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CONTRIBUTIONS TO GENERAL GEOLOGY 

GEOMORPHOLOGY OF THE UPPER KUSKOKWIM REGION, 
ALASKA 

The upper Ku~kokwlm r ~ g l u n  rls rlmctnEkl in this report corers an awn of 
nbout 6,000 8qi1nr.e mllcn in swtl~~v~%t-cuntnhl Alnaka. and Inclltdes n smnll set- 

tlon of t11c Al:iakn Rnnhp?, i i l ~  bord~rinfi pio)n~ont nntl Fo\vlnttd, ntld en adjacent 
uplnnd nren, It i s  dcninerl by the upper prk1.t of the Gnskokwim River, ~ I t i c h  
orlglnnttis Imm the ronvergprlce of  it^ eerprnl ~unjor Zrihutnries In the Towland 
rtrra. The wglon la lindcrlnln by ~eAirnpnt:try rucks of Pnlmzoic alid of Cr* 
tncmus uge nrlrl Imeo~~a rocks of T e r t l i i ~  a&*. Anlust of the region, including 
111rge W P I S  ctt the uplnnds a ~ i d  mor~ntsinrc, Ts crbverd with surficial rlepwits of 
aeveri12 types-mllnvlnl, gI;laclnl, eolinn, nlluvial, nnd organic material. 

An ext~lrslve ~ r o a i u t ~  ~ u r f a c e  fornlcrl orer p a ~ t  of the region rlnring the late 
Tt!lZlarg. This mt-fnce wns difftwntinlly nplifted, probal)lg In the late PIic- 
cene or et~rly Qu~~lerr lary,  11nd rlotv crrvrrn uplnnd summits at an altltode 
rn~iglng Prom 1,(W to 2,000 fPet nbore se:t Iwel. Rejut-matd streams iolloa- 
Ing thc uplift C~I-ved ont innu!nerrtble v:111eys rrithin the upland& and the an- 
cestral Kuskokwl~u River, nvl~irh probiibly do\rd  on the emlm surface In 
ntmut Its pt-esetlt po~ltlon, cut n braail c:uiyo~~ through the uplands. The Alaska 
H a t ~ ~ e  was prol)nhly uplifted nt t h ~  snnre time, and hns undergone contintled 
upllft during the Qunternnry. Difftlr~ntinl ~morernent is stiII going an along 
two lnrrp  fault^, the F a ~ ~ w e l l  fault :it the l~ortlk HI= of the Alaska Range. 
Itncl the Niacrn Fork fault witlii~i tl ip npIunds. 

Much of the lowland area, where drbrls clerlved princlpolly from the rising 
Alnska Range haw nccumuIntd to nn unknnwtl thickness, 11~s subsfded, proll- 
nbly during the Quaternary. This wedge of sediments has pushed the Kus- 
kokwlm River to its prewnt position along the north of the lowlnnd. 

Climatic fluctuations during the Pleistorene gave rise to repeotd g1:lccintjon~ 
in the Alaska Range, where glaciers scnurect l~rge U-shnmd valleys and also 
spwad out onto the bordering pldmont. These fluctuatioi~s influenced the pro- 
sion and deposition in the oonglnciated areas. In the Iowlnnd, the acc~~mula- 
tion of nurInI and eolian deposits was: accelen~led during t,he g lnc l~ l  atlvancm. 
In the  uplands, which were for the most part ungl:larlaterl, the zone of Intenw 
fmt action, now nt abu t  2,000 feet and above, mas lowered during the glacial 
admnces. Cmrse rubblg colluvinm is chnmcteristic of this zone, and the 
rabble nt the base of some of the creek ~pnl le~a  was probably rleposlted drrrIng 
the glacial climates; in other wl leys  the nlnterinl was reworkpd hy streams 
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192 CONTRIBUTIONS TO GENERAL QEOLOGY 

iuto well-rounded gravel. Present streams in the vnlleys, nThIch are partially 
All& with organic material and silt o-rer the ruhbIe and gravel, are slugglsl~ 
and clogged with vegetation. 
Two major glaciations of late Quaternary age are recorded by two sets of 

moraines in each of thre? areas on the piedmont; the moraines were deposited 
by glnclers that originated within the Alaska Range and extended down the 
valleya of tlie Big Rlver and the Windy Fork and the Bouth Fork of the 
Kuskokwtm Rlver. The older, or Selaina, gZnciatlor1 is of Wisconsin( ?) age, 
and is represented by greatly subdued moraine# a t  maximum distances of IS, 
12, and 35 miles, r~pectIvely, from the base of the mountains. It Is  also 
represented by R n  outwnsh slope in the Big River nren. The younger, or 
Farewell, glaciation is represented by generally fresh to slightly subdued 
moraLnen a t  maximum distances of 0, 8, and 20 miles, respectively, from the 
mountains, and by widespread outwnsh slopes in the Windy Fork and South 
Fork arens. This glaciation Is of Wisconaiu age, and Ie divisible Into an early 
phase (Farewell I) and a late phase (Ffi i~wrll  2 ) .  
The lhm?weIl glaclntlon wns accompnnied by u perJd of mexlmum eol1u11 

activity in which l o e ~ s  was deposited over much of the region and dune sand 
was deposited over a large part of tlie lowland. Long arcuate rldms of silnrl 
that are ortentd northeastward, wlth the concave side to the southemt and the 
a t m r  slope to the northwest, al-e the n m t  conspicuous dune m. They 
belong to the ph~togenle claw of dunes, and were formed principally by south- 
e a ~ t  winintIs but modlfied by southerly and, probribly, southwest winds, Some 
o f  the dunes became stnbiliaed only in fairly receut time, nnd comparatively 
~ m l I  amounts of IWSB nrt' still b d n ~  deposited. Remnants of old dune flelds 
in the western part of the refilou nrc probably related to the Selttlma glaciation. 
The premnt surface deposits of thc piedmont and lowland areas, other than 

the g1:lnclaI ~ n d  eolian sand deposits anil a widmpread veneer of organic and 
lnessal material, are thme oC several nlluvinl features, The modem rivers, 
braided nn the piedmont and meandering in the lowland, hnve formed nnrrom 
flood plains and large fans on the pledmont and broad rnawder plains in the 
lowland ; tributary rivers in the lowland hnve formed s m l l  fans after emerglng 
from the uplands. Rivers have also formod t.wo older plains Ln the lowland, 
widespread fan nprons at the has@ of the uplnnds, and con= at the bass of 
the Alnskn Rnnge, The depaslts enmmpasn severnl age spnns within the lnte 
Quaternary. 

A widespread mver or ormnic mntrrlal, largely p a t ,  is accumnlatIng lodog 
0%-er much of the lowland, pnrta of the piedmont, and locally within the up- 
lands; simllar m ~ t e r i ~ l l  probably nccu~nulatd wideIy In the interval betwwn 
the SehCna and Farewell glncIatlona. Thp modern peat is found below ltvlng 
muakeg vegetation, w11~iq pcrmafiwst is generally present at depths of 1% to 
3 feet. Peat also is found in  hogs, which nre interswrsed within the areas 
of mnskeg vegetation and am so numerous In poorly drnined parts of the flat- 
lands that they cover a fourth or more of the surbce. A cyclic formation of 
permafrost k l o w  m u s k e ~  vegetation and its rneltlt~g in bogs apparently goes 
on contlnuw~ly. Completely undrained pnrta of the flatlands contain many 
large lakes. 

INTRODUCTION 

LOCATION 

The upper lluskokwim region, so named because it is drained by 
the upper part of the Kuskokminl River, is in the southwest-central 



FlarRI: 18.-fndrhx rllnlr nf .4larks efhnwlr~g locnlion of tllrper Xuskokwlm region. 

part of Aln.qkn. As defined for tliis ~-eport. i t  IS Rn irr~g~llnrly 
shnpocl arm of ahat  ti;,000 sqtlnw ~ l l i l ~ a  between lnt fi2' and 64' X. 
llnd long l X O  xnd 156' \'lT. It  inrlu(les parts of I he 3IcGrnC11 nnti 
To~~zonn rlis3ricts of the R~lskdirri~n r~gFon, as outlined hy P. S. 
Smith (1939, pl. :3), and nlso in[-lntlrs p n ~ ~ t  of the northwest flanlc 
of the Alaska Ritnge. Its position in Alaska is shown i n  figure 18. 

PREVIOUS INVESTIOAFIOFTS 

The first geologic informnt ion on the upprr Kuskok~t-irn region 
multed from 3. S. Sp~~rr's histaric trip ncross the iXPaskn Rnnge, 
in the summer of IRDR, for t h ~  U.S. Geolr~fiicnl Si~rvey (Spnrr, 
1000). Re ~CSCP~IICII the; South Fnrk and the IC~idmkwim River 

508345-00-2 



194 CONTRIBUTIONS TO GENERAL GEOLOGY 

(fig. 19) by canoe and traversed a considerable par t  of the region 
described in  this report. With the assistance of W. S. Post, topog- 
rapher, he made a sketch map (scale 1: 625,000) of the topography 
and geology along the route. 

The next summer, the W a r  Department sent a party by pack 
train, led by Lt. J. S. Herron, across the Alaska Range and down 
the South Fork. H i s  route closely paralleled that of Spurr  as f a r  as 
the village of Nikolai on the South Fork, where Herron turned to 
the northeast. H e  lost his way in the broad, swampy lowlands of 
this area, was rescued by natives, and finally reached his destination 
in late fall. H e  made a rough sketch map of his estimated route 
(Herron, 1901). 

I n  the summer of 1902, A. H. Brooks, in charge of a 1T.S. Geologi- 
cal Survey party, took a pack train across the Alaska Range, fol- 
lowed the South Fork to where i t  emerges from the mountains, and 
then swung to  the northeast along the northern foothills of the 
range. His  topographic and geologic nlaps (scale 1 :625,000) cov- 
ered the southeast corner of the upper Kuskokwim region and were 
more detailed than Spurr's sketch map (Brooks, 1911, pl. 9). 

After the discovery of gold in the Kuskoli-cvim region in the sum- 
mer of 1906 (Mertie, 1936, p. 118), the U.S. Geological Survey sent 
several parties to investigate and map selected areas. During the 
summer of 1915, R. H. Sargent, topographic engineer, and J. B. 
Mertie, geologist, surveyed the Iclitarod and Innolio area, which 
includes the northwest corner of the upper Kuskokwim region. 
Their topographic and geologic maps were published on a scale of 
1 :250,000 (Mertie and Harrington, 1924). 6. C. Martin visited the 
Nixon Fork  district in  the summer of 1920 and made a preliminary 
geologic report (Martin, 1921). R. H. Sargent and J. S. Brown, 
geologist, resurveyed the Nixon Fork district in 1924 and made a 
topographic and a geologic map on a scale of 1:250,000 (Brown, 
1926). I n  1933, J. B. Mertie made a rapid survey of gold mining 
operations in the upper Kuskok-c%.im region (Mertie, 1936). 

PRESENT INVESTIGATION 

S C O P E  O F  R E P O R T  

This report is based on a reconnaissance study covering all as- 
pects of the geomorphology of the upper Kuskokwim region. A 
large part of the region is covered with surficial deposits, and 16 
mappable units of these deposits are differentiated. Their distribu- 
tion is shown on a map a t  a scale of 1:250,000 (pl. 22). The phys- 
iography of the uplands and the glacial geology of the Alaska 
Range are discussed. Various geomorphic features, including sand 



dones, bogs, and lakes, nre also discuss~d. Thc report includes a 
brief section on the bedrock and t l ~ ~  structurnl geology of the region 
and a map of the bedrock geology at a scnle nf 1 :250,000 (pl. 21). 

The fieldwork for this study warn done in 1048 and 1950. The 
time int*olved tot.nIecl seven rnonClis and incl~ldpcl the summers of 
both years. Mapping was done on aerial pllrttopnphs, nntl the 
>~cGmth nnri Medfra reconnaissn.nce slieets (wnle I :250,00n) were 
twcrl ns hnse mrtps. 

t l  1 rnvorses lvera made over the follo\ri~lg alvils : (R)  the littfikc1- 
kwirn ltiver apatrmm ta B k d f m ,  (b) the l o ~ c r  Flnlf of the Nixon 
Forlz: ( c )  1110 entire length of  the Big River, (d) the rond from 
Sterling ,Tmnding on the  I<uskohvim River to Opl~ir (outside the 
Kuskol~wim region), (e) the mnd fmln Jledfra to the Nixon Forlr 
mining district, ( f )  the RTCn along the South Fork at the base of 
the Alnska R n n p ,  nnd (g) the urea nlot~g Sheep Creek atd thc base 
of the Alaska R I L ~ ~ .  

Tran~portnt~jon nver the r o ~ d s  was by  noto or ~ehic le .  A river bont 
q u i p p d  wi t,h two nut bonrrl: motors was nwd for inveetiffntions 
along the KaskolkTI?irn Ri\-er, rlntl frtrqz~~nt stops were made for foot 
traverses awlry frori~ the riwr. r l ' h ~  Sixon Fork and the Big River 
werc descended hy rnr~op ~ t f t ~ r  trnnspnrti~tion by float plane to an 
adjacent lake. from n-llirh portnge to ~ E I P  rivers wns made on foot. 
Grot~nd surveys dong Shwp Crwk n ~ r l  thc South Fork were car- 
ried out on foot. 

Areas not corerccl I?y grountl survoys were mapped on t h ~  basis 
of inf omation obtn ined from neri nl obscrvnf,ion~ n ~ ~ d  pllotopaphs. 
Observntions --ere mnda from planps flying nt low nlt,itudes, nnd 
inkrpretstio:~~ of aerial photog-mphs were bnsctl on photographic 
criteria established fram the goun(1 st,ndies. 
In both pars  the field party consi~ted of n l,otnnir;.l, n geologirnl 

fiel~I nssistxnt, 2nd the writer ns wologist and party rhief. 

The fi~ldwork for this report --as dme in cnnn~ction with thc 
~ t n d y  of Alnsknn terrain and perrnnfrmk, and was fi~lsnc~tl in pnrt 
by the Engineer Intelligence Division, Office of the Chief of Engi- 
neers, 1T.S. Army, T h p  n ~ r j n l  photographs of the region, which 
were, invaluable for mapping purposes. were made by the U.S. Army 
Air Forco and the U.S. Air Borre. 

Tho writer i s  pr~stlp intlcbted to the J ~ t p  Kirk Urynn of Ha~nvnrd 
Vi;lliv~r~ity for h is  ndvim on mnny nspcts of the fieldworlr and 
some nf the preliminnly results. and to 31. P. Billings, K. F. Blather, 



nnd J. P. 3ZiZler of Rnrmrd UniveAt.y for their continued help. 
nr. R. nr~trp, Jr. served as botanist during both field sensons. Tlis 
scction on wegetation is a condensotion of one of his unpublished 
studies, nnd in other references to wgetntion the author hns mwle 
use of h r y ' s  publication (1956) and informntion obtained in dis- 
cussions with him, His inraluxble assistance is grently appreciated. 
T m  Iinmmnr and George Corchary, members of the field parties 
during the  sumrnem of 1049 nnd 1950, r~spectively, were of great 
hclp. 

To the jnhrtbitni~ts of the villl~ges nnd mi i~ ir~g  camps of the Kus- 
kokwirn region, tho xnbhor is indebted for innumerable kindnesses 
nnd servic~s to the palbty, RS well as for bringing to his attention 
fenturcs of tho conntly that might otherwise have been overlooked. 

The upper ICuskokwjm region ernbrnres rugged rno~mtainous Iter- 
min, hilly aplantl~, gently sloping piedmont xress, ant1 generally 
flnt lowlnnrl nrens. Altitudes range from Jmut 300 feet above sea, 
level in the lowlrtnrls to a h o ~ ~ t  R.000 feet in the rugged mountains 
of t h ~  Alnska Rnnp,. 'IAe regioll is drained by the Kuskokmim 
River nlld its ~nnny tributaries, 
The climate is coId nnrl dry  in winter, but the mlntivelp short 

summers nre warn1 nnt? moist.. The mean annual temperxture at 
3fcQmth is 25.5OF and the mean ~ ~ ~ r m n r t l  precipitation is 19.13 
inches. The veptnlion inclucles tundrn and boreal forest; timber- 
line v~ries con~idcmbly in nlt.itucle but nvemges about 2.OOO feet 
above spn level. The ~.egion is rrit.Ilin the zone of discontinuous 
permafrost (Hopkins, ICnrlerom, nnd others, 2955, fig. 11). 

The total popnlntio~~ is nbout ,300 people, most of whom live 
either at &fcC*mth on the Kuskokwi~n Rirer or at Nikolni on the 
South Fork. 

RELKEF AwI, DRAIWAGE 

T h e  uppr Knskokwim region is divisihls into three physiographic 
~ l n i t s  : the Alaska X n n g ~ ,  the ft'trslrokwirn uplands, and the Tannna- 
XCuskokwim lowlnnd ( f i ~ .  d!)). For purpose# of di~cltssion in this 
report., the Tnnxnn-lCuskokwim lowlnnrl is ~ubdivided into two geo- 
griaphie arens: the nppw Ruskokwim Rivor lowland nnd the Big 
RiverSouth Fork piedmont. Tlic boundnry between t,hem is arbi- 
trarily drawn where t , ! ~  gently sloping piedmont merges into the 
nearly flat lowland. Ser~rnl locnl nmns fire nlso designated: (1) 
Nedfra flats, the brond swampy fl~tlnntl soutl~ nnd southeast of 
aledfrn where numerous tributnrjes of tho Ku~lkakwim River con- 
verge; (2) Nixon Fork district, the mining district north of Medfra 
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Flaunm 19.-Mop of the p11ynlogrn~)lrlc vrnllu 01 k!>v llpjlrr Kiinknkwim region, Alaskn. 
The physlograpliic unlts a3.r: 1, Alnakn Range; 3. Klinkakcilll uplands; 3, Ta~aann- 
Kuskokwim lowland. lTor punloner of tllrvrlsu$nn. tlw Tnnuur-Kurkotwim lowland is 
eubdirided Into t w o  gPcqrapl~ic nrenn : :$.I. I I ~ ~ I I ~ P  K~~ukrikwini Iltvrr Iowlantl ; 3 R .  Big 
RIver-South Fork ~ I c d m o n t  (burinrlnry R l m r r !  by dottwl Ilnr). 'Tile p i ~ d m o o t  i s  fur- 
ther dlrfslbfe Into an eRRtPFn nntl n wemlrrrl lrrrrt (1,olrnrl;iry shouvn l, .~ rlnuhd line). 

between Ithe Nix011 Fork and the Kuskrrk\vint River; ( 3 )  Xison 
Fork lowland, the hmnd rntFe~ alnl~fi Ihc EO\YPI' 1'0111% of that river. 

Tile K~rskokwirn River pmq>~r originnt~s Ilnm t h ~  ronverpnce 
of its several major tri1~1rtarit.s in Il~e l,rnnd, flnt nrpa soufl~ of 
Medfra. Three of these trihttnl.ies-t lle 13ig I i i v ~ r  nntl the IVindy 
Fork and the South Fork of the I i~iskok\ \ - in~ Itir~r-flow En n gen- 
eral northerly direction Awn t ! ~  ,llnsk:t Rnnge. The Enst  Fork 
and the h'orth Fork of the ICtlskakwim Ricer flow from the en& 
and the northeast, respectively, to the nwn of convetngencce. The 
Nison Fork is n tributary of the Tnkotnn River, which joins the 
Kuskokwim near McGmth. Thw TCnskokmin~ flail*s ncrnss tho low- 
land and then cuts through the uplnnds in Iht? sout l~w~st  pnrt of the 
region. In addition to these major rivers, rnnny minor rilyers and 
streams originate from the Alaska Range, the piedmotit nrea, and 
the upIands. h r g e  areas of the lowland are poorly rll-ained or have 
no drainage, and swamp,  bogs, nnil le.kRq jnlmunci in t,hom m-uw. 
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The rivers f r e ~ x e  over almnnd the first of Xovember nnd remain 
frozon until lnte spriag. Locally, in the braided seetions of the 
rive~s,  frcezjng niny perletrate to the bottom of the river and ovar- 
flows may occur. The breakup of ice 011 the rivem in spring is 
generally of mnjor concern to t,he inhrtbitnnts of settlements on the: 
flnod plains. 7'118 rivers are swollen by- the influx of snowmelt, 
water-and the surface cover of ice is lifted and broken into im 
blocks of various sixes. The f lo~ting ice blmks add ta the d n n p r  
of clarnap hy floods, as mme of them weigh Inany tans. Ice jn~ns 
cnrise ndditiannl rises of water l e ~ e l s  in local areas. The brertkup 
gene~ally takes plnce first in the upper waches of the trjbutnries of 
(lie Huskokwim River and progresses rnpidly clownstream. At 
JlcGrath the breakup usually takes place during the first or middle 
~ ~ n d  of M%y as showil in the tnble bolow. 

Dnks of ice breakup on the Kuskokwim Rdvar a1 McCraih, Alnska, 19g-64 

Year Y r w  DRY 01 ICP 
h r m h p  

During the sunnmer, river I~vc ls  nrt? highly variable, as they 
respond rapidly tn IocnI pr~cipit.~f ion. The: glacial stwarns from 
the Alaska Range also respond to the amount of glacial meIting 
nnd have a diurnal ff l~ct~nation. 

A7adca Range--The Alnslrn Rnnge extends along the southexst 
border of the region to the vicinity of the ,Micldle Fork of the K i s -  
kokwim River, nnd then turns shnrply to the south, outsicle the 
region. Tlie rangc rises nhruptlp above the piedmont and is char- 
acterized by sharp ponlrs, steep slopes, and deeply dissected ~ a l l q s .  
AItitudes range from about 2,000 feet to about 6,000 feet within 
the region nnd npproncll 10,000 feet south of it. The ~orthwest- 
ward-facing f ront  of tlla range is cut by numerous deep, U-shad  
velleys, thc largest of which are those af the Windy and Sonth 
Forks. 

Timknkmim upZand8.-The uplands lie in the northern, western, 
nnd southwestern parts of the region. Most of the upland arens 
am part of the ICuskokwim BIountains, which extend for many 
miles northen& and soutElwest of the region. The uplands also in- 



clude Lone Mountain and the unnsmed nlountnins that are along 
the soutllwest border of the  regioii, between the lCuskokwirn Moun- 
trwlls md t8he Alaska Range (bet~~leen the Tutlawiksuk River and 
the Big River). Hills and mouiltains are geplnerally rounded, their 
crests ranging betwoen 1,000 and 2,000 feet above sea level. How- 
ever, seveml rugged mountain masses project well above the gen- 
eral level of the rounded mountains. The IZuskokwim River flows 
through the uplands in n broad canyon, mcl numerous creeks flow 
in open valleys within the uplands. 

Rig Riwer--~! o ~ t h  F o ~ k  pi~chmt.-The piedmont is bordered en 
the southeast by the AInska Range nnd ailrl the u~~nameci upland 
area southwest of the range. Retween the range and this upland, 
the piedmollt projects south~~ard nnd merges into the Big River 
trench that extends over 40 miles o~~ts ide  the region to the Swift 
Rit-er. Other uplands border the piedmont on the west. To the 
northwest the piedmont merges irkto the lowlnnd, :ind to the north- 
east it extends for many iuiles outside the regioa. Altitudes range 
from n minimum of about 600 feet along the nortllwed bonler of 
the piedmont to about 2,000 feet at the base of the rango. Three 
large braided rivers-the Big Eiver, the llTindy Fork, and the 
South Forlt--cross the piedmo~~t. 

Most of tlie piedmont is covered with moraines, outwas11 slopes, 
flood plains, ancl alluvial f t ~ ~ i s .  T t  is djvisj ble illto an eastern and 
n western part on the basis of: differences in topography. 'She east.- 
prrl psrh, which ~~~~~~~~~s the steep front of t,l~e ,Uaska Rnnge, has a 
fairly smootll sur f~ce  except for es t~ns ive  mr~railies along the South 
rind Windy Forts. Sti.eam~, 01.igilialing within the rtlnge and on 
the piedmont. flow in n nol - t l~~ l . ly  (lirectioa. Tha western pnrt has 
irregular topography. The Hig Rivcr flo~\+s northward across IX 
large morxi~~al  loop t,hat covers 1nuc11 of this pat+ of the piedmont. 
Otlbor rivers originate within this mornillal loop ant1 flow in diver- 
p n t  directions-the Tnt1,zwiksuk Rivcr to the soutl~w*l.est and tri1>11- 
taries of the Selntna Itiver to the north~veat. 

Upper Kz~kokwim Riser lo~alo?uE.-Tho Io~l-ltm(l of t,Ile upper 
ICusltokn4nt River is an irr~gulnrly sl~speri nrea bordered by up- 
lunds 0x1 the west nnrl north. On the soutll it adjoins the piedmont, 
nnd to the ~lortliesst it exte~ltls beyond the region for many miles. 
I11 ndditiou to widesprenci nlllzvinl rleposits of several types, dune 
snncI covers parts of the Iomlnnd. 

Climntologicnl data for t,he upper R~~skokmil~l  region comes prin- 
cipally from t,he U.S. Weather Bureau station at McGrath, which 
has kept continuous records since 1940. A subsidiary weather sta- 
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tion has been maintained ~t Fareme11 wince 1947. 'rhe dab for 
McGwth, which is 334 feet above sen, lovel, cnn be considered as 
fairly representative of tlie lowlnnd are%, ant1 that  for F~rewell ,  
1,499 feet above sea l e ~ d ,  is fairly repre.sentnt,ive of the piedmont 
8lW8. 

McGradA.-The climate of the McGrntll nrea, like that of the 
region in general, is characterized by ~n extreme range betwmn 
summer nnd minter temperatures (fig. 20). Thc summers nre warm 
nnd moist, the winters cold and relativaly dry, and tlm transition 
periods between them short. With a mean n~ ln~ ln l  temperature of 
25.5OF and a mean amltinl precipitl~tion of 19.13 inches, the cli- 
mate can be classified as very moist (I-huritz nnd Austin, 1944, 
p. 114). 

The temperature s-xtremes a1.e 89OF and -04OF. During the 
minter months the rninirn~~m temperatnw~ norn~ally fall to  at Ienst 
50' below zero. P~riods of extremely low t~mperatures may last 
from 5 to I0 days or more. Occasiaru~l influxcs of werln mnritime 
air remlt in mxximum ~lni lp temperat urrs of  45OF or more for 1 
or 2 clays, The summpr months are warm, wit11 the nverage daiIy 
maximum temperatures in the high sixtips. Maxim tr rn temper~tures 
rise to the eighties on about 15 (lays. 

The mem tnnnnal precipitntion js  10.13 inches, of which owr half 
fa l ls  during dte 4 rnont.11~ from #June t l l rnr~~h  Septemhr. Most 
of the p~~cipitrttion is due to .cyclonic storms that  ge~~trnlly move 
from the muthwest Fitto tho nort1least. The monthlp vtlriability in 
the precipitation is gmnt, r nng in~ :  from #n extreme low of 0.01 
inch in April to a high of 6.26 inches in .2ugust (see table below). 
No clntn are nvnilnbl~ on the nnnlrnl evnprntion, but it is prob- 
ably Iow becnn~e af the gcnsmlly Inw ternp~mtnres. 

Maximum am' rnin'rte'm~ma monthIy precipiiaiinn nl ,lfcGraih, for p " i d  19&?45 

IVntn h m  U.fi. Wmthpr Rumu. IBSEJ 

Floln September to April the prevailing mind directions are 
north and norkhwest; in summer the prevailing winds are southerly 

Month 

J a n u  . .  

F~brl~ary- .  ....... 
M ~ r c h  ........... 
t i  ril ....... 
3Ly , : - :  1: ....... 
Jnne- ............ 
J 

Month 

A t  . .  

Septe~nber- -- - - - _  - 
O o r  - - - -  - -  
Nov~mber  _.__.___ 

December- - - - - .. - 

Year .......... 

Proclpltollan, fn lnchns - I Pr~tfpItatLon. m inches 

M~ulmurn 

2.92 
3. 05 
2. 12 
1, 351 
1.98 
4. 3(1 
4. 76 

Maxlmum 
-- 

6. 20 
4. (10 
4 59 
2 . 2  
2 42 

6.26 

Mlnlrnum 

0. 28 . 117 . 03 
.01 . 3 4  
. 4 1  
. t 8  

M i m u m  

1. 29 
. 9 ~ :  . 3; 
. 2 1  
- 0 5  -- 
.Ol 
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(see table below). The strongest winds am associated with the 
cyclonic storms and are usually southerIy in all months. How- 
ever, winds from a12 qttadrants can be expected in all seasons. 
Since the McGrsth station is Iocatecl within s pocket of the up- 
lands, the detaiIs of its wind record are only approximately repre- 
sentative for the lowland. 

Wind data far McGrath fur period 1950-65 
psta finm U.S. Weather Bureau, 18551 

Fa~eweZZ.-The mean annual temperature at Farewell is 25.T0F; 
the January mean femperature is 2.0°F and the July mean tern- 
peraturn is 54.g°F. The mean annual precipitation is 16.26 inches. 

The clirnatologica1 data for Farewell reflect its proximity to  the; 
AIaska Range in several respects. In the winter warm foehn winds, 
sometimes of hurricane veIocity, roar down the valley of the South 
Fork and sweep out onto the piedmont area. Consequently, the 
mean January temperature is about 10' warmer than that of 
McGrath, even though Farewell is over 1,000 feet higher. Ln sum- 
mer, thunderstorms frequently occur within the range and mca- 
sionally move over the adjacent areas. A partial rain-shadow effect 
reduces the mean annual precipitation several inches below that  of 
McGrath. 

VEUIFTATIOW 

The vegetation of the npper Kuskohim region includes tundra 
and boreail forest. 'She tundra is divisible into alpine, or dry, type 
and brush, or wet, type. T h e  alpine tu~ldrn is wmposed of  low, 
matlike plants and scattered dnrnps of shrnbs and bushes. The 
wet tundm is composed of sedges, dwarf heaths, and dwarf birches, 

t 

Month 
Mean 

velocitv 
(mphl 

2. 6 

Prevailing diredion 

Maximum wind- 

~irwtion velodt~ 
(mph) I-- 

3. 5 
4.0 
4. g 

5. 3 
6. 0 
5. 3 
5.2 
4 7 
3, 7 
2 6  
2.6 

4. 2 

March- - - - - - - - - - - - _ - _ - 
April- -- - . - - - - -  - -- - _  - - 

May----------_--_---  
June-------_-_--_-____----doL-------- 
J~ly------------_______-_--do-~____-_- 

September - - - - - -- -- - -- 
October 

South - - - - - _ - _ _ -  January - - - - - - - -_ -_ - - -  37 Northwest --_--- 
75 
44 
38 

35 
30 
33 
43 
50 

Febr~ary--------_-.-------do----..----,-----do--_~-__-_ 
- - _ --do- - _ - - _ _ - - i- - - -,do- -, - -. - _ _ 
North- _ -  - - - - - - _ / South-s0ut.h- 

, west. 

43 30 
48 

15 

Sou th - - - . - . - - .  

North--- - - - - - - - 
do - _ _ - _ _ - _ _  

N o v e m b e r - - - - - - - _ _ - - ~ ~ - - - ~ - d o ~ - ~ ~ ~ - ~ ~ ~ - - - - - d o - - - - _ - _ - -  
December ------------_ Narthwest_-. 

South-----.---_ 
East----_--_--- 
Houth---_-_--__ 

Southaoul hrest- 
South ---_-.-_-- 

-----do - - - - - -__-  

Year- - - - ---- -- - Northwm+- - - - - I  South-,- - - - -  -- - 
I 



with a dense carpet of nlosses and local al-as of lichens. The 
bored forest consists of white spruce-cEeciduous forest, black spruce 
forest, and mixtures of the two types. The white sprnce4eciduous 
forest consists of white spnice (l'icea g?crma), whits bjrcl~ ( R e M a  
pap?&fera), a w n  (Popul~is fre?nzthides), and poplar (Popzc7?(8 
ha7~ammif era) .  The black spruce (Pipea mnriana) forest, which corn- 
monly contttirls some white birch and larch (La& hrim'na), is char- 
acterjsticrtlly associated with muskeg vegetation. For this report, 
muskeg is defined as a wet, spongy firen with n thick carpet of p ~ n t  
mosses, predominantly Sphpynecm, and sedge tussocks. Quaking, 
or flanting, bags RXR intersprsed throughout large arens of the 
hlhck spruce-muskeg vegetation. A quaking bog is defined as a 
watery aroa with n high content of floating vegetntion, predomi- 
nantly peat mosses, sedges, nnd sl~rubs, thnt is uwlnlly concentrnted 
into IC mnt at the surface. 

The distribution of tho vegetation differs in cmh of t h ~  physio- 
graphic units, and it is tl~nmfore disr:ussed on tho ba~is of its 
rcgionnl distribution. 

The vegetation of the Alnska Rniige is lwrgely tundra. R r u d ~  
tl~ndra pnernlly groavs at altitlldes below 3,000 feet, and nlpine 
t,undrn graws at nltitudes nbo\-e 3,000 feet. Large areas of the 
range, especially the higher altitudes and steeper slopes, ~ r o  bare 
of vegetation. Forests a m  l imi t~d  to the flood plains nnd to lower 
s lops  of larger valleys, White spruce and poplar sre dominant in 
the forested arens. 
In the aplnnds, vegetation consists of both alpine tundra and 

boreal forest. Timberline varies considerably in altitude but nvcr- 
~ g e s  about 2,000 fwt; on northwnrcl-facing slopes it is usrrxlly 
wvernl hundred feet lower illan on soalthwntul-facing slopcs, and 
on large mountniu mxms,  such ns Tskotna JZo~inlnin, it may be ns 
much as 1,000 feet IDWP~. Man?: of t h ~  cwsts of hills nnd n~o~intains 
have aIpine tundra vegetation, even tl~oogl~ surne nre cansic?er:~hly 
below 2.000 feet in nltit~~de. Tl71ite sprucp? n-hite biirll, nrlrl nspFLn 
gener~Tlg p w  on tlm s b p r ,  rlri~r slopes and nt the lligher alti- 
tudes. Black spruce fopst is cllaractrristic of the ysmrly dmined 
areas, mch as the mom gentle slops airrl the creek valley bottoms. 
Northward-facing slopes, more moist than the s t r ~ ~ ~ ~ i e r  so~outh~vnd- 
fming slope, favor the black spruce forest. 

Most of the flat or gently sloping surfnres in the lowland alpport 
either blnrk q r n w  fomt, Mark s ~ r r ~ r e - ~ m ~ s k r ~  vcgctntion, or hog 
vegetation. The flood plains of rnexndering rivers have a sqt~entit~l  
distribution of vegetation : white spn~ce, white birch, and popI~r  
on young deposits, black spruce-rn~nlre~ vegetntion on otrler p ~ r t s  
of the flood plain, and a combinntion RE black spruce-muskeg and 
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bog vagetatiou on the oldest pnrts. The dune fields have s mixed 
forest. In general, the dune crests hnve hfack and white spruce, 
1rhit.e birch, nnd nspen; nlso a carpet of lichens. The slopes favor 
black spruce or mixtures of blnck and white spruce, ancl many inter- 
dune m a s  have blnck spruce-muskeg vegetation. 
The piedmont area, intermediate in altitude between the IowIand 

and the Alaska Range, has vcptntive elcmcnts of both areas. The 
higher rnom-ainal nrens of tho 13ig River arra and tho Windy Fork 
erea generally hilve tundra vegett~tion. Those at lower nltitudes are 
forested, with whito spruce-dcciiluous forest dominant in the South. 
Fork a m ,  and black spruce fomst dominant in the Big Rivcr area. 
The outwash slope of the eastern piedmont has wet tundra, which is 
mixed with black and whito sprlice on lower pads of the slope. 
Tke western outmash area has n forest cover that is dominantly 
black spruce and black spnlco jn(empermc3d with muskeg vegetation. 
White sprudecjduous forest iw dominnnt on the braided flood 
plains. 

PERMAFROST 

Permanently frozen ground, or permafrost (Muller, 19451, is 
defined here as surficinl materinl or Iwdroclr that has n temperature 
nf 32OF or lower and is not subject to sensoi~nl tl-t~wing. It is known 
to be present in parts of the lowland nnd the piedmont, of the upper 
Kuskokwim region. 71%eru? ice was observed, i t  wns d i ~ ~ ~ m i n a t d  
through the frozen ground find generally was not segregated i~i te  
wedges or large lenses. 
In areas within the lowlnnd where blnclt spruce and Sphagnum 

moss grow in peat that is a foot or mom thick, permafrost Ties 
1% to 3 feet beneath the surface (F~mnld, 3055, p. 131). A4reas so 
covered are f o n d  over large pnrh of ltllo nlluvial surfne~s snd some 
parts of the dune fields. I'ermafmt lies st firenter depths or may 
be entirely 1ncking in nrens wl-t~re the p a t  is less than n foot tlrick. 
Wells a t  IlcGrath on the flwl plnin of the rncnnclering Kuskokwirn 
River provide subsurface dnta on frozen ground in thp lowland. 
On the older parts of the meander scrolls 5 \r.ells pnssed tl~rouglgh 
tile bottom of permafrost at ilept'l~s rnngi~lg I~tween I5 2nd 40 feet,, 
and 6 wells at depths of 40 to 50 feet. Tlrells on the IlQl\+er parts 
of the meander scralls, including the 3G2-foot C h A  well, nre ice free. 

Tundra areas on the interfIuves of tlre piedmont am underlain by 
permafrost. at  depths of 1 to 3 feet. 'I'he. 300-foot CAA well in the 
tundra area at Farewell pnssed through tlm zone of pem~frost to 
unfrozen ground below; ~mfortunatt?Iy, conflicting dnta give the 
bottom of at both 12 and I35 f ~ e t  (Fernald, 1055, p. 131). 



SETTLE-S AND TRANSPORTATION 

The Iargest settlement is McGrath, lmated on the Kuskokwim 
River in the western px1-t of the region; it has n population of 
about 150 (1950). The second Jsrgest settlement is the native ~i1le~g.e 
of Nikolzi, loeatecl on the Soutlr Fork about '30 miles east-southeast 
of Nedfm; it -\\*~s repoct~d in 1950 to ha\-e a population of nlsout 
100. Al.)out: x doze11 people live in Fxre~rell, which is on Sheep 
Creelr near the base of tlie Alnskn H n n g  ; a few people live in 
Sterlii~g Landhig and ill Medfra, two srnull settlements on the 
Ruskolrwim River. 

McGrath lins an airfield operzcted by tlie Civil Aero~kantics Admin- 
jstratioi~, thntl regularly scheduled air service is available from 
Anchorage, Nome, Fnirbanks, and Bethel. An airfield at FammeU, 
:~,lso operated by the Civil Aeronautics Administration, is an aux- 
iliary field for flights between A I ~ C ~ ~ O I ' R ~ P  and RfcGrath. A amalI 
landing field 011 Candle Hill serves the Candle mine. MecIha also 
hns small Innding field. 

There are two roads in the nren, both rnzii~tainecl by the Alaska 
Ronct Commission. The longer rond connects Opllir, wIJch is west 
o! the upper Kuskokwim r~g jon ,  with Sterling Landing, 8 miles 
south nf McGrzth. The other ronti eonn~~ , t s  ;\ledfra with the  Nixan 
Pock mining districl. 

Shallow-draft stenmbonts ancl diesel-po71-erod bonts operate be- 
twwn Betl~sl, on the lomar Kuskokwim River, and McGrath in tho 
summer senson nilrl make occasional trips lo Mcdfrx. Small inboard 
and oi~tboarcl rriolor b w t s  are uwd on many of ihe rivers. 

WUMMARY O F  BEnROCK AND STRUCTURAJ, GEOLOGY 

Information on the bectrock and struct~tnral geo1og.y of thc region 
is summnriwrl fmal the r~corrl~d works of previor~s nuthors, and 
jnclurles some additionnl oI>serrations of the writel= Tlze map a! 
bedrock geology (pl. 21) includes data collected in five previous 
surveys of different parts of the region, the approximate areas of 
which are ontlined in an inset. All of t l m n  investigations were of 
n reconnaissxnce nature except for the detailed mapping of a small 
part of the Nixan Fork mining district north of Rfedfrn (Brown, 
1026). Somo of the interpretations of tho age of the mcks ham 
been modified by two compilations of the bedrock of Alaska (Smitl~, 
P. S., 1939; Dutro and Pxyne, 1957). 'The nlnp of nlajor struc- 
tural units (fig. 21) comes from the recent compilation of the 
Mesozoic and Cenozoic history and tectonic elements of AIrtska 
(Pzyne, 1955). 
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P I ~ U R M  21.-Map of the major mtrucl~irnl unlts of the m1I)rler Kuskokwim region, Alaska 
(after Pnyne. 1955). 

SWDIMIWI'ARY ROCKS 

Orh&n ~och.-Pdominun tl y calcareous rocks, nnmed tho 
"Tatina p u p "  (Brooks, 1911, p. 69-73), crop out on the east side 
of the South Fork valley within the Alaska Range and along the 
north flank of the range. They have been highly folded, cut by 



numerous faults, and intruded by diabase and granitic dikes and 
by granitic stocks. Small collections of fossils made by Brooks 
data the roclrs along the north flank of the range as Ordovician, 
but because of uncertain correlations the rocks along the South 
Fork valley are mapped as undifferentiated Paleozoic (Dutro and 
Payne, 1957). 

Ordov&n and Silurian ~ocks.-Limestone is widmpwad in the 
Nixou Fork district north of Medfra, an area investigated by Martin 
(1921) and by Bsoma (1926). The. structure of the limestone rocks 
is  complex, and commonl~: tlte be& a m  sharply folded (Brown, 
1926, p. 102-105). A major f:mlt forms the northwest border of 
these rocks, dividing then1 from sedimentary rocks of Cretaceous 
age. Nullzerous fossils collected by Brown slmw that the limestone 
in this area includes beds of both Ordovician and Silurian, and 
posibly of Devonian, age, 

S~ilwriart o r  D e z r o r a h  rock8.-To the east of Brooks' "Tatina 
group," along the South Fork, are rocks which he describss (1911, 
p. 73-76) as blue-black pliyllite interbedded with graywacke and 
some chert; he e v e  the name "Tanzona group" to these rocks. They 
are strongly folded, faulted, and intruded by diabw and granitic 
bodies. No fossils were found within this series, but because Brooks 
believed that they overlie the Tntina group of Ordovician a s  and 
underlie limestone of Middle Devonian age, he assigned them to the 
Silurian or the Early Devonian. 

Deam?hm . ~ o c k 8 . ~ p u r r  (1900, p. 157-159) mapped the rocks 
along the Kuskokwim River from near Medfra ta the mouth of the 
Selat,na River as the lLTachatna series" (now spelled "Takotna") 
and define them as "a series of gray limestones (generally thin 
bedded m d  fissile), limy, cnrbonnceous, and chloritic slates, and 
occasional generally fine-grained orkosea" The writer, in covering 
the same area, found that the nor~calcareous rocks, which are mostly 
dark fissile shlale and thin beds of dark sandstone, are mure wide- 
spread than limestone. The ml<s are moderately to intensely folded 
nnd are intruded by gra~litic [likes and stocks. Corals collected by 
Spurr from limestoi~e beds, about 10 miles enst of McGmth, indicate 
n probable Middle Devoniall age. Rocks in the Brea south from 
Vinasale Mountain, mapped as part of the Tachatna series by Spurr, 
are included with the Cretaceous rocks, following Dntro and Payne 
(1957). 

Paleoeok rocks ud;fferediat~d.-On the west side of the South 
Fork, within the Alaska Range, Spurr (1900, p. 156-157) noted a 
.wries of limestone, slate, anrl arkose beds thn,t, are highly folded 
nnd contain numerous intrusive i,dies, He named them the "Terra 
Cotta series," but Brooks (1911, p. 72) believed this series to include 
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rocks of both his Tntina and Zbnzona groups. P. S. Smith (1939, 
PI. 1) mnpped thew ~wcks ns undiflemntiated Paleozoic. 
The writer examined the rocks on the w s t  side of Sheep Creek, 

within the foothills of the Alaska Range. Xear Fammel1, north 
of a major fault (described below), severnI outcrops of blne-grny 
limestone were observed. South of the fault wem outcm.aps of 
pl~yllite and chert. The limestone may be equivalant to Rronks' 
Tatina group, which he considered to be of Ordovici~n r t p ,  nnd the 
phgllite and chert equivalent to his Tonmlln group, whir11 ht! con- 
siclerad to be of Silurian or Devoninn age. Hom~ver, these rocks 
nm inchided wit11 the Paleozoic rocks, 11ndiffe.ren tiatcd hecause 
tlntJing criteria mere not found duri~ig this r~nnnnrtissnncc sa rvep. 

C~etrrxeou8 roc&.-Interhdded graywttcke nrld dnrlc sllnlo i~nder- 
lie the uplands along rnucl~ of the norill and west bnrdew of t,he 
upper Buskokwim region (Spurr, 1900, p. 159-161; Mortir! uld 
IIarrington, 1924, p. 94-41; Brown, 1926, p. 107-110), and, ns rne.11- 
timed previously, part of Spurr's Tacliatnn series is a l ~ o  incl~~ded. 
These rocks, which rare part of nn extensitw h l t  wifrin the 1Cus- 
kokwim Mountains and extend fox many miles to the so~ltliwest of 
the region, have recently hen  studied in more detail in tho centrnl 
Kuskokwim region (Cady, nnd others, 1955, p. 35-47). 

The rocks are rnderately folded into e series of anticlines and 
synclines that trend northeash-sad. Winor fn~r  Its occur locally, 
and n major fault sepnrates the* rmks from the lower Pnleozoic 
mdimentxry rocks in the Sison Fork mininq district. B a i l s  col- 
lected from se~eraI localities, both witliin and without the region, 
dated these rocks ns of Late Cretnceo~zs nnd Eocene nge (Meertia 
and Hasrington, 193, p. 3 9 4 1 ;  Brown, 1926, p. 109-110). I h w -  
ever, a reexamination of somp of t1w.e fossils made Tertiary 
affinities seem doubtful, and they are now lwlieved to h of Late 
Cretaceous age only ( C ~ d y ,  and others, 1955, p. 4447) .  

ITertiary rocks of marby amm-Bedded m k s  of Tertiary age 
lmve not been for~nd within the rcgio~l, nltl~ough a more extensire 
and detailed bedrock survey rnigllt disclose their presence. Tertiary 
rocks do occur just ni~tsida the mgion, nlo~lfi the north flank of the 
.Ahska Range (Brooks, 191 1, p. 96) ; they also occur fnrther eastward 
in the 'Foklwt-Tonzona region (Cnpps, 1997, p, 55-100) and the 
Nenana River region ( Capps, 1040, p. 118-128). A brief description 
of the Twtiary roclrs, wliich nm tlivjsihl~ into two formations, is 
included hem, since tllc reconstruction of the Tertiary history of 
central Alaska is based, t o  n great degree, an these rocks (Capps, 
1940, p. 120-121, 123-128 ; TVhhrhnftig, 1950; 1058). 

The older formration  consist^ o f  ioorly to moderately consolidated 
sand, siIt, clap, and some gmvel, ancl scattered seams of coal. On 



the. north flank of the Alaska Range, these cod-bewing sediments 
extend westward almost to the Kl~skokwim region (Brooks, 1911, 
pl. IS). In general the rocks are tilted, folded, and IoczlIy faulted; 
they have recently been dated as of Eocene age (Wnhrhaftig, 1958). 
The original sediments were deposited by streems in local basins 
when the area now occupied by the Alaslrn Range was a region of 
lower relief (Capps, 1940, p. 120). 

The younger Nennna grct\-el consists of poorly consolidated, coarse, 
well-rounded parel  and some beds xnd lenses of sand. On the 
north flank of the Alaska Xiange tlus gravel has been mapped as far 
west as Clearwater Creek in the Toklat-Tonzona region, and it 
probably extends fnr.ther sou th~~es t  (Capps, 1927, p. 99). The 
Nenana gravel, which generally lies utlct>nformxbly on the coal-bear- 
ing sediments (Wahrhaftig, 1951, p. 18%183), is tilted, folded, and 
locally faulted. This coarse stream-deposited gravel, which reflocts 
a pronounced uplift of the Alnskn Range (Capps, 1940, p. 123-124), 
is tentatively assigned an Oligocene or Miocene age (Wahrhaftig, 
1958). 

INTRUSIVX IGINEOUB ROCKS 

Stocks of both mafk and f e l ~ i c  co~nposition are present in the 
Kuskokwirn Ilountains, where they generally underlie the higher 
mountains (Mertia and Harrington, 1924, p. 66-71; Brown, 1926, 
p. 115-118). The mafie stocks are composed of pyroxene diorite, 
gahbro, diabnse, and pyroxenite; they nre bound on Clandle Hill, 
Takot~la Mo~~ntain, Cloudy Mountain, and the mountains east of 
Fossil Mountain. The felsic stocks are cnmposed nf quartz nloneonite ; 
they are found in the Nixon Fork mining district and on Candle 
Hill and Takotna Mountain. On Cnndle IF11 the qnnrtz monzonite 
is partly bordered by mafic rocks, and on Takotna Mountain it is 
completely surrounded by mafic rmlrs. Tlle association of the two 
types of rwks su~ggests a close genetjc relation, and the quartz 
monzonite is considered the younger in age (Alertie and Harring-ton, 
1924, p. 69). All five igneous int11si1-e bodies CIIZ. TJpper Cretaceous 
sedimentary rocks. Recauw t l ~ ~ s e  sedimentnr~ rocks n-ere tlzought 
to be, in part,, of Eocene age, the igneous rocks n-ere dzted aa 
Eocene or post-Eocene (Mertie and Harrjngtan, 1924, p. 69, 71; 
Brown, 1926, p. 120). Recent detailed studies of ~ppnrently similar 
stocks in the central Kuskokn-im region suggest an Oligocene or 
Miocene age (Cady, and others, 1955, p. 83). 

MAJOR STRUCTERAL UNITS 

Parts of three major strueturn1 lmits recogr~ixed in Mnska (Pxyn~,  
1955) are included in the upper Iluskolrwim region : the K~lskokwim 
geosyncline, the Tanana p a n  ticline, and the Minchumina basin 

5 0 6 , 7 4 8 - 6 0 4  
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(fig. 21). All three structures trend northenstward jn this part of 
Alaska, as does the Alaska Rnnge geosyncline, which is just to the 
southenst of the upper Kuskokwim region. A brief description of 
each ~ m i t  is given in the folilowing paragraphs, all derived from 
Prtyne (1955) with the exception rrf the data on the McGrath well. 

The Raskokwirn p s p d i n e ,  which follows the general trend of 
the Kuskokwim Mo~~nfnins, crosses the northwestern nnd western 
parts of the region and ex- Cretaceous rocka This posynclinq 
like the Alaskn Rmnpe gem?ncline, existed from the Lnte Triassic 
through the Cretxwo~ls rind rpccived both marine and nonrn~~ne 
sediments in addition to some lam nnd tuff. These rocks mere 
uplifted and folded, pmhably in cnrly I~~occne time, ttnd eroded to 
a surface of low relief during the Rmne.  

The Tantnrtna gemticline ~ ~ n t l ~ r l i ~ s    no st of the ripper Kuskokwim 
region and exposes rocks of Pnlrtlzoic a p  in the Ruskok~im Moun- 
tains and the Alaskn Range. 11; was probably formed during the 
Jumsic perid and, from thnt, time througl~ the Cretaceous, was 
repeatedly uplifted and ororled. Tht? p~nnticlino mns a soum of 
sediment for the IC~~skokwim pmyncline to ihc northwest and the 
Alaska Rangc geosynclino to t hc s~ut~llcasl. It wns probably eroded 
to a mrfnce of low relicf during t l ~ a  Tqocene and remained top- 
ogrrtphicnlly low during much of tho l'ertinry. 

Much of the llpPRr Ruskolrwim R i v ~ r  lowland js n. strt1~f11ml basin 
that formed by suhsidcncr of pnrl of the Tnnrtna gemticline. This 
basin, termed the Minrhuminn hnsin, extends northeast outside the 
region to t,he vicinily of Lake hlinchrrmtna. It proh~bly subsided 
daring the Qunternnry, ns did the middle T n n a n ~  basin ta  the north- 
past where Qaatennry  deposits below son level have been reported 
in wells. 
No data are avnilnhle on the depth of fill wit,hin the Minchumina 

basin ; tho nearest deep well is at BfcGrath, located within a pocket 
nf the nplnnds betmecn tho basin ~ n d  the Nixon Fork lowland. At 
that point the ~inconsoliilated d ~ p o s i f ~ ,  presum~bly Quatornary in 
R@, are 2*3Q feet thick nnd consist; of sand, silt, organic rnrtterirtl, 
and some g r ~ v ~ l .  JicGrnth hns an ~ l f i h ~ d ~ .  of 334 feet above sen 
level, and the base of the fill is ther~fors rrbout 100 feet above sea 
levsl. In all probability the thickness of the fill within f11e Min- 
cllumin~, basin is considerable and its bnse is below sea level. 

FAULTS 

Them are two major fn111ts ~vithin the region : one dong the north 
flank of the Alaska Rnnp, aalld the other within the K~~sknkwirn 
Mountfiins along the h'ixon Fork (PI. 21). TThew, shown on the 
]nap of surficinl ,ner,Iogy (pl. 22), these faults form prominent 
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scarps that Rre readily recognizable from tho air and on aerial 
photographs (fig. 22). In many places they cut recent surficial 
deposits--an indieatmion that they have been active in very recent 
time and probably are still active. Both faults are probably con- 
tinuous with major faults recognized in the mntral Euskokwirn 
region: the first has been named the Farewell fault and the second, 
the Nixon Fork fault (Cady, and others, 1955, pl. 2 ) .  

Fa~ewelJ fawlt.-Within the upper Ruskokmim region the Fare- 
well fault forms a scarp that extends from near the 
South Fork for about 40 miles to near the Big River (pl. 22). The 
trace of the fault, mlich  crosses rugged mountain slopes and several 
deep valleys, is remarkably straight, and the dip of the fault plane 
is probabIy almost vertical. The fault cuts bedrmk and colluvial 
materid, old and young glacial morGnes, and recent alluvial cones; 
only the active braided flood plains show no trace of it (fig. 22). 
Where observed by the writer near FarewelI, the fault forms a steep 
%foot scarp across recent alluvial cone materid that fronts the 
Alaska Range. As mentioned in the lithoIogy section, limestone 
crops out north of the fault, and phyllite and dlert crop out south 
of the fault. Sufficient data are not available to determine the 
stratigraphic displacement along the fault. 

The fault is probably continuous with the Boss Creek fault of the 
central Kuskokwim region (Cndy, and others, 1955, p. 921, but'its 
location across the uplxnds n-?st of the Big River is problematic. 
It may curve toward the south~rest, ol~tsicle the upper Kuskokwim 
region, and connect with a recognizable fault within the uplands 
(Cady, and others, 1955, pl. 2), but it is believed more likely that 
it continues in a nearly stmight line nnd connects with a probable 
fault along the north flank of the uplands (pl. 21). 

Toward the northeast, the Farerewell fault is probably continuous 
with a fault noted by Brooks (1911, p. 70), between the Sot~th Fork 
and Jones River, that separates his Tatina group on the north 
from his Tonzona group on the sou1t11. Farther eastward, it prob- 
ably extends to the Dillinpr Rirer and connects with a major 
fault t.hat follows the north flank of the Alaska Range for many 
miles (Dutro and Payne, 1957). 

Nbon Fork fauM,-The Kixon Fork fault forms a, prominent 
scarp that extends for a distance of about 10 miles from the edge 
of the Nixon Fork lowland northeastwxrd to the north border of 
the region (pl, 22), and is recognizab1,ble; for xn additional 8 miles 
outside the north border. The fault plane is a steep northwestwnrd- 
facing escarpment; the so~ttheast l>lock is many hundreds of feet 
higher than the northwest bloclr. Upper Cmtaceous rocks occur 
on the northwest, or lower, lrlnck arid lower Pnleozoic rocks on the 





FIOURE 22.-Oblique aerial view of the north edge of the Alaska Range nnd the bordering piedtnont h the 
Windy Fork wen. 

The k'arewcll fnnlf indiratcd by a liu~~iber of short atream, cut into outwash (Qof) of the  pal-ewe11 glncln- 
arrows ((I), extends across the front of the Alaska tion. A number of large cones (Qao) blanket t h e  base 
Rauge. T1)e flood plain ( g a b )  of the Windg Fork and of the range and extend onto tbe piedmont. l ' w o  is@ 
n slnnll alluvial fnn ( Q a l )  of n trlbutnry atrefill1 are lnted bedrock hills ( b )  project n b v e  the surficinl de- 
cut into drlft ( Q d f 2 )  o f  the late phase of the FnreweH poslts of tbe pledl~lont. Pbvtograpb by U.S. Arm7 Glr 
glnclntlo~t (I~'are~r'rIl 2 ) .  0 ) k  the rlght side of the pi+ Force. 1042. 
ture i s  another Bood plain (Qua) ,  of nn linnn~rted 
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a l w s  sre above tinileslii~e. 'She k c i ~ o c k  euposwes, which WUT. 

very irregularly, generally oil slopes- and at crests of 
peaks md ridges, are not mappable at the given scale and are 
tllerefore included with the suficial unit (PI. 22). The lower 
boundary af the rubbly colluvi~un within the uplands cornsponds 
rather cIosely with the 2,000-foot contour line. Irere, the coUuvium 
merges into the mixed colluvinl material that is characteristic of 
the lower nltitudw. 

The rubble is anguIar and ranges in size from small pebbles to 
large blocks many feet in diameter. It pnera,lly occurs as talus 
or as a relatively thin mantle over tlie bedrock. Some of the moun- 
tain peaks are almost completely covered wit11 talus. The rubblw 
mantle over the bedroclr is chnrgcterized by i~inumerable frost- 
produced features: some steep slopes are corripletely covered with 
stone streams and sorted stone strips; other, more gentle slopes 
urn covered with n series of lobale terraces. 

'I'he rubble is produced by jnlense frost riving, or "conpli- 
fraction" (Bryan, 1946, p. MU), of the bedrock. On the steeper 
slopes the rubble is moved r:rpitlly downslope by falling, sIiding, ;,id 

avalanching over snow surfaces. On the mare gentle slopes, it is 
moved principally by "congeli ttt.brttion7' (Bryan, 1946, p. 6401, in 
responw to alternate freezing and thawing of the ground. 

Mized colluviurn n d  2rwsa.-The sununits and valley slopes be- 
low ul altitude of about 2,000 feet are Jinost complately mantlctci 
wit11 ~~nconsolidntcd deposiis. This mantle generally consists of a 
vnriety of colluvial mnlcrial, wit11 adn~ixturcs of loess at lower alti- 
tttdes. However, large areas of the uplands Chat border the IClls- 
kokwim River arc completely hlattketcd with loess. The colluvium 
nild t l~e  loess nre inapped together (pl.  28) beeaum they cannot be 
dj ffercntinted wjt,l~out detailed si~bsurfnre investigations. The con- 
tnct with tho rnbhly colluvii~m of the 1iigI:her nlt,it,udes is grudz- 
tional, but generally there is n distjilct, break in slope wl~ero the 
colluvial and loessal d~posits merge itlt,o the iill of the cr-eek vnlleys 
and the a~luvirim of the bmad valleys. The mixed. colluvi~un and 
loess are fronted by terrace escarpments zt tt number of places 
where meandering rivers h:lr~e swung ngainst the uplands. 

The colluvium is composed of a r n i x t ~ ~ r e  of rubble, sand, silt, and 
organic material, the propor.tions of which vnry locrrlly and region- 
rtlly. Much of the organic content is peat, which is characbristic 
of the amas of blaclr spruce-muskeg vegetation. Exposures that 
contain a high proportion of organic debris and lwss occur in 4 
bluffs on the north side of the ~nskokwim River, where meanders 
abut the uplands. These bluffs are Iocxted 7 miles south of McGrath 
(war Sterling Landing), 8 miles east-nartheast of McGrath, 5 miles 
southvest of Medfra, and 3 miles southwest of M e d h .  Tha tops 
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FIGURE 23.-Oblique aerlai view of tbe Takotna River valley and tbe bordering uplands. - 
I.> 

Tbe dood plain of  the meandering Takotna River (Qam) mountains aud creek valleys underlnln by folded sedimentary m 
0 

floors the broad cnnyon cut through the uplauds slow the rocks-graywncke and shal-f Cretaceous age. The sum- 
Nixon Fork fault On the left side of the rlrer. Takotna mlts form a promittent upland surface that  bas been i n t e d y  

z 
0 

Mountain rises about 3,500 feet above sea level. I t  hns a core dissected by streams. Photograph b~ U.S. Army Air Force, % 
of nladc and felsic igneous roclt~ of Tertiary age nud is 1942. 
manfled wlth rubble. To tbe right of the river nre ro~mded 
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of the bluffs are irregular and locally ~lotched by recent stream cuts. 
A11 contain a jumble of rubble, sand, silt, and organic debris. These 
deposits have been built up by the dowaslope movement of mixed 
colluvial material, which includes much organic debris and loess, 
by vegetation growing in place, and by direct deposition of loess 
and eolian sand. 

The inorganic content of the colluvi~un has been derived by the 
comminution and weathering of bedrock. The loess has been de- 
rived fro111 outside the uplands (discussed under "Eolian activity 
and depoits"). The mixed colluviuin and loess are, in many places, 
undergoing downslope movement. I11 the reentrant valleys on the 
lower slopes, streams are the important agent. 111 the interfluves, 
movement is by slope wash and congeliturbation. On upper slopes 
and crests, movement is solely by congeliturbation, as evidenced by 
involutions within the deposits, by tilted trees, and by lobate ter- 
races. This process is extremely variable in its effectiveness: in 
moist areas and in areas of alpine tundra, it is highly effective; in 
areas of open forest i t  is less effective, and heavily forested slopes, 
generally found a t  lower altitudes, seem to be stable. 

Creek valley fill.-Unconsolidated deposits have accumulated in 
the larger creek valleys of the uplands. The boundary between the 
fill at  the valley bottom and the mixed colluvium and loess of the 
valley walls is mapped at  the generally distinct break in slope. To- 
ward the head of the creek valleys the boundary is arbitrarily 
mappecl a t  the point where the valley begins to narrow and the 
gradient increases rather sharply. 

The creek valley fill is made up of several types of material- 
boulclers, gravel, rubble, sand, silt, and organic material. The 
alllount and proportion of the several types vary from valley to 
valley. Along Candle Creek, northeast of Candle Hill in the 
McGrath area, the fill ranges from 9 to 35 feet in thickness and 
consists of stream gravel with some large boulders as much as 4 
feet in  diameter (Mertie, 1936, p. 197-198). The overburden along 
Hidden Creek, in the Nixon Fork mining district, ranges from 12 
to 200 feet in thiclcness, and in one cut consists of 45 feet of angu- 
lar gravel overlain by "a great thickness of sticky mud" (Ilertie, 
1936, p. 194). At  Birch Gulch, a tributary of Hidden Creek, the 
fill consists of "3 feet of angular mash overlain by 8 feet of nluck" 
(Mertie, 1936, p. 195). 

The stratigraphic sequence of the fill in all the creek valleys is 
generally similar. On the bedrock surface is gravel or rubble that 
contains some large boulders and may contain placer gold. This 
coarse material is generally overlain by a mixture of silty, sandy, 
and organic material that locally contains some rubble and is gen- 



eralEy referred to ns "muck." The niuclr is topped by n peaty fnyer 
in many of the creek valleys of the region. 

The innlerinls of the cmek valley fill, except for the loess, were 
genernlly derived from local mtlrccs. The coarse niaterials at the 
bass of the fill nre the result of active erosion of the local bedrock, 
and the rounded gravel in some of the ralkps indicates much re- 
working by streams. hf08t of the overIying fine-grained fill was 
supplied from the mixed colluvium nncl loess of the valley malls by 
streams and, in the intsrffuves, 1)y congeliturbntion and dope wash. 
Part of the organic mnterinl, liowever, was deriwd from regetn- 
tion growing OII the vnlley bottoms, nl~cl some of the loess was 
deposited directly. 

P H f  SXOGRAPEXC FJUTWRES 

Mowntain peaks.-The high n~ovntnins thnt project  ell above the 
general level of the rounder1 mountains nre scnttered throughout the 
uplands. In their aItitude abow sea level, the high mountains 
range between 2,800 feet (Fossil Mountnin, in the extreme north- 
west corner of the region) and 4,400 feet (Cloudy Rfountain, dong 
t l ~ e  w ~ s t  brdeier of the region). Some of the mauntnins have arigi- 
~mted tl~ro~zgl~ faulting. 'TIT mountains northenst of the Nixon 
Fork mining district nre on the upthromn side of the Nixon Fork 
fnult (pl. 21). Similarly, the gmup of mountains west of the Big 
Iliver, in the sout1lwestern part of the region, are on the upthrown 
side of the Farewell fault. Other mountains nre undorlnin by in- 
trusive rocks thnt, together wit11 related met&n~orphic zones in nd- 
jacent ~edimentary rocks, are more resistant to erosion. These in- 
clude Takutnn 3fountain, Cloudy Mountain, and nn unnamed 
mwntnin 10 miles east of Fossil Mountain. 

Two of the mountnins have been glncinted and contain cirques 
nnd Uahnpetl vn3Ieys; t h q  are Cloudy Mountain (Mertie and I+r- 
ringtan, 1924, p. 42-44 and pl. VI)  and the ri~ountain group w ~ s t  
of the Big River. Glaciers nlso carved U-shaped valleys within tlie 
rounded mountains between the Selntnn and Tatlawiksnk Rivers. 
A11 other rnauritains show no glncinl fentures anti were appxrently 
unglaciakct. In general, north o f  the Kuskohirn River onIy 
mountains thnt nre 4,000 feet or lligller I\-ere glneinted (Brown, 
1026, p. 111) ; near the Alnskn Railge the Iinliting height is about 
2,000 feet, 

The unglaciated monntains hnrc! h e n  llloldecl principally by in- 
tense frost actian. In the rigorous cljlnnte of these high altitudes, 
exposed bedrock is quickly ahnttewd j a ~ t  o n rnnys of nibble, La&- 
melting snowfields are renters of 1x1 I-t ir~~lr~rlx iaht~iiq flusf, I ~ C ~ ~ C I I ~  

(nimtion). Locally, etrenms nre nn jmpol.tnnt ngent of erosion and 
have cut deep reentrant valleys into tho n~ountnin slopes. During 
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the more rigorous glacinl climates of tlie Qaatenlnry, frost actioil 
11-11s ui~CZo~Llt~c1ly eve11 Inore inteilse and the formation of rubble 
accelerated. Si~omfields were prohbly more extensive, nnd melt,- 
wnter straenms more effective in valley cutting during these periods. 

Upland szwfuce.-The summits of the rounded mountains, gen- 
erally ranging htween 1,000 and 2,000 feet in alt,itude, form n 
prominent uplnnd surface. This upland surfnee is best and n~ost 
uniformly formed in areas underlain by sedimentary rocks of Cre- 
lnceous nge thnt extend along the northwest border of the region 
(pl. 21) ; it is rather poorly formed and discontinuous in the nrens 
of Psleozoic rocks that extend from McGrath northenst t,o beyond 
the Nixon Pork mining district. The youngest rocks cut by this 
surface n1.e intrusive rocks, believed to  be of Oligocene or Miocene 
~ g e ,  on Candle Hill and in the Nixan Fork mining district. 

This surface extends for mnny miles outside the region, both t o  
the northeast and to the soutl~mest. In the central 1Cuskokmim 
region it has been termed the "Sleetmute upland surface" by Cady 
and others (1956, p. 96-97). Their studies indicate that the surface 
represents a wideepwnd erosion surfnce that probably fornled in 
the Pliocene. bfuch of the surface wns then uplifted, probably dur- 
ing the lnte Pliocene-early Quaternary orogeny, and dissected. Some 
nndissected p n ~ t s  of the surface still exist there. 

In the upper Kuskokwim region the surface has been intensely 
dissected and only rounded summits remnin. These summits hnve 
been molded principally by frost action. The higher, rubbly sum- 
mits, generally above nn altitude of a b u t  2,000 feet, nre now in 
the zone of intense frost action. Lower, forested summits am mb- 
ject to less rigorous frost nction. During the climates of the 
Quaternary, the zone of intense frost action undoubtedly extended 
into areas that are now forested xnd therefore subject to less frost 
nction. It wns during these periods thnt the summit levels may 
have been reduced in altitude. 

Creek va?leys.-Creek valleys occur everywhere within the up- 
lnnds of the upper I<uslrokwin region and indicate an intense ero- 
sion of the upland surface, The local relief between mountain 
crests nlld ~ n l l e y  bottoms is Ilig1;hly variable, generally ranging be- 
tween la) and 1,000 feet. The slopes are, for the most part, gentle 
to rnodernte, with co~lves mountain summits and concave valley 
walls. Compamble valleys, termed L'Boss valleys," occur in the 
central Kuskokwim region (Cndy, nncl others, 1955, p. 97-100). 

The rreek valleys have been formed principnIIy by stream ero- 
sion. as evidenced by their dendritic pattern and by their cross 
profiles (Q. 23). Solution has nlso been a factor in erosion of 
valleys in the limestone nrens of the Nixon Fork district (llertis, 
1936, p. 194). Only the U-shnped vnlleys in the uplands between 
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the Selntnn and Tstlawiksuk Rivers show evidence of glacial ero- 
sion. Here, glaciers probably scoured rnlleys previously cut, by 
stl.enms. 

The valleys were initi J l y  dissectecl by rejuveilated strearns nfter 
uplift, probably during the late Plioceile or early Quaternary. 
Subseq~~ently, the formation of the vall~ys mns affected by the cli- 
lllatic changes of the qua tern fir^.. Dt11-ing the glacial climates in 
general, the zone of intense frost action \!-:IS lowered ancl large areas 
of the npltlnds encon~passecl. Much of the coarse rubble and 
of the valley fill was very pl-obably depositeti during these periods. 
Locally, as in the uplni~rls between the Selntnx and Tatlamiksulc 
Rivers, the vnlleys were scoured by glaciers. 

Hendwsrd sections of the valleys are still undergoing erosion, but 
erosion of calley bottoms in t,heir middle nilrl Iower sections ceased 
ns bedrock became cox-orecl with creek valley fill. Tlia fine-grained 
muck that ovedies the cowfie basal material illdicates x nlnrked 
cl~xnge in nature and size of material supplied. Present strennls 
in the creek vnlleys are gene~xlly slrrggish rind cloggecl wit11 vege- 
tation, whereas pnst stretlms. in those rz~lleys where the basal mate- 
rinl cantains well-worn gravel, mere vigoruna. The cause rind effect 
relations of this filling carlnot be evnlunt,ed with any degree of 
certainty, as eech region, and probably each creek, hns its owl1 his- 
tory. The fundsmentzl cnuscs involve both climatic and tectonic 
factors, and ~ I s o  relate to the general alluviation thnt has tnken 
place throughout the upper KusIcokwirn River lowland. 

Kwkok~t*im,  rive.^ emyon .-The uplnnd surf nee has also been 
dissected by the ICuskokmim River, which flows through the up- 
lands in x broad canyon that nrernges 2 miles in width at  the bzw. 
This river, nfter skil-ting the llorth and west edges of the IomInnd, 
enters the uplands in the southwesteril part of the region. From 
the point of entrance it flot~s in a ~learly strnigllt course to the 
southwest, then, n, short distance outside the region, turns xiid flaws 
in a nearly straight course in n more southel-ly direction to the 
Stony River lowland. '1Vhere it enters the uplnnds the altitude of 
the river j s  less than 360 feet above sea level ; the summits of the 
borde~ing uplnnds pneraIly range bet~veen 1,000 and 1,500 feet. 
Bedrock cliffs, kept steep by freque~lt swinging of the meanders 
against them, form the walls of the cnnyon. 

Field dntn bearing on the origin of the canyon are scarce, and 
the structure of the rocks in the bordering uplnnds Iias not been 
directly observed. However, in nearby firens the rerl~nrlrnble straight- 
ness of a number of rivers and their nol-th~nstward alinerne~~t with 
the structural trend have been noted: nmong thew rivers are the 
Nixon Pork, the Takotna River, and the Trttalinx River (Rfertie 
ancl Harrington, 1924, p. 7, 76) .  It can be inferred wit11 n fair 
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degree of certainty that the course of the Kuskokwitn River also 
follows the stmctural trend. Based on this inference, it is believed 
that the river once flowed on the upland surface in npproxirnntely 
its present position and has maintainecl its course folIowing uplift, 
probably during the Inte Pliocene or enrly Qnnternarp. 3'1111s the 
Ruskokwim River, in this section of its course, ns in the cent,rnl 
liuskokwim region (Cacly a ~ ~ d  otliers, 10.58, p. 98-loo), is inter- 
preted as an at~tececlent stream. 

An alternate interpretation of the canyon ns d l ~ e  to superposition 
of the ICuskokmim River from n Tertiary or Quilterntlry cover 
seems improbable if the inference that tlie river is dined with the 
s t ~ ~ ~ c t u r e  is accepted. The cnnyon may aIm be pastulnted ns nn 
overttow channel from n lake that was panded in the upper JCus- 
kokwim River lowland before the canyon wns cut. A ~niriimum lnlze 
level of about 1,000 feet above sell level would be requir.erl before 
overflow could occur at this point. Bccnuse lower outlets are pres- 
ent,, one northeast t o  the Tannnn lowland and the other southwest 
to the Stony Biver lowland along the Tatlawiksulz River, the pond- 
ing could not IJ.Q due to defeat of an ancestrnl drainage system by 
uplift. Ponding might be clue to blocking by glnciers simultaneously 
in the t,wo outl~t  areas, bttt this swms unlikely. R n ~ l l y ,  the zk11- 

sence of widespread lacustri~~e deposits within the upper Rusko- 
lmim River Iolvland makes this postulslte tenuous, 

GLACIATION OF T H E  ALASKA RANQE 

Two mnjor glaciations of the Alaska Range are recognized in the 
upper Rt~skokwirn region: the younger one is ills Fnr~well glncin- 
tion, nnd the older, more extensive one is the Selatna glnr:i~tjnn 
(Fernald, 1953, p. 6-7). The glaciers sco~~recl larp  U-shnp~d vn2- 
ley9 within the Alaska Range and exknded onto the hrdering 
piedmont. The rest of thc region, with the exception of locnl nrens 
within the uplands, shows no evidence of glaciation. 

Gmuntl observations mere made in glaciated areas along the Big 
Rirer nnd along the South Fork at the bnw of the Alnska Rnngc. 
Other arms mere interpreted fmm nerial photogrrtphs nnd frnm 
obserrations made durjng plane flights at  low altitudes. The gla- 
ciated terrain dong the South Fork was first noted Spun (1900, 
p. 2.52-253) and Inter by Rrmks (1911, p. 108, 126). The occur- 
rence of earlier, still more extensive gT~~i~t ions  in other parts of the 
Alnslra Rnnge strongly sliggests the probability of pre-Selntnn 
glacintions in this region. 

Glaciers originated within the Alaska R n n p  and x o u d  large 
U-shnped vnll~ys, which formed complex tributary pattern of .cnlley 
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glncieps. The three priricipel valleys domi which the, ice advanced 
am those of the Big River, the Windy Forlt, and the South. Fork. 
In the Big River nrea glaciers emerged from the westwnrd-fac- 

ing edge of the Alaskn Range nnd for~necl a eoalesci~lg glacier in 
the brond trench of the river, south of the upper I-Cuskolrwirn region. 
Uuring the older gIxcintion n glacial prong extended northward and 
formed a Inrge lobe in the piedmont nrea. The younger glacier 
reached just to the edge of the ~nountnii~ous nren. Its morainal 
deposits are bordered by tlkose of the olcler glncier nnd are at n. 
rnuclz lower altitude. ,Qlol~g the South nncl Windy Forks, both the 
old and the young glaciers spread out onto the bordering piedmont. 

The principal source nrea for the glaciers of the Big River nnrl 
the Wndy Fork was the higher part of the Alaska Range, south 
of the upper Kuskokwim region, where altitudes ~pproacl~ 10,000 
feet nbove sen level; this area lV.as also n l-rnrtial source for the ice 
of the South Fork valley. Thus, the ice in the three valleys had, 
in part, n common source area. This higher pparh of the ~ U ~ s k m  
Range still contttins many small glaciers. 

I)EPOImI OF THE BELATNA CfMCIATIOR 

Big fiiver area.-The older, or SeIatnrc, glaeintion is represented 
by a large morninxI lobe oil the piedmont in the Big River men. 
This lobe is complat,ely bordered by nn end rnorains that is continu- 
ous with two Intern1 rnornirles withill the mountainous area. The 
n ~ m e  of the glacintion is derjrerl from the SeIxtna River, a tribn- 
t a q  of which hpnds in this end mornine. 

Thc larp morainal lobe extends nbout. 18 miles beyond the moun- 
tnins. The lmrtlerjnji end momine is from 2 to 3 miles wide and is 
charnrt~riz~d hy gr~akly snbdn~l  knob-nud-kettle topography. The 
inncr Rren of the lohe hns a fairIy smooth surface, Jocnlly dissected 
by str~nnls Ihnt rise in thp end rnomine. The Big River flows 
tllrougl~ this l~~clrninal lobe in a ste~p-wnllerl valley that is 75 to 
1-50 f ~ e t  rleep. Thick deposits of gray till and some limonite-stained 
yello~v grm-el nre e s p o s ~ d  in rrtta within the lobe. Grny till inter- 
heddetl with yellow grave1 Is ~sposetl hi tlla end rnomine; ( f ig .  84).  
A mensnred section through this end moraine is given below. 

l f ~ ~ ~ ? t ~ i f  nvrfim of blwf tlrrosgb r?trf trrnroi~rr of 1Re Prlnfrm qltrriatim? along 
tbc Dip River, 6 mi l~n  xattlh?oc#t of h n r :  diottntnin 

Fee4 
Pent, with nrlti!ixt~trw nt Embwn ---,,,-,--+-----__----_-------------_--- 2 
Y e s .  y e l l ~ ~ v l n h - ~ ~ ~ ~ y  -+- - * - - - - - -  - -  --- 10 
Peat. compact, with admis t~~res  nC I~IPSS,  +,- _ _ _ ---L-_----,---,--L- --_--- 15 
Till nnA ontrvash, Interbwldetl. Tltl is  ArnS nnd constst8 of nlany pcbhles 

nnd robblm nrld R few I I ~ I ~ I ~ I P P P  in d!ty u~ntr is;  nntrmsh is  rnnrse ydlow 
g r n r ~ 1  ------- ----- -. --. - - _  ---. - .-, . ,. L,,----. . -------- . .. ------,-, 70 

R a a ~  nt rlrerk rrlc~. 
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DEPOSITS OF THE FAREWELL GLACIATION 





FIGURE 2Ct.--Oblique aerial view of the mornines of thc 

The topographic expression of the  slightly subdued outer 
lnoraiue ( Q d f , )  of the efirly phuse of the Farewell gla- 
clatIon (Forewell I), on the left side of the picture, 
contrasts sharply with thnt of the  greatly subdued 
~uora l~ le  (Qds) of the Selatna glaciation, on the right 
side of the picture. Betmeen the two lnorainol systems 
nud nlsr) eaveloplug the older moraine is the widespread 
out.\vosh slol~o ( Q o l )  of the  Farewell gl~tciation. It 

lrarewell nud Selatna glaciations nlong the South Fork. 

I s  s~nootli and fnirly steep at the l~lr~aedinte front of 
the younger tnoroIlle and aplEars on the pliotograph as  
a light-gray ship. Smnll  streams dow on h e  oulwasb 
slope. T h e  bralded flood plain ( Q o b )  of the South Fork, 
which I s  cut lnb  the o~oraioes nnd t h e  outwash slow, is 
along the lower edge of the picture. P h o t o m p h  b~ 
U.S.  arm^ Air Fort-, 1041. 





ÿÿÿ GUILE 27.-Obllque aerial view of the outer aud inner ~ o ~ Q M  of the Farewell glaciation along the South Pork. 

The fresh inner moraine (QdfZf,) of the Farewell ghciaMon Selatna glaciation can be seen in tbe right background. 
(Farewell 2 )  Is at the left of tbe picture, and tbe slIgbtlp Thk segment, and a part of the outer moralne of the Fare 
subdued outer ruoralne (Qdf,) of the same glaciation well glaciation, are pfctnred on the rlght and left &id@, 
(Farewell 1) in the mldUle and right foreground. Out- respecthely, of Agure 20. The brnlded flood plain ( Q a b )  
wash ( Q o j )  of this glaciation leads away from these of the South Fork, bordering by steep terrace escarpments, 
moraines and forms a emooth, f ~ i r l g  steep slope at  their is in the foreground. P h o t o ~ a p h  by U.S. Army Afr 
lmedlnte front ond a gentle slope anpay from them. A Force, 1941. 
segment of the greatly subdued morahe ( Q d e )  of the 
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rninal ridges and is bordered by a high morainal ridge. The W& 

side has hob-nnd-kettle topogmphy. The south-central part hns a 
pitted outwnsh surface and a number of lakes. Thick deposits of 
till and gravel are exposed in the terrace escarpments bordering 
the South Fork. 

In the Windy Fork area the morainal: deposits form two continu- 
ous lobes, one extending n mnximum of 4 miles out from the Slaska 
Range nnnd the otI1cr an additionaI 4 miles, or a maximum of 8 miles, 
from the range. Tlie l o b  next t o  the rnnge is on a fairly steep 
piedmont slope nncl hns moderateIy subdued knob-and-kettle topog- 
mphy (iig. 22). T11e farther lobe is on n more gentle piedmont 
slope. It hns numerous lnlces ancl its hob-and-kettle; topography is 
slightly mom subdnecl than that of the inner Iobe. 

I\ broad o~~tmrzsh dope flanks the moraines of the Farewell gla- 
ciation in the South ancl Windy Forks nreas. It has a gently roll- 
ing surfnco rcncl rnorges into allu~inl  deposits northwnrd. The s111,- 

face has been cut into wgments of varions sizes by the South Fork, 
t,ho Windy Fork, nnri obher streams emerging from the ranga. A 
number of ~llnnll strenms also flow on this slope. The outwas11 de- 
posits that wpm obsorved in tlie Sheep Creek area are predomi- 
nantly grnvel. 

Ujq fiiver area.-Tho Farewell g1;lnciation is represented in the 
Big River nren by n long, narrow moraine, V-shaped in plan, which 
lies between the lnteml moraines a€ the Selatna gIacjation and a t  n 
lower nltitude (fig. 25). The V-shaped moraine oxtends northward 
npp~*oximatttel;y to the edge of the rnounlninous nren ; southward it 
can be trnced at  lenst 20 miles outside the region. On the vnlby 
bottom this moraine is chsrnctierizerl by fresh knob-and-kettla topog- 
rttphy. It widens soutllrnrwd and forms n series of ridges on the 
inner flanks of the Intern1 rnornjnes. Deposits of till nnd till inter- 
bedded with some gmvel are exposed in the terminal portion of tho 
V-shaped rnornine. No significml t o ~ ~ t w n s l ~  npron formarl in f mnt 
of tho rnornine. 

Vatby to a a l l q  cowelatim.-The cormlrttions of the moraines 
in the Ilig River, Soat11 Fork, rind Vrjndy Fork amas is based prin- 
cipnlly on similarity of seqi~c~ice and of gross topographic ~ X P T P S -  

sion. As tho Fflnciers in tlie three AIPXS Ilad3 in pwt, a rommor~ 
source nma, sirnilaritim in glacial xdrranc~s tlnd retreats mny log- 
cnlly be e.xpcteri. That thew sirnilariti~s did exist is shown by the 
mornines in ~ I E P  t h m  a w a e t h e  nnter n~ornines nll g~eatly sub- 
dlrcd nncl the inner 0 1 1 ~ s  puenlly f m h  to sligl1t.ly m b d u ~ ? .  Kn 



other rnorniiles, except for srrinll ones near the snouts of yrewiik 
glaciers, were observed ia the three nrens. 

Differelices exist, how-eyer, in the detailed t,opogmpllic expression 
of the morni~les; this varies with their nltit,udes in relation to tim- 
berline. JIorxines nbore tii~~berli~le fire ill the zone. of active frost 
action, where smnothing nnrl ~-onading of surface irregulnrities are 
accoinplisl~ed in a relntjre1~- short time. Slopes on forested ma- 
+nines are nmdifiecl mudl mo1.e slowly nncl n1.e stabilized a t  steeper 
angles. Thus the tundm-corerecl inort~ii~es of the Windy Fork are 
more subdued in their topopi.npllic ~xpression t11~1-1 the equivalent 
nlornines in the South Fork atpa, ~r.hirl~ are genernlly forested. 

The contlnstiug physiogrnpllic settings of the moraines hnve 
cnused differences in tlie degree of their preservation. For exam- 
ple, in the eastern part of the piedmont the older mornhles were in 
part buried by younger glacial deposits w ~ d  in part eroded hy 
strenins from the younger glaciers; only mort~inxl remnants exist 
toclay. By contrast, the equivalent mur:iine in the western part of 
the piedmont was little aflectecl by streains from the punger gln- 
cier, which mas confined within the mouiitninous area, nnd is well 
preserved. 

The contrasting physiographic settings have also cnused differ- 
ences in the drainage of the inornines ancl consequent differences in 
their topopxpl~ic features. 111 the Windy Pork nrea, for axnn~ple, 
the inner lobe of the Fnremell gll~cistion is on z fairly steep slope 
of the piedmont at the base of the Alaska Range. Drainage on 
the dope is well integntecl and the morainal lobe has no lakes. 
Ho~ever, the outer lobe is w x ge~it,le slope of the piedmont, drain- 
age is poor, nnd the lobe bas numerous lakes. 

Differentiation, of the glaciatio~~s.-The clifferentixtion of two ma- 
jnr glaciations is bnseci on the great contrnst between the gross 
topography of the outer and the inner moraines in the three areas 
cliscussed (fig. 26). d rnnjor time brenk is clearly indicated. 

The cleposits of the younge~ glaciation in the South Fork and 
Windy Forlr areas are divisible into nn inner and an outer part. 
The degree of modification of the outer pnrt is on17 slightly greater 
thm that of the inner one (fig. 27). Because onIy a minor time 
brmlr is indicated, the moraines have accordingly been designated 
RS representing an early and n late phase of the Farewell glacia- 
tion; the younger as Farewell 2 and the older as Farewell l. 
In the Big River area the writer could not detect any clear-cut 

clivision of the younger V-shaped moraine, and therefore believes it 
represents both phases of the F n r e ~ e l  glaciation. A division here 
would not be easily recognized, because ths moraine is within the 
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mountainous wen and is confilled between the high lnteral ridges 
of the SeIatna glaciation (fig, 2 5 ) .  

RegimaZ comEations nnd ~ g s  determinatiom.-Glacial deposits 
hnve been examined in three other areas on the north flank of tho 
Alaskn Range, ~ 1 1  of which are nortl~exd of the upper T<uskokmim 
region. The Mount McKinley nrea rvas examined by J. C. Keed, 
Jr., the Nenana River  alley bp Walzrllxftig (1953, 19581, n i ~ r l  the 
Delta River area by P6wQ (1958). In these three areas, as in the  
upper Ruskokwim region, young moraines of x mnjor glaciation 
Elnve been recognized and have been correlated chiefly on the basis 
of position and freshness of glacial topogrrtpl~y (P6wB and others, 
1953, p. 12-13; J. C. Reed, Jr., oral communicntion, 1956). Older, 
modified moraines of a more extensive gI~ciatjon hnve also been 
correlated. These correlations are outlined below. 

Co~~elat ion of ihe Frareww7I and Selatna glaciations oJ tk upper Kuskok&wt re@an. 
wi lh  Ihme of three ofher arms of the Alaska Range 

Mount McKinley Nenma Rlver 
valley 

Slow Fork Healg Delta 

Correlations with young moraines and older ~llornines in other 
parts of Alaska have also been made (Ph6  and others, 1953, p. 
12-13). These moraines were tentatively assigned to a late Wis- 
consin and an early Wisconsin age 011 the basis of the g.enarnl nn- 
ture of the mor~ines and several radiocnrbon wge determinations. 
Due to additional radiocarbon rleterwinntions, the young mornines 
were reassigned to n 'I;ITiaconsin n g p  nud the o l d e ~  moraines to s 
pre-Wisconsin nge (Alask~tniz GIacinl 31ap Committee, U.S. Geologi- 
cal Survey, oral communication, 1966 ; I<xrlstrom, 1057). Hence, the 
age of the Farewell glaciation is very probably Wisconsin, but the 
age of the Selatna glaciation is problemntic. Because the deposits 
of the Selztnn glaciation have nlorxinnl topography, this glnciation 
is probably post-fllinoia~~ in age and is t,l~erefore clesgnnterl ill the 
correlation chart (see tnble above) n i ~ d  in tho legend of the surficial 
geology map (pl. 22) as Wisconsin{?)). 

Pre-Selatm gla&tins.-The studies in the three. areas of the 
Alnska R a n g  northeast of the upper Ruksokwim region have also 
reveaIed deposits of older, more extensive glaciations out side the 
limits of the subdued moraines correlated with the SsIntnn glncin- 
tion. These deposits consist of remnants of old till with Ijttle or 



no n~orainnl expression, nnd 1~rge glncjnl crrntics (J. C. Reed, .Tr., 
om1 comrnunic~tion, 1956; TVt~hrl~nftig, 1953, p. 7; P&w6,1953, p. 9). 
Their occtrrrence in tlwse three areas strongly suggests the pmba- 
biIit y of pre-Selntnn gl~cintions within the upper liuskokwim re- 
gion. Glnciers may hnve extended fur bpyontl tho inornines of the 
Selntnn glaciation. Becnuae no ~lncinl  deposits FVCI'(LI found along 
tho 13ig Rix-er beyond thp sahrle~d moraines of the Selntnn dacia- 
tion, however, it is n ~ ~ i n m ~ c d  that nll such depo~its wetv con~pletely 
I>uried or e d e d .  
h prc-Selatna glaciation lnny IF wpresented by glncinl ~rrntics  

npar the top of Fnre~rell 3fonntnin in the South Fork nren. Tl~se  
ermtics watr on R nibble-corewd limestone ridge, over 1,200 fwt 
above FXPC?WP~~ Lnke. Mast of tllc crmf irs nre gmnitic in compmi- 
tfon, a1 thougll n' fern cobbles of eonglo~nprntr nncl bnsalt are inclucled 
among them. Ohc boulder of quartz motlzonite rnensuwd 10 X 10 X 8 
feet. The moraines of the F~rewelE glncintion can be traced nround 
the north nnd northenst flanks of the rnountnin, nncI are at an alti- 
tudo well below tlrnt nf t hc ~rratics. The ermt ics tllerefore represent 
a pre-Farewell 'glnciation, either the Selatnn glncintion or x still 
earlier one. Sinco no clue could be fonntl, ns to the mxximum 
~lt itude of ice during the S~lntnn glaciation, definitire proof of a 
prc -S~ l~ tnn  gltlciatinn hcm is lnclring. 

EOLIAN ACTTVITY Ah*D DEPOSITS 

TITO mnjor periods of dune forrnntion nre recognized in the upper 
J<uskok\rjm rrgion. The older period is mpr&ntecl by gwntly 
modified dunes that were probably nctire during and afiec the 
S ~ l a t n n  g$acint ion. The younpr p~rind wns initiated during tlla 
Fnrewell glncintion ~ n c l  is mpws~nted h~ prominent dunes, some of 
whirll were active np l o  fnirly m c ~ n t  time. 

The origin of widespwnd silt d~posits orer t l i ~  ~~p lands  in Alaska 
I~ns b e ~ n  debnted for mnnv y e n s .  P4n-C (19.55) has surnmarizcd thc 
Ilarnerous t henries nf origin nnrl presented pff prt i r ~  nrgwnents for 
the ~ol inn  origin of the llplnt~d silt in the Fairbnnks nIm. Tn the 
upper Rusknkwirn region mrich of the npland silt nt the lower 
t~lt.it~lrl~s is nlm eolian in origin nnd therefom rorr~ct,ly termed 
4Glwss." l a w  also WCIITS ns n relatively thin mnntlt. over the 
glaritll, nllavial, and eolian snnd deposits of the lowland nnri pied- 
mont. Most of tlte loess was deposited rl~~ring allrl nf t .~r  the 
glaciations, nlthoirgh some loess is still drrir~rl from the Rood plnins 
of the rivers. 

-4. few thin b~rls of volcanic nsh hnw I w n  ol~serrerl in severd 
localities. 
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Diatribzt.tio~-Areas covered with g-rently modified smd dunes 
form two broad surfaces in the lowland, termed the "old dune 
fields." For the most part, the two dune fields are outlined by 
uplnnds and by the flood plains of the Kuskokwim and Katlitna 
Rivers, from which the dune fields are separated by steep terrace 
escnrpmcnts. Minor streams, which originate in the uplands, have 
locully dissected t h e  dnne fields. 

The larger of t l ~ a  duno fields, on the enst side of the ICuskokwim 
Rivcr, covers nn nren, of nbout 135 square miles and e&ntIs south- 
enet.~.c.nrd to the alluvinl faan of ill0 Big River. The northeast 
tlortler of the dune iipld is formed by the flood plain of the Katlitnn 
River for nhaut four-fifths oE the langth of the border and by Cwo 
yolalger dune fields for the other fifth. The terrace escnrpment 
that sepnrntes the dune field from the flood plain decreases from 
nbnut 200 f ~ e t  near tlro month of the river to about 75 feet upstream. 
A moclerately steep slope separntes the older, and higher, dune fieId 
from the two younger dune fields. Bedrock uplands rise nbava the 
old clunn field along most of its sottth border. To the southeast, 
betwean the uplanrls anrl the alluvinl fan of the Big River, this field 
rnprges into the outivnsh snrfnck of the Selatna glaciation. 

Tile srnnlT~r d ~ m e  field, on tho west side of the IRuskokwim River, 
cowm nbout 45 squaw miles mitlrin the region and about 20 square 
miles just otltside its west border. The entire fielcl is a frinngular- 
shnped arm rr~~tlined by the ICt~skok~sim River on one side nnd by 
~lplanda on the otli~r two sides. Tlie height of the terrace es-carp- 
ment that sepnmtes the dune field from the ffmd plain ranps  
htween 100 and 200 fwt. 

Chamcter of dunes,-The dune fields are cl~armtesized by hnn- 
rlreds of snnrl ridges and irregularly sI~apeB sand hillocks ( f ig .  28). 
Their crests are rnundccl and their slopes smooth and fairly pnt la  
l m n l  relief ranges from about 10 feet to  an estimated 50 feet. 
Particula~l~ high hillocks occur for part of the distance along tlre 
AWE plain 0.5 the Ratlitna River. 

No clenrlp recognizaMe types of drrnes can be dimrn~d.  Tl~e 
snnd ridps, some of which are oriented northeastwnrd, mny br 
similar to the rt~uate dunes of the gounpr fields, de.wrihd later. 
Tha hidl bilFocX-s that border the f l od  plain of the ICatlitnn River 
am believed to be old cliff head dunes. 

TIla dune fieIds are completely forested. On duns cr~sts and 
slopes, white spruce and black spruce are dominant. Interdune 
awns have hlack spruce nnd muskeg vegetntion growing on a t  corer 
of peak. 



rF'ntuw of ttka d8pos;fs.-The only observed exposure of the old 
dune field is a high bluff at the junction of the Kuskokmim and 
Katlitna Rivers. Xt has z maximum height of 102 feet, and its top 
is irregular and eroded. hs recorded in the measured section below, 
the entire bluff above 10 feet, except far a thin band of Imss and 
peat that Mankets the top, is composed of eolian sand. Over 
90 percent of the sand gains  are between 0.05 and 0.25 mm in 
diameter (fig. 29, sample 240). 

Yaaswrsd sectjon 07 bbrfi at j ~ r ~ t c f l o i ~  of the KurLokwi~n affd Iitatzitffla Rizlers 
Feel 

Peat, fresh---------------------------------------------------- 0.6 
Lwss, t a i i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  3 
Eolian sand, tan, with IrregularIy sl1:kpetl U~~lonAtic streaks; cross beddd;  

grains frosted and of untform size ----------------------------------- S:i 
Band, with lenses of fine gravel containing pebbles as much as 1 inch 111 

dianieter ; yellowbh gray; well stratified. No soil profile or weather- 
ing zone. A l l ~ v h l d e ~ i t s - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - -  10 

Base concealed by modern flood-plain deposits. 

Old eolian sand, exposed at the bnse of a 100-foot bluff along the 
~Cuskol~mirn Rives 6 miles west of its junction with the Rig River, 
was probably deposited during the same eolian period that produced 
tbe old dnne field. The bluff is in MI area of young dunes, and an 
irregllnr zone of peaty silt and sand, ranging from 10 to 25 feet in 
tliichess, sepnrates the two dune layers. The older sand extends 
from the rit-er's edge to s height of 45 to $0 feet. About 90 percent 
of the snnd grains range between 0.05 and 0.5 mm in diameter (fig. 
29, snmple 342). This bluff, which is mentioned in subsequent 
discussions, mey conveniently be termed the "Iluskokwim-Big River 
bluff." A measured section taken from near the e x 4  end of the blnfl, 
whicll extends several tl~ousands of feet dong the river, is given 
hew. 

dieuswred section war eaat ettd of Sc~8kokll'i~tt-Bil~ Rfter bkrff,  7ocaied G ~ ~ ~ i i r r  
weatt of Ihe jl~nction of f i le  Ji~rsX-ofczci~tt and Big Rivera 

I , h l  
Peat, with admixtures of loess--------------------L----------------- 4 
Eolian sand, upper part light tan gradlrig dalvnward into light gray; 

cross bedded ; grains frosted and of uniform size (young eolian sand) -- 15 
Peat,sflt,andsmd;dark,compact,fetid ------------------------------ 15 
Sharp contact; rises 1rreguIal.lg from east end of blud to west end. 
Eolian sand, tan wlth local zones of  ello ow and gray; cross bedded ; grains 

frosted and of uniform sfize (old eolian sand) ---------------------- GO 
Rnse coneeabd by modern flood-plain deposits. 

YOV'ETB DUNE F m D S  

Dist.Pibwtion.-Areas covered with fresh dunes, termed "young 
dune fields," occur in numerous plnces between the rivers of the 



I - . I.. 



I?'rom 28.-Oblique aerial vlem of a Inrge port of the older dune field between the Roskok\vinr 2nd Big Rlvers. 
n 

TJle fleld (930) i8 chnrncterizd by snnd ridges nnd irregu- It Is w;ep:lratd by nn irr@gl\lAr cscarp~l~c~lt  cselltrRted to rttngc m 
11trly sllnl~ed auld hillocks, on nlrlcl~ ~vl~itc? sllruw nnd bl:lck belwceu 100 all& 150 feet Ilr I~eigl~t.  U I ~  tllc oppesite side of 0 

sprueeuredomlaant (darkgray areas). Ir~tt.rdunenrens1~11re tbe river is a small part of t l ~ c  yoiulger hIcGr:~tll dut~e Rcld 
E 
0 
3 

scattered blnck spruce nnd a heavy cover of muqkeg vegetn- ( Q e ) ,  separated from the flood plnin by a steep escnrp~nent ki 

tion (light-gray oreas). The dune Belll Is  bordered ou the estimnted to averoge uhont 50 feet In beigbt The uplands !a 
0 

nortbeost (upper left corner of the plcture) by tbc flood ( a )  are vidble  In the escrclnc ulI1)er rlght comer of the pic r 0 
plaln (Qanc) of the meantlcril~g KatlItun Rivcr, from nbiclt Lure. l ' l~oto~rnph thy 1l.S. Air Force, lM9. 2 
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FIGWHE 2fi. -Cumuktlve frpquency curveu shawlng the aim o i  collnn mncl from river 
bluff& upller Kunkokwim r e ~ i u n ,  Alankl~. Snmpln! 240. trom bluff at  junctlon of the 
Ki~skukwt~n and Kntlitnp RITeri4+ 25 I e t t  nboi'e fiood-plaln level: aamplt 3.12, trom 
bloK nlong the Kuukokwlm River, G mlIea w ~ s t  o t  junction of the Kuskokwlm ~ n t l  BIK 
Rlrrra, 20 feet above flood-l~lain Isvrl. Annlyses b.v Wnllu nirl6fo11, I'.S. RPljnrrnirnt 
of Agrlculti~rc. 

upper K~~skokwim River lomla~d.  Tliese awns, mhjch tof n l  n bout 
300 square miles, mngn in size from large dune fields to smnll 
isolated ones d o n g  the rivers. 

The larged, area, R dune field corering nbout 190 square milrs, is 
soutlleast of I fcGnth md for  ensy rcfcrenca is t e m d  the "JlcGrntlt 
rlune fi~ld," It is completely surrounded by f l d  plains and lo\\, 
tcrmws of rnenndcring T~FPTS, and generally separated from them 
by terrnce escarpments. These rivers are BEnckwater Creek on the 
smthenst alld east, file Kuskokwim Rirer nn the north nnd  st, 
and the ICatlitn~ Rirer on the southwest. The t e m c e  ~ a r p r l ~ n t s  
n\-erage 100 feet in height. along the Kx~skok~irn River and pmgrps- 
siv~,Iy decrease in h~ipht  upstream nlong the Rntlitnn River. The 
escarpment nlong the floor1 plnin of Blackwater C r ~ e k  mnps  b ~ t  rr-e?n 
10 and 35 fwt, except towa~d the montlt of the rrppjz where i t  r i w  
mpidly to 100 feet. 

I3etwwn the McGrath d t tn~  field snd the Big Rirer nre three 
srnnller dune fielrls. 011e field is an elenpte Rrea of about 40 square 
n~iles between Blackwater Creek and the Big River; this field n n s s  
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from nbout 10 to 35 feet above the flood plain of Bladr~ater Creek 
on the n*est and the same l~eigllt nbova the Rig Ri~yer on the enst. 
Tbe other two fields are on tho so11t~11 side of the swampy plain 
between the Kntlitna River and nlnckmnter Creek. A southward 
extension of this swnlnpy nren, ~robnMy the flood pilnin of a former 
tributary of Blackwate~ Cre~k,  lies b~tveen  the two dune, fields. The 
more westerly of the two fields corrrrs abollt 12 sqaare miles ; the 
eastern one, about 10 square miles. Both fields average nbout 25 feet 
above the bordering flood pIains. Qn the south they nbnt the oldel. 
and higher dune field, with a gent1.e to mderately steep s l o p  
between. 

Thirteen mappable awns of prominent dunes Iie betreen the. Dig 
River and the South Fork. They rise above the swamp-co~~erccl 
alluvial deposits of the s~wrnl tributaries of the Kaskokwim River 
with a relief ranging from ahli t  1.0 to 35 feet, The lnrgest nrea 
covers about 15 square miles nnd the smallest, less thnn one-hnIf 
w a r e  mile. 

Right small dune areas of mappable size occur elsewhere in tho 
lowland. One area is just wwt of JIcGmZh, four are in a, cluster 
north of the North Fork, rind three lie betmeen the East and South 
forks. A11 are irregularly shaped, and range from nbout 10 to 
25 fwt ~lbore tbe bordering flood plains. 

CJmrncter of dunes.-The dune fields am chnmcterized by pmm- 
inent dunes risinE sharply above generally flat interdune areas. Some 
sections, such rrs the =st half of the JfcGrath dune field, are covered 
with handmds of d u n ~ s ;  other wctions are largely snndy plains, 
and dunes are widely scxttered. They are divisible into gently 
cur~red, or nrcunte, ~ i d p s ,  Y-diapd hillocks, and irsegulnrly shflperl 
sandy areas. The arcunte ricips nre the most conspicuous type of 
dane and a r e  discussed in the follotring pnrngraplls. 

The arct~nte ridges occur sinply, cornpositeIy, and in closely spnced 
pups. The single ridges at-emp about three-fourths of rt miIe in 
length and a b u t  25 fwt in height. A maxim~~m height of 50 feet 
has h e n  observed. Some of the composite ridges are more thnn a 
mile long. The groups of ridps, mndo up of both Ixrp  and small 
ridges, form irreg~larlp shnpccl nrerts ns lnrge as 1 square mile. 
The dunes are well i l l ~ ~ t r a t c d  in aerial views; a large number of 
dunes are sham anti outlined on figure 30, n verticnl nerinl photo- 
graph of the north edge of tlio 31cC;rnth dune field. 
A411 the areuate ridges througl~ouc the dnne fields trend approxi- 

rnxtety northeast, with the concave side to tho southenst. S l o p  
on the northwest sides of the ~ingle ridges nre bet~v\.e~n t3O and 20" ; on 
the sarthezst sides, betmen abont 6' and I S 0 .  In pnetwl, the slope 
on the northwest. side of the dunes rnnps  from 5' to 15' steeper 





FIGURE 30.-Vertical aerial view of part of the younger done field bordering the Kuskokwiru River. 
R 

Prominent dune ridges in the fiela ( 0 8 )  are out- from which it is separated by a steep escarplnent that 
0 lined and numbered as follows: (1) single ridges, averages 100 feet Ln height. Aloug this borQer theto 

(2) con~posite rldges, and (3) groups of ridges. The Is also a low bdrock hill (a).  Center of the picture 
dune field is  bordered on tbe northeast by the flood is located nbout 8 miles enst-aontheast of AlcGruth. 
plaln (Qnm) of the ureanderlng Kusltolcwln River, Photogrnph by U.8. Art1r.v .41r Force, 1042. Il 

S 
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than the slope on the soutl~enst, or concam, side. Tl~e steeper 
northwest sides, made up of a series of gentle curves, are rather 
sharply defined. The souttzeast sides, by contrast, are poorly defined 
and irregular in shape. 

The curvature of the wntrnl section of a11 the ridges is uniformly 
gentle, but the curvature of the ends of the ridges are. divem. The 
southwest ends are generally poorly defined, and many grade into 
irregalarly shaped sandy areas with numerous hollows and hillocks. 
However, some of the ends am gently c~mwd,  nnd rt few are abrupt. 
The northeast ends, by contrast, are well defined. They range 
from gently curved in m o ~ t  of the single ridges to sharply curved, 
either U-shaped or V-shaped in plan, in inany of the con~posite 
ridges and the groups of ridges. In the composite nirlges the V- 
shaped ends may form a series of barbs on the southeask sides of the 
dunes. The U-shaped ends may curve back and gmde into low 
ridges that are concwe to the nortl~west; these minor ridges appear 
in nn aerial view (fig. 30) ns faint lineations between the main ridges. 

Dunes of nearly similar shnpe, some active and some inactive, have 
been observed by the writer in the Kobuk River valley of north- 
western Alnska (Fernald and Nichols, 1953). The dunes in both 
regions belong to the general class descrihd as "parabolic, U-shaped, 
V-shaped, bow-shaped, horseshoe-shaped, etc." (Smith, 1T. T. U., 
1049, p. 1487), and termed "pambolic dues," "b lo~out  dunes,:' or 
LAtrindsift dunes" (Hack, 1941, p. 242-243; Melton, 1940, p. 126- 
130). Becnuw the presence of vegetation is the common denominator 
of this class of dunes, the genetic term "phytogenic" (Smith, 
H. T. U., 1940, p. 161) seems appropriate. 

The dune arew in the upper Kuskohim region are now com- 
pletely covered wit11 ~egetation. Aspen, white spruce, white birch: 
and black spruce grow on the crests and slopes of the dunes. Inter- 
dune areas of the western part of the McGrath dune field are gen- 
erally dry rind I-lave the same vegetation as the dune slopes znd 
crests. By contrast, t l~a  interdune areas of all other sections, in- 
cluding the eastern part of the McGrxtb dune field, are generally 
wet md swnrnpy. These areas, which are genesally not f a r  above 
the bordering swampy flood plains, are characterized by black spruce 
and R thick moss cover. Pu'umerous lakes, some ns large ns a square 
mile, are scattered over these swampy interdune areas. 

Natzlw of the deposits--Tfle terrace escarpment of the McGrath 
dune field along the ICuskok~vim River has no clean exposures with 
the exception of the Kuskokwim-Big River bIuff. The blufl, which 
expo= old eolinn s m d  at its base md an overlying zone of peaty 
silt and sand, is topped with 10 to 36 feet of young eolian sand and 
a veneer of peat and lows, A mensured section from the east end 
of this bluff was given on page 233. 
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Two  cut b~nks along the Big Rirer 1ocn.ted about 10 miles north 
of Lone bfountnin and at the junction of the 3Iiddle Fork and the 
Big River, expose dune s a ~ ~ r l  down to f ld-plain level and river 
le\-el, i*espectiveIy. TIls minimum tllickness of the two exposures is 
30 feet and 85 feet, respectively. 

The dunes cllnrncterist icnlly 'h~ve nn incipient sail profile, below 
wllicll the snnd is light tnn nr ligl~t p y ,  loczlIy mottled. Where 
o~erlain by orgnnic deposits, t11e sand is a uniform gray. Over 
90 percent of the fimi11s from t l ir~e  dune erp3t.s range between 0.05 
and 0.5 rnm in diameter (fig. 311, nnd mnny are frosted. The 
minernl composition of two samples sllows nn abundance of altered 
feldspnr and opnque minernls nnd a moderate amount of quartz, 
plagioclase, nnd hyprsthene (we table bdow ) . 

DIFFEREWTTATLOK OF TWO E O I I A I  FERLODS 

MhrraIogic composition of &me send from tho ~ p p e r  Kjrskokwil~t region, Alaska 
[Analyst: Dorothy C m l l .  Rymbala: A, MO prc~nt ;  B, l&lB percent; C ,  1-5 percent: D, 1 or 2 FWJ 

3%~ Wemntiation of two eolian per i~ ls  is bnsed on the sharp 
contrast between the greatly modified dunrs of tha  old dune fields 
and the fresh-appenring dunes of the younger dlmc fields. Eviclence 
for two periods is also inciicnted by the two distinct layers 03: eolian 

M l~rrnl 

Amphibole .........................................- 
-4pxtite .,..... ..................................... 
Chlor~te ..........-....-............................... 
Chloritoid ........................................-. 
Epidote and zoisite-- .................................- 
F~ldepar ( a I f ~ r ~ d )  a - , .  -.....-......................... 
Gar~iet ........................... .......,............. 
Gla-s ......................... - - -  ...................-......... 

sand separated by nn organic zone, in the ~ u s k n k r n h - ~ i ~  River 
bluff. 

FAT-orable conditions for dune formation undoubtedly existed 
d11ri11g both the Selntna nnd Fnrewell glnciations. During those 

Glaucophane H y p ~ w t h ~ n e  ... - - - - - - - - - - - - - - . - - - - - - . . . - - - - . . 2 . . - - - . . - - - . . ,  a I-------- 
J-3 

3lngnetit~ n 
...................... Opnqtte minerals (undiberentiatcul) 

PlagiocZme (n>1.52) ------._-.-,- ... ., ................. 
Prroxene ...................................................... C 
Quartz -----,-_ --. - -  - - -  ------ - - -  - - - - + + - -  - - .  -. --. . -. . -. 

Tourtnaline - - - _ . - - - - - - - - - - 2 - - - + - - - - - - - - - m + - - - - - - - - - . . . .  

I - - - - - - - -  
1 From JIcOraLh dune Add 4 mrlps swlhrsst 01 !iT&tath I Iml kIow crwl of dune. 
1 From 3icorarh dune field: 9 h  n8llPs etbt+sov~rhwst of .\i;(irat h. 2 lwl MIOW- me41 01 ~ U I I C .  
: Ioclufle other alicred minrrnls, wrh as rhlnrlr v. 

Sample 

2li5 I 
--- 

R 
C 
B 
V 
C 
A 
C 

r n s  

........ 

........ 

........ 
B 
B 
h 
C 

1 C 
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U. 5. STANDARD SIEVE NUMBERS 

GRAIN SIZE, IN MIUIMETERS 

~ ? I C U R E  Q ~ . - ~ u I u u ~ R ~ ~ v ~  frecluenry c u r w n  P ~ O R ~ U ~  t h ~  K ~ X P  of ~ 2 n d  from d1111e crests, 
upper Kuukokwim region, Alnska. Snmple 280, from nfcGrnth dune fleld, 4 miles 
Routheaat oi McGrath, I Toot below crest of duue; samgIe 329, from McGrath dnne 
Reld, 9:s miles east+aathenst of McGrnth, 2 feet below crest of dnne: sample 863, 
from drtnc urea 2 rnt le~ south of junction of the Big Rirer and MidBIe Fork, ?& feet 
below crest of 8une. Analyses by Soile Dirl9lon, U.Y. Department of Agriculture. 

times broad out,wasI~ slopes with many braided streams forined in 
front of the moraines. Large areas of sand free of vegetation, 
exposed as a result of flucturcting water levels in the glttcid stsenmns, 
provided an abundant source of sand, in soma cases already sorted, 
for the formation of dunes. Strong gIaci~l  minds, prducecl by the 
steep pressure gradient between ice-covered areas and ice-free nreas 
and by tlie intensified atmospheric circulation, existed. Nmnerous 
places on the piedmont and in the lowland, between tlre streams, 
mere a~~ailnble for the deposition of sand. 

Both eolian periods may be related to the Farevel1 glaciation, 
bnt it is believed more likely that the olcler period is related to 
tlie Selntna glaciation and the younger p e r i d  to the Farewell 
glaciation. The sharp contrast, in the degree of dune rnodificration 
indicates a considerxble time interval between the two periods. The 
position of the older dunes suggests a genetic relation to the Selntna 
outxash of tlie western piedmont, whereas that of the younger dunes 
sugbaegts n similar relntion to the Farewell outwash of the enstern 
piedmont. 



OLD E O U N  PEEIOD 

The old dune fields, mhicll mere probrtbly initinted during the 
Selntna glaciation, are beliered to be remnants of inore widespread 
tErlo~ fip.ltls, 3s iitdicntat by the hurieti eolian satlrl at the btme nf tlle 
ICrnkoliwirn-Rig River bluff. They -\rere probnbly cnrried north 
rrntl west of their principal source nrens 011 the outvash slopes by 
~ouflicrly nnd easterly winds. ;Is es1)osed in the bluff at flle 
j ~ ~ ~ i c t i o n  of the JCuskoltmirn ailcl 1Cn.tlitnx Rirers, f l ~ e  advancing 
clime field moved ncross alluvium that llad appnrently been deposited 
a sllort time h~fors, ns no soil or weatllering zone is p m n t .  Tho 
Ijnse; of the ~Illne Jield 11-n~ nbolrt 10 $pet above the present level of 
tho lil~slrokwim IEj v ~ r  floor1 pl:~in. Prps~tmably, the Kuskokwirn 
River flowed in nlm~uL its present position, or llnd been pushed to 
i t  l!y the rnipntjng dune field, nnti nt a s l i ~ l ~ t l y  11ligl:her level. On 
the other, or west, sitla of  the r i i - ~ r ,  ~ l t ~ n e  sand deri-red from the 
floocl-plain deposita was bni~ked np nminst tbe uplands. The sand 
bluffs that border the flontl plnin 11ar.a Lee11 lrept steep by tlie m- 
cnsianal swinging of m~nnder s  ngninst them. 

This period may have continued long nfter tlie r e t ~ a k  of the 
Selnti~n ice, nnd t lle dunes I V ~ W  pmbnhly stnbiliaed by vegetation 
some time illwing the intcrrnl ht\\-wn the S~lntnn and E'nreweIl 
g~acintions. Parts of the originnl dnne fi~lils were subquently 
eroded. The difference in l l ~ igh t  Iwtrreen the older cll~ne field 2nd 
the younger field, tha JlcGrnth dune field, nloug the K~t l i tnn River 
jives an indication of the mirlinll~rn nmonl~t of this erosion. Here 
the older field mernges 50 to 100 feet higher' t l~nn  tlio yotmger 
field. 'IvI~ere the two ?-ounger f elds abut the ol t l~r  field, between the 
Iiatlitna and Big Rivers, t l~e  difference in height, is nl~out 60 foet. 
Other parts of the dune fields, as exposecl in tlia Ktiskokrvim-l3ig 
Rib-~r hlnff, were corered by rluno sxntl nssocintecl with ille Y O U g R r  

eolian period. 
YOUHE EOWAlP PERIOD 

Ttin ymmg illme fields \!-ere very probiit)ly initirtted dnriagr 1110 

Pnren-ell glacintion and ~r -e re  supplied from the glncinl si vnm 
deposits and, in some nrexs, fro111 the old rillno fields. Duns 
activity prol~ably contiilued long after the retreat of the glnciem, 
ns parts of t Ire dune fields were xppnrentIy stabilized in the lrcent 
pnst. This is evidencecl by the pnrticuInr1~~ fresh nppenrnnce of 
some of the dunes, such s ttboss in the western pnrt of tho McGrntB 
dune field. 

Dzcne- bzrildimg widam-The nl-cua t e dune ridges-all of .rvll i c l ~  
trend hpproximntely northenst, are, concave to the southeast, nnd 
F~nve tho steeper slope to the northwest-indicate tbat southensterly 
winrls hnve played n major role in the formation of the clt~n~s, 
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Win& from the opposit~, or north\=,-est, quadrant plnyed no part 
in the formation of the dt~ne~l, becnuse the steeper slope ~conld the11 

be on the mindmarc1 side. Winds from the northeast qundrant, 
blowing more or less pnmllel to the axis of the ridges, also p l a y d  
little or no part in their formntion, hcnuse nll rid,- are concar-e 
to the southeast, their crms profiles nrr? nsyrnm~tric, and many of 
their northeast ends are sharply curved. ETovever, the poorl~ 
defmed soutlrwest ends of the rjdgea, mhicll suggest Inter modificn- 
tion, and tlze sharp curvature of the nortlieast ends of man7 dunes 
indicate that southerly and, probnbly, sonthtr~st winds have also 
influenced the forn~ation of the dunes. 

Two generations of dunes may dlerpfom be indicnted: first, the 
formatioil of arcuate ridges by southeast winds, then the modi ficnt~iion 
of these ridges by mom soutl~erly winds. More probably, bowever, 
the dums reflect the repeated shifting of strong winds from south- 
east. to south and southwest with the pnssnp of cyclones or low 
pressure stoms. The strong winds in the summer senson am as- 
s ~ i a t ~ e d ,  at the present time, with moving cyclones; nnd it is  
probnMe thnt the dun*building winds of the past, before the: 
stnbilizrttion of the dunes, were also cyclonicaIIg controlled. Today's 
st,ronpst winds are sont.herlp (see p. 202) snd usunllp shift from tRc, 
south~nst to south and southrrest with the approach of storms. 
Pflncrnlly sirnilnr wincls probrrbly existed in the pnst and mere the 
eflpctive dune-bliildjng winds. 

Formation nnd atnhiJhafion of t718 d~~n.es.-Presrimably, the larger 
dnne fields, stub sa the 3IcGmth dune field, were extended to the 
northwest prinripnlly by southensterly winds. The sand formed 
nn embankment dong the IC~~skoknirn River, and, as exposed in 
the ICnskokwim-Big River hlaff, co.r~erpd old eolian snnd nnd nn 
overlying organic z o ~ c .  Tlw writer hns observed a sirnihr em- 
bnnhent dong Ravet Crvlek in the Rohuk River valley of north- 
west Alaska, on tlie 1~e.rvnrri side of nn a c t l v e l ~  migratjng dune 
field 

During the formation of phptnpnic diln~s in pnemI, there is t-4 
continual battle between the blowing snnd, which angulfs the regeta- 
tion, and the veptatio~l, w l ~ i c l ~  cover9 and stnbilizes the dltne sand 
(Moss, 1951, p. 48). Strong ~ i n d s ,  a replenishable sotlrce of snnd, 
and periods of drought favor the Ihnilrling of dnnes. Accidentni 
factors, such as fires, also favor their formation. On the other hand, 
light winds, curtailment of the snnd source, and wet grouttd favor 
the growtb of vegetrttion ~ n d  the st~biliaation of dnnes. 

With the retreat of the g3aciel.ri of tht? Farewell glaciation, condi- 
t-ions favorable to formation of the d u n ~ s  diminished. The supply 
of sand slowly clecrensecl and the strong glncinl minds disnppfired. 



The Iess rigorous climate favored the growth of regetation. Ron?- 
ever, dune nctivity continued, maintained for the most pfirt by the 
previously deposited dune sand, much as it is coiltinning in the 
Robuk River lwlley of northwestern Maska, where dunes are cur- 
rently active (Fernnld and Nichols, 1053). Some additional. sand 
was still derived from ri-rer deposits and from erosion of the older 
eolian cleposits related to the Selntna glaciation. Cyclonic winds 
were stiIl fairly strong at times, probably mucll like those of today. 
Periods favoring stabilizatjon of the dunes alternated wit11 periods 
of wjuvenntcd dune activity. Fires and periods of drought prob- 
ably occ~lrred to fnvor rejnl+pn n t '  ~nn. 

Voptntion won the finnl Isnt tle. All the dmlm were stabilized and 
covcrr?d with veptntion, and nn incipient soil profile has developed. 
Tho f i n d  stnbilizntion probnbly did not happen suddenly, but took 
plnce over a period of time. A combi~ination of factors caused tlm 
overall trend toward st nhility : decr~nspd 4 n d  ~elocities, redllced 
supply of replenishnble snnd, ~rrd n mademling climnte. Innnmer- 
able swamps, bogs, anti l n k ~ s  no\\. cover I ~ r g e  parts of the interdune 
11mu~i. I'pnt deposits am rtlso ~ccttrn~rlating in these nmns nnd on 
the lower dopes of tllc dunes. 'rTre dune fields nre being slolvly 
reduced in size by the swinging of the menndering rir~rs against 
their bord~rs. 

LOESS 

Dbtsbu tion.-As described nnder "l'l~ysiogmplly of the aplrands," 
silty muterial of edinn origin blnnkets pnrts of tlie uplnnrls, wl~ore 
it. js pnerally mixed with cdlurial mnterinl. 
In t11e lowland nnd piedmont, 1or.x~ ja  cl~nrficlrristic~lly n r&- 

tively thin mnntlt! owr the glocinl, allrr\-id, nnd eofinn s n ~ ~ d  deposits, 
In many places the loess is ~niseti with o t p n i c  tnntel.in1, whicll is 
aho N-idesprcnd over thew firms. Loess J~pnsits nftnjn t h ~ i r  grmt~st 
thickness in the t errnces border in^ the rivers. 

0hrmter.-Exposu~ps of loess nnd coll~lr-irtl material in bluffs 
where rn~and~r  curves of the R~~skokn-im River n h ~ t  the uplnntls 
mere described preriouslp. 

Other terraces obsen-~cl along the riretr: nre toppprl with reln- 
t i d y  pure lmss. I n  nn psposllre nt Meclfm, the loesq is I4  feet thick 
and o~erlies nn orgnnic l a p r .  Seremil fwt of loess rpneer the two 
eoIirtn sand bluffs dong the XC~~skokwirn Rir-er (the Kaskokmim- 
R i g  Rirer bIuff and the bhiff at the nnlotl~ of the Rutlit nn River). 
-4 fern miIes southwest of the reginn, s bluff along the ICnskolrwim 
Rirer exposes 60 feet of l m ~ .  Along the Rig River a 10-foot band 
of loess tops n bluff cut into the end moraine of the Selatna glacia- 
tion. This Muff is 6 miles so~ttk-r~est of I ~ n e  Mountain and is 
dlown in figure 24; a measured seclioil of this bluff was given on 
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page 223. Other exposures along the Rig River, nnrl several along 
the South Fork near the base of the Alaska Range9 are also topped 
~14th loess or loess mixed with organic material. 

The loess is generally tan, but other colors also occur. TVl~ere 
the loess underlies, or is mixed with, orgnnic material, it is gray. 
I n  some places it is n mottled tan and gray, and locally there xre 
irregular yellow zones due to limonite staining. 

Size analyses of 3 samples from the r~plnl~d nmns borderirlg the 
ICuskokwi*l River show from 89 t o  06 percent of the inaterial 
mnging between 0.002 and 0.1 mm in diameter (fig. 32). Three 
samples from near tops of bluffs dong t,lle lluskokwim Ri1.w s11u~- 
from 86 to 95 prcent of the material in the same size class (fig. 33). 
A single sample (262) from the piedmont area, collected within the 
mmtle over an alluvirrl fan, has about 70 percent of its material 
in this size class and about 25 per'cent with a diameter of 1w.s t l l ~ i l  
0.002 mm (fig 33). All samples contain Iolr~ percentages of organic 
cnrbon and coarmr fmgments. Thew conr-ser fragments have prob- 
ably h e n  derived from material ups lop^ or from the underlying 
m~~ter in l  through frost cl~urning. 

U. S. STANDhAD SIEVE NUMBERS 

FIGDUM 32.-Comutatlve frequency eurwa showing the rr1r.e of aIlty material from uplnnd 
areas, upper Kuukokwim region, Alaska. Sample 357. from west aide of  Agpel Moun- 
tain, 500 feet above the Takotaa River; 8umpIe 387. from top of enat end of PoPorCu- 
pine Bidpe, 200 feet nbove the Takotnn River: sample 392, from northenet side of 
Roundabout Mountnine, 300 fe@t above the Gu~kokwim River. dnalyuee by Soile Divi- 
mion, U.S. Department of AgrIedEure. 
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Froulm 88.-Cumulative frequency cl1rrl.s nhnwlnfi the nlzf of ullty mnt~r in l  from river 
areas. upper Kuwknkwim rcgion, dlrrkn. Hhn~lrlp 2443, from IiIuK a l  ju!~rbtlon of thp 
Kuskokwim nnd Kntlltna Ricrrs, X f r ~ t  11osr1 rrnm tall o l  b l i~ f f ;  unrn]%lp 262, Prom 
sirrfIcl~1 mantle on thr ~ l l l ~ r l n t  h n  of Whcpp On=tk, nenr I~'arc~wel1: snn~!bIe 270, from 
hl11K at Rlctlfrn, 14 fret down Irnln top of 111116 ; ~ ~ t t n l h c  :H4, frum bluft alone Kuuko- 
kwlm Rlvpr, R miles wrRt ut Juncllnn nl tbr Kllaknkwlln u ~ r d  l l l ~  Rlrcru, 3 f r e t  down 
from tcrp of blur, Annlgseu by Solla nlvlrlcm, 1- X. I l#?lmrl nlrtit or A ~ r l c u l  turr. 

The rninslnl content of t l~rse  7 s n m p l ~ s  is  fairly uniform (SPR 

table below). All cont i i i~~  10 to 10 pcrccnl; a l t e i~d  feldspar, 
chloritoid, plagioclas~, nnil ~incl i  fT~'~rant.jnt,etl o p s q l l e  ~ninernl~,  The 
quartz content mngoa f r o 1 1 1  I to 40 percent. Mica was reported 
from only 1 sample. 

Ohgin uttd age.--The evid~nce  lor an eolian origin of the silty 
material describocl hemin is clrnr. Tlw silt forms n videspread 
mantle of fairly uniform grnin size nnd mincsal content over dif- 
ferent types of bedrock nnd at~consolidntcd cleposits, St,mtificntion 
is  lacking. The hundreds of qunm miles of stabilized dunes is 
proof of great eolian nrt ivity in the pt~at, anti nn nb~mclant source 
of silt was available from the numerous glncinl streams. Fi~~al ly ,  
loess is still being dapositrd. 

Most of the lwg~ :it, or nenr the S I I ~ ~ ~ C F !  wns d ~ p m i t ~ d  cluring 
and followjng thc; Fnwwell glncintio~, its cleposition hvored by the 
same general conditinns that, were also fnvornble to the formation 
of dunes. After the retrent a€ thr glnciers, conditions becnme less 



250 CONTRIBUTIONS TO GENERAXI GEOLOI:I' 

favorable to eolian activity and tile deposition of 1- Jiniinished. 
The lass rigorous climate permitted vegetation to spread and p w ,  
and the comparatively small amounts of loess that were still being 
cleposited mere largely incorporated into the organic deposits. Some 
dust is still boing picked up by the wind from alluvial deposits dong 
the braided parts of the rivers, Dust Ias also been obsewed rising 
from bars in the meander parts of the Kuskokwirn River when they 
are exposed at low water stage. 

I A n ~ l y ~ t :  Dorothy Curroll. 8ymhb:  A. =.lo pertent; R.  lOrl5 p~mt; C. I-6 p ~ ~ i p n l l  

The combination of conditions that is prerequisite to the txbundnr~t 
deposition of b a s s  also existed dnring and after the Selntna glncin- 
tion. Although snch deposits are pmlmbly lrideapmacl at tfepth, 
none of the loess examined in cuts couIcl Le identified as of this 
period. 1n the JCuskokwim-Big River bluff, it is boljeved that the 
silty material in the zone between the two dune layers w m  deposited 
in the interval between the two glaciations. 

M i n w l  
Smpk 

-- 

I Pram bluff at j m I o n  nfthe Ko.rkokwlm anrl Kntlltnn Rivprr, 8 tort alnen lrrrrn tnp ul hlulT. 
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Thin deposits of volcicnic ash have been observed in several of the 
cut banks of the Kuskokwim flood plain near McGratll. The as11 
is composed of light-gray frothy shards; it occurs in thin, discon- 
tinuous zones witlin, or just  below, the peat and silty pent deposits 
that cap the cut banks and overlie the ff ood-plain deposits. Possible 
sources of this nsh are the Alentian Islands, the Yribilof Islands, 
the Yukon delta, and the Seli-nrrl Peninsula, all in the western or 
southwesikrn part of ALska; tbe ~lear~est and most probable source 
is Mount Spurr, an active ~olcnno located south-southeast of the 
upper Kuskekwim regioli ~ ~ i t l i i n  the southern Alaska Range. In 
his study of this part of the. Alr~sk~ Range, Capps (1935, p. 87-88) 
describes an evterlsive lt~yer of ash, probably 21.orn Mount Spurr, 
that occurs below tlie surface layer of plant roots and soiI. 

In two places the loess lnnntle overlying young sand dunes con- 
tains 11 thin bed of volcanic ash. Near the junction of the Hjg 
River and the Middle Fork, a bed of ~ s h  is contained within rt 

8-foot cover of loess over dune st~nd. This ash is nt a depth of 
2% feet. is 1 indl thick, ancl hns sharp contacts. On tile RlcGraU~ 
dune field mveraI dunes, locat,ed 10 miles enst-sontheast of McGrat11, 
are also overlain bY a thin bed of ash near the base of the looss 
mantle. Other dunes, both nearby and in other parts of the dune 
fiol~l, have no as11 overlying tl~nni. This probal)ly indicahs that the 
nsh fall took place before the final stabilization of tlie dunes. 

Volcanic null hns also been observed aitl~in the ICuskokwim-Rig 
River bluff. It occurs as a Illin, disr,ontinoo~is bnnd within the 
zone of peaty silt and snilcl tfl:~t lies belw~eii t,llr! older nntl the 
younger eolian sand. 

RIVERS AN3) ,~TIT,IT\;IAT~ DEl'OSl'rS 

The strerims af the upper J<uskokn.im region aiu? arbitrurily di- 
visible into the smaller cr~eks  of the hed~wrk l~planrls and the larger 
rivors of the IowIanci and piedmont men, The creaks and the d ~ -  
posits of tho creek valleys were described under 6'Physiography of 
tho uplands"; the rivers, with the Rig River as an sxnmple, and 
the alluvial deposits are described below. 

Over half of the lowland xnd piedmont is covered with nl lu~ial  
deposits, such as Aood plains, alluvinl plaitins, fans, fan aprons, and 
cones. These deposits have several age spans bet,ween the Farewell 
glaciation and the present, except for those of one apron believed 
to be related to the Selatna glxcintion. Large areas of the allu- 
vium are covered with swamps, bogs, and lakes. 
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NATURE OF THE RIVERS 

The principaI rivers of the upper Kuskokwirn reg-ion are either 
braided or meandering. Those,af the lowlttnd areas lsre generally 
meandering. All the rivers that originate within the Alaska Range 
are braided in their upper reaches. In traversing the piedmont 
toward the lowland, the rivers from the Alaska Range change from 
the braided to the meandering type. 

The Big River, typical of the larger rivers of this region which 
rim in the Ahsh Range and flow no~thward BC~OBS the piedmont, 
is described in some detail in the following prtmgraplis. Observa- 
tions on the river were made during a canoe descent from near its 
source to its confluence with the Kuskokwirn Rlver. 

The Big River, ariginztina from a rnlley glacier about 30 miles b 
south of the upper Kuskokwlmn region, emerges from the westward- 
facing flank of the Alaska Range into the Big River trench. Tl~ere, 
the river turns and flows to the north through the trench and acrws 
the bordering piedmont. It has cut a valley y2 to 3 miles wide 
though the deposits of the Selatna and Fare\$-ell glaciations; this 
valley is bordered by steep termm escurpn~ents that range from 
50 to 150 feet in height. About 8 miles beyond the end moraine of 
the Selatna glaci~tion, the river has forn~ed an alluvial fan bounded 
by outwash and eolian deposits. The bordering terrace escarpments 
spread out and, gradually decrensing in alt,itnde from about 100 feet 
near the apex of the fan, disappear near its base. The fan extends 
nbout 15 miles dong the; river and merges into the aluuvial plain 
of the lowland. The river flows in a flood plain 1 to 1% miles wide 
down the middle of the fan. Several streams on the lower part 
of the fan probably originate from ground water fed by tlie Big 
River. 

From the base of the fan to  the I<aslrokwirn Eiver, on the north 
side of the lowland, the meandering Big River flows in a vdley 
4 to 6 miles wide forme,d by its own flood plain and related low 
terraces. For  much of its length the valley is bodered on both 
sides by a 10- to 35-foot terrace escarpment, in mhicl~ eolian sand 
deposits nre exposed. Blackwater Creek, originnting on the nlluvial 
fan of the Big IZiwr, flows t,hrough eolinn deposits and joins the 
Big River near ik mouth. 

The Big River is braided at its glacial source and continues to be 
so through the glaciated terrain and to about halfway down its 
nlluvial fan. Tllrough the Iengtl~ of the braided section, where 
the flood plain ranges in width from 4/2 to 3 miIes, the river alter- 
nates continl~ally between concentrated flow in a few channels and 
dispersed %ow in numerous channels. Tho change from wnmn- 
trated to dispemd flow is effected by the repeated branching, or 



LC peeling," of the main channels n t  points where the bordering low 

natural levees have been breached. Shallow gravel bars underlie 
these breaches, and log jnrns are frwpent at such points. An ir- 
regular convergence, of the nnmerous chanllels effects the change 
back to concentrated flow in a few dlonnels. During low water 
stamps fewex channels are ~ntilizerl thnn when the water is high. 
Throughout its braided wctjon the Innin flow of the rirer swings 
irregularly from one side of tllc valley to the other. 

The tmnsition Prom n Iw~ided t o  a rneandesil~g type of river takes 
place on the lower half of the allllrinl fan orer  a distance of about 
9 miles. Althougl~ tlie t ~ ~ n s i t i o n  is completely gracfational, the 
following four steps were obs~rrecl: ( I )  The nlten~ation in course 
of the river from one side of tlle flood plrci11 to t1-1e other becomes 
more pronounced and mnla regular; (2) the zones of concentrated 
flow develop a Inirly regular swinging, or mennclering, and the 
number of cl~i~nnels in the areas of tlisperfied flow decre~ses; (3) n 
typicnl meander pattern is filllp estnblislled, with n n u m b ~ r  of 
cliannels on the gentle slip-off slnpeu; (4) the nu rnh~r  of cl~xnncls 
on the slip-off slops clecrenses until tilt! r - iv~r  is confined to w single 
channel. 

Relotv the transition, the Big Eiver remains :L nlewlrleving stroam 
a11 the wt-ng to its junction wit11 the linsl~ok\vim River. Tlla upper 
part of the m~onc i~r  wetion 1 ~ s  n fairly regular p:~ttern. The 
meanders of the l o w ~ r  pnrt ilialce long r,c~mplo?; loops, frequently 
rlorrbling back on themselves for ncer n mile, and form a very sinuoils 
pattern; there are numerous axbow litk~s 011 this. lower half. Tllrough- 
ant tho, mei~ndcr section the sivor p,nc~.nlty flows in a single channel. 

ALLUVUI; DEPOSITS 

For mapping pnrpses ,  the alluvial dapmqji s :Ire subrli videcl into 
flood plains, fans, alluvial plains, fitn nl-rmns, nncl cones. For con- 
venience of prewntwtion iliep are cIisc~~sspd in this order. 

The Aoocl plains nild fnns hare been fonnetl In: the modern 
braided and rneni~tf crinz rivers niztl are re~c1il~- recopizn1)le from 
t,heir surfnre fentnws. Flood p1ni11s of I~rniderl ri1-w~ a re  Ilwrroll- 
nnd generally occur in tlw picrlmont n r w ;  i m ~ s  nf hraiderl rivers 
are large nnd occur  here the r i v~ r s  fan out ilt vwrinMa distances 
from the Alaska Rango. Flood plains of nlenndcring rivers pen- 
errtlly occur in the Iowlnnd where they form braad surfnces, termed 
"meander plains" (MeIton, 1936, p. 5941, that are characterized by 
meander scrolls and meander scars; fans of monndering rivers are 
small and occur where tribut~ries fan out after emerging from the 
uplands. 

Two exte~lsire nlluvial plnin~, one located in the Medfra flnts 
and the other in the Nison Farlr lowland, m e  differentiated from 
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the h d  plains of rnenndering rivets by Inck o f  mogniaablt? m~mder  
features. These two plains are contiguous rith, nnd slightly higher 
than, the meander plains, nnd were pwsumnlhy formed by meander- 
ing rivers in the pnst. 
The fan x p m s  nm made up of series of coalmcing fans that form 

pntly  sloping snrfaces along the flanks of the aplnnds. They lmk 
the discrete fan shape and drainage puttern of the more modem 
fans, from which they nre differ~ntiated. Tlia cones, whic.h have 
considernblp steeper slopes hlnn either the fnns or the f ~ n  npmns, 
occur at the base of the Alaska Rnng~.  

FLOOD PLAINB A N D  PANS 

R&fril,ufion.-The flood plnins of the bl-sided rivers range in 
width from less than I m;3a in tlla srnn1lt.r rivers to as much as 
R mil~s  in the larger rivers (Soi~th Fork, Rig R,ivor). On t h ~  
piedmont the flood plains are bordered by steep tpl-mco escnrpme,nts 
for varying distances from tho AIaska Rango. Downstream t h ~  
doad plains occur on the alluvial fans formed by the rivers, ~ n d  
because no perceptible break sepamtcs the flwci plnins from t,l~e fnns, 
they m mapped together 22). On the lomor half of the fnns, 
the rivers chxngr: over to meandering types; this transition zone 
is  incll~iled with the hmidod part, for mapping p~~rpmes. 

The apexes of all the fans arc outlined by terrrtct! escarprnmts, 
which become propssivelp lower in height downstream and p,n- 
 rally disappear a short distance from the apxes;  however, time 
of the Big Riacr and the South Fork extend far n number of milcs 
before disappearing on fhe Jaw~r half  of the fans. The bases of the 
Inrger fans, including the w r i ~  of coitl~~cing fans ~O!OTXIIPC~ by the 
Windy Fork and the Middle Fork drainage complex, merp into 
the meander plains of tlre lowland RWR. Tho bnw of Sheep C m k  
fnn rnerfes into the orltwnsh slope of Ihe Fam~v~ l l  glaciation, nnrl 
the Jones River fan joins the flood plain of the South Fork, fmm 
\~hic l~  i t  is partially wpxmhd hy a lnw t~rmce. 

C'Jurmctm.-The floor? p1,lains nre chnracforid by low relief, bat 
there are many irreg~ilar details. These include hundre& of chnn- 
nels and low termc~fr ~ I I A ~  prohIbblp do not. exc~ed 5 feet in maximum 
relief. The vegetation of the flood plnins shows a seqn~ntial: dis- 
tribution. The acti~rely forming sections near the rivers are bars of 
v~pts t ion ,  and willow and dchr grow all-ny from t l ~ n  rivers; in- 
r~rtive pnrts of the f l o d  plains hnt-e white spruce and white birch. 

Tho fnns are also ch~rnct~rized by low relief, and their surface8 
nm cut hy numerous rhxnn~ l s  that probably do not exceed 5 feet Jn 
rnnximum mlief. h few distributaries ttmt pmb~bly originate from 



ground water fed by the master stream flow on each fan. The 
vegetation on the fans is eharncteristicttlly white spruce and white 
birch, but the lower parts of the larger fnns hha-ve black spruce and 
muskeg vegetation. 

flatwre and age of t 7 ~  depo~if8.-Within the Alaska Range and 
in the glaciated part of the piedmont, the Road-plain deposits are 
composed of well-rounded boulder, cabble, and pebble gravel that 
contains much sand and sc:~tte,red glacial eerraties, Beyond the 
glaciated t,errain, fis observed along tlze Big River, the boulder 
content deeren= sharply, and tlle cobble content decreases progres- 
sively downstream as the content of pebhle gm,val and sand increases. 
A veneer of peat nnd silty prat covers inactive parts of tlie flood 
plains. Sinco the flootJ-plain deposits are curi.entlg being laid 
down, or have been ltlicl clown in 11113 recent past, their age is Ihcent. 

The deposits of the fans are geaernllp composed of well-muncled 
cobble and pebble gravel and much sand. Like the flood-plaiu 
deposits, the cobble content decreases pro,~ssively downstream ns 
the content of! ~ e b b l e  gravel and sand increases. The deposits of 
the Jones River fan include much houldw gravel and scattered 
glacial erratics. T m g e  parts of the ftms have a veneer of peat and 
silty pent. 

Formation of fnns in the B ~ S ~ C ? I ? I  piedmont very prohably hgan 
won after the retrent of the g1~r;iers of the Baremt?ll glaciation, 
whereas that in the 3339 River arca probably hew during this 
glaciz~iition. Formntion Ims tscontinucd to the pne&nt time. Tlio 
depasits themselves span a consi demble, thougl~ vslri able, time within 
the Recent. 

I6EAKDmlHG RIPERB 

Di3t'&ut&m.-Th~! flood p l z i ~ ~ s  of the meandering rivers, in their 
alternating erosion of cut banks and deposition on slip-off slows, 
form brand surfaces, or meander plains, which cover c l m  t o  15 per- 
cent of the region. Thn largest arm of this unit is in the Medfra 
flats where numomow tribr~ttn ries converge tto f o m  the 1C1~skokwim 
River, The flood plain of tlie IC~~skokwim River itslf ,  in the low- 
land, is between 8 and 5 miles in width nnd is betdered by bcdrmk 
uplands and by eol i~n snnd clepmits with n high t e m e  escarp- 
ment; it becomes 2 miles in n-idth where the river flows throug11 
the bedrock uplands. The floor1 plain of the Takotna River has a 
very sinuous meander plttern, is 3. ta 1% miles in width, and is 
bordered by bdrocls; uplands. The flood plain of thc Nixon Fork, 
which skirts the northwest edge of the Nixon Fork lowland, is 
3/2 to 1 mile hi width. There ar?. n~~rnerorls smnlI flood plains, of 
which those of the Selntna, Katlitan, Tatlwwiksuk, and Tstalina 
Rivers, and I3l:tckmnter Creek are of mnppnhle silk. 
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Most of the boundasps of the meander plnins nre clearcut. How- 
ever, where the mennder plnins merge into the alluvial fans of the 
braided rivers and adjoin the outwash slopes of the piedmont arm, 
boundaries are poorly defined. 

NIuvial fans have been formed by a number of meandering 
tributaries of the Nixon Fork and the XNol~ Fork after emerging 
from the uplands. Several of the fans are compound. The sides 
of ths fans  re partially outlined by low terraces cut inta aprons 
that generally flank the nplands. Lorn terraces dso separate the 
bases of the fms from the meander plains of the Nixon and North 
Forks. 

Qharmter.-At the rivers edge the meander plains have gentle 
slip-off slopes and steep cut bnnlrs. It is estimnt.ed that, the cut 
banks at Medfra rind McGrath am 5 artd 8 feet, respectively, above 
the mean summer flow of ths 1luskok.r~im River. Height7 increw 
progressi-r~ely along the Kuskokwim River downstream from Me- 
Grath. 
The gross topopnpl~y of the me.ander plains is flat., but the de- 

tailed topograplxy is irregtlttr due to  meander scrolls and meander 
scars, many of which c.ontain oxbow Inkcs in various s t k g  of 
filling. Tmal relief generally does not exmd 10 feet, except in 
the flood plain of the Nixon Fork, where some 16-foot terraces were 
ot~served. 

The vegetation shows a sequential distribution. Willow and 
dder p w  on the actively forming parts of the meander scrolls 
near the riven, and white spruce, white birch and poplar grow 
away from the, rivm. Rlmlr sptr~c~-muskeg vegetation and bog 
vqotation grow on tho higlror, and older, parts of the moandar plains. 

The fans have low gradients, and tho large areas of their surfwes 
are covnrad with bogs. 

Nature m d  age of tht: depoa.its.-The flood plains a m  composed 
of a complex of deposits--sand, silt, organic mnterial, and some 
gravel 1ocaIl-y. In some places this complex includas compact, sticky 
silt representing the fill of old oxbow I~kes .  In others it inc111des 
deposits of small dluvixl fans from bordering uplands and high 
tsrrams. The or,mic mzferid, ranging in size from small pieces 
of debris t o  Iarga lags, is dispersed throughout the deposits. Older 
pnrts of the meander plains are covered wit11 peat and bog  deposit,^ 
intermixed with some loess. 

Tha amount of gravel included in tlle deposits varies locally. I n  
the IKuskokwim River and Nixon Fork flood plains, lenses of pebble 
and cobbla gravel &re amdl and mcur only where the rivers are 
impinging or have impinged against the uplands. The flood-pldn 
deposits of the Takotna Rirer include much p v e l ,  which, rn 
e x p o d  in cut banks, is pnermlly overlain by h e r  grained material. 



Along the large tributaries in tl10 flatland south of Medfm, the 
amount of gravel increases gradually toward the piedmont. 

The zge of the deposits is Recent, ranging from the present to an 
indefinite time in tlie past, in the older parts of the flood plains. 

TVhese obsemed along the Nixon Forlc, the fans are co~nposed of 
sand, silt, organic material, allci some gravel locally. The age of 
these deposits, whicll are c u r r ~ n t l y  being lnirl dori-n or were laid 
clown in the recent past, is Recent. 

ALLUVIAL PJdAINR 

MEDFaA FLATS 

In tlie Medfrt~ flnts, II lttke-dot ted plain of :tbout 30 yurtre miles 
occurs between the meand~ier plains of the l'itkt~ NICI Sold11 Forks. 
Two similar plains, n small raw nf nbont 4 square iriiles ~ ~ u c l  ;I In l -g~ 
m e  of about 60 squnre miles, nty, 1locat;ted to the enst, h t w e ~ ~ ~  meander 
plains of the South and East Forks. 'l'llem $wens twernge aan esti- 
mated 10 feet n b r e  tlie pael-nl level of the. bordering metinder 
plains. The boundaries are ge~~erallg gnclational and are mapped 
at the innermost limit of recognizable rneander fentores. LomlIy, 
a low terrace escnrpment separates these areas from the meander 
plains. 

The gross topogwnpl~y of the three nrens is nearly flat but the 
detail is i r r ~ u l n r ,  with lon~ depressions and gentle rises. Small 
nccumul~tioi~s of dune sand occur locally, &nil several arens of low 
dune hillocks along the north edge are large :epnongh to mnp (pl. 22 ) .  
Vegetation is dornii~zlntl~ lrrlnck spmicr, larch, and muskeg. The 
only obsemecl exposure, lmnteci npnr the jm~ction of the Big and 
Kuskokwim Rivers, shon-~d bedded siind, silt, and orgnnic material. 

These three nrens are collsiclrretl tci Ije seglneiits of all nlluvisl pluin 
thnt ~t-as formed in the pnst by trilmt:~ries, rely pml>~l)ly meander- 
ing, of the Kuskokwim Kiver. This is evicle~~t from the locntim 
of the pplniil between, nnci its general gradatiol-I into, the mmoclem 
meander plains, the flatness anti low n l t i t ~ ~ d e s  of the surfnces, srld 
the nature of the deposits. 

The age of the deposits is not known wit11 any degree of cer- 
tainty. They were laid down previous to a sligllt dissection that 
accounts for the difference in height ht~\*een the alluvial plnin and 
the flood plnins of the modern rivers. This deposition may have 
taken place at an indefinite time within the Recent. or during the 
general alluviation n~socinted r i t l ~  the Farewell glneiation of 
TVisconsin age, or it may ha\-e been initiated ciari~lg the Farewell 
glaciation and continued into the Recent. This latter age span 
seems the most likely, and the deposits are ao mapped (pl. 2 2 ) .  
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NTXOf  FORK LOWltk#D 

A broad alluvial plnin of about 160 sqaare ~niles,  extending from 
near the north border of the upper Knskokwirn region southwest to 
the Takotna River, covers much of tih3 h'ixon F o ~ k  lowland. The 
h'ixon Fork flows acroH tbis plnjn, pnsrnlly on the northwest side, 
in a flood plain 4/2 to 1 mile wido. Meandering streams from the 
lrordering uplands also flow ncwss the plain and join the Nixon 
Fork. Them stcean~s dividn t,hc plain into a nuinber of sem~nts.  n Boundaries between the a1 luvinl plain and the meander pIamns are 
mapped at tlm outermost rccegniznble, menndsr features. In nlttriy 
places these boundnrips n1.e m:lrketl by low terrace escn~.pmerits; in 
otlrers, t.hey seem to be pndfldation~l. Alo~ig its border wit11 the Nixon 
Fork, the alluvinl plain arerages  bout 15 feet above the general 
Iewl of the rnexnnder plain. 

On its soutllenst bbort1e.r nnd part. of its north border, the alluvii~l 
plnin merges i n h  gently sloping fan aprons leading d m  from 
the uplantls. Contacts hat-0 h e n  mapped where a break in dopg 
however slight, is d~tectable. Generally this is at  the outer limit 
of extremely bog= areas, which characterize the surfsce nf tho 
plain (lig. 34). I-Xowever, the narrow northeastern part of the 
plain ia partially outlined by a few low termws. 

Tho alluvial plain hns an estreniely flnt surh~ce,  rnucli of wl~ ir l~  
is covered with peat and bog deposits, discusswd Inter ~~nrler "Or- 
ganic d~pasits, bogs, and lakes." Below this orpnic lnycr, expo- 
sures in the plejn where the Nixon Fork nnd the Tnkotna Jtiver 
nre actively cutting agahst it showed stratified sand, silt, and or- 
ganic material. A mezsured section from RII exposure locnted 5 
nailes north of McGrath is given below. The content of argttllie 
material is considerably less than t;hnt in the deposits of the mod- 
elm flood plains. 

X~nsured ~cctim dm blup #4t h t o  alIts.ulnf plmh o t  Nlann ForX: ro~olnnd,  Inanfed 
on north Hde of the TnBoima Riew 5 mlle8 :8rf!h of dfcGr~t:rabh. 

Fret 
Peat, Fayered--------------+-----l---------ll--- 5 
Sand a d  silt At top, grny sllt and dne R A I I ~  g r n d l D ~  downward into 
gray silt and yellow line to coarse sand; in nenrly hurlzontal beds. 
rmging from lm than 1 inch to nbout 12 Inches In thickness; contaim 
some thin, irregular panes of ormnlc mntwr ---------------,--------- 10 

Slump, interval co~erd---,,,,,-,----------------------+------------- 8 
Band and silt, lfke lower pnrt of anlt a b o ~ e  slnmp bnt i s  very compact and 

some lajers are mod~rntrly contorted--,----------------------------- 13 

Base covered by modern flood-plnin deposits. 

This plain was f ot.med by rcn wgmding Kixon Fork rind tributaries, 
very prabnbly d u r i n ~  the general allaviation assodated with the Fare- ? 
well g-Inciation of 7TTisconsin age. At that time, wgebtion had xppar- 



ently not attained its present heavy p o d h  nnd the supply of snnd 
and silt was abundant. Deposition has encled for the most part, and 
the Nixon Fork has iuciserl its c o ~ ~ m  into the allltrinl plnin. 

Di8tdbzltima.-Gently sloping fan apro-ons, mxtlt! np of inntimer- 
able coalescillg alluvial fans, lrnd away from thc uplands t h n t  bor- 
der broad valleys and 1011-lnnrls. They cl~nlart~risticallg for111 brond 
surfaces that cover n l ~ o ~ ~ t  300 stlnnlr l ~ l i l t b s  nf tlbc r ~ ~ i o n .  Tllt? lilrg- 
est awa borders the upln~~tla  t II : I  t ~ul*n)ru~tl t lie S isan Fork Eow- 
land. A second aretl ovrltrs hrt wern tbc li~~skokir-im oncl 13ig K i r -  
ers, in the sonthwester11 p1it.t c ~ f  I lie regio~~, wE~erc the uplands nt? 
in part surrottnded by riproiis, x ~ t l  ot1lt.r npmns occm in the broad 
ralleys ~ritllin the upknds, A tliirtl nrrn of ftin Rprons let& away 
h r n  the uplnnds thnt Imrrl~r tht: Sort11 F o ~ k .  Two s ~ n ~ ~ l l e r  aprons 
occur just west of lTc(;rat,ll n lclng I ~ P  'htnlinn liicer. Smnll, iso- 
lated aprons occur nt sevcrul othrr. p l n c ~ s  in the rcgio1.i. 

The fan aprons art? clifler~nt~itrf rt? ~ ~ O I I F  the nl l~win l  fans of mean- 
dering rivers by Jnck of i i iscwt~ fan  sl~a~po anri clminnge p~ttern. 
ups lop^$ the fan aprons m e r p  jnto tho cl.e~k cnlleys anrl are set>%- 
rated fwm the hills nr~d ~nom~tnins hp n distinct break in slope. 
Downslope, the nprons f o ~  the most part cilher merge into the val- 
legs nnd lawlnnds or, wl~cn! Inrdered by floocl plains and alluvinl 
f n n s  of lncnnclering rivers, arc terminated h;g L~l~acoEike w a r p -  
rnenls. One apron, howpver, is conspicuously higher and cloarly 
older thnn the other nprons. It forms n high bench north of Medfrn 
within a mntmnnt of the upland. rawrs a n  area of nbout 10 sqnare 
~niles, and ifi bordered on the southwest and muthenst by youngcic" 
nprons. h 100-foot terrace ewal-pment. which has a small meander- 
ing stream nt its base, sepnntes t h ~  two 111lits on the soutliensl. 
This apron is the only mappable awn of "oldcr n1ltrvinI deposits" 
within the region (pl. 22). 

Charaeter.-The surfaces of the ?-oungcr aprons are fairly ssmootll 
and have gently concave slel>~s. Their characteristic wgrtntiorl is 
blnck s p ~ u c e  and muskeg. 1 3 o g ~  areas are numerous, pnrticu- 
lady on the lower parts of tlie nprons. 

The surface of the oldar nprrm has ~ P P ~ I  rliwected hy wvecat 
strenms. The vep-elstion is b1ar.k sprncp nn(7 rnnskrg, and there are 
some boggy arms. 

Naihre of the deposids.-The tleposits of t l i t  younger aprons, ns 
obsemod in the h'ixon Fnrk lowland nncl nIorlg ~ I I C  3ilzskokmim 
River near JClcGratll, consist of stlmntifietl snad and silt allcl srat.- 
tered zones of orgnnic matel-irtl : 21 f ~ ~ v  I I P \ I F ; ~ ~  of ~I ' :LVPI  nnd rubbIe 
mt1r lwally nenr hdrwk uplnnrls. TIIATP p;Ypr)stlrelt BW Jmnt~d 





Frouac 34.-Oblique aerial view of the bog-covered allurlnl plaln of the Nixon Fork lomlnlld aud the bordering fan apron. 
0 

The bog-eorered nlluvinl plnin ( g a p , )  cerers much of the (Qua) that leads clown from bordering uplauds and merged m 
upper hnlf of the yichlre. The bogs (a, snlooth light-gray into the alluvial plain. The flow phias ( Q a ~ n )  of the Nlxon 0 

&was) 8ud Islands (t) together give a mggecl, nlotlled np- Pork and one of its tributaries are along tbe upper edge of 5 
pearnnce to the pictrrl-P. On the lo\rer bnlf is n fnn nproil the picture. Photograph by U.S. Air Force, 1949. g 
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nlong the Kuskokroim River 3 miles southwest and 7 miles northe~st 
of JlcGmth, along the h'ixon Fork 116 miles north-northeast of its 
j~~nctiori with the Takotna River, and nlong the Tnkotna River on 
the west side 03 AppeI 3Iountnin, 3 miles north of McGmth. A 
m~nsured section from the expoallre alollg the Takotntt R.iver is 
given below ; i t s  deposits are similar to, and apparent.ly inkfinger 
with, the nearby alluvial-plnin rl~posits ,4 cover of pent below the 
black spruce-muskeg ~egetation occurs over large pasts of the apron 
st~rfnces. 

Mraszrr~d. a c c t h  in Jn*L nproft, hmlrd on emf s ide  of the T e h t r r ~  Rimx S miles 
norfk of .McQmth 

Ftrl 
Pen5 5 
HITt and nnnd, gray ; trmularlp M d e d  ; contains thin, discontinuom ~ l n m  

of organic matter 3 
Pent, cornp~rt  : l ~ i n ~ h e s  01rO southward --,--------------------- 1.5 
Silt and sand, 1Ike enit ahove hetrvwn the pent nnits ----------,--------- 2 . 5  
I'mt, ~nmpart; pinches out southward -,,-,-,,------------------------- 1 
8Ilt and mad. gray n t  top grnding downward into grny streaked with dark 

yellolv ; incmaaingly compact downward ; in gently sloping beds, some 
with minor mntortionn; conlains thi, discontinuous zones of organic 
m ~ t t ~ r - - - - , - - - - , , - - - - - - - - - - - - + - - - - - - - - -  15 

B ~ s e  cnvered by modern flood-plain deposits. 

Most of the material that make up the younger frtn aprons is 
derived from the mixed colluviurn, loess, and creek valley fill of 
the aplands. Streams in t,he creek and mentmnt valleys, and slope 
wssh and con~eI i turb~~t ion  in the intcrfltlt.es, have bmtlght the 
material to the base of Ihn uplantls. There, streams have remnrked 
it to form the fnn aprons. A relatively small proportion of the 
rnnb$tll-some of the ~ n n d  in nprons facing tho Kusknkwim Rjver 
nnrl some of the silt-113s been deposit~d directly hy the wind. 

Two exposurps within the older npron, located dong the Med£r%- 
h'ixon Fork mad mar the upknds, showsd well-rounded gravd and 
sand below a thin cover of loass. Elsowhere along the r o ~ d  the 
lwss cover is nt, least Il/i feet thick. 

Aga of tAe deposit3.-In the origin of their deposits, the younger 
nprons are closely related t o  the. alIuvial fans of meandering rivers. 
However, the aprons hnve h e n  differentiated from the fans by 
Jack of discrete fan shnpe and dr.ainnga pattern; present streams 
011 the aprons, 11t1-ge park of which are covered with pent, are 
sluggish and clogged with vegetation. Tlow terrace escarpmcnta 
part,ially separate the two uniks, and in the composition of their 
cleposits, the aprons contnin considerably less organic matter than 
the modern fans. 

It is believed that the stream activity respensible for these younger 
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nprons took place for the most pnrt during the genen1 allaviation 
nsmintwl with the Farewell glaciation. Conditions at that time 
were favorable for widespread f i n  formation at the bordew of the 
uplands. Within the I I ~ ~ R R ~ S ,  where the zone of intense frost ac- 
tion was lowered, there was nn abundance of frost-produced debris 
nnd loess which was moved downslope at an accelerated n t e  to the 
b ~ s e  of the uplnnds. Were, stream nctivity was less hindered by 
v~getation, which had apparently not ~t~tnined its present heavy 
growth; a general reductiot~ in the vegetation cover over nll the 
lowland is j~~ferred iron1 the reduction over p ~ r t s  of the lowland, 
as indicated by the widespread dune fields. 
Fan fom~ntion decrease in f i e  postglacial period, when condi- 

tions bocnme less favnrable, :uid in many places ceased completely. 
Only the lnrger strenms contiln~ed to build fans, which are mapped 
separately, t o  tho present time. 

The deposits of the older apron, which is differentiated from the 
~djncent aprons by j l s  height above thein, are quite clearly related 
to nn earlier pcriod of fan formation. '.Phis period presumably 
wnA during the Selntnn glacintion, ~ n d  the preservation of the apron 
since that t ime is prabnblg due to its locntjon within a reentrant of 
the aplands. 

CONE8 

Uonloscing alluvial cones occilr :llong the st,ecp northern front of 
tho Alaska Range and form broadly undulating surfaces. There 
nre alsa innun~erable sn~nlI  inilividaal cones, most of them too small 
to mnp. The slope of tlip cones is strongly concave, the upper part 
stpep and the l o m ~ r  past morlernte to gentle. Most of the cones 
lrond from reent,rxnts m-itltin tlie mountains; rnnny originate just 
h ~ l o w  the eescrprncnt of the Fxrew~ll fault. Downslope rttost of 
tllem merge into the glminl anil allurixl deposits of the piedmont. 
Kurnemus strefirns from the rc~ntmnfs larliate in fanlike fnshion 
ovcr the cones. 

The allavinl cones are conlpowd of nibble that varies gmaCly in 
s i ~ ~  and contains some ndmixtures of loess. The rubble is derived 
from the frost-riwn bedrock debris of the mountain slopes, and 
distributed at  the baw of the mountains by streams. 

The cones hnre a wide age span. Some wem initially formed 
during the Fnrewell glnciafion and othem date from the end of the 
glnciation. All bnx-e rontinu~d to be actil-e to  the pre~ent time. 

In a general may the nllur*ial hidory of the +on is one of ~ c c u -  
mulation of sediments on the piedmont and in the lowland, large 
parts of which have subsided probbly during the Quaternq. Tht! 



wedge of sediments derived from the Alaska Rmge has pushed the 
Kuskohim River to its present location on the north side of the 
lowland. Sedirn~lnt~ have J s o  accurnzllnted En the lower and middle 
smtions of the creek ttrtlleys within the nplmds, as discussed under 
"Pllysiography of the uplands.'" 

Specific information on this alluvial history previous to the 
Seirttna glncintisn of Wisconsin( ?) age is Iacking. Dming this 
glaciation, glacial rivcrs in t.he piedmont area built broad outwnsh 
nprons thnt undoubtedly extendled far into the lowlmd. Other 
dmnms from the uplands built extensbe %lluvial fans along the 
borders of tho lowland. Parts of these deposits, aa well ns morninnl 
and eolian deposits, were eroded in the interval between the Selntna 
nnd Fnrewoll glaciations. 

Another period of alluviation occurred during the F~rewoll gla- 
cintion of Wisconsin age. h the enstern piedmont, brrtided rivers 
fmm the glaciers farnled an extensive outwnsh slope that reached 
well inta the lowland. rpland strenms also suppliet? much material 
to the lowland in the form of codescing fans. In the mestorn pied- 
mont, no significant orztmnsh apron formed in front of the moraine, 
and the ancestxal Big Ri~er  probnblp flowed acmss tho dcposits of 
the Selatnn glaciation in about its PLYFRR~ course. The river at  that 
timo may have been quite small, with much of the dminnge, fmm 
this part of the Atnskn Range flovinp mathward through the Rig 
River trench to the Swift River. 

With the retreat of the gl~ciers, the drainage in the enstern pied- 
mont m a  was concenlrnted into f o w ~ r ,  nncl Isrgrr, braided rivers 
that immediahly inciscrl thpir chnn~iels into t.ha glacial deposits. 
Segments of t;he mnrninnl nncl outwas11 deposits htween the ri~ers 
have remnined virtllnlly unchnnp,ri ~xcrpt  f f n  minor fitwarn action. 
At vrsriabIe distances from t,hc Alnskn Range, wl~ere the rivers 
xppronched tho genarnl lev01 01 t,hhe outw~nsl~ slnpe, they h g ~ n  to 
fan out. These fnris probably extended fnrther nortl~warjl than 
they do today, anti tho knnsjtion zone fmm braided ta meandering 
l4ver types pmlmbly was farther north. Much of ths stream load 
mas deposited on the lower part of tho fans and in the Medfrn fl~tttii 
where the streams converpd. J'lere, the rivers probably migrated 
freely nnd, f lndu~?ly  becoming larger in size, formerl broad mean- 
der plains. The modern rne,~nder plains are slightly lower than 
segments of nn older alluvinl plain in the Medfra flats due t o  recent 
sbmarn dissection. 

ORGANIC DJPOSLTB, BOGS, AND LAKES 

Orpnic deposits nre very widespread in the upper, Kuskokwim 
~~gjon. They cover extensive m a s  of surficiaI deposits of other 



types, md they also occur below tlie surface, either derived from 
vegetation growing in plnca and later buried or transported as 
debris and incorporated as an integral part of alluvial and collu- 
vial deposits (descrihd previously). I t  is, therefore, not prac- 
ticable to map the organic deposits as a separate unit. 

The surface deposits are largely pent, which occurs below living 
muskeg vegetation and in bogs. Bogs trre so numerous over parts 
of the met, poorly drninecl f l n t h ~ ~ c l s  that they cover a fourt>h or 
more of the surfnce. These bog-co~ered nrens, describeti in detail 
by Druq (1956) and only briefly here, have been termed "bog 
flats," Other parts of the flatlands contain Inany large lakes. Bog 
flats nnd lake-clotted surfaces cover more than 1,000 square miles of 
the region. 

ORGANIC DEPOSITS 

Da'fit7.ibzctim.-Peat forms in layers below living muskeg vegeta- 
tion and its distribution is thus clns~ly related to tlmt of the muskeg 
vegetation. Hence, Itiyererl pent corers parts of the uplands, the 
piedmont, nncl the lowland. Within the uplands, i t  mantles pal.ts 
of the mixed eolluvinm, the loess, and the creek valley fill. On the 
piedmont, it covers large areas of the glacial deposits along the Big 
River. In the lowland, where muskeg vegetation is very ~idespreacl, 
layered pent covers large pikrts of the ~lluvial   deposit,^. It also 
covers parts of the dune-covered areas. 

Peat also accumulates within the bogs, which are interspersed 
through the muskeg vegetation. The occurivnce of the bogs ranges 
from wiclely scattered to closely spaced. Regionally, they occur in 
great abundnnce over Iarge arefls of the lowland, in scattered areas 
of the wedern piedmont, and jn a few areas in upland creek valleys. 
Large srens of a l l u ~ i n l  deposits and some areas of eolinn nncl gls- 
cia1 deposits are caverecl wit11 these bogs. 

Charucfer nnd ag8.-Layered pent, v-l~ich is derived frorn muslreg 
vegetation, is composed principal1:- of pent mosses and sedges, and 
contains varying amounts of loess. Peri11llw-f rost is genernlIy present 
at shsIlow depths. The peat generally ranges in thickness from less 
than 1 foot to about 6 feet. Cut banks in the older sections of the 
Kuskokwim River flood plain commonly expose 2 to 3 feet of layered 
peat. Exposures in the alluvial plain of the Nixon Fork lowland 
are topped by 4 to 6 feet of peat. 

Bog peat consists of n t~ngIed mass of organic rnnterial-mosses, 
sedges, and shrubs-with admist.ures of inorpnic material. The; 
inorganic content is in part loess and in part materia1 incorporated 
from the edges of the hogs. Tbe general thickness of these deposits 
is highly variable. A thickness of 40 feet was observed in one such 
cleposit, a l o ~ ~ g  the South Fork, overlying drift of the Farewell 
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glaciation. In this exposum, n. consideruble amount of loess had 
been incerpornted into the o~gan ic  material. 

Both types of peat have uect~rnulated hc&use each year's heavy 
vegetal growth is only partially decomposed. Decomposition is 
hindered by the cold, wet environment cha~acteristic of them areas. 
The age of the peat, for the most part, is Recent. 

BOG PLATS 

Bogs are particularly numerous on the alluvial plain of the 
Nixon Fork lowland and on the older parts of the meander plains. 
They cover several hundred squxl'p. miles of the Medfra flats, where 
numerous tributaries with broad meander plains converge. Such 
areas, termed "bog Aats" by Drnry (1966), are defined how as flat 
to gently sloping areas with qu&king bogs so numerous that tlwy 
cover a fourth or more of the surface. 
In the Rats the bogs %re i~replarly  sllnped, commonly inter- 

connected, and surround irregula~ly shaped areas of firmer ground. 
These islands have a cover o i  peat below black spruce-muskeg veg- 
etation, permafrost nt  depths of 1% to 3 feet, and, in some parts of 
the Nixon Fork lowland, are bordered by steep banks as high as 10 
feet above tlie bog surface. Permafrost is Iacking within 6 feet of 
the surfnca in the bogs, but nlay be present at greater depth. On 
ilicrial photographs the bogs xncl islands, together, have n mgged, 
mottled appearance that can be readiIy recopizeii (fig. 34). 

Tho process leading to  bog flats is observxble on hhe flood plains 
of' meandoring rivers (Dr~xry, 1956, p. 30135). Poplar, whito spruco, 
and white birch on l~cenl~ly  formed parts of the slip-off slope give 
way to  black spruce-muskeg vegetation on oIcIer pan%, and black 
spruce-muskeg vegetation interspersed with hog vegetation on the 
oldest parts, the bog flats. Permafrost, not prcsent in the recently 
formed areas, is present i n  the older areas. A progressi~ve w&teln- 
logging of tho hrrain has taken plnca, first dromrning out the white 
spruce and white birch and then, in turn, some of the Mack sprnce. 

The waterlogged environment of the bog flats results from sev- 
oral climatic and terrain factors that preverlt the ground from dry- 
ing out after the lnte spring thaw. Summer precipitation is high, 
and evaporation and transpirntion from the ground and the vege- 
tation is limited. Surface rlrrainxge is poor becauw the terrain is 
flat or has a very low padielit. The generally fine-grained nature 
of the materials, together with permafrost, severely restricts or in- 
I-iibits infiltration of the water into t,he ground. The hyclrophytic 
vegetation itself is self -perpetuating because it further impedes sur- 
fam and subsurface drainage. 
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The lakes mnp vAdely in aiza. The largest, formed by the 
coalescence of two hkes, is nbout 2 miles long nnd has an average 
width of I mile. Although the lakes nrw generally irregular in 
shape, particularly on the dune snrfac~s, most can be clnssifieed as 
circular, trianaular, or rectnngular. The mctangalar lakes are P 
generalIy restmeted to  the alluvial plains and liar~e their longest axis 
oriented west-northwest. Some of the l n k ~  shores are steep cut 
banks; others are gently sloping. Commonly, floating mats of vegeta- 
tion extend out from the lake shores for varying distances. 

The lake-dotted surfaces am waterlogged because of thc same 
climatic and terrain factors that result in bog flats in other areas 
of the lowland. The Iake-dotted surfaces, in contrast to the bog 
flats, have no streams md are completely undmined. This is due 
to their flatness, their general location away from bordering uplrtnds, 
and their slight altitude above the meander plnins, As a rcsrrlt, 
water has colIacted in depressions nrld 1111s restricted the encroach- 
ment of vegetation. These lakes, like tllose jn the vnlleys of Nnbama, 
Cllisana, and Tanan% Rivers of east central J"L~skn (ltTallace, 1048), 
hrtve been enlarged through th&rnh~g of permafrost along the lake 
sllores. 

The orientation of t,he rectang~ilar lakes in a general westerly 
direction is probably due the preraiIing strong soutdzerly winds of 
the summer sewon (see p. 202). bakes on the Aret.ic coastal plain 
nre. genernllj? oriented at right to the stron,pst s t ~ m e r  winds. 
Their extension transvelse to this mind directiotl has rec.ent.1-j been 
attributed t o  longshore currellts set up by tlw minds (Livingstone, 
3054). A similnr explanation is p r o h b l ~  applicable to the orienta- 
tion of Inks in this r~gion. 

CHRONOLOGY O F  TRE SURFICTAL DEPOSIT8 

The n p s  of the severnI types of suficial deposits were previously 
discussed. It remains to i n t e p t e  this information and summnrize 
the ~ g i o n n l  and chronological relations of the deposits. 

T W ~  cross sections illustrate the relations between deposits of the 
piedmont rlnd lowland arens. One of the sections is along the general 
course of i h ~  Big River (pl. 22, section A-A') and the other, along 
that of the South Fork (pl. 22, section B-B'). Because the to- 
pography is inntl~quately rnnpped, projected profiles of the rivers 
Ilnrs heen uwd RS ~IISAS for the sections. These profilea were drawn 
from interpolations htween the 1,000-foot contour, which in both 
instances is near t,lw base of the Alaskn Range, and the 450-foot 
nltittide of Bfedfrrl, near the north point af both sections. The 
lieiglrt of the surdcia1 deposits above the projected profile is gen- 
e ~ x l i z d  f tom m~sz~remenLq n ~ n d e  in the field and from estimates 
made from nerjal photographs, 



The ssurficial deposits of tlie region are, for the most pnrt, of 
late Quaternary age. Their cllronology has been reIated to the 
Selatnn glaciation of Wisconsin ( ? ) age, the interglacinl, the Fare- 
wellglnrintion of Wisconsin age, and tho Recent (fig. 36).  J-Iowwer, 
tho co l l t l~ i~ l  ilepsits and t l ~  creek valley fl1 of the uplands have 

Ftovua .?fin-Chart e l ~ o w f n ~  the climt~ology of the surf~clal depoulertu, uppr  Euskokwlm 
mglon, Alamka. 
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wide age spans of indefinite limits. Much of the rubbly colluvium 
is of Recent age, althougll Rome very probably date back to the 
Farewell glaciation of MTisconsjn age. The mixed colluvium was 
formed and deposited, for the most part, during the Farewell 
glaciation, but locally deposition hm continued to the present. Some 
of the mixed colluvi~~rn at depth was probably deposited during 
the Salatn~ glaciation, or even earlier. The creek valleys have 
served as loci for the ~ccumulation of material over a long prior? 
of time. The gravel and rubble, which nre st the bottom of these 
valleys and which d a b  the beginning of clepsition, are certainIy 
of pm-Wisconsin age; some are probably of gre-Quaternary age. 

Much orgmic material is accumulating today over the glacial, 
eolian, colluvid, md nllu~ial deposits of the region, and it is beliwd 
that organic deposits were also widespred during the intmglnciaI 
period betwan the Selatna and Farewell glaciation. A zone of 
compacted organic materid exposed in ench of two bIuffs along 
the Big Rive,zb, measured sections of which were given preriously, 
RIW assigned ik tJ1lis interglacial pe r id  (fig. 37). Because both 
zone,s nrp. overlain by eolian deposits, the hasis for t h i s  assignment 
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is the association of maximum eolian deposition with the glacid 
periods. The thickness and extent of the deposits in the two bluffs 
and the order of tbeir deposition in relation to that of the glacial 
deposits (fig. 37) indicate general, rnther than local, chronulogical 
significance. Howwpr, the time limits of the L'eolinn period" and 
tlze "orpnic period" are veq  indefinite, RS periods of eolian and 
organic deposition overlap. 

SUMRiARY O F  GEOLOGIC HTSTORY 

Marine inundation characterizes the known Paleozoic history of 
the region, beginning in the Ordovician period with the deposition 
of cnlcareor~s sediments in the South Fork area and in the Nison 
Fork district. Similar deposits also ~ccr~mulated in this district 
during the Silurian, wl~erens in the Soutl~ Fork arm, either during 
this per id  or in the enrIp part of the Devonian, argiIlamous and 
cl~ert~y material were deposited. 111 the Middle Devonian calcareous 
rind silty wdimen ts nccnnlul n ted in the McGmth aren. 

Two structural elements, the Tnnai~a ge,anticline and t,he Kus- 
koktvim geosyncline, domillate the hfesnzo~e history of the; region. 
The gemtidine probably originated in the J u m s i e  and mas re- 
peatedly uplifted and eroded during the Cretaceous. It mas a source 
are& for many thousands of feet of sediment, tlwt ,tcccumulateiI in 
the goosyncline during the Cretaceous. These sediments were laid 
down in marine waters and formed interhdcled grnywacke and sha l~ .  
In the early part of tile Teritnry, probably nt t l ~ e  beginning of the 

Eocene, the rocks of tlle Knsknk~j-im geosyncline were uplifted and 
folded, and during the Eocene were eroded to an area of low relief. 
The region RS a m-hole prohnb1,l;r remained topographically low dur- 
ing much of the Tertiary. The only rocks of known Tertiary age 
within the region are felsie x i~d  mafic intrusive rocks of probable 
Oligmene or Miocene age. Just outside the region to the east, coal- 
bearing sediments were laid down during the Eocene and were 
followed in the Miocene by coarse; gravel, reflecting an uplift of 
the ancestral Alaska Range. 

Probably by late Pliocene time: an erosion surface, above which 
r w  a fern mountains cored wit11 intnmive rwks, had formed over 
p ~ r t  of the region. The surfnce s as differentially uplifted, probably 
in the late Pliocene or early Qunternnry, and is now on uplnnd 
summits. Rejuvenated streams have cut innumerable valleys within 
the uplands, and the Huskokn-im River hns cut a broad canyon 
through the uplands. The Alaska Rnnge was probably uplifted at 
the same time, nnd has undergo~le continued nplift during the, 
Qunternnq. h o t h ~ r  part of the region subsided, probably ciuring 
the Quaternary, to form the present lomlmd, which has been a 
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collecting basin for debris derived principnIIy from the rising 
Alaska Rnnge. 

Erosion and deposition over nlf pnrts of thn r~gion wera affected 
by the climatic fluch~ntiotls of the Qunternnry, which gnve rise to 
repeated glacial advances within the AInslra R n n p  and onto the 
bordering piedmont area. During these periods, f m t  nction mas 
even more intense oTer the s l o p s  of the Al~skn Rango. In the 
piedmont and lowland nreas, nccolerat~d deposit,ion is associated 
with the glncial advanms. Jn the nplnnds, which wero undacinted 
for the most part, t h ~  zone of intense frost actmion mns lowemd, 
erosion was accelerated, and muc11 rrlbbly coll~lviurn pmduced. 

Detailed informntion on the Quntcrnnry history of tho region 
be,&s with the SeIatnn glaciation of Wisconsin ( P 1 ~p,, whcn glaciem 
along the valleys of the Big Rivcr, dw Windy h r l r ,  and the Sol~th 
Fork built moraines on the piedmont at  maximum distnncns of 18, 
12, and 25 miles, respectively, from ihe base of  tho monnt,rrins. 
Outwash dopes in front of the morninns extended well into the 
fowlmd. Strong rnirlds probnhly cnrried mnch snnd, derived prin- 
cipally from bars of floocl plains free of v e ~ t n t ~ i o n ,  to the north nnd 
west, and banked it against the uplands. IVinds also pjclr~cl up 
much dust and dnposilcd it over In]-ge pnrts o f  the mgion. Within 
the uplands, a few lncnl glaciem may hnvp forrncd, nrld Rome rubbly 
colluvium and p n r e l  may have hwn depositeil in the cwek v ~ l l c y  
bottoms. Streams at tllo base of the nplnncls probnhlyv hmeil 
widespread fans, one of which tdny  is n hiph bench nod11 of 
Mnd fra. 

En the period thnt folJowed the Selntna g.lncitltion, with the 
related climatic ameliorntion, thc! vegtnl p o l d h  hpcame increasingly 
heavy over m~rch of the region and a widespread cover of orgnnic 
matorial was probably deposited. Dune nctivity ended, frost action 
in the uplands became less ~f fec t iv~ ,  nnd fan formntion at the PIRM 
of the uplands decreased. 

During the Farewell glacirttion of Wisconsin age, glrtcirm n p i n  
advanced down thc! val l~ys  af t h ~  Rig Riwr, the lTTincIy Fork, and 
the South Fork, forming mornines nt rnnimurn distnt1ce.s of 0, 8, 
rind 20 miles, respectivelg, from the base of the m o ~ ~ n t ~ i n s .  In n later 
phase of the same glaciation, momines were d e p s i l ~ d  in the Windy 
Fork rtnd the South Fork rtreas .st rn~ximnm distnnres of 4 ~ n d  
15 miles fsom the; mount~in front. In the ~ n s t e r n  part of the 
piedmont, glacial strenrns bnilt ext~nsivc. outwrtsl~ slopes t h ~ t  buried 
pal* of the deposits of the Selnfna glaciation. In the western part 
of the piedmont, where ice wns confined mithin the mountninotis 
nma, no Signific~nt 01ifwas11 apron formed in front of the morninn. 
Strong winds and R plentift~l supply of haw sand in the flood plains 



of the glacial streams gave r ise to widespread dune fields, t he  
largest of which is the McGrxth d u e  field. In one locality, an 
advancing dune h l d  buried an organic layer overlying eolian sand, 
probably related to the Selatna glaciation. Mttch dust was also 
picked up by the winds and deposited over the region. h1 both 
the Medfra flats and the Nixon Fork lowland, streams formed a 
large alluvial plain. Otl~er streams formed numerous coalescing 
fans at the base of the uplnnds, and steep cones at the bass of the 
Alaska Range. Within tlie uplunds, w1ieel.e the zone of intense 
frost action was lowered, rubblg collnviuin wns produced over wider 
areas. 

With the retreat of tlie Fnren-dl glacitt~s, the rivers inciwd their 
channels into the glncial rlepovits of the piedmont area and began 
to fan out at variable distanc,~~ from the Alaska Range. In the 
lowlmd south of Medfra, w11e1.e the rivers converged and gradually 
increased in size, they formed broad meander plains. A slight dis- 
section has tnlien place here recently. 

Dune activity continued into the postglacial period but gradually 
diminished. The final stabilization of the dune fields by vegetation 
took place over a period of time, with some of the dunes zctive 
up to  fairly recent t,ime. Deposition of loess also dimi~lished, nnd 
only small amounts nre still being deposited. 
In the uplnnds, the zone of intense frost action was raised, de- 

creasing the area of ruhbly colluvium and increasing that of mixed 
colluvium. At the base of the uplands, formation of fans ceased 
in many places and only the larger tributaries continued to form 
fans to the present time. Cones have continued to be active at the 
base of the Alaska Range. 

Muskeg vegetation is growing tndny over large parts of t81ie low- 
land, parts of the piedmont, nnd locally within the uplands. In  the 
flatlands, the terrain has hecome prnglwssi~-ely waterlogged, with 
innumerabl~ bogs in poorly rlrnined parts and mnny large lakes in 
completely undmii~ed parts. Pent is ~ccumulating below the muskeg 
vegetation, where permafrost forms a t  shal1011- depths, and in the 
bogs, which expand by thaming of permafrost. 

Diffemntinl mrsvemerlt is still going on along two large faults, 
the Farewell Fault at the north edge of the Alaska Range, and the 
Nixon Fork fault within the uplands. 
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