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MINERAL RESOURCES OF . ALASKA 

GEOLOGY 9F THE MOUNT McKINLEY 
QUADRANGLE,ALASKA 

The MountM:cKinleyqu.adrangle,·. insoutJi-:central Alaska, includespart;s 
of theAlaskaRang"e,the 7'a;rranaand K.U~kokwim lowlands, and the Kuskokwim 
MOlmt8.i~s; ·.··SehiS1:s . of. PrElCambrlan .. ageerop out •• in .fhenorthernfoothillS ..• of 
the.Alaskal~a~ge.SediIil.entary and volcanic rocks of Paleozoic . and Mesozoic 
agearee:x:JjOSedinthe Kuskokwim lVloun~ins,where little ~s known of their 
distrib~tionalld. ~haracter,andin theAlaska

i
Range, .. they occupy. the 

axialI1artalldD.0rth~lim.b of ·agreats:vnclin0riUlIl .... Granitic . batholiths, 
largely of Mesozoic age, intrude the Paleozoic and Mesozoic rocks in the Alaska 
Range. 
FQOrlYCOllSOlid~tediand sE)rrrlcollsolida ted deposits . Tertiary age occupy 

narrowstructur~~.d~pr~si~nswithin. theAlas~a •. Range and probably underlie 
deposits of QUlltel"llar.r age oyer broad areas in tJie. lowlands· to. the.north. 
~ orthea~hvard~trendingnorm~lfaults,possibly withmajor •. lateral displace

Iil.ent,areprolIlillentst~tl.cturalfeaturesofth~.Maska,Range .. Movement.<}ll 
some .of thesefaultsPr'obablybegan~searlyaS CJ."etaceous· time . and has oc
curredalong several faults in this system in Recent time. 

Glacial,alluvial; and eolian deposits of Pleistocene •. and Recent age occupy 
InostoftheJ.owlands~f~qnadr~gle.lnadditiou to Recentm?rl1ines, those 
of at lE)list ;hvoearlier>g"l~ciationSha vebeenrec0gIJized. . Detaile<i correlation of 
the ·alluual~d9?liandeposits with· the glacial sequence indicated by the 
moraines has not beenatte:ib.pted. 

J)epoSitsofgold,llilver,.anda:lltilllonyoccur in the Kjiutlshna HillS, and lead
zinc <iepositst:l.re found at M()untEiels!)n..00pper,lea.d, . zinc, and mercprY;oc
currenceshavebeenreported from the. foothills of the AlaiSka Range west of 
the Muldrow Glacier_ . 

The¥ountMcKinleY1UaA1I'jtllg-le,coIDl?TIses all urea .Of about.6,400 
square milesillthesout~ __ centtalpart oIAlaskaabout 140 miles south
west ofFairballksall~160miles n?rth of Anchorage (fig. . .. ltin
cludesIDost{)fthe1f~.§te.rn.par1;pf Mount McKinleyN ational Park. 
Most of theareaisdrailledbythe T~nana.and Kuskokwim Rivers, but 
asmanp.aI1;.south()lth~<::l'estoftheAlaska Range is drained.by tribu
taries of the SusitrutRiyer. 

A-I 
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Area of this report 

200 200 400 MILES 

FIGURE t.-Index map of part of Alaska, showing location of the Mount McKinley 
quadrangle. 

The first geologic studies in the Mount McKinley area were made 
by A. H. Brooks and L. M. Prindle in 1902 and by Prindle in 1905 
(Brooks, 1911). S. R. Capps studied parts of the Kantishna Hills 
and the northern flank of the Alaska Range in 1916 and 1925 (Capps, 
1919, 1933) ; H. M. Eakin surveyed part of the area west of Lake 
Minchumina in 1915 (Eakin, 1918). In 1930 F. H. Moffit visited 
several mining claims (Moffit, 1933), and small mineralized areas 
were studied in 1932 by F. G. Wells near Kantishna (Wells, 1933) 
and by J. C. Reed at Mount Eielson (Reed, 1933). D. E. White made 
a detailed survey of the antimony deposit on Stampede Creek in 1941 
(White, 1942) . 

This report summarizes all geologic information on the Mount 
McKinley quadrangle currently available to the Geological Survey. 
All published reports and available field notes of these earlier workers 
ha:re been used. In addition, Bradford Washburn of the Boston 



Museum bfScience; GrantI'earson, .former superintendent 01 Mount 
McKinleyXational Park;. and ClydeW ahrhartig,Florence R.Collins, 
and Florence .. RobinsoIl.oftheGeological. Survey have generously 
contribllted un~ub1ished information ........ The author made . general 
reconnaissanceo£thequ~dranglein1954.and devoted severalweeks.to 
detailed rnappingofthe Paleozoic and Mesozoicrocks<alongthe Toklat 
RiveralldhearAudel'son 

Inthepreparatioh o£thegeologicmap(pl.l)<someof. the.original 
dataha~efheenrei11terpreted in the light~r more recent. studies, and 
oldermaps;~avepeensomewh~trnodified t.o.fit.the • newer topographic 
base.~~eriaJ.photographsIlave b~n usedextensively.in adjusting 
the·.oldermlJ..psan:dinslrppI~mentingfieldin£ormationjn. areas ..• where 
littIeor·nofieldw:orkhas been done. 

Inajorphysiographicsubdlvisions.oftheMollnt MCJrinley 
qu~dranglearethe Alaska Rangr.and.·.·its.northern foothills· on the 
southeastttheKnskokwim.Mountains onthell()tthwest,. and abroad 
inter'V'eni!lglow:l~ld.area·w:hich.iscontinuouswiththe·.Tanana lowland 
tothenortlmlistand the.Kus~okwirrrlowl~~dto thewest. 

The4Iaska Range, ·011eo£ \the. m~jor·. mountain.· chains of North 
Alll~rica,ispart0f abroa~mount{;1,inousbelt that . extends ··hl. an arc 
paral1el .•. tothegaci~cCoa8tofA~.aska,.connecting.the.i\IeutianRange 
oIthe Alaska Peninsula with the Co~st:Ra$'eofwestern.· Canada and 
southeasterni\laska ..• <ThehigheSfpeaksin the Alaska: Range are in 
the.YlountMcIGnleymassif,¢ulminating in . Mount ·McKirrley,the 
lrilS~?'tpeak.·~nth~North. American contine~t ...•. ·· •• The northern slope 
Of.t~wTangeis(}¥eof •• tll~mostabruPt mountain fronts ·in.the world, 
ri~~g fr~maltitudesof2j300to3,OOOfeetalong its northern base to 
morethaI120,(JOOfeetatt11e.summitofMou~tMcKinley •. (pLl). .. The 
pereru1i~lsn0f'lille o.n .thenorthf1a.nkoftheran~eisataltitudesof 
7,OOOt08,OOOf~et,~nttal1t~ehighervaneysareoccupiedby.glaciers, 
many ofwhichextemidcl1vnt() altitudes of Jess ·.than 4,000 feet ..•.. 

Sonth westoftheMcKinleyRiv~Tnolllajor foothills lie betweerrthe 
Alaska Range and the lowland to the north. ..Betwee11 thexIcKinley 
Riyerandthe.'I'okIatRive~,hp>Y:~~~r:,the.Kitntishna Hills, a.group of 
lowruggedmonntains,extendasmnehas20miles north of the· range. 
The hig~estpeaksin the Kantishna Hills are a little more than 5,000 

altitl1<ie;.. .. •... ...........•.•....••...•. ...... .......• ... .... . . ...... <.i . . . ..... .•. ... . ........• 
The Kuskokwi~<Mountainsllorthalldwest of Lake Minchumina 

areel1aracteri:zed.hygentletimbered. slopes and broad rounded ridges 
with few. exposures of bedrock.. .·Thisareahasnot .yetbeen·adequately 
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mapped topographically,andlittle is known about its geography and 
geology. 

Between the Alaska Raitge and the Kuskokwim Mountains is a 
broad lowland of low relief, broken in a few places by low bedrock 
hills. The plain slopes northward from altitudes of 3,000 feet at the 
northern base of the· Alaska Range to 650 feet at Lake Minchumina 
and 550 feet along the Kantishna River near the northern edge of the 
quadrangle. Although it appears fiat when viewed. from a distance, 
the lowlandsurfac.e is actnally studded with many low hills, scarps, 
ridges, and a myriad of lakes, ranging in size from permafrost pits and 
k!;,ttlesafewfeet in diameter to.lakes several miles across. The major 
streams rise in the glaciers of the Alaska Range to the south· and:flow 
northward in broad alluvial valleys. Near the IIlountain front the 
valley :floors are several hundred feet below the lowland surface but 
in the northern part, they are nearly level with the surface. 

TiIllberline in the Mount j\fcKinley quadrangle is between an al
titude of2,OOO and 2,800 feet,. teaching the highest altitude in sheltered 
parts of the major river valleys. The lowlands are timber covered, 
but over wide areas trees are stunted· by permafrost, . and timbered 
areas are interspersed with open swampy tracts. . The principal trees 
are black spruce, white spruce, cottonwood, birch,aspen,and larch. 

TheonlYlIlaintained Toad is the Denali Highway, a loose-'surface 
graded road that connects the·siteof the oldsetilement of Kantishna 
with the . Alaska Railroad at McKinley Park station about· 90 miles 
to the .east, and with the Richardson Highway near Paxson. 

Tb:eCivil Aeronautics Administration maintains a landing field at 
MinchUIllina, In addition, there are small landing strips at several 
mines.and prospects, but most of them are·not regularly maintained. 
Many lowland lakes are also suitable for :floatplane landings. A. few 
winter sled trails cross the lowlands <but most of the quadrangle is 
accessible in sUIllmet only by foot, horseback, 01' canoe. The only 
permanent inhabitants are a few prospectors and trappers and the 
perso1lllelof the Civil Aeronautics Administratioll station .at 
Minchumina. 

GEOLOGY 

PRECAMBRIAN ROCKS 

BIRCH .CREEK SCHIST 

The Birch Creek schist crops out throughout the Kantishna Hills 
and in the low hills to the southwest, near Castle Rocks. The most 
widespread. facies ·o! the formation is a quartz-sericite schist in. which 
mica flakes are oriented parallel to a well-defined foliation generally 
parallel to bedding. This schist. weathers to shades of gray, green, 
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brown, or red. Other common varieties are chloritic, sericitic, and 
graphitic schist; calcareous schist and schistose limestone; sericite 
phyllite; black slate; and massive quartzite. All of these facies are 
interbedded in varying proportions. Also interbedded with the rocks 
of sedimentary origin are greenstone bodies, which probably represent 
metamorphosed basaltic sills or flows. 

Quartz veins of at least two ages cut the schist, some parallel with 
the30liation and following its contortions, others crosscutting the 
structures of the schist and apparently postdating the deformation. 

Foliation is generally parallel to bedding, but 10cally shows cross
cutting relationships in small drag folds. A 'fracture cleavage that 
fans around the axial planes of minor folds is particularly well dB
veloped in the quartz-rich beds. Intersection of the fracture cleavage 
with the bedding-plane foliation produces a lineation on the foliation 
surfaces marked by minor grooves and wrinkles parallel. to the axes 
of small folds. Cross joints are locally well developed normal to this 
lineation. 

The limited information on the regional structure in the Kantishna 
Hills indicates that the Birch Creek schist is folded into a series of 
gentle northeastward-trending anticlines and synclines, slightly 
asymmetrical to the northwest and complicated by faults, minor drag 
folds, and cross folds. (See Wells, 1933, p. 344-345; White, 1942, 
335-337.) 

According to Mertie (1937, p. 55-56) the Birch Creek schist is early 
Precambrian at its type locality in the Yukon-Tanana region. Rocks 
of the same lithology have been traced with minor interruptions along 
the north side of the Alaska Range into the Kantishna Hills area by 
Mertie (1937, pl. 10), Moffit (1954, pI. 7), and Capps (1912, pI. 2; 
1940, pI. 3). Along the Toklat River some of the basal beds of the 
Paleozoic sequence strongly resemble fades of the Birch Creek schist, 
and possibly some areas mapped· as Birch. Creek schist in this report 
may contain infolded bodies of lower Paleozoic r.ocks. 

PALEOZOIC ROCKS 

TOTATLA.NIKA. SCHIST 

The area shown on plate 1 as Totatlanika schist is taken from Capps 
(1919, pl. 1). The rocks in this area are described in Capps' field 
notes (dated 1916) as "sandy slate, carbonaceous slate, and siliceous 
gneiss." At its type locality, 60 miles east of the j\fount McKinley 
quadrangle, the Totatlanika schist consists largely of porphyritic (or 
porphyroclastic'~) schist or augen gneiss probably derived from 
rhyolite flows (Capps, 1940, p. 105; Brooks, 1911, p. 149-150). Recent 

15808050-61-2 
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investigations (Clyde Wahrhaftig, written communications, 1954, 
1957) have shown that the typical Totatlanika schist of the type local
ity interfingers westward near the Teklanika River with feldspathic 
schist, marble, variously colored phyllite, and stretched conglomerate. 
These rocks, rather than the Totatlanika schist of the type locality, 
probably make up most of the area mapped as Totatlanika schist in 
the Mount McKinley quadrangle. This area was not studied in the 
field during the present investigation, and the exact nature of these 
rocks is unknown. Fossils collected by Clyde 1¥ ahrhaftig during the 
SUmmer of 1954 tentatively date the Totatlanika schist east of the type 
locality as no older than Silurian and no younger than Mississippian. 

UNDIFFERENTIA'I'ED P.A,LEOZOXC ROCKS 

A group of metamorphosed sedimentary rocks believed to be largely 
of Paleozoic age crop out along the north flank of the Alaska Range 
and in several isolated belts in the foothills near Mount Sheldon. In 
previous reports (Brooks, 1911, pI. 9; Capps, 1919, pI. 2, Capps, 1933, 
pI. 4) these rocks have been subdivided into several mappable units, 
including the Tatina and Tonzona. groups, but because of the distance 
from the Mount McKinley quadrangle to fossil-bearing localities of 
known age and because of uncertainties regarding the correlation, 
these rocks are mapped as a single unit in this report. 

The most continuous section of these rocks in the Mount McKinley 
quadrangle is in the upper basin of the Toklat River, between the 
Denali Highway and the Denali fault. The oldest beds are probably 
those exposed to the south, between the headwater glaciers of the 
Toklat River and the fault. This area has never been studied in the 
field, but the rocks are probably similar to those several miles east 
along their strike that were described by Capps (1940, p. 101-102) as 

a series several thousand feet thick composed mainly of alternating layers of 
black slate or of argillite and graywacke or quartzite that exhibit varying de
grees of schistosity * * * Intermingled with these rocks are some hard 
siliceous conglomerates, thin-bedded black lim1)stone, and in places black or gray 
limestone beds that reach a thickness of 20 or 30 feet. All these rocks are 
abundantly seamed vvith quartz veins that attain 3 or 4 feet in thickness and 
show reticulating veinlets of calcite. 

According to Capps, the base of the sequence is a dark-brown to black 
conglomerate 200 to 1,000 feet thick overlain by 50 to 200 feet of con
glomerate eonsisting of white quartz in a white to gray siliceous 
matrix. 

Dark-gray slate, argillite, and limestone occur in the upper part of 
the glacier basin at the head of the westernmost fork of the Toklat 
River. These rocks are_similar lithologically to rocks which were de-
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scribed by Capps (1940, p. 102) from a·reas east of the Mount Mc
Kinley quadrangle and which overlie the sequence described above. 
Overlying the sequence of dark-gray slate, argillite, and limestone is 
a bed of massive gray limestone, commonly intensely sheared and cut 
by numerous calcite veinlets, that crops out at many places within 
the Alaska Range between the Nenana River and Rainy Pass. In 
exposures in the upper basin of the Tokla,t River the limestone is 300 
to 400 feet thick, but locally it wedges out entirely, owing to original 
variations in thickness or to deformation. The limestone is very re
sistant to erosion and forms rugged cliffs and towers, and commonly 
caps ridges and peaks. The limestone can be traced eastward into the 
Healy quadrangle where it has yielded Middle Devonian fossils in 
several localities (Capps, 1940, p. 104; Moxham and others, 1953, 
p. 8-9). Middle Devonian fossils have also been collected from a 
similar limestone unit near Rainy Pass southwest of the Mount Mc
Kinley quadrangle (Brooks, 1911, p.17-78). 

Along the Toklat River the massive gray limestone is overlain by a 
sequence of several thousand feet of thin (1- to 6-in.) alternating 
layers of dark-gray or blue chert, and fine-grained sandstone, argillite, 
and limestone. Alternating layers of chert and limestone make up 
most of the lower part of the sequence; upward the layering is similar 
but the bands are black argillite and buff crossbedded sandstone, com
monly graywacke. Sandstone beds are commonly crossbedded and 
have sharp lower contacts and gradational upper contacts, and the 
surfaces of some argillite beds have markings that may be worm tracks 
or tubes. However, none of these characteristics has proved to be of 
stratigraphic value. Thin intraformational conglomerate beds com
posed of angular chert fragments a.re common. The banded sequence 
weathers light brown and forms rather smooth rounded slopes. Near 
the upper forks of the Toklat River the sequence is cut by many stocks 
and sills of greenstone, described below. 

The upper part of the undifferentiated Paleozoic sequence exposed 
near Highway Pass is composed of banded limestone, bTown sandy 
phyllite and argillite, and a few beds of sedimentary breccia composed 
of angular white and black chert pebbles. Possibly these upper 
beds are separated from the underlying banded sequence by an 
unconformity. 

Undifferentiated Paleozoic rocks crop out in two narrow northeast
ward-trending belts between Stony Creek and the Toklat River north 
of the Denali Highway. The two belts are separated by a narrow 
syncline of Cretaceous rocks on Mount Sheldon. Here the oldest rocks 
are probably the highly contorted quartz-sericite and quartz-graphite 
schist exposed along the modern edge of the northern outcrop belt. 
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The fO'liation is parallel to' the bedding; lineation due to crinkling O'f 
mica flakes parallel to' northeastward-trending fO'ld axes is well de
velO'ped. Quartz PQds parallel to the fQliation are CQmmon. This 
schist clO'sely resembles phases of the Birch Crook schist, and possibly 
shO'uld be mapped with it. Southward and presumably stratigraphi
cally upward, the schist grades withO'ut a sharp break into a black slate 
series that cQntains massive black resistant quartzite beds 50 to' 100 
foot thick. There is nO' evidence O'f structural discordance or noticeable 
differences in degree of defQrmatiQn between the black slate and quartz 
schist sequence. Farther to the south the black slate is interbedded 
with many 2- to 3-fQO't beds of dark-gray limestQne. Near Mount 
SheldQn, folds in the PaleozQic sequence ar(!; truncated by the massive 
basal cO'nglQmerate of the O'verlying CretaceQus Cantwell fQrmatiQn. 

The PaleozQic rocks immediately SO'uth Qf Mount SheldQn are identi
cal with the black slate-limestQne sequence to the north; in fact, Qnly 
a few hundred yards Qf Cantwell rocks separate the twO' belts in the 
bottom O'f the TQklat River valley. 

No identifiable Paleozoic fossils have been collected in the Mount 
McKinley quadrangle. The age assigned to' most of the Paleozoic 
rocks is based primarily on the,ir association with the Mi~dle Devonian 
limestone and on their similarity to beds of the Tatina and Tonzona 
groups north of Rainy Pass. Ordovician fossils have been collected 
from the Tatina group in several localities in the McGrath quad
rangle (Brooks, 1911, p. 72-73). Capps (1919, p. 33-34) collected 
some poorly preserved corals frQm a limestone bed associated with 
Tonzona rocks near the head of the Sushana River in the Healy quad
rangle; the corals were reported by the late T. W. StantQn of the 
Geological Survey to be similar to corals from Triassic limestone in 
other parts of Alaska and he thought them to' be Triassic in age. 
Possibly sO'me Mesozoic beds are included with the undifferentiated 
PalezO'ic rocks shown on plate l. 

Eakin (1918) has mapped a grO'UP of sedimentary rocks consisting 
of thick limestone beds associated ,vith dark, commO'nly siliceous O'r 
cherty, calcareous slate, alO'ng the North FO'rk O'f the Kuskokwim 
River 3ust west of the MO'unt McKinley quadrangle. Middle DevO'
nian fO'ssils were collected from this area, indicating that rocks equiva
lent to at least part O'f the undifferentated PaleozO'ic sequence in the 
Alaska Range O'ccur in the extreme nO'rth west corner O'f the quadrangle. 

UNDIFFERENTIATED PALEOZOIC OR MESOZOIC ROCKS 

Eakin (1918, pI. 2) mapped a series of slightly metamorphO'sed 
sedimentary rO'cks in the hills between the Kantishna River and the 
N O'rth Fork O'f the Kuskokwim. According to' his descriptiO'n, the 
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sequenoooonsists.·almostentirelYoi:chertand slate .with someconglom
erate, andsandstoneiThe chert occurs in· bedsmnging.· from a few 
inclltlS ..• about .10ieetinthicknessandhasawiderangeof colors, 
including·black~gray,·green,red, and intermediate shades. Some 
metalllorphos?dphase~ofthechert·containsecondarylIlica. 

Theslate,acording ;oEaki~isacompact, even-grained rock with 
a very regular cle.avage .. It occurs4n beds from 10. feet to more than 
100Jeetthickandcommonly llIlderliestopographic·depressionsbe
tween~illsthatarecapped~ythemoreresistantbedso:£chert. 

Along the northwest shore of Lake Minchumina the rocks mapped 
by Eakin {1918}as .partofthissequencearedark 2to medium-gray 
siliceous shalearJ.d;gray~n~ .br~wnmassiveto thin-bedded chert 
with··some.chertbre~cia,l3,rgeamounts.ofmassivegrayquartzite,.and 
finely)aill.inatedfIaggysandstone (F. R Collins and Florence Robin
son,.oralcommunieation~195'7)·. 

ThestrrtcturecoIthese· roc~s isapparentlyoomplexwith much close 
foldinga~dJaulting.CollinsandRobinsonreportthatamajor.anti
cline>\'ithallOrthwestward:trending.axis is exposed northeast of Lake 

Min~hnmina~ ... •..•......••... ...' 
No fossils have been collected from theseroclm, and the age of the 

sequeIlcejs.t~er~foreunceI'tain .. Eakin {1918,p.31-33)assumes a late 
Paleozoicor~adyMesozoka~e on the1Jasis oflithologieandstructmal 
similariti~st(}FOcksi~theRuhy, Innoko,and Idita~oddistricts. .IIe 
also notesttiesimilarity of. these rocks to parts of tlie Tonzonagroup 
in the ·Alaska 

MESOZOIC.8EDIMENTARY . AND VOLCANIC ROCKS 

Betweenthe.ToklatRiverancltheterminus.oftheM ulclrowGlaeier 
the undi~erentiated Pal~ozoicrocks on the n?rth flank of the Alaska 
Range. are .o'Ver!ainunconf?Fahly: byaseriesofalteredbasalticla,ya 
flows,attaillingaILaggregate thickness of about3,500,feetinthem()un -
tainsIl0rtI).oftheDenaliHigt'iway. . .. This altered basalt, or green
stones,weatherstoa deep chocolate broW'll and formsb()ldctiffs: 
Where hydroth~rmal alt~rati?nhas t~ken place the greenstone is . light 
tan.orwhiteincolltrast t()itscommonmoresomber.sfu<cdes. 

ThemostcoIlllllon facies oithe;greenstolle a dark-grayish-green 
aphanitic roc,k,intri~atelyjoinedand cutbYllUiller()us veinletsof 
white. calci~,greeIl.chlorite, and serpentine Illinerals.A less common 
type. contains phenocrystso£Jight-greenish-grayaltered feldspar as 
much>as,l ••. cm .. long •.. scatteredthroughafine~grained groulldmass. 
Amygdaloidalrocks are , cOmmon; .... .... amygdulesareasllluchas 1 
foot in diameter •... PiUowstructme, suggestiyeof submarine extru'-
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sion, is well displayed .. ·A close ·inspeetion.·of outcrops usually fails 
to reveal any indicatioriofthe dip of the formation, hut when viewed 
at>a distance Or studied on aerial photographs it shows a distinct 
banding, which probably marks the traces of lava flows. . Gabbro and 
dolerite dikes· and· sills cutting the Paleozoic· rocks. are·. probably the 
same age as the lava flows; they are described in detail ina later 
section. ." 

The age of the greenstone has not been definitely determined. The 
formation overlies the undifferentiated Paleozoic rocks andinits: lower 
partscontainspod.;.shaped bodies of altered lilnestoneand blackshale 
similarinappeararice to the' underlying rocks. The sequence is . cut 
by sills . and· dikes of granodiorite .. (Reed, 1933, p.253). . East.ofthe 
ToklatRiver the greenstone is tmconformablyoverlainbythebasal 
conglomerate of . the Cantwell .( Cretaceous) form.ation . 

.Altered basalt and andesite mapped by ·Moffit··(1915, p.26-c28) in 
the Broad Pass area, south· of the Alaska Range, were tentatively 
dated by him as Triassic. Capps {1940, p. 129 ) noted that 

In many other pa:rtsor Alaska thereareextensi've basalt flows that are in part 
Per:mian and in part early Mesozoic, and the greenstones in Mount McKinley 
National Park may wel1belong to that same period of volcanism. .No closer 
age assignment can :now b.e made for them, 

Triassic fossils have been collected fromsedimeIltary rocks at the 
Base of the greenstone sequence in the Windy Creekarea 36 miles east 
of the Mount McKinley quadrangle along the strike of the formation 
(Moxham and others, 1953, p.13-15). 

UNDIFFERENTIA.TEDMESOZOIC ROCKS 

East of Mount Mckinley and south of the Muldrow Glacier the 
peaks of the A.laskaRange are sculptured ina thick sequence of sedi
mentary rocks probably largely of Mesozoic age. 

Near AnderiSonPassthissequence cOnsists mostly of jetblack slate 
interbedded with thinsandstohe layers alternating . with masGive 
layers several hundred feet· thick of coarse graywacke ,and· breCcia 
composed of angular pebbles 01 chert and quart;zin & matrix of gray
wacke. The graywacke cousistsof angular or subangulargrainsof 
quartz, chert, detrital carbonate, and fragnientiSof low:grade meta~ 
morphic phyllite andgreensroneiria matrix of chlorite and sericite~ 
Locally beds of shatte,red light-gray lilneiStone as muchas 50fee:t thick 
occur in the sequence,and one band of highly contorted chlorite schist 
was observed by the author. Bedding ill these rooks stands out plainly 
on aerial photographs because oJ: the contrast in color . and· resistailCe 
to erosion between the beds of black slate arid massive graywacke. 

Black slate and coarse graywacke like those which comprise most 
of the sequence southwest of Anderson Pass are the predominant rock 
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types in the moraines of the Muldrow Glacier. Similar slate has been 
recorded by Capps (in his field notes, dated 1925) in the moraines of 
the Peters and Foraker Glaciers, and by Bradford Washburn (written 
communication, 1949) from the slopes of Pioneer Ridge and from 
the North Peak of Mount McKinley (fig. 2) . 

One poorly preserved fossil was collected from the black slate on the 
moraine of the small glacier that flows west from Anderson Pass. 
The specimen was identified by Roland W. Brown (written com
munication, 1954) as the fucoid Retiphyaus he{)Jagona];i Ulrich, prob
ably the remains of a marine algae. Brown states that "the locality 
may be lower Cretaceous." 

Capps (1933,1940) and Ross (1933) described Triassic and younger 
Mesozoic rocks in the drainage basin of the West Fork of the Chulitna 
River east of the southeast corner of the Mount McKinley quadrangle. 
According to Capps (1940, p. 109) the sequence between the Chulitna 
River and Windy Creek consists of 

Triassic limestone associated with a thick series of slates and graywackes, and a 
thick group of black argillites and slates in which Jurassic fossils were collected 
at a single horizon * * * [The rocks] are almost everywhere steeply tilted and 
folded and have been suffiCiently metamorphosed for the argillaceous materials 
to show some degree of, slaty cleavage; frequent alternation of thin beds of 
argillaceous rocks with coarse-grained materials is widespread; and ripple marks 
and mud cracks are commonly seen, attesting their shallow water origin. 

Capps (1933, pI. 4; 1940, pI. 2) mapped an area of Cantwell forma
tion near the West Fork Glacier westward to Anderson Pass. On 
plate 1 it was necessary to group the Cantwell formation in this area 
with the undifferentiated Mesozoic rocks. Possibly beds or the Cant
well formation are included with the undifferentiated Mesozoic rocks 
in other areas in the Alaska Range. 

CANTW~L FORMATION 

The Cantwell formation comprises a sequence of continental clastic 
sedimentary rocks and associated volcanic rocks of Cretaceous age 
that have been recognized along the Alaska Range from the head
waters of the Tonzona River as far east as the vicinity of Mount 
Hayes, 60 miles east of the Nenana River. 

The best exposures of the Cantwell formation within the Mount 
McKinley quadrangle are along the Toklat River north of the Denali 
Highway_ Here the formation crops out in two belts separated from 
each other by a narrow belt of Paleozoic rocks. The basal beds are 
400 to 500 feet of massive coarse conglomerate composed of pebbles 
of white quartz which average 2 or 3 inches but which locally may be 
as much as 8 inches in diameter. The basal conglomerate is overlain 
by a sequence of interbedded sandstone and conglomerate with 5- to 



FIGUIIE 2.-Denali Pass, Harper Glacier, and the Sonth and North Peaks of Mount McKinley, looking west. Quartz monzonite of the McKinley 
batholith makes up the South Peak of Mount McKinley and is exposed in the clift's south of Harper Glacier. Its intrusive contact with 
the black slate and gmywacke of the undifferentiated Mesozoic sequence can be seen halfway up the cliff on the north side of Harper 
Qlacier. Photograph by Bradford Washburn, July 9, 1947. 
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10-foot-thick coalbeds. Stem imprints and bits of carbonized wood 
are abundant in many of the sandstone beds. This basal sequence is 
exposed in a syncline on Mount Sheldon in the northern outcrop belt 
of the formation, where it overlies Paleozoic shale and limestone and 
along the southern edge of the southern outcrop belt where it overlies 
Triassic greenstone. In the southern outcrop belt the Cantwell for
mation is composed predominantly of dark shale. with some beds of 
light-colored pebbly sandstone as much as 10 feet thick. The lateral 
continuity or the formation is variable, and individual beds or units 
may pinch out in a few thousand feet along the strike. 

Volcanic rocks including flows, tuff, agglomerate, and hypabyssal 
intrusive bodies make up a major part of the Cantwell formation near 
the terminus of the Muldmw Glacier (fig. 3) and between the Herron 
and Straightaway Glaciers. Similar volcanic rocks are well exposed 
along the Denali Highway at Polychrome Pass, in the Healy quad
rangle. The volcanic rocks are not at a definite stratigraphic horizon 
within the formation but are probably of slightly different ages in 
different areas. 

Light-colored rhyolitic tuff, flows, and agglomerate that weather in 
shades of pink, red, white, and yellow make up the greatest part of 
the volcanic sequence. Thick flows of dark-gray andesite showing 
columar jointing and thinner flows of greenish-black, black, or dark
brown basalt are common, although subordinate to the rhyolite in 
total volume. Sandstone and conglomerate beds are common in the 
volcanic sequence and are identical with sedimentary rocks in the 
nonvolcanic parts of the Cantwell formation. The brilliant colors of 
the volcanic rocks stand in sharp contrast to the predominantly dull
gray and brown shades of the sedimentary beds. Sills, dikes, and 
small plugs similar in composition to the volcanic rock of the Cantwell 
formation are abundant in the sedimentary beds of the formation and 
also occur in the underlying Paleozoic rocks. Thick andesite sills are 
particularly common. 

Within the Mount McKinley quadrangle the Cantwell formation 
crops out only as narrow infolded and faulted blocks in the under
lying rocks. The structure within these blocks is complicated some
what by faulting and small-scale folding but is in general simple. 
Folds are fairly tight and are overturned to the north with minor 
crenulations and drag folds on the limbs. The shale-sandstone se
quence is more tightly folded than the more massIve conglomerate and 
sandstone beds. 

At least 3,500 feet of the lower conglomerate-sandstone sequence is 
exposed in the syncline on Mount Sheldon. The thickness of the 
shale-sandstone sequence exposed in the belt to the south is unknown, 

58080.5 0-61--3 



FIGUUJil 3.~Abrupt north face of the Alaska Range and the plain to the northwest, looking southwest toward Mount McKinley from the head 
of Moose Creek. Hills in the foreground to the left of .the pond are composed of volcanic and sedimentarY rocks of the Cantwell forma
tion; fiat-topped hill to the right of the pond is Nenana gravel. Irregular dark jumbled topography in the valley in the middleground is 
the till-covered stagnant lower part of Muldrow Glacier. Tributaries of this glacier can be seen in the valleys on the left side of Mount 
McKinley at the I"ight; Mount Silverthrone is to the left of the vieW. Photograph by Bradford Washburn, August 19, 1949. 

t 
fI>.. 

~ 
~ 
~ 
Ul 

~ 
Q 
Ul 

o 
":j 

~ 
E 



GEOLOGY OF T:HE MOUNT McKINLEY QUADRANGLE A-15 

but it is probably several thousand feet. The Cantwell formation has 
been assigned to the upper part of the Lower Cretaceous (Albian) 
on the basis of plant fossils collected by R. W. Chaney and S. R. 
Capps (Imlay and Reeside, 1954, p. 235). 

MESOZOIC INTRUSIVE ROCKS 

DOLERITE AND GABBRO' SILLS AND STOCKS 

Many stocks and sills of altered gabbro and dolerite intrude the 
undifferentiated Paleozoic rocks along the Toklat River. Similar 
intrusive bodies were mapped by Brooks (1911, pI. 9) in the Paleozoic 
rocks southwest of the Straightaway Glacier. Except for their grain 
size, the rocks in these bodies are pet~ographically similar to the Tri
assic greenstone. The rocks are dark green and coarse grained, locally 
containing feldspar laths as much as 6 inches long. Gabbroic pegma
tite layers and veinlets are very common, especially in the thicker sills. 
These intrusive bodies weather to a deep chocolate brown and form 
rugged cliffs and bold outcrops in contrast to the smoother slopes of 
the surrounding sedimentary rocks. The intrusive bodies are sur
rounded by a light-tan or yellow bleached zone several hundred feet 
wide in the enclosing rocks, which contrasts sharply with both the 
deep-brown shades of the intrusive rocks and with the lighter browns, 
tans, and grays of the unbleached sedimentary rocks. The sills are 
commonly several hundred feet thick and are connected directly to 
stocklike bodies a few hundred yards in diameter. No evidence has 
been found that these bodies cut the Cantwell format~on, and because 
of their similarities to the greenstone they are tentatively dated as 
Triassic. 

GRANITIC RO'CKS 

Granitic intrusive-rocks cut the Paleozoic and Mesozoic sedimentary 
rocks in many areas throughout the quadrangle. Some of these in
trusive bodies are stocks, dikes, and sills of small areal extent; some are 
of batholithic dimensions and form major elements in the makeup of 
the Alaska Range. According to Capps (1933, p. 285), granitic rocks 
intrude rocks as young as the Cantwell formation east of the Motmt 
McKinley quadrangle, but all the major intrusions seem to have ante
dated deposition of the earliest Tertiary beds. Some intrusive rocks 
are pre-Cantwell, as the conglomerate of the Cantwell formation COll

tains pebbles of granitic rocks derived from within the range. 
The rocks of the grantic intrusive bodies are largely granite, quartz 

monzonite, and quartz diorite, but some syenite, diorite, gabbro, and 
periodotite are associated. The major intrusive bodies are clearly re
lated to one another, but each shows variations in mineralogy. 
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Whether the emplacemelltof these, bodies was cOlltemporaneousor at 
slightly different times is not yet known. 

The McKinley batholith, \vhich(wops out in the highest part of the 
Alaska Range, is intruded into black and graywacke of the 
undifferentiated Mesozoic sequence. The highest peak of Mount Mc
Kinley and most of the southern and ,yestern flanks of the mountain 
are sculptured in therocks·of this batholith. 

The predominant rock inthehatholith is quartz :tnbnzonite,charac
terizedby abundant quartz, with plagiodase and potash feldspar in 
about equal proportions, but with plagioclase generally slightlypre
dominant. The common ferromagnesian mmeralis .biotite,but in the 
higher partsofthebatholilli· a decrMse inthe amount of biotite and 
anabundanceof lnuscoviteand tout'lnalinemayilldicate aconcentra
tionof volatile constituents near the roofo£ the body. The potash 
feldspar is ()rthoclasewith perlhitic intergrowths and microcline in 
lesser amounts. The plagioclase is zoned, thecore8 of the crystals 
being oligoclase-andesine whereas the ouier rims are albite-oligoclase. 

The contacts of the intrusive body are sharp and are clearly visible 
on aerial photographs. Near the contacts the slate .i8 converted to 
hornfels with porphyroblasts of cordie rite. .. Aceor~ing to Bradford 
Washburn (written communication, 1949) ,inclusions of slate in the 
granite are abUndant. near .the top of the South Peak of Mount 
McKinley. 

ThesmalliIltrusion on Pioneer Ridge opposite Mount Carpe is 
similar to the granite of the McKinley batholith. sample from it 
contains tourmaline and muscovite with onlya trace of biotite. 

The iIltrusivemassatthehead of the Straightaway Glacier is largely 
of syenitic eomposition (BanyBishop, oral eommunication, 1957)-
very distinct from the rocks of the McKillley batholith. 

Granitic· roc,ks .0£ the McGonagallbatholithcrop out extensively 
along the northern flankofthe range between the Foraker Glacier and 
the Muldrow Glacier ... Theintnlsionsnear Mount EielsOll are prob
ably parts of the same body. The chief roek in the McGonagaIl batho
lith is light-colored coarse-grained qnanzdiorite.. . .... is loc.ally por
phyritic.Fine-grained hornblende diorite . porphyry. is widespreacl 
in dikes and smallirregularbodieswithin the batholith. 

The quartz diorite contains ablmdant quartz and plagioclase, sub
ordinate amounts orthoclase, and biotite (partly altered to chlorite 
and epidote) as the ferromagnesianconstituenL Somespecimells con
tain orlhoclaseinamountsnearlyequal to plagioclase. The plagio
clase is:tnore strongly zoned than in the Tocksofthe McKinley batho
lith. ·Thecores oftlle crystals are andesine; the·outer rims are albite 
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or oligoclaile. The orthoclase contains many perthitic stringers of 
albite. 

The hornblende diorite porphyry is darker colored and finer grained 
than the quartz diorite. Phenocrysts are chiefly 'weakly zoned labra
dorite bilt therti ftrti 11 few phenocrysts of orthoclase and quartz, 
Hornblendti; which occurs as phenocrysts, is the ferromagnesian con
stituent. Thti grOtm.dmass is a fine-grained aggregate of feldspars 
and their alterl:ttion products. 

Reed (1983; p. 254-259) reports that the intrusive mass near 
Mount Eielson is composed of granodiorite, some gabbro, and a few 
bodies of intermediate composition. The granodiorite is commonly a 
greenish-gray porphyry with phenocrysts of hornblende and zoned 
plagioclase (oligoclase or andesine). The nDnporphyritic grano
diorite is generally light gray, but in some places has a pink or lavender 
tinge. It is composed p~dominantly of plagioclase (andesine) , 
abundant quartz, and some orthoclase. The chief ferromagnesian 
constituent is biotite. 

McGonagall batholith intrudes the undifferentiated Paleozoic sedi
mentary rocks, and in many areas large blocks are included within 
the granitic rocks. The country rocks are cut by many dikes and 
sills of granitic rocks near the contact, and ,videspread silicification 
and epidotizution of certain zones in the wallrocks occurred during 
emplacement of the batholith. In the Mount Eielson district the 
granodiorite is cut by basalt dikes, which are probably feeders of 
flows in the Cantwell formation (Reed, 1933, p. 259). The contacts 
of the McGonagall batholith ",'ith the Paleozoic rocks are favorable 
loci for mineralization. 

A poorly exposed body of fine-grained hornblende granite crops out 
from the head of the North Fork of Moose Creek eastward at l~ast as 
far as the Toklat River. The contacts of this' body have not been 
examined in the field, but it probably intrudes the Birch Creek schist 
to the north and lies in fault contact with the Cantwell formation and 
Paleozoic sedimentary rocks to the south. vVidely scattered specimens 
indicate that the rock is predominantly fine-grained evell-tt'extured 
granite containing conspicuous amounts of hornblende. 

The rock ,veathers to shades of yellow and brown, and the hillsides 
are covered with fine talus. Fresh outcrops are rare. The granite. 
breaks down to yellow or orange arkosic sand that is easily confused 
at a distance with the oxidized Te,rtiary gravel. 

A body of coarse-grained biotite granite makes up the conspicuous 
outcrop at Castle Rocks. The intrusive body is probably less than 1 
mile in diameter. The wallrock is not exposed, but float indicates that 
it is Birch Creek schist. 
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The rock is composed predominantly of quartz and perthitic ortho
clase with minor amounts of plagioclase. Biotite is the ferromag
nesian constitutent. The plagioclase is zoned, with a core of andesine 
and an outer rim of albite-oligoclase. 

QUARTZ [PORPHYRY STOCKS 

Within the Kantishna Hills and in the foothills northeast of the 
terminus of the Muldro,\v Glacier are several small stocks and dikes of 
rhyolite and dacite porphyry. These rocks are light greenish gray, 
buff, or white, and differ from the granitic rocks in texture, having an 
aphanitic groundmass with phenocrysts of clear quartz, glassy or 
milky sanidine, plagioclase, and in some facies, hornblende and biotite. 
The quartz phenocrysts are conspicuously rounded, whereas those of 
feldspar have angular outlines. In the larger bodies the phenocrysts 
form 30 to 40 percent of the rock and may attain 5 mm in length. In 
dikes and smaller stocks the phenocrysts are inconspicuous or absent. 

The quartz porphyry stocks and dikes cut the Birch Creek schist 
in the Kantishna Hills, the undifferentiated Paleozoic rocks along the 
Toklat River, and the Triassic greenstone near Camp Eielson. A dike 
of dacite, which appears in thin section to be identical with these 
rocks, was observed by Prindle (from field notes, dated 1902) near the 
head of Slippery Creek in the granitic rocks of the McGonagall batho
lith. Their hypabyssal character and strong similarities in texture 
and composition indicate that the quartz porphyry bodies very likely 
are close~y related to the volcanic rocks of the Cant-well formation, 
although some of them are widely separated geographically from 
present outcrops of the volcanic rocks of the Cantwell. 

TERTIARY ROCKS 

A sequence of continental sedimentary rocks of Tertiary age rests 
unconformably on the pre-Tertiary rocks in broad basins and struc
tural depressions. These rocks are poorly or moderately well consoli
dated and include conglomerate, sandstone, shale, and in some parts 
of the sequence, beds of subbituminous coal. The sequence includes 
the Tertiary coal-bearing formation and the overlying Nenana gravel, 
but owing to insufficient field information they have not been mapped 
separately. 

The Tertiary beds have been extensively studied in the Healy quad
rangle to the east (Wahrhaftig, 1944, 1951, 1953, 1958; vVahrhaftig 
and others, 1951). According to Wahrhaftig (1958, p. 10-11) the 
coal-bearing formation was determined by Roland W. Brovn.l of the 
U.S. Geological Survey to be Eocene ill age, and the Nenana gravel 
to be Miocene or Oligocene in age. 



GEOLOGY OF THE MOUNT McKINLEY QUADRANGLE A-19 

Volcanic rocks of possible Tertiary ag~ occur in several localities. 
Capps (in his field notes, dated 1916) records a columnar basalt flow 
interbedded with the Tertiary rocks on Stony Creek about 21h miles 
north of the Denali Highway. White (1942 and written communica
tion, 1954) reports a body of basalt east of the Clearwater Fork of 
the Toklat River opposite the mouth of Little Moose Creek, which he 
believes is of Tertiary age because of undevitrified basaltic glass 
around the margins of the body. 

Most of the Tertiary rocks in the Mount McKinley quadrangle are 
buried beneath a thin veneer of stream gravel or glacial deposits, so 
that their presence can only be inferred from the physiographic set
ting, partly mantled bedding traces, and outcrops in cut banks along 
streams where the Tertiary beds are exposed. Where Tertiary beds 
within a few feet of the surface can be inferred, any overlying Qua
ternary deposits have been ignored in mapping. 

Below the unconformity at the base of the Tertiary sequence the 
underlying rocks are deeply weathered. Wahrhaftig (1953) reports 
pre-Tertiary weathering to depths of 100 feet near Healy. Deforma
tion since the deposition of the Tertiary beds has produced dips of as 
much as 25° along the borders of some of the Tertiary basins. On 
the northwest flank of the Kantishna Hills, between Moose Creek and 
Rock Creek, and along the mountain front east of the Toklat River the 
Tertiary beds dip northward into the adjoining basins. For some 
distance above the upper limit of outcrop of the Tertiary beds the 
stripped pre-Tertiary unconformity is exposed, forming a series of 
truncated spurs in the pre-Tertiary rocks. The smooth surface of the 
southwest end of the Kantishna Hills may represent an extensive part 
of the pre-Tertiary unconformity from which the Tertiary beds have 
been removed. 

STRUCTURE 

The general synclinal structure of the pre-Tertiary rocks of the 
Alaska Range and the arrangement of structural axes parallel to thB 
range was recognized by Brooks (1911, p. 111). The pattern is com
plicated by minor folds within the major structure, subsequent fault
ing, and unconformable relations between major stratigraphic units. 
However, the Paleozoic and Mesozoic geologic units are arranged in 
bands parallel to the range with the oldest rocks on the north and 
south and the youngest toward the axis of the structure. The Mount 
McKinley quadrangle includes the axial parts and northern flank of 
this synclinorium. 

The faults parallel to the axis of the range are part of a fault system 
which has been traced from near Bristol Bay along the arc of the 
Alaska Range to the Canadian boundary and which probably joins the 
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north-northeastward trending fault system of southeastern Alaska 
(St. Amand, 1957, figs. 4 and 6). The largest of these faults in the 
Mount McKinley quadrangle, the Denali fault, controls the cQurse of 
the Muldrow Glacier for more than 15 miles. Other parallel faults 
control long topographic depressions within the foothills OT the range 
and form boundaries between many of the pre-Tertiary geologic units. 
The abrupt northern front of the mountains between the Muldrow 
Glacier and the Straightaway Glacier is a scarp along one of these 
faults. A scarp along another of the faults marks the ulOuntain front 
southwest ofthe Straightaway Glacier. 

Movement along some of these northeastward-trending faults began 
as early as Cretaceous time, for in the Healy quadrangle, Wahrhaftig 
(written communication, 1954) has found pebbles of Birch Creek 
schist derived from the north side of one of the faults in conglomerate 
of the Cantwell formation on the south side of the fault. Tertiary 
orogeny, during which the coal-bearing formation and the Nenana 
gravel were tilted and folded, was also marked by movement along 
these faults. Fault scarps offsetting Recent stream gravel and glacial 
moraines in the valleys of Coal Creek and the East Fork of Clearwater 
Creek indicate that movement on the fault along the northern front 
of the mountains in this area has occurred very recently. Similar 
recently formed scarps have been reported along the Denali fault in 
Foggy Pass and along Little Windy Creek in the Healy quadrangle 
(Wahrhaftig, 1958). The dips of most of these faults are not kno,vn, 
but their straight traces suggest relatively steep dips. Washburn 
(written communication, 1949) reports that the Denali fault dips 35° 
to 40° N. in Gunsight Pass. In many places the apparent strati
graphic throw on the faults is not in the same sense as the latest move
ments indicated by recent scarps and by physiographic considerations. 
This may indicate either that there has been much lateral movement 
along some of the faults, or that recent movement has occurred in the 
opposite sense. 

QUATERNARY DEPOSITS 

The Quaternary deposits of the Mount McKinley quadrangle com
prise a complex ~rray of unconsolidated sediments of glacial and non
glacial origin. The details of the stratigraphy of these deposits is 
undoubtedly complex. They have been subdivided largely on the basis 
of their topographic expression and physiographic position in order to 
map them by photogeologicmethods (pI. 1) . 

MORAINES 

Superqlaaial mora-ines.-Morainal systems on the surfaces of mod
ern glaciers have been plotted on plate 1 as they appeared in 1951-52 
when the aerial phC5tographs used in the map compilation were taken. 
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Pewe (written communication, 1957) reports that in the spring of 1957 
the Muldrow Glacier was advancing rapidly after a long period of qui
escence. The system of superglacial moraines sho'\\JJ. on the map has 
now undoubtedly been completely changed. 

In general the superglacial moraines stand as sharp ridges 50 to 
200 feet above the surface of the neighboring clean ice. In many places 
the debris is only a few feet thick, and most of the relief is due to the 
insulating effect of the debris mantle, which protects the underlying 
ice from ablation. In the lower reaches of the glacier the individual 
ridges coalesce 'into a chaotic jumble of irregular hummocks and hol
lows having a local relief of as much as several hundred feet. 

The superglacial moraines are composed chiefly of angular and 
frost-riven material that has fallen onto the glacier sur-bee. Finer 
constituents comprise only a very small proportion of the deposit. 
These moraines are almost entirely unvegetated except for a few types 
of moss and lichens. 

Recent moraine8.-Near the snouts of most o.f the present glaciers 
are one or more terminal moraines probably deposited within the last 
few hundred years. These moraines are completely unmodified by 
erosion and in many places are underlain by stagnant glacial ice. In 
some places these deposits include several sets of moraines: an outer 
older set on which grasses, mosses, and lichens have begun to grow, 
and an inner set, 1,vhich has little or no vegetation. The material in 
these deposits is similar to that of the superglacial moraines. 

Older undiB8ected moraine8.-Two distinct groups of fresh, slightly 
modified moraines occur in all the major valleys and, on the basis of 
topographic expression and physiographic setting they are probably 
correlative with the Riley Cree~ and Carlo moraines along the Nenana 
River CWahrhaftig, 1953). These moraines extend 10 to 12 miles 
north of the mountain front in the valleys of the Herron and Foraker 
Rivers, 25 miles from the mountains in the McKinley River valley, and 
9 miles in the valley of the Toklat River. An inner set of moraines 
lies 3 to 6 miles inside the outer set. In some places the inner set in
cludes several recessional moraines several miles apart. (See, for 
example, moraines in the McKinley and Herron River valleys shown 
in pl.l.) 

The topography of these moraines is almost unmodified. They are 
not dissected by secondary streams except in the immediate neighbor
hood of major streams. Kettle holes are numerous-between 60 and 
80 per square mile are found in many places. The kettles are small, 
steep sided, and few have external surface drainage. They are sepa
rated by sharp-crested ridges. Alinement of ridges and depressions is 
prominent in many of the moraines and has been indicated on the 
geologic map (p1.1). 



A-22 MINERAL RESOURCES OF ALASKA 

Along the Denali Highway southeast of Wonder Lake, the moraine 
is composed of gravelly till with minor amounts of clay and sand. 
The gravel is composed of black slate, graywacke, banded chert and 
limestone, and granitic rocks. Erratics of granite are common on 
the surface of these moraines. 

Older dis8ected moraine8.-The oldest moraines so far recognized 
in the Mount McKinley quadrangle area series of highly dissected 
and modified moraines, which lie far beyond the limits of the undis
sected moraines and are evidently much older; they may be correlative 
with the Healy moraines of Wahrhaftig (1953). They differ from 
the younger moraines in that they are much modified by dissection and 
mass wasting, their drainage is much better integrated, slopes are 
gentler and the ridges are more rounded. Depressions in the morainal 
topography are larger and fewer, averaging 20 to 30 per square mile 
in a typical area. Erratics of granite are numerous on the surface 
of these moraines, although not so common as on the younger mo
raines. The composition of the till in the older dissected moraines is 
unknown. 

Deposits of still earlier glaciations have not been identified in the 
Mount McKinley quadrangle, but analogy with the better establishi'ld 
glacial sequence along the Nenana River (Wahrhaftig,1953) suggests 
that evidence of earlier advances may eventually be found. 

OUTWASH DEPOSIT'S 

Outwash fans deposited during the different glacial advances have 
been traced for many miles northward beyond the respective terminal 
moraines. The outwash deposits are probably composed mainly of 
stratified sand and gravel; they are identified on aerial photographs 
by their flat surfaces, which bear many channel scars (fig. 4). 

Outwash correlative with the older dissected moraines has been 
largely concealed beneath younger deposits except in a few areas where 
it stands as low terraces above the later outwash. Outwash correlative 
with the older undissected moraines covers wide areas; in some places 
it overlaps the earlier moraines, leaving only isolated segments stand
ing above the outwash plain. 

Recent outwash deposits have been mapped with the undifferentiated 
alluvial deposits in plate 1. 

UNDIFFERENTIATED ALLUVIAL AND COLLUVIAL DEPOSITS 

This category includes a variety of deposits most of which are 
probably of Recent age. The principal deposits included are: (a) 
vegetated stream terraces and alluvial fans composed of stratified 
sand and gravel chiefly of nonglacial orgin but including some out
wash materials of historic glacial advances; (b) talus fans and other 



FIGURE 4.-View south up the Muddy River to Peters Glacier and Mount McKinley. ~'he Denali fault lies in the trench between the low 
mountain<il and Mount McKinley. Muddy River in the foreground Is a typical braided stream fl<~wing on an outwash plain between 
morainal bilIs. JPhot(}graph by Bradf(}rd Washburn, August 15, 1949. 
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colluvial deposits in mountain areas, and (c) valley-fill deposits in 
the northwestern part of the quadrangle, which are probably com
posed largely of reworked windblown silt. 

FLOOD-PLAIN DEPOSITS 

Materials on unvegetated :flood plains a,re intermittently trans
ported by the 'present streams during high-water periods or in the 
course of shifting of the braided channels. They are distinguished 
from the terrace deposits of the previous unit by their lack of vegeta
tion. The materials are virtually the same: stratified sand and 
gravel on the upper flood plains, grading to predominantly fine sand 
on the lower flood plains of the major streams. 

SWAMP' DEPOSITS 

Large areas bordering the lO'wer reaches of the major streams are 
poorly drained and are characterized by meandering stream channels, 
many oxbow lakes, and sma,1l thaw pits. These areas are probably 
underlain by alluvial silt and clay admixed and interlayered with 
peat, organic muck, and windblO'wn silt. N aturallevees along reaches 
of larger streams bordered by swamps are generally cGmpGsed of fine 
sand. 

In many areas terrace and alluvial-fan deposits grade into swamp 
deposits without a noticeable topographic break. Here the contacts 
between the units are mapped chiefly on the basis of differences in 
drainage patterns. 

In some places, swamp deposits are presently accumulating rapidly, 
as on the delta of the Foraker River, which is filling the east end of 
Lake Minchumina. In other places the deposits may be much older. 

EOLIAN OR ALLUVIAL SAND 

A broad, nearly level plain marked by many linear and parabolic 
dunes and by shallGw, straight-side.d lakes extends from the Foraker 
River south and southwest to the headwaters of the Kuskokwim. 
Large remnants ()f the same Gr a similar surface are on both sides 
of the Kantishna River (Florence R. Collins and Florence Robinson, 
oral communication, 1957), and similar areas of dunes are known to' 
the northeast a,S' far as the Tanana River and to the southwest as far 
as McGrath (Black, 1951, p: 101). 

The surface of the plain is cut by alluvial fans YGunger than the 
last extensive glaciatiGn and by modern streams, which locally are 
incised 50 to 100 feet. Southwest of the Foraker River the boundary 
between the plain and the silt-mantled lowland to the south is marked 
by a straight northward-facing scarp as much as 150 feet high, pos
sibly a fault scarp. 
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Collins and Robinson (oral communication, 1957) have examined 
cuts along the Foraker River and along the Kantishna River just out
side the Mount McKinley quadrangle which expose as much as 100 
feet of fine- to medium-grained crudely bedded sand underlying the 
plain surface. The dunes are composed of similar sand mantled by 
a few inches of gray windblown silt. 

The altitude of the sand plain ranges from almost 900 feet along 
its southeastern edge between the Foraker River and the Slow Fork 
of the Kuskokwim to less than 550 feet in some of the remnants along 
the Kantishna River north of Diamond. 

The dunes, which rise 50 to 150 feet above the surface of the plain, 
are linear or parabolic ridges. They are oriented with their long 
limbs about N. 55° E. and were probably formed by winds blowing 
toward the southwest. The dunes are now stabilized and support a 
growth of birch, aspen, and white spruce, in contrast to the stunted 
black spruce and muskeg of the interdune areas. 

Many shallow lakes occupy the interdune areas. These lakes 
characteristically have straight shores parallel with and perpen
dicular to the long axes of the neighboring dunes, and many are crude
ly rectangular in map view. The shapes of some of the larger lakes 
suggest that they have been formed by the coalescence of two or more 
small lakes. The lakeshores are gently sloping, and the level of the 
lakes is only a few feet below the surface of the sand plain. Com
monly the lakes are slightly convex on their southwest ends and seem 
to be deepest in their northeast parts. 

The origin of the sand plain is unknovvn. The dunes are clearly of 
eolian origin, but whether the bulk of the sand is windblown or water
lain is not kno""ll. The material was probably derived originally 
from the Alaska Range during one or more of the Pleistocene 
glacial stages. 

OTHER UNCONSOLIDATED DEPOSITS 

In a broad belt north of the oldest recogn.ized mora-ines are large 
areas of low rolling topography with irregular or oval, steep-walled 
depressions; many of the depressions are occupied by lakes. Caved 
banks along some of the lakes and shallow pits dug on the divides 
between lakes expose blue-gray silt, which is frozen to within a few 
inches of the surface even in midsummer. 

'The lakes are commonly in steep-vmlled, flat-floored depressions. 
The smaller depressions are crudely circular, the larger are somewhat 
irregular. The walls of the depressions are uniform in height and 
make an abrupt angle at the top with the gently rolling or smooth 
topography of the upland. The lakes rarely occur along streams, 
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but are most common on crests of ridges and interfluves and on slop
ing hillsides. On slopes they are at the downhill ends of elongate 
depressions, as if the lakes had migrated downslope, leaving steep
walled, flat-floored depressions behind them. The hills in the areas 
of the lakes are commonly flat topped or gently rounded and rise to an 
almost uniform height. Locally, where the lakes are closely spaced, 
the hills are steep sided and sharp ridged . 

.Areas of this type of topography are clearly cut by outwash ter
races entrenched several hundred feet below the upland surface. 

The topography is probably a thermokarst type developed on silt
mantled alluvial plains. Wahrhaftig (written communication, 1955) 
suggests the following sequence for the formation of such a 
topography: 

1. A broad alluvial outwash apron is formed during preglacial time. 
2. This outwash is covered with windblown silt. At the same time, 

certain favored abandoned channel ways are converted into drain
ageways to carry water from the alluvial-fan surface. 

3 . ..As the channelways are deepened and their numbers reduced by 
capture, thaw sinks and thaw lakes form on the interfluves. 
Many of these migrate down the slope and eventually are 
breached, giving an irregular topography to the once-smooth 
slope. Some of these breached thaw sinks contribute to the 
reorientation of the drainage. Gradually a parallel or radial 
drainage is converted into an extremely haphaza,rd pattern. The 
lakes slowly enlarge as the spacing of the drainageways increases, 
providing the relief does not increase appreciably. Possibly 
windborne silt is added periodically. Eventually a topography 
of large irregular thermokarst lakes develops. 

The early stages in the development of such a sequence can be 
observed on some parts of the outwash aprons along the Slow Fork of 
the Kuskokwim River. 

MINERAL DEPOSITS 

HISTORY OF PROSPECTING AND MINING 

During their unsuccesful attempt to climb Mount McKinley in 1903, 
J ugge James Wickersham and his party found placer gold along 
Chitsia Creek (Wickersham, 1938, p. 269) and filed several claims. 
In 1904, according to Capps (1919), prospectors visited the basin. of 
the Toklat River and found gold in encouraging amounts, but it was 
not until the spring of 1905 that the discovery of rich placers on 
GlaCier Creek by Joseph Quigley and Jack Horn caused a rush to 
the Kantishna area. Capps (1919, p. 75) writes: 

Late in the summer and in the faU of 1905 the Kantishna district was the scene 
of great excitement. Several thousand people then arrived, most of them 
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coming by boat up Kantishna River and its tributaries, the Bearpaw and Mc
Kinley Rivers, during the season of open water, and by dog and sled later in the 
fall after snow had fallen. Practicall every creek that heads in the 
Kantishna Hills was staked from source to mouth, and the benches and interven
ing ridges were not ignored. Within a few weeks a number of towns were 
built, the largest of which were Glacier, on Bearpaw River at the mouth of 
Glacier Creek; Diamond, at the mouth of Moose Creek; and Roosevelt and 
Square Deal on Kantishna River. At each of these places log cabins, stores, 
hotels, and saloons were erected, and between them and the creeks a constant 
stream of gold seekers traveled back and forth. By midwinter, however, it 
became generally known that rich shallow diggings, the eternal hope of the 
prospector, were restricted. to a few short creeks, and an exodus began. The 
richest ground was mined vigorously during the summer of 1906, but by fall the 
population had dwindled to about 50, those who remained being the few who 
had staked paying claims or who were convinced that tho'l."ough prospecting 
held out sufficient promise of new discoveries. 

By the spring of 1906, Roosevelt, Square Deal, and Diamond were 
almost completely deserted. The settlement of Glacier was used by 
miners for winter quarters for some years but it is now abandoned. 

The existence of lode deposits in the Kantishna Hill from which the 
placer gold was derived was recognized by early miners and the 
search for gold lodes led to the discovery of antimony deposits on 
Slate, Caribou, and Stampede Creeks in 1904--05 and lea.d-silver de
posits between Friday and Eureka Creeks. 

Since the richest placer ground was exhausted in 1906, prospecting 
and mining in the Kantishna area has been done on a small scale. 
By 1931, slightly more than 1,300 tons of ore had been shipped from 
the district, mainly lead-silver ore from the Quigley claims on Friday 
Creek. There was little furthe,r activity in the area until the late 
1930's when much development work was done on the lodes on Friday 
and Eureka Creeks. In 1940, the district produced $139,000 in gold 
from lodes and placers. Since then production of lode gold has been 
negligible,'and production of placer gold has been limited to a few 
hundred dollars worth annually. 

Although the antimony deposits of the Kantishna. hills had been 
known since 1904--05, no effort was made to develop them until 
about 1915. During 1915-16 about 150 tons of ore was produced from 
the deposit on Stampede Creek, and some exploratory work was done 
on the Slate Creek deposit. None of the o,re was shipped, and no 
further work was done until the midthirties. In the winter of 
1936~37 active operation on the Stampede deposit resumed with: the 
production of some hand-picked high-grade ore. Sporadic produc
tion continued until 1943 when the mine was closed owing to lack of 
supplies, equipment, and labor. From 1937 through 1942 about 
2,639 tons of ore containing 1,410 tons of antimony was shipped. 
During the summer of 1940 the deposit was studied by the Geological 
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Survey (White, 1942) and during 1942, exploratory work was done 
by the U.S. Bureau of Mines (Ebbley and Wright, 1948). 

Mining and development work were done on the Stampede deposit 
at different times between 1942 and 1952. S0'me stibnite ore was ship
ped during this period. In 1953 Earl R. Pilgrim began exploratory 
underground and surface work on the property with the aid of a 
Defense Minerals Exploration Administration loan. This explora
tion plus some additi0'nal work that was privately financed was still 
in progress in 1955. N 0' 0're was shipped during 1952-54, partly owing 
t0' unfavorable price and market conditions. 

During 1942 S0'me development work ,vas done by the Bureau 0'f 
Mines 0'n the Slate Creek deposit, and in 1942, 1943, and 1944 a few t0'ns 
of hand-picked high-grade 0're was pr0'duced. Producti0'n st0'Pped 
after 1949. 

Several mining claims on the lead-zinc dep0'sits of the Mount Eiel
son district were staked in 1920 by J. B. and Fanny Quigley and in 
1921 by O. M. Grant and F. G. Jiles. Except f0'r three sh0'rt adits 
and several prospect pits and trenches little development w0'rk has 
been done. There has been n0' production from these dep0'sits. The 
geology and mineral dep0'sits of the Mount Eiels0'n district ha,ve 
been described by Reed (1933), Gates and Wahrhaftig (1944), and 
Muir and others (1947). 

Gold, C0'Pper, and mercury dep0'sits on Slippery Creek were dis
c0'vered by William Shannon in 1921. S0'me exploratory w0'rk was 
done on pr0'spects on this creek during the 1930's, but these prospects 
are now abandoned. Several lode claims in the headwaters of Clear
water Creek have been staked, but none were developed and all are 
now aband0'ned. 

METALLIFEROUS DEPOSITS 

LODE DEPOSITS OF THE KANTISHNA HILLS 

All the I0'de dep0'sits in the Kantishna Hills are in veins cutting the 
Birch Creek schist. 'Wells (1933) reports that in the Kantishna area 
most 0'f the vei:ns strike N. 50° to 70° E. and dip from 90° to 60° SE., 
crosscutting the foliati0'n of the schist. A fe,v veins dip steeply t0' 
the northwest. Milky-,vhite massive quartz lenses parallel to the 
foliation are not mineralized. Many of the mineralized veins are con
centrated along the axis of an anticline in the schist, and strike paral
lel to the axis. The veins are crudely tabular but pinch and swell 
considerably; the maximum wiath reported by 'Wells (1933) is .• 32 
feet. 

The gangue minerals are quartz, calcite, siderite, and epidote, witli 
minor amounts of scheelite and rh0'donite. The chief metallic minerals 
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are go.ld, arseno.Pyrite, pyrite, sphalerite, chalcopyrite, galena, stib
nite, and tetrahedrite. Small amo.unts o.f stromeyerite, bo.urno.nite, 
stephanite, and pyrargyrite also. o.ccur. Alteratio.n pro.ducts include 
sco.ro.dite, azurite, cerussite, melanterite, stibico.nite, and kermesite. 

On the basis of the mineralogy Wells (1933) reco.gnized three types 
o.f vein deposits: (a,) quartz-arsenopyrite-gold veins with scattered 
bo.dies o.f galena and sphalerite; (b) galena-sphalerite-tetrahedrite
pyrite-chalco.pyrite veins with carbo.nate gangue in small amo.unts; 
(c) stibnite-quartz veins, practically free o.f o.ther mineJrals. 

Altho.ugh the veins are all o.xidized to. depths o.f a few feet, fro.zen 
grOlmd has prevented extensive surfa.ce enrichment and the gold and 
silver co.ntent of the veins does not seem to diminish ivith depth~ 1:V ells 
concluded that all the veins are fracture fillings depbsited by so.lutio.ns 
emana,ting from the quartz-Po.rphyry intrusio.ns. Detailed descrip
tio.ns o.f mines and pro.spects in the Kantishna Hills are given by 
Capps (1917, 1919), Wells (1933), Mo.ffit (1933) White (1942), and 
Ebbley and Wright (1948). 

The Stampede antimo.ny deposit has been described by Capps 
(1919), Mo.ffit (1933), and White (1942). 

PLACER DEPOSITS OF THE KANTISHNA HILLS 

Placer go.ld occurs in virtually all the streams draining the Kan
tishna Hills and is undo.ubtedly derived Io.cally fro.m veins in the 
Birch Creek schist (Capps, 1919). Associated with the gold in placer 
co.ncentrates, in additio.n to. the sulfide minerals co.mmo.n in the veins, 
are garnet, magnetite, and ilmenite, and small amo.unts o.f rhodo.nite, 
scheelite, and cassiterite. 

Most o.f the placers that have been worked in the past a,re either in 
the streambeds o.r on lo.W terraces nearby, altho.ugh so.me of the higher 
benches may contain gold in paying quantities. 

The influence o.f glaciatio.n o.n the distributio.n o.f placer go.ld has no.t 
been carefully studied. Some productive streams were occupied by 
ice during the earlier of the two. extensive glaciatio.ns; the placers 
alo.ng Moose, Glacier, and Caribo.u Creeks lie below the levels o.f ter
races attributed to the later extensive glaciat.io.n. It. is assumed, there
fore, that much o.f the concentration has btken place since t.he last 
extensive glaciatio.n. With virtual exhaustion o.f the richest kno.wn 
placers in the district, it seems that some effort to locate preglacial de
posits belleat.h the terrace gravels sho.uld be made. Preglacial co.n
centratio.ns of placer gold may be co.ncealed beneath o.utwash and 
terrace gravels along the lower part o.f Moose Creek and alo.ng Caribou, 
Glacier, and o.t.her creeks beyo.nd the limits o.f t.he glaciers. 
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ZINC-LEAD DEPOSITS IN THE MOUNT EIELSON DISTRICT 

The mineral deposits of the Mount Eielson district have been de
scribed by Capps (1919), Moffit (1933), Reed (1933), Gates and 
Wahrhaftig (1944), and Muir and others (1947). 

The chief ore minerals are sphalerite, galena, and chalcopyrite, which 
occur as replacement deposits in thin-bedded limestone, calcareous 
shale, and graywacke near the contacts of a large granodiorite intru
sion. The sulfide mineralization ha,s been accompanied by widespread 
epidotization and silicification of the sedimentary rocks, especially in 
certain favorable beds. Hundreds of dikes and sills emanating from 
the granodiorite cut the sedimentary rocks. Gates and Wahrhaftig 
(1944) report that ore commonly occurs along the contacts of dikes 
with limestone and especially at the top of headed dikes. The ore
bearing zone can be traced for about 4 miles along the contact between 
the sediments and the granodiorite body on the north slopes of Mount 
Eielson. The belt in which the mineral deposits occur is about 2,000 
feet wide. 

Although some development work has been done on several claims 
in the Mount Eielson district, no ore has been produced. 

MIN,ERALIZED AREAS BETWEEN MULDROW AND STRAIGHTAWAY 
GL.A.CmRS 

Several mineralized areas have been discovered along the mountain 
front between the terminus of the Muldrow Glacier and the Straight
away Glacier. The mineralized areas lie in altered sedimentary rocks 
adjacent to the contact ",--jth the McGonagall batholith; some may be 
in sedimentary rocks included in the batholith. The country rocks 
are siliceous and argillaceous sedimentary rocks, schist, and schistose 
limestone, probably part of the undifferentiated Paleozoic sequence. 
They are intruded by dikes of basalt and granitic rocks. Some of the 
black schist is cut by many quarti veins. The ore minerals that have 
been recognized in these deposits are pyrrhotite, chalcopyrite, spha
lerite, galena, native copper, and cup rita. , Alteration products include 
malachite, azurite, chalcanthite, and sooty manganese oxide. The ores 
occur in irregular masses, veins, and disseminated crystals in the 
country rock (Moffit, 1933). 

Deposits of this type have been described by Moffit (1933) from 
near the head of the East Fork of Clearwater Creek, at the lower 
forks of Carlson Creek, and .on the ridge between Iron Creek and 
the east fork of Slippery Creek. 

Near the head of the west fork of Slippery Creek, just east of the 
small glacier, is a mineralizeq area in which black~and-gray banded 
shales and siliceous beds interlayered with basalt sills are cut by light-
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colored, fine-grained dikes. Moffit (1933) reports that blocks of 
stibnite 1 foot diameter were found in this area and that he 
observed seams of calcite, quartz, and cinnabar .. Native mercury was 
also found in this deposit. During the late 1930's some exploratory 
work was done but the property was abandoned about 1939 according 
to Grant Pearson (oral communication, 1955). 

NONMETALLIFEROUS DEPOSITS 

COAL 

Beds.of lignite or subbituminous coal in the Tertiary coal-bearing 
form.ation crop out in several places within the MotmtMcKinley 
quadrangle, and similar<beds probably occur where Tertiary sedimen
tary rocks. are covered by-youngergraveldeposits. The coal deposits 
of the Mount McKinley quadrangle will probably . n.ever be ec,ollomi
cally important because .of larger and more accessible deposits nearby. 
However they mightfuI11isha valuable local source of fuel. 

Capps (1919) reporteclthat 3 beds or lignite 1 to 4 feet thick crop 
out in Highway Pass about 3 miles west of the Toklat River. A 20-
foot~thick coal bed in the Tertiary coalcbearing formation crops out 
on the soutl1side of Moose Creek aboutl:Jf:: miles west of the Moose 
Creek-Stony Creek divide, and a12-foot~thickbed'vmsllotedby Capps 
(1919 ).on. the north side of . Moose . Creek in the. same area .... A· coal 
bed 10 feet thick crops out along the south bank of theN orth Fork of 
Moose Creek about 2 miles above its mouth, Fra,gmentsofcoal have 
been fOUlld in the harsO:fGlacier Creek,indicating that coal beds prob
ably oc~ur.in the Tertiarydepositsinthat area. 

Several 5- to 10-foot-thick coaLbeds occur in the basal part of the 
Cantwell formation on Mount Sheldon. Although these beds are less 
accessible, they might be expected to be of higher rank thlm the 
Tertiary coals. 

CERAMIC CLAY 

A small deposit .of clay suitable for ceram.ic purposes crops out·on 
the west shore .of the north hay of Lake Minchumina about 3.:Jf:: miles 
northeast of the airfield. According to FlorellC8 R. Collins of the 
Geological Survey (writtenco1llmUllication, 1954) the clay is derived 
from weathering of a gray, noncalcareous, thin-bedded siltstone. 
The outcrop is about 2 feet high and 4 to 5 feet long and lies just 
above the level of the lake. The siltstone hedftomwhichthe clay 
is derived is overlain cOllformably by medium-gray sandy graywacke. 
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