on the 'elta River,
oceur on the lenans at the present tinme, and ware reobably much more
violent in tho past when the barren river {lat was broader. Lvidence
of the rate of scoumulation of &1t was obbtained in two places, furied
willow branches indicated a rete of accumulation, of about one foot in
50 years, of the silt mantls bordering the reilroad track juet south of
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the tumel at Hoody. Ab Healy a mstal container buried under 8 inches
of gilt and re-exposed st the ediye of the river bluff indlcates s rete
of acommlation of not less than one foot in sixty years.

Windepolished and facetted pebbles are comon in exvosures of
the t111 of the Healy glaciation wost of Healy, and an the bluff in
flley Cresk outwash above the railroad track aboud ome mile south of
Healys Windwseulptured srosional forms have not been observed in the
badlands near the railroad, Very strong prevalling south winds have
had & strikdng offect an the vegetation that grows on terraces Lrom
Healy nortiwmerd, causing the bushes to grov in lines oriented northe
south, and giving the terrzces & ralwd or plewed sppearance when seen
from the alr.

Parenmdelly fromen graund: Torennially frosen ground {(Taber, 19k3,
Blacky 1950), also called pemmafrost (Huller, 1945, p. 3), and pergeliscl
(trran, 19L6, ne 635), L8 common throughout the Alaska Hange, und has
basn reorted from all localities where deer extsyations have been made.
The only locslitien where 1ts vresence is doubtful are same of the very
wpllsdraines terraces underlain by coarse gravel, frum the base of which
ereet springs anerge. srennially frosen growmd is probably not present
beneath rivers and iskes.

The depth to perennially frowen ground in the Alaska Range is
sontyrolisd larzely Y vegetation cover and exposwre to direct sunlighte
In geneyal, 1t is much closer $o the surface on northefacing slopes than
on southefacing slopess Three tyres of vegelation appewr to influence
the depth to perennialiy frozen zround:s (1) Thick, continuous
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vegetation, congisting largely of mosses, with or without black or
whilte soruce., erenndally frozen promd is commonly found within twe
feet of the surface, logally as ¢lose o the surface ag ong foot.
Where bare soll is wresent in the center of Ifrostesvars, perennially
frosen ground is much desners (2) Vegetation consisting rredominantly
of brushy alder, dwarf birch (Getula nana), willows, with or without
soaree growth close to the ground consisting of snual orasses and
lichens, and with or without open stands of white goruce., Perennially
frosen ground lies fyom 5 to 20 feet below the surface. ost moraine
hllocks, most mountain slopes in the gorge betwean Fclinley “ark
gtation and Healy, and much of the country south of rellinley ark
station is characterized by tiis vegetation. (3} Slopes of bare gravel,
suterora, and talua, with or without scabttered growth of lichans.
Perennislly frozen ground, i yresent, probebly lies more than 20 feet
beglow the surface, and is likely to be "fossil® perennislly freszen
grounds “erennially frosen ground is reorted fros the Suntrans mine,
which 18 excavated benasth a scuthefacing slope of bare rock or talus
clothed only by white spruce and asnen.

The denth o parenially frozen ground in bare scrse slopes
at altitudes greater than 3,500 feet is unimoun.

erenmiel lce in crystelliine nomscorous rocks, ae well as in
slichtly pervious well=jointed rocks iike the Cantwell formation,
probably scours only as thin films in joints and eracks, Likewise, in
denogits conslsting of ooarse gravel, peremially {resen ground is
elther "dry remafrost” (rock noremnislly below 320 Py ut withoub
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water) or gravel contalning interstitial ice only.

In gand, 8ilt, and clay, o the cther hand, »aremninlly
frosen pround taltes the fom of clear lonsse snd velins of fce, as well
88 solidly fyrosen 8ilt and ¢lnw, Uommonly, hoctmuss of the expunpion of

the interstitial water on freezing, the comp

3

nt greing of the rock

are vrled amrt, 8o that in soremnially frozen spound in fine-srained

imente, the only bindlnp Torce is ths ohesion mnd edfyreeriry strength
of ice. hem the ice melts, the cement ls lost, and the resulting weter
acts a8 = sup-ord to the weight of the fineegrained saterisl, therotry
redocin frictional resigtance to movoment (Tersazhi, 1950, v O1=0hje
Such meterial slumpe on slopes, md lawdglides and mudflows resull.
Thawed ground in 8ilt md ¢lzr tende 4o Tlov froa benesth ~odnts of
srwport of hesve welrhte,

e velnlats axorsed ot the new tit, Ulamond cosl mine, during
the sumer of 1948, aversged onoezishth of an inch in thickmess and were
sraced half an inch to one inch avard. Thelr strils was parallel to the
contour line of the hillside, which is hore parallel to strile of the
conlebearing rodess Ther dipad P00 ¥, arproxinctely blsescting
the angle Hetwesn the surface and the beddins, The rocks in shilah the
opcurred are sandstons and silistons of the niddle nabor of the cotle
bearing fommation., The hillside bameath which thay were found, was
covered by tundra of noge an sedres, with podchas and rows of willows
antt duarf birch,

Perermially frosen ~round exnosed, in 10LE, in olar st the

bridge at mile TWidy om the ilesks Heilrosd, was n the form of
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vartical ice veinlets, s guarter of an inch to half an inch thick, and
one b0 three inches apart, oriented spproximately norasl to the direction
of slopes Lenses and bodies of clewr ice up to a oot thick were also
feund in the clay st this polnt, ad interstitial ice cemented the
terrace and delta gravele. lenses of clsar ice mors than one foot thick
ware found in clay et Hoody in L9,

Tha involuted gilts at the base of the ailt devoslits on
terraces, show that the former presence of nepafrost bensath or in the
lower layer of thege milis, sided congell turbation to the extent of
notably deforming the soil,

Climatic history implied by the sosieCarlo desosits: The climatic and
geolopic history imslied by the rogtelarle deposits invelves the
following events:

(1) Helting of the filey .reek glaviers, wtil zlaciers on
many of the smaller streanms, vuch s fevine, foose, Louisy, and Windy
Vresks, and rossibly the Sactuary River, bad comnletely disarmeayed.
The larger gplaciers were considerably smalley than they now are.

{2} & period sommhat wormer then the rresent. This nay
correlate with the thermel meximes recognized in the United States
(Mosay 1951, ppe 02e83).

(3) 4 period 38 cold ng the present, during which (&) the
Tanert glacier advanced to 5 ~oint about 3 riles below its present
terminus, (b) rock sluciers were sctive, and {¢) the Nenana River and
its tributarios agoraded thelr beds. This veriod dates back st leost
seversl hudred years.



(L) & warm period, during which the glaciers retreated back
of tholr present pesitions, and the older rogk glacier on {lear Ureek
wag dlosectad.

(%) The pressnt cold peried. listorical records suggest
that the pesk of the present cold paried 1s pest and that, at the
mamant, the climste 1s slowly vedoming warmer.
am: Two of the major faults crossed by the Alaska
Reilroad have been sctive since the dercsition of the Cwrls cubwmsh and

PogteCarlo diastron

retrect of the glecliere.

The expomare on the oast side of the Nenana River opposmite the
nouth of Fley (reek consists of «lluvium resting on outatash pravael
derogitel by the Nenana Pivere The gravel in twm rests on $111 and
the upturned beds of the Cantwell farmation {ple 1h)e At the narth
end of this oetoroep, the alluvial gravels are bent upward to the north.
The fault contact betwseon the Cantwell formotion and Elrch iresk schist
ig fust north of the defarmsd gravels This contact appavently extends
eastward along the Base of 2 small puleh which has dssected the alluvisl
fane The eriginel umer surfece of the elluvial fan lg lsrgely crescyved,
The part north of the guleh iz 20 feet higher than the part south of the
gulohe “vesumably the displaceanent of the alluvial fan swrface and the
banding of the alluvisl gravels are sifects of tiw same cuuse, movansnt
along the fault separsting the Catwell famation from the Sirdy Creek
schists The movesent along the fauld in poste-Carlo time has sncmtbed
to X faet, the north 5de belng the upthrown wda. Ho evidance oould
be found for wlift farthar west along this faulite ‘resumably lhere



was no uplift alen: the foult in the poeriod betwesn the begimning of
the Healy glacistion and the end of thoe Carle, for glacial deposits
and terraces of the older glaciations show no noticesble displacemonte
4 delascenont of 20 feet woull probably not be detected in the older

derogits, for the eryws of correlation of higher terreces and glsgial

donasits are of that order or grectot.
Fault scarps displecing alluvium, mutwssh gravel, and Hecent

talus cones and alluvial fas, mark the line of the great fault which
crosses the Alasks Asdlioad nesy Windy. (See plate 1.) scoopding to

iiahe Edkchart (personal communication, 1551}, the ssarse on this fauls,

eutting alluvial fans in Pogey Yossg, {ace north and are betwesn 20 and
50 fest highe Le He Cobb (versomsl communication, 1951) states that
the fault searp seross the flat north of the lower course of littles
Windy Crsek bas & helght of from & to 15 feete (See plate lleb.) Lagie
ward,y along the southefacing nounteinside north of the head of kells
Crasky the fault is smeked by s (rench, the sputh wall of walch is
steeper than the noprth wall. The scwy sppoars, in serial rhotogra-hs,
a0 far sast as the Henana gloclov.

All the evidence poinis to recent disclacement along this
fault, in dwhich the south side went vy wth rogect to the noets side
from & feot to more than 20 foets The slight awount of erosion of the
seaxy sugzests that the movasent is precont, mnd very likely no more than
a few mundred yoars olde

Glacliel derogits on olther side of the fauld wne are not
soticsably desplaced, other than the displacement described abovej



the topograchy along the fault does not give any indlcation of lelisto-
cane displacenent of any magnitude, ceriainly not from movements in the
direction that the recent fauli seaxvps indicate, It seenms likely,
therefare, timt the revivel of novewnmt along this fault does not dute
pack beyond the sge of the Carlo denosits, and is prodably much later.
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