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LRPEISTIBATIONB IN $LAW RAlLROB1) BELT, 1931 

To Mp the mkhg indastrg of Alaska md 'to mist h the develop- 
k t  of tse mineral FBBOW of the Temhry have been the prime 
motivee of the GeoIogid Swey's investigations in Alaeka during 
the past 35 years, in which nearly one hdf of the Territory haa been 
c o v o d  by its recomaissantle and exploratow .gmeya, It wag 
natural, therefore, that the Ailas3ra R h a d ,  when it undertook i n ~ n -  
dva c o ~ d m t i o n  of the problem of hiding W a g e  that would 
inwewe jta revenues, ghould bok to the Geo1agicd.Sumey to supply 
t o & d  information as to the known mineral dspoeits along ita 
mute m$ to hdicata what rmgbt be done to stimul~ta a Jarg~r 
production of minemh snd induce further mining developments and 
prospecting that would utilize ite &m. Realization of the ned for 
thie information had long been felt by tha officiah mpomible for the 
operation of h e  Blaaka Railroad, snd the need been partly 
supplied by the hlogical Smey, but funds to c m y  though an 
e x h i v e  inquiry of tbie sort had 'not been ~vtrilable until 1930, 
when a special commitbe of the Senah, corn& of Senatom Howell, 
Rmdrick, and Thomas, visited A d a ,  atudied some of the rrtilmad's 
problem, and succassfully m g d  Con- to grant it $250,000 fox 
investigatione of this kind. 

On the invitation of the A I 6  Railroad the ~ l o g i c d  Survey 
prepared varioue plans and mtimata for the investigations that 
appeared to be most likdy to contribute the desired inforrnatioa as to 
he m i n e d  mmwa.  Selection of the pmb1ems to be att~cked ' 
proved difJicult, becaum the choice n d y  wa9 hedged about with 
many -tical restrictions. For instance, each project mmmended 
muet give promise of dialosing valuable deposits-+ requirement 
that wss impossible to wtisfy fuUy in ad~ance, aa it involved prophecy 
as Eo the lunknown and undeveloped resources. Then, too, i t  was 
dmbable that the search should be directed mainly t a w a d  &losing 
depmita which if found wodd attract privata entarprises to under- 
take their development in the near futura. Finally, mme of the 
depoeita that might be worlced profitably did not appem likely to 
afford much tamage to be hauled by the milroad. Under these 

f 
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limitations it ehodd be svident that the projects that could be recorn- 
mended m worth undertaking with the funds available by no meam 
exhtbusted the mined investigations that o t h 6  would be well 
justified. Iln s 1- sense, dl of A h h a  may pmperIy be regarded as 
indirectly mntributorg to the welfwa of the railroad, but even in 
that part of Alaska contiguous to  it^ tmcb there are large stretches 
of countrg thst are m h 1 y  unexplored and large arew that have had 
only the mmt c m r y  e x h a t i o n .  Mthougln mesa of this sort 
might well repay investigation, theg were excluded from the &t of 
projwta mcummded becauw they were not h o r n  to cuntain 
m i n d  depmits of vdua, and it therefore seamed better ta make the 
selmtion bmm other mas thst hati heen proved to hold promise. 
Furthermore, several meas within the mihad zone were excluded 
because their d u e  was Meved to Eie mostly in their prospective 
placers, which would not yield muoh outgoing to-; athem h u m  
their lodm Ganried mainly baas metah, for which developmant md 
the reaovexy of their metallic content in a &y &able mndition 
were mlstively expansive; d still athem ktruse th& m w c a  
cohted mainly af granitef building stone, or some othm poduet 
for which at present there is only a slnaZl I d  demand. 

After careful cansideration tea grojecta warn twIeotd, a d  the 
funds ~~ for undertaking #em were made available. The 
projects that were selected invoIved the emmination of two sreas 
principally valuable for #sir cod (Anthracite Ridge a d  Moose 
Cmk), five areas likely ta be principdy valuable for gold (Fair- 
banks, Willow W k ,   wood, Mooae Pm, ornd V d d ~  Creek), 
and three amas whose lodes cuneietd mainly of mixed sulphidm (the 
E u m b  areB in the Kmthha dia.idct, Mount B e h ,  formerly 
known as Capper Mountain, and the head of West Fork of Chulitna 
River). The general poaitioa of thesa dEemnt areas ie indicated on 
the accompanying diagram (k. 1). A general study of the non- 
m e W m u s  .mom of the entire region travmed by the railroad 
was included in ~e pmjeats to be underrtdcen, but the results obtained 
. were not such as to p d t  adequate determination of their estent at 
t h  time, 

Examlnationa were made in the field in each of the sslected arearr, 
d the h o r n  pmpects and minea being oritioally examiad and 
sampld so far 8a time and other conditions permitkd. The mm& 
thue obtained, tugether with d other infomuttion bearing on the . 

problems, wore then subjeotsd to i d m  atudy in the laboratory and 
offim, in the come of which other Geulogicd Swey apeciabb whose 
knowledge gad experience muld be of assbtanm were freely consulted, 
The outcome of d these lines of analysis has been the reports which 
make up thia volume. Although each clmpter is pnmmted es embody- 
ing the ltrtsst and most authoritative information available regding  
the districb and propertias described up to the time field work in them 





m a  hidud,  the autbom m&e no claim that dl the multa they ham 
prhnted am to be regarded ss 6uaI nor as sol* all the pmbIema 
thnt heve &n. Actudly none of the minea have bean de~eloped 
to ~ u c h  an extent aa to fUnJgh dl of the evidence deaM to aolva the 
problem involved. At none of the propartise is my cunsiderable 
quantity of ore actually "blocked out" in the engineering sense of 
that term, so that insteed of s p d c  memrnents as to the quantity 
and grade of om the d 8 m n t  camp will yield, the'sumay geologists 
and enginemi have necesedy had b make numemue wumptions 
and be content with estimetee and generahations aa im the potential 
reeoureee. Whennore, the work was plgnned so aa not invade 
the proper field of the private mining engineer in the valuation of 
individud properties, but rather ta occupy the open field d wnsidering 
the ctis trictcs as a whale. ' 
In two of the dis~cts, hMte Ridge and Mmee m k ,  whose 

d u e  ley in their prospective coal munxs, the emaminations that 
muld be mede by ordinmy geologio mema were not adequate im anive 
at a. find judgment of the re%ources of the area but pointed to the 
deairabili-Q of further tab by d r i u ' i .  h a oonaequenoe sdditiond 
exploration of &em districts by m e w  of diamond drilling was 
authorized, snd thia work was uadert~ken m the eeaeon of 1932. The 
msdh of these tesb were not available at the time the m s n d p t a  
of the other reporb were complehd, an4 rather than delay their 
publication until i l e  lehr reports could be hbhd m d  incorporated 
in the volume these,peporta have been omitted hem and will be 
pubhhed later elsewhero. 
. Thie ia not the plwe to s u m m d  the detailed fhdinge of the - 
geOhgi& b the m8ritce of the dlff~mt &trick, those find* 
are explained in detail and suromarizsd in the mpeetive chapters. 
Sate it to say b m  that on the whole the principal purpose of the 
investigation8 wm carried h u g h  sethfactardy and thet while the 
studies in eome of the dhtricte indicate that they hold little promise 
of exkmive nine& development in the near future, othem eppear to 
encoursge de~elopment under existing conditians, and still others 
seem to be worth development when Rome of the d t i n g  faatore such 
as transportation or price of bsae metah are improved. That mndi- 
tions which ara n m  temporarily re twhg the development of some 
of the depoaite dl become more favorable c m o t  be doubted. The 
entire region is becoming more irccmsible each year, and as a mdt 
cmta are being lowerad m d  expewience Is being gained a ~ l  to the habib 
of the various types of depasih, rn that the conc2usiom expremed jn 
this ~ o l u e  as to the mources of the diffemnt dishrich ahodd be 
reviewed from t h e  to time in the Bght of the then current conditions. 



Tbe M a t  Elielepn diatrfct lies in south-cent& Aham, an the north M e  
of the bid Range, about 80 miles eaat of Mount M e E h b .  !8!ha 
widell dlstdbuted rocks of the diatrict include .a thick wrt& of Un-bedded 
l im~tone, calcareous dale, and graywacke of Pdeozofc, probably Devonian, 
age aedimeab are cut by a maaa of granodiorite which forma most 
of Y m t  Rielson and which was intruded probably In late M&mic the.  
The intmiive has sent a multitude of dikes and sllls Snta the amdated 
sdhenb. 

Material @ven OK by the granodiodte has permented me eneloslng" Mimfs~b 
and ~ec?lectlvelg p?placed t h  d t h  minerals of  the &dote g-roop and to a 
awmewnat lasser extent wlth spbalerlte, galena, chal~pytlte, and pyrite. Soutb 
of Moant Elelaon the regional 8trike ia about N. 53- E., and the dip ia Iow 
toward tbe sonthertst. North of the mountain the 8Mke of the sdhentS mn- 
farms in general to the mrw of the bage of thrr mountah and PB about N. 85' W. 
on Bald Mountah and north of the astern peak of Mount Eielson, neafb 
m& north of the central peak, and a t m t  N. 60' E. m the northern alogm of 
Chppm MonnEaln. In most places the  dfp is &ep towad the north. A normal 
fault ai I a t g e  dlaplacement abrnptly termhatea the gmmltic a m  on the south. 

An ombearing wne can he detlnitely traced for d u t  4 miles along the 
nortb dde of the granodiorlte m a ~ s  Ita wldth on the wrfnce la not nniimm, 
but iIs thiclmw Is about 2,000 fwt. Gpbalerlte is the most abnn&ant aulpblde 
and la aevesal tZmes as abundant as galena. Cbatmpyrlte is prewnt in minor 
quantities. The small amount of silver In the ore appearm to be Imgnlarly 
d§etribate& 

In the spring of 1931 funds from a special appropriation to ths 
A l d a  Railroad beaut18 available to the Geologicsl Sumey for the 
geologic invedigation of certain areas tributary to the railroad 
which were consided of potential economic importance. The prin- 
cipal object was to  determine to  what extent each of the several areas 
might k a m e  a source of ore tonnage for railroad haulage. The 
inve&igation of nine areas m e  undertaken, of which the Mount 
EieImn area wag one. 

17826""nS Bt 
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X A m  OF FIgLD WORE 

As them wes no a d q &  map of Mount EieIson and vicinity a 
topographic party in charge of S. N. Sbner was o r g a n i d  to  m& 
a topographic map to be used aa a base for the geologic work The 
writer m m p a n i d  the topographic party as geologist. The per- 
sonnel of the party, in addition ta the topographer and the geologist, 
consisted of a topographic sssistant, u packer, and a cook, Seven 
h o r n  wem umd as pack and saddle animals. 

The party reached the district on Jnne 16 and left on Spbmber 8, 
About 14 quare. miles was mapped, both fopographmlly and 
geologically, on a male of 1 ta 24,000 ; md abut  70 qusre miIes, 
partly surrounding and including the m d e r  men, was mapped 
topographically on a scab of 1 to 48,000. Most of the larger area 
was also mapped gdogimlly, but a few of the more remob pam 
could not be covered in the time available. A MI-foot oontaur inter- 
val wm used throughout. 

writer gratefully e c h o w l e d p ~  the many helpful cmrtesk 
which were extended by the Alaska h d  Commission, plticnlnrly 
by M. C. Edmunds and Ben C1eex-J; by Harry J. Uek, Lou Corbley, 
and Qmt Pearson, of the National Park Service; and by 0. 85. 
"Chant. 

The first geographic and geologic okmationa in the Mount Mc- 
Hinley region, of which the Mount Eielson district is a small part, 
appear to have been made by members of Brooby party1 in 1902, 
during that remarkable trip from Cook Inlet acrosa the A l ~ k a  Rsnge 4 

through Rainy Pase, northeastward dong the face of the range to the 
Menan~ River, down that river to its mouth, and thence to Rampttrt. 
Since then seeem1 geologic investigations have been made in area 
near Mount Eielsm, and the reports h&ve been published. Some of 
the regions covered included alE or park of the Mount Eielson area, 
but the maps accompanying the reports were all on a much Igse 
detailed scale than the map accompanying the present repoh In 
1906 Prindle* made s brief examination of the Bonnifield and Kan- 
tishna regions, but no geologic map ac~ompanied his report. Cappa 
spent the field season of 1910 in the Boxmifield region, and hia report 

B w h ,  k H, The Mount McglaIw mu, kid: U.$. QwL h n e y  Prok'Plpor 70, 
1511. . 

' P r I d k f c M ,  TheBonnmeld- 5antMmn-AJaab: Q.8. W L  hmw Bnlt 
air, PP. -8. ~m. 

*Cappm, 8. B., Ths BoanL&M Woq AhXa: U.fL QmL Bolt. Wl ,  1Bll. 



ine1udes a geologic map on a. d e  of I to 260,000. In I911 Capp ' 
mapped part of the Yentna district on the same scale. The Broad 
Psss region was studied and mapped by Moffit in 1918, and in 1917 
Cappsa rntlde E hrasty geologic examination of the upper Chulitna 
mgion. me minernl deposits of the Xantishne, region were studied 
by Capp in 1918, and his report includes a geologic map of the srea 
cwered an a scale of 1 to 250,000. The southern part of the erea 
mvered by this map includes a littIe of the northern part of the 
Mount Eiehn arars. Brooks visited the Kantishha region in 1921 
and in his report made the firat mention of the mineral deposib of 
Copper Mountain (Mount Eielmn) and gave rt brief picture of their 
geologic, setting. P. S. Smith visited Mount Eielson in 1922, and 
Cspps mapped a large area on the north dank of the Alaska Range 
in 1926. , The scale of Capps' published sketch map is about 8 miles 
to the, inch. T"he area covered includes all of the Mount Eielson 
district, Capp~ lo m d  Mofit have aha studied and mapped a large 
sma including the Mount Eielson $strict. 

The area d i s & d  in this report is inclnded beheen parallels 
65'17' and 83'28' norkh latitude and meridians 16O09' and 150°31' 
w a t  longitude. (See fig. 1.) It lies less than 10 mibs north of 
the m s t  of the Alaska Range, and the western boundary is about 
M miles east of the top of Mount McKinley, the highest point on 
the continent, All of the area is within the Mount McKinley Na- 
tional Park. Mount Eielson was named for Lieut. Carl Ben Eielson, 
one of Alaska's pioneer aviatom. It is one peak of a conspicuous 
mormhin group of the vicinity, arid ib name has been chosen to  
designate the district herein discassea, The area is rhombic in out- 
line and hm a northeastsouthwest dimension of about 11 miles and 
a north-muth dimension of about 7 miles. In detail the boundaries 
are very irregdsr. The district includes about 70 square miles. 

*Cams, 8. R, The 'Pentna dlatrict, Alaska: a.8. awl. R n n q  Bull. I&P. 1918. 
.Motet .F. H., me Broad Pam Man, AlaSa : U.& Geol. 8- Roll. 4308, 2916. 
.Cappi#, 8. R., Mheml rewurccs of the upper Chulltoa reglon: U.B. -1. Bnmey B U  
a pp. 2W-232, 1018. 

Cappa, 8. a.. The Kantlhm redw. hlashn : U.R. (Iwt. Burrrey Bull. 881. 1910. 
Brwb,  A H,, The Ilnmlfaa mining industry la I921 : 0.8. Qeol. Rnrvey Bull. 780, py. 
ms, 1923. 

*Cams, 8. It., The ToUat-Tonaoaa Bllver mgloa, Alaska: U,S. 0-1. Ilarvw Bull. 792, 
pp 13-410. 1927. - 

aCappe, B. R.. The eaatem p~rtIon of Mount McKinley Iqatlonal Pa* AImka: W.8. 
Qml. Survey Bull. 888, pp, 21-0, 1932. 

uMomt, F, 11.. The Knnthhna district, dlaalrrr: U.I. Oml. Iuwey Ball. 888, pp. 301- 
888. 1932: Mining development b~ the Tatlnnlka and Totatlanlka Badnr, Alaaka: U.9, 
Qeol. Survey Bull. 856, pp. 219400, 1982. 



Before the completion of the Alaska Railroad, which now connects 
Fair- with sdt water at Anchorage and %ward, the strip of 
country adjacent to the north face of the Alaska Ran@, particularly 
the pwt of it that liea in what i~ now Mount McHinle y National Park, 
was mlatively isolated. Some of tha difficulties met with in ap- 
proaching the region through the range from the south are described 
in the acmunts of several expeditions which entered, or attempted 
to  enter, from that side. It was much easier to approach the range 
from the north by ascending the heidwaters of the Rantishna River 
and thence procseding overland, but only a few of the mountaineer- 
ing e@itionsla came that way. 

The completion of the railmd in March 1928 m t l y  increased 
the accessibility of the region, McKinley Park station ils on the 
north dde of the range, on the Nenana River. It is 348 mile% by rail 
from Seward and 123 miles from Fairbanks. Mount Eiehn lies 
approximately 48 miles in a direct line west-southwest of McKinley 
Park station, but it is about M miles from the station by road md 
trail. The Alaska Road Commission is now building a road from 
the station through a series of low passes along the h n t  of the 
range to tbe vicinity of Mount EieZwn. The plan is to continue the 
road northwestward to Kmtisbna. In the spring of 1531 trucks 
could go as far as the. Toklat River, which is about 20 miles from 
Mount Eielson, By fall the road was pasable, except at times of 
very high water, as far ma Stony Creek, about 10 mileer neafir Mount 
Eielson, and gmund had been broken to the w& end of Thornfare 
Psss, just above Copper Mountain Bar. me mad probably will not 
be kept open in winter. Winter travel in the &on is done princi- 
pally by dog team. Mount Eiehn can ba reached by airplane from 
Fairbanks or from Savage Tourist Camp in stlrnrner, or from Fair- 
banks in winter. Copper Mountain ~ar-provides e natural hnding 
field. 

The Alaska. Range l4 rermches its greatest height between Muldrow 
Glacier and the Tonwna River, snd in. that stretch the momtaint3 

Bmoka, & E., 'The Y m t  McECLnley region, dl& : U.8. Gml. Burmy Prof. Paw 
10, 1011. Punn, Robert, The ~hamelmm diary of an mlorer, Outlug PnbIlobln~ Co., 1967. 
Cook, F. A,, The tog of the continent. hnbkdny, Page & Co, 1808. Browme, I&lrnore. 
The conqueet-of Mmnt McXfnIey, 0. P. Putnam'a &nr. 1918. 

UBrmks, A. H., op. tit., pp. 2 W 0  (accoant of trip of lUlee Wlckersham). Thomp- 
son, W. F., Firat acwant of conqoedng Yonab HcKialg ( h m  nnrrnflrr by Thoman 
Lloyd) : Hew Pork Times, June 5, 1910. Stuck, Hudmn. The nnWt of Denall, Chnrleu 
Bcrlbnedr Soh@. 1014. 

lLCappa, 8. R., The T o k l a t ~ m a  Mvet xeglw. Almbr: I ) d  &WeY BtrL 
pp. 77-78, 1M7. 



h a h p t t y  fEon the Kantishna-Kuskokwim lowland on the north 
without any intermediate belt of foothills; eaert sf Muldrow Qlacier 
the range k bordered on the north by a considerable foothill belt. 
This belt so is crossed by broad eastward-trending structural basins 
of low relief, which mparata the foothill ranges Prom one another 
and h the higher mountains to the south. Cappa la mys: 
. Tge dlasks mrre pmper sncceeas tbe foothills on the mnth. Betwen 

N e m ~  mver and M u l c I m  OIader the range la abut 20 miles wide from Its 
north imnt to Its crest an8 mnalsts of a number of ro& rldgea which extend 
from north to swth and are separated by vall@s of clo~ely aguced, northward- 
fiowlng areama. Tbwe ridges gradual4 become hl~her toward the cmt  of 
the range, and m m y  peaks rise to elevations between 0,100 and 4000 feet and 
are tbe gathering ground for glacler~. 

: The northward-flowing streams after leaving the range proper 
travem the foothill belt and cut the eastward-trending structural 
basins at nearly right mglw 

Mount Eiehn rim abruptly just southeast of the northern great 
bend of Murdrow Glacier and just muth of the eastwerd-trending 
atrudukl depression that separates the rang  proper from the foot- 
hill belt. Thus the mountain belongs to  the range and forms the 
angle where the range narrows along Muldrow Glacier to continue 
westward with L n m w e r  but higher md steeper northern scarp. 
Mount Eielson's position in this engle, f&g the Kantishna- 
.Kuskolrwim lowland to the. northwest and the north and the foothill 
blt. rta the northeast, swountsr for its topographic prominence, for 
'relatively it is not a high mount&& 

The Mount Eidwn dbtrict (see pL 21) as here defined includes 
prta of two of the north-south rugged r idw of the Alaska Range 
and a, small part of the abrupt portion of the range we& of Mnldrow 
Glacier, the west and of one of th0 &wd-tFendhg structural 
d e p d o n s ,  8 fractional p r t  of the foothill belt lying north of the 
depmssion aad a small area w e  of Mddrow Glacier which, although 
inconspicuous, should be grouped with the foothills, a n m w  strip 
of the Rant;iehns-K-im lowland east of the glacier and a 
maller area of lowland west of the glacier, and a considerable area 
occupid by MuIdrow Glacier itelf. 

T h e  struchral b d i  is the one that separates the momtains from 
the foothills. It forms the series of low  pass^ thmngh which the 
mad enters the district. Within the Mount Eielson area it occupies 
a strip from half a mile to a mile wide near and parallel to the 
northern edge of the ares. The elevation of the depression at the 
eastern edge of the district is 3,625 feet; a t  the low divide in Thorn- 
fare Pass, 3,780 feet; and at  the west end of the pass, 3,150 feet. 

WCapps. 8. R., Tbe I t a m W h m  @OU, b l a h :  V.S. Cieol. 8 u m y  Bun. 881, p. 4, 1019. 
u Idam, p. 14. 



Near the west end of the pggs the Thorofare River enhm the depres- 
sion from the south between the mountain r i d m  aad'its allwisI 
flat, Copper Mountain Bar, occupies the depression from that point 
westward to Mtildrow Glacier, where the elention of the bar is 
2,800 feet. 

A mountain belonging to the footha belt Iiea north of Thmfm 
Pms. Its c& line parallels the paas and hw en elevation of 6,684 
feet at the high@ point. Only part of this mountain ia included in 
the  district. On the west it gives way to the Kantisha-Kuskokwim 
lowland, a small part of which appeam within the area as a narrow 
drip juBt north of Copper Mountgin Bar. The elevation of this 
park of the lowland is about 3,060 feet. 
On the west aide of Muldrow Glacier? M 1 p  in h e  with the 

depreaeion forming Thorofare Paa and conhining Copper Mmn- 
tain Bar, thaw is a small valley which hag some of tths.cheracter- 
istics of a Structural depression such as the one. jnst. menhiwed. 
It may r e p m n t  the continuation of the ~ 8 . d e g ~ i ~ ~  buD. thre 
is mme evidence that i t  d o e  not. The north side of this valley 
mnstitutes the extreme northwest. portion of the district and, in spite 
of its relatively great elevation, wms to belong to the lowland prov- 
ince. The hill north of the valley reach- an elmation of 4,250 feet. 
South of the wlley the foothill province is repmwnted by a rug@ 
ridge whom east end (4,634 feet high) lies just within the district. 
J& west of the limits of the area the upper boundary of the 

Iowland propinm bends around this foothill ridge and touches the 
glacier again a mile muth of the east end of the ridge. The lowlnnd 
belt h m  baa an elevation of 3,500 feet and is less khan half a mila 
wid& It is m d e d  on the south by the lower slopas of themain 
mnm'. 

Bfddrow Glacier traverses the area near ita washm border fmm 
south to north. It crosses the sonthem boundary at sn elamtion of 
about 3,900 fset and is them 2 miles wid% At the northern edge of 
the district the glacier is 3 mil- wide a d  lias st elevation of 
abont 2,950 feet. Its snrf ace is rough and is &hat entirely c o v e d  
by a morajne blanket. 

One of the striking topographic featurn of the area is the bench 
that mum ahae the p m n t  gadienb of all the larger dreams. 
This bench has a distinct slope b t h  padlel  with and at right 
angles to  the directions of the streams. The bnch Ievelfi am con- 
cordant acrm any particular stream valley. Obviously the &reams 
have entrenched themselves b low former broad valleys. Along any 
individuel stream there may be benches at  more than om level above 
the stream, but the lowest one, which in mud places is not over 100 
feet above the streem, is by far the most mnspicusus. The longi- 
tudinal gradients of the lowest bench projected downsbarn merge 



with the mrhm of &e 1owIar;d pm~inee. CroUeCtivelg the &aoes 
of the lowest bench farm 5 csrmiderable proportion of the Mount 
Eielson district. 

The bench just d d b d  ia  well represented just math of Copper 
Mounhin Bar, whm it is abont half s mile wide. The elevation of 
ita upper limit in this vicinity varies somewhat, but 3,500 feet is 
rotghly an average. Momt Eielson i h l f  T ~ S M  &%ply above the 
bench fo culminate in three paks at elemtiom of 6,720,6,862, and 
6,BB fee& T h e  crest line of the mountnin is 8 knifelike ridge with 
an e&w& trend; the highest pmk is in t h e  middle, and t he  Iow& 
on the west end. The northw~d-facing slope of the mountain is 
deep17 d h & d  by two dques, thus leaving three spurn projecting 
northward f m  the metin east-wast ridge. The swthern dope is a 
d e p ,  w h t  face, 

A m w  serrah ridge extends 8oukhward .from .the ea&m peak 
of Mount Eielson to the southern border of the district. The saddle 
st the head of ConM Creek separates the mountain from the ridge. 
'Thare are geveral coqicuaua peaks on this ridge, one of the most 
striking of which is CastIe Rock, 5;785 feet above eaa level. West of 
the north end of the ridge and south of Mount E i e h  js a lower, 
shorter, relatively inconspicuous ridge which trends about parallel 
to the crest of Mount Eielsan. It ia 5,128 feet high at  ita east end 
snd 4&14 feet high at its west end, three quattem of a mila away. 

The s o u t h m  part of the Castle Rock R i d p  f o m s  the astern wall 
of a northward-facing cirque that l i e  on the north side of Sunmt 
Pa& Betwwn the w m r n  wall of the cirque and Muldmw Glacier 
is FI rough area witb. several p k a  that p c h  eelevstions between 4,000 
sad 6,000 feek This region is d y  part of the northern slope of 
the mountain tbat culminates in Sunset Peak 

The east end of Mount Eielson and the eastern slope of the M l e  
Rock Ridge form the west side of the upper valley of the norof sre 
River. 

The remaining purtion of the district east of the Thornfern Biver 
is rugged. A high north-south ridge defines the astern edge from 
the structural deprasion near the northern boundary to the southern 
boundary. On the east, outside the district, the surface descends 
steeply to the heads of Stony Creek and the T d a t  River. On the 
west sida, however, averal minor ridges bmch from the main one 
and extend norbhdwfird toward the 211orofam River and Thoro- 
fare Pasa. Elemtions of prominent points lie between about 4,600 
and 6,385 feet, which are the highest poinb in the area shown on 
the geologic map. 

South of the Mount E i e h  district the AImh Rmge amim 
gmahr elevations and is much more rugged than within the district. 
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The Mount ~ i &  district lies ebtirely in the drdnage baain of 
the Ksntishna Rivsr. The water from all but a veiby small part of  
the district reach= the Kmtisba by way of McKinley Fork, which 
flows m u n d  the west end of the h t i s h n a  Hills. Stony Creek, 
which drains m v e d  square miles in the nvrtheastsrn part of the 
'district, f l o m  inb the ToHat River, rand that i v e ~  in turn empties 
into the Kmtibhs after circling the east end, of the Kantishna I-Iills, 

h h t  of the streams in the part of the district wsst of Muldraw 
Glacier drain into the glacier;. but the m& easterly tributary of 
CIeanvaIter Creek, is an exception ; it runs westward from the glwiar 
,from the middle of the western part of the district. Part of the 
water'from the mel&g of M u l h w  Glacier probably =aped by this 
,stresm in the not very distant past, for even now the'tbp of the ice 
is in places higher than the adjacent level of the &ream, Clear- 
water f ie& flaw into McKinley Fork about 12 miles below the 
front of the glacier. The main flow df McKinley Fork is derived 
from ,&e mdting of Muldrow Glacier, w h m  lower end is about 
6 mila west of &e northwest corner of the district. 

!Fhe great bend of &a glacier northwest of Mount Eiebn dm& 
compl&ly dams the lower end of Copper Mountain Bar. Glacier 
Creek and the Thornfare River, which drain a11 of the district e l -  
cept those parks in which the drainage hes already been described, 
meet at  the lower end of the bar, and the combined &ream =apes 
through the notch at the northwest corner of tha bar, and fhws in a 
canyon, mn6ned htwsen the side of the glacier on the south and 'a 
wall of rock and, h,places, an old moraine on the north, and farther 
downstream Mween a lateral moraine of the glacier on the mutb 
and an old mraine on the north until it joins McKinley Fork qn 
McKinley Bar, sosome distance below kh front of the glacier. 

Glacier Creek rim in the mountaim south of the centml part of 
the W c t  It flowa along the east aide of Muldrow Glacier from 
kbe southern to the northern tmundary. Its tributaries drain the 
wwt end of Mount Eielsoa sod all the country between the Castle 
Rock Ridge md the glacier. Its main tributaries am Crystal Creek 
and Intermittent Creek. lhbrmittent Chwk htra a m a l l  drainage 
srea which includes pert of the southern Mbpe of Mount Eielson 
and the northern slope of the minor parallel ridge south of Mount 
Eibr!, Cqstal Creek is formed by the melting of two small 
glaciers that m p y  the cirqne north of S m t  Pe& The lower 
part of the vaIley of Crystal Cmkk is m alluvial flat that bradens to 
include the lower end of the vrrllq of hhrmittent Creek 

G m f  Creek rises in the w&rn cirque of Mount Eiehson, drains 
much of the northern slop of the mountain, and crosses the bar t& 
join Glacier Creek and the Thorofsre River near The Notch. 



Tbe Thorofere River is the main h a m  of Itha are* With its 
tribMer9 it d m h  the eastern slope of the Castle Rock Ridge, the 
northeastern part of Mount. Eiekon, the western part of Thorofare 
Pass* and all t h  cumtry between the ridge that dehes the e d r n  
border of the district and the river. Its main flow comes from the 
melting of Sunset Glacier, whom terminus lies in the district. It has 
few tributaries h m  the west, as the drainage area on that side is 
mall ; one of them is Granite Creek, which comw from Mount Eiel- 
sonB eastern cirque. $event1 large tributaries enter from the east, 
among which are Sunrise and Gorge Creeks. Sunrim Creek rises in 
Sunrise Glacier, at the southeast corner of the area. It flows north- 
westwad to join the Thornfare River northwwt. of Bald Mountain, 
Gorga C m k  risss in several smsll glaciers north of the middle of 
the emtern part of the district and with one of its tributaries draina 
the w& end of Thornfare Pass. 

The lower c o r n s  of Crystal C1.eek and Intermittent Creek are 
braided across an alluvia1 flat. Clearly they are held at a temporary 
braseleve1 by the glacier. The lowed elevation of the alluvial plain 
is just a littIe less than 8,300 feet. 

A similar condition, on a larger scal~, accounts for Copper Mom- 
tub Bar, whm lowest point is at The Notch, about 2,925 feet above 
ma level. At the end of the gIacier, 5 miles below The Notch, the 
elevation of McKinley Bar i s  isabont 2,400 feet. 

Capps writing of the ToEdat-Tonmna River ragion, of which 
tha Mount EieIssn a m  is a small part, s t m t e s :  

All  tbe larger mtceame wlthln this area head in the gladem of the Alaakia 
Range and therefore are ouppFied In l a m  p ~ r t  by waters flowiag from the me& 
Ing of ice fields. h a a8equence  the volume of ntmm dlrdmrge b ertremeb 
vadable, being lowet in the winter and greatest on tbe long warm day% of 
mmmer or durfnp; warm rains, when the melting of the glaciers and snow fiela 
ie moat rapid., I n  the winter stam of low flow the &reams ran clear, being 
fed mainly by springs. In hrmnmer, by contra& when the gladal dtscharge 
1s actice, the streams are turbid from a heavy loea of gravel. sand, and ailt. 

An a coneeqnence of the heavy load of glacial deb- which they mrrg and 
of tthelr m F  dally and sessonal variation In roIwe tbe gladaI & m m a  tend 
to build up eatenslw valley-floor deposits of gravel and a n d ,  and they generally 
flow oper these deqlmICs in many braidM &annets These gUeial-outw~sh 
degoalta conalst of coatne boulders near the glaciers, but their materiels become 
pmgmsdvely finer domatream, and a8 II mnlt  the valley Aais narrow, and 
them !la a tendency for the streams to b m k  into m a l I e r  channels. 
Roek cliffs from 60 to 100 feet high bound the alluvium-floored 

valleys in most places. Thus the streams are apparently at grade 
as regards dawnward cutting; but they are stiU capable of adively 
cutting their banks latarally wherever the constantly changing chm- 
nels bring them against the cliff faces. 

=f lJappm, 8. R., The Tovat-Tonlorn Rher teglm, Alaaka : U.S. Qml, 811mey BuX 782, 
p. 76, 1821. 
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In addition to the topographic trends imposed by the two north- 
south valleys occupied by Muldrow Glacier and by parts of the Thoro- 
fare River and Sunset Glacier, and the structural deprwion contain- 
ing Copper Mountain Bar and Thorofam Pass, there i s  a distinct 
expmion of some northwest-mutheast control, as is witn-d by 
the directions of Crystal Creek, Sunrise Creek, Thorofam Creek,. the 
crest line of Mount Eielson, the crest line of Bald Mountain, and the 
ridge between Sunrise and Gorge Creeks. The northward-trending 
divides between the Toklat River and Stony Creek and.the Thoro- 
fare River and between the Thornfare Biver and Muldrow Glacier 
are each strikingly nearer the valley that Iies to the east. 

Clirnahlci~cally the Mount Eielson didrid belongs wiQh the 
Tanana and Yukon Valleys, but it lies so dose to the southern edge 
of that province and so close t o  some of the highest parts of the 
Alaska Range that the climate is greatly modified by the range. 
In general the winters are long and cold and the summers are 

moderate. The Eight precipitation is concentrated mostly iq the 
Bummer and therefore falls as rain. Although a negligible part of 
the Mount Eielson district is ~ b v e  the permanent snow Pine, which 
is sbout 7,000 feet in this region, much of the district is high enough 
ta receive fresh snow during the summer, whiIa the lower 
psrts are receiving rain. Abut  the middle of June 1831 fresh 
snow fell on Monnt Eiehn itself at letast as low as 4,000 feet, and by 
the middle of September several inches lag in Thornfare Pass down 
ta 3,500 feet. 

Accurate climatic data are lacking for the whole, northem slope of 
the AIrrska Range and consequently for the Mount Eielson district. 
Incomplete observations sre on record for Bwad Pam for 3 yearn, 
1923 to 1925, for M c i n l e y  Park from 1922 to the presnt tirne, 
and for Wonder Lake from 1925 to 1929. Broad Pass is about 35 
miles &-southeast of Mount Eielmn and is south of the crest of the 
range, where in general ternperatt~res are more m o d e r a  mnd pre- 
cipitation much greater than north of the ran@. However, the 
record seems to show that Broad Paes clirnatologicelly is not much 
diffemnt from McKinley Pwk. McKinley Park station, although 
about 60 milas from Mount EieIson, has R comparable geographic pa- 
sition with respect to the Alaslra Range, and climatic comparisons 
should be reasonably accurate. Wonder Lake is about 16 miles west- 
northwest of Mount Eielson and muat have R very similar climate, 
although it is sornswhat farther away from the crest of the range. 

The graphs in figure 34 and the following tables show some of the 
available data which, except for the monthly means, are quoted from 
the annual publications of the United Htstes VVeaJher Bureau.LB 

M C l l ~ t o l o g l c n l  data, Alankm wetlon, U.8. Weather Barcau. 



MOUNT EJXLSON DISTRICT 

FIG- 8 4 . - h n  monthly temperature and pmdpitatlon at  XcECtmIey Park, Ww4er 
Lake, and Broad %#a. (Mean8 calculated from data @vea ln accomganBlxlg tltbh.) 
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VEGETATIOIU 

The Mount Eielson district is entirely abme the timber line, which 
lies at about 2,000 feet in this region. Shrublike forms of the willow 
and the cottonwood occur along the Thornfare River and on some 
of the lower slopes. During the summer, in s perid usually extend- 
ing from a b u t  the middle of June to about the 1st of September, 
camp stack can forage on the various g r a m  native to the region. 
Horn  thrive on a vetch locally called pea vine, which is abundant 
in some of the valleys. Some of the mountain dopes are covered with 
thick growths of blueberries, and patches of ~rnall palatable cran- 
berries grow locdly on the " bars." 

The north slope of the Alaska Range is famous for its wild garne IQ- 

in fact, one of the rewns for the e-blishment of Mount McKinley 
National Park was to p m w e  the game in this great area when ik 
should b m e  easily accegsible from the Alssks Railroad 

White mountain sheep (06 dd l i )  and caribou abound in the 
Mount Eielson district. It is doubtful if rnmm ever come ae high 
as Copper Mountain Bar, ss their mnge is usually confined to tim- 
bered country. A few grizzly b a r s  are to be found in the district, 
and it iB reported that the dark g1:lecie~ grimly inhabits Mddrow 
Glacier. In addition to  these I m p  atlimd~, the region is inhabited 
by many smaller ones, including wolves, foxes, hosry marmots, ground 
squirrels, and wolverines. A few srnaJ1 grayling come as high ss 
Copper Mountain Bas. All wild game is protected within the limits 
of the park. 

PoPULkTTOa . 

There we no permanent midents in the Mount Fielaon district. 
One prospector has a cabin on the north slope of Mount Eislson and 
mc~pies it  nearly every summer. The National Park Service has 
built a cabin on Copper Mountain Bar. This cabin is occupied 
periodically by rmgers on patrol work in the park and is also often 
used by travelers to or from the Kantisbna region to the north. Near 
the ranger's cabin the Mount McKinley Tourist & Transportation 
Co. has a camp site with a cache and tent frames, which is sometimes 
used by tourists. 

TRAMSWBTATXOX7 

The v~rious means of reaching the Monnt Eielson district have 
already been mentioned, snd in a Iahr &ion the transportation 

"Ih~ldon, Cbarb, Tae f f l & ~ o m  of paIE.rIea &rlbner's Iwm, 5880. Bench, 
W, N., la  the shadow of Mount McKlnlep, Derrgdsle Pwm. 1931. 



problem as regards the possible future movement of ore and  upp plies 
will be outlined. 

At present saddle and peck horses furnish practically the only 
means of transportation within the district. The gravel-floored val- 
leys of the larger streams provide accegs to localities deep within the 
mountain fasteesses. The abiquitons 'benches above the valley bat- 
toms also may b easily traversed in the saddle. In many places it is 
pmible to ride across the interstream divides by making use of game 
trails. Mnch of the higher, rougher country is practically inac- 
cessible to homes and must be covered on foot. 

Muldrow Glacier forms a faidy effective barrier to the country 
lyitig west of it. It has been crossed by pack train, but such travel 
is slow, laborious, and dangerous. It may be crossed without much 
difficulty on foot. Probably an easier thoirgh perhaps a slower 
means of reaching the country just west of Mnldrow Glacier by 
pack train is to follow down the Kantishna trail to the point where 
it drops to McKinley Bar, below the end of the glacier, cross Mc- 
Kinley Fork there, cross a, low divide, and p m d  up the eastern- 
most tributary of Clearwater Creek. 

The areal distri.bution of the geologic formations that were recog- 
nized in the Mount Eielson district is shown on plate 22. 
The relative ages of the various geologic units within the area are 

fairly well established; but because of the almost complete absence 
of fossils it is imps,ssible to assign many of the formations to definite 
geologic ages. Such age assignments as have been m d e  are for the 
most part dependent on long-range correlations, b a d  on geologic 
&ation and lithology, with rocks of known age in other localities. 

A thick series of limy sediments is distributed widely and con- 
gtitutes the formation that is undoubtedly the oldest in the distriet. 
Tha formation is composed principally of light to dark bluish-gray 
thin to medium bedded limestone, interbedded here and there with 
graywacke and with 'black fissile shale. Locally the limestone has 
hen replaced by epidote and to a lesser degree by various metallic 
sulphidea. No recognizable fossils have been found in the forma- 
tion in the vicinity of Mount Eielson. It is believed to be Palemimic, 
probably Devonian, because of its position along the strike of a Pale- 
ozoic formation f mther east in which occurs a band of massive lime- 
stone that carrim Middle Devonian foasils. The portion of the for- 
m~tion displayed within the Mount Eielmn district is at least a , 

mile thick, and neither the tap nor the bottom is exposed. 
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A m n e  formation several hundred feet thick land in part 
ellipsoidal, appears to be next younger than the Paleozoic l imesha  
The contact between greenstone nnd Paleozoic limestone is nowbere 
sten within the district, but Capps believes that a profound ero- 
sional mconformity intervenes. This formation is probably 
Triassic. 
The Paleozoic limestone and the Triassic ( t)  greenstone have been 

intruded by a @up of plutonic and hypabyssstl mcks which diqlay 
a wide r a n g  of miompition and texture. There is evidence that all 
members of the group are genetically related and wllectively repre- 
sent a differentiation series. Theoldest member is gabbro, which 
has a mall areal de~elopment. The b d k  of the intrkive rock is 
porphyritic granadiorite, which occurs: in large masses and also as 
dikes and sills in the grembone and in the limestone. A third wide- 
spread member of the group is even-grained to slightly porphyritic 
gaaodiorite, which has not been found intruding the greenstona 'but 
only as stocklike mas= in the limestone. Ore deposition appears to 
have been controlled by this member. The p u p  vas  intruded dur- 
ing the Mesozoic era, and its intrusion period may cover e consider- 
abIe span of Memzoic time. It is probably older than tho Cantwell, 
which, according to Capp, is Emene or Upper Cretaceous,'l and 
younger than the Mwzoic p e n s h u e .  

A ,mt ununconformity separates the rocks already described from 
those which remain. The latter are a31 Tertiary or younger, the one 
possible exception being n group of bwIts ,  tuffs, and obsidians, 
which is quite dehihljr of the same age es the Cantwell formation 
and i~ therefom Eocene if the p m n t  classification of the Cantwell 
formation-which ia b a d  on fossil plsnts--as Erxlene holds. 

A Lignite-bearing p u p  of sanddone, shaIe, and gravel, which is 
younger than the rocks of Cantwell age, i s  found locally in the area. 
These rocks may be correlmted with the Eocene lipita-bearing M s  
of the Nenans coal field, The lignite-bearing fornation is succeeded 
by a depwit of yellow or buff gravel, the Nemna gravel, which is 
dm Tertiary. 

The Quahrgary deposits mapped include accarnulations of mo- 
rainic material of Pleistocene glaciers and some morainic makri~ l  
of present glaciers, alluvial deposits of fluvial and gl~ofluvial 
origin, md ta lu~  and fanglomerate depmits, which are forming at 
h e  p-nt time. 

The following table give8 a brief outline of the stratig~aphic se- 
quence in the Mount E i e h  district SO far as it is known : 

m C a m  8. k, Iro*Lat.Tamm Riper r a w  hlasaa: U.8. Oeol. BuWp Brill. 79% 
p. 80, I Q n *  

9 Idem, pp. -6. 



w a d e  : 
Qantemary : 

Recent: Gravel mnd, and dlt of the present &reams; soils and roelr 
dahtegratlon prodncls forming In place; Ealns accmndationa and 
hnglomerate forming at the pre8ent time; depodts of exirrting 
gladera. 

Pleistocene: Depodta of dder,  more exteoalve glaciem. 
Tertiary : 

Ewene or later : Nenam gravel {loosely conmlidatd, spllow or knd-  
elevated and M ted sand and gravel ) . 

&ene : LIgni te-bearing forma tioa (sandstone, gr%veI, ana clay, locally 
indurated and lwally containing lignite). 

W n e  : Rocks of Cantwell age (brown and black b@ts, yellow, par- 
ple, and gray tuffs and breeciaa, and black and a n  &IdIans). 
(Capps Ls of the oplnfon that the Cantwdl formaUon may be Upper 
Cretaceous, but because of I t s  1W plants it is stlll classlfled as 
Eocene,) 

MeHw1c : 
hte  AdwomAc (?) : Intrnsive differentiation suite consisthg of -P 

dlorlte, gorghyritlc granodiorite, and gabbra together with other minor 
repmmmtativm. Btock~, dikes, and allls. lntmslve period may cover a 
considerable span of Rbesomic time. 

!C&galc I T )  : G m s t a n e  formatim [dark-brown, black, or reddish lava& 
now greenstones intruded by the members of the difkentlation mite). 

Paleomic : 
Devonian ( 1 )  (Middle?) : Thick wries of gray or bluish thin to medium 

bedded llrnestones, limestone lmUy replaced by epidote and metauc snl- 
pbides. 

Charucter a d  oopnpo~tim-The most widespread fornation in 
the area consists of a, thick series of strata whose members differ 
greatly in composition and texture. It is part of thet group of rucks 
described by Capps 22 as post-Tonmna Paleozoic rocks, and, as Ctrpps 
points out, the group will undoubtedly be subdivided when it can be 
studied in detail. The part of the formation in th Mount Eielson 
district must have originally consisted of shales, thin-bedded and 
medium-bedded lim&.&es, &mglorneratas, graywsckw, arkas ,  and 
argillites. Locally the mch have been chmged by structural defor- 
mation tmd thermal metamorphism, related to ignmus intrusion, to 
schists, dahs, and various contact rocks. The formation ha~l been 
intruded by sfocks, dikw, and sills of granodiorite. 

A large part of the formation is composed of gray medium-bedded 
impure h e s h e .  This rock does not &ow evidence of much 
stmctnrall doformetion except thst it contains mall flakes of whita 
mica thst exhibit a crude parallelism. Possibly the mica is part of 
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the original dirnent, but it  seems mom likely to have been developed 
later by directed pressure from materiel containecI in the sediment. 
The materid necessary for the mica formation probably was not 
contributed from outside the rock W y ,  for this type is not closely 
associated with any large M i e s  of granodiorife and with ody a 
few small bodiea XTeatherjng produces a thin brown veneer, but aa 
the m k  is ordinarily more resistant to erosion than associabd type's 
it tends .to crop out in jagged pinnacles and ridges which exhibit 
for the. most part surf aces of the fresh gray rock. h a f l y .  long roll- 
like wallops, which somewhat regemble ripple marks, are present on 
bedding rmrfaca, Usually they have been formed in groups of two 
or thm, each individual from 1 to 3 inches across and each p u p  
6 inches to a fwt from the next,. The rolls are ordinarily more 
complete than ripple marks, and exceptional ones are entirely corn- 
pIete; snd portions can be picked out that are shaped like shod 
segmenh of garden hose. Perhaps this structure is due to deposi- 
tion on a sloping surface, and the r o b  were formed by the mud 
rolling under the influence of gravity. Possibly the phenomenon 
indicates that the material was deposited in very &allow tidal 
water. 

A Iw comon dark-gray limestone, which is found in beda about 
8 inches thick, is in some plaees interbedded with quarter-inch to  
half-inch M s  of fine-grained bufE argillite. This type is ordinarily 
warped md contorted and in some places appears partly recryBta1- 
lized. It is jointed in severrr1 dirwtions, and rn& af the joints are 
filled with white coamly crystalline calcita 

Very dark gray and black limy shdes constitute a considerable pro- 
portion of the formation, and there is a rninar amounlt of non- 
calcamous shale. 

A thin bed of congIomerate omurn near the stratipphic tap of 
the portion of the formation that is exposeci in the Mount Eielmn 
district. Ita areal extmt h negligible, but as no con~lomerate wag 
seen below it, and rrs it probably occurs mow widely in the higher 
country farther muth, it nay have some future importance aa a 
horizon marker. It is composed of roughly rounded dark the* 
pebbles and mare perfectly rounded white quartz pebbles about s 
quarter of mi inch in diamatar. The cement is c%lcareous. In some 
places the pebblm have been &retched and flrattaned by structural 
forces. 

Another prominent type is ai rather fine-pined calcarsous gray- 
wwke in which white mica is a prominent constituent. The h h  
rmk has a l i t - p n i s h  cask, but the more common weathered m k  
is distinctly red or yellow. This rock crumbles readily, and in it 
emion develops steep slopes of granular rusty-westhered . material 
in which the mica plates are coqicuous. 
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Locally stmcturd metamorphism has h e n  severe enough to de- 
velop micawous schists, which are more eornmon in the southern 
than in the northern part of the district and are still more common 
farther south, outside the limits of the district. 

Near the borders of the intrusive masses thermal metamorphism 
has producsd by replacement large volumes of epidote and smaller 
volnmes' of sphalerite, galena, pyrite, and chalcopyrite. One of the 
ultimate products of this type of metamorphism is a yellowish-green 
massive epidote rock which is irregularly cut by a few stringers of 
late quartz. A thin-bedded type is more widespread, and examples 
show the original beds replaced in various degrees by dark cherty- 
appearing masses of epidote, zoisite, and clinozoisite. The degree 
of replacement, in general, seems ta  have been controlled by position 
rehtive to the granodiorite stocks, but in detail the replacement has 
been selective and apparently has been controlled by the cornposi- 
tion of the individual layers of the thin-bedded rock. Thus siliceous 
layers from an eighth to half an inch thick alternate with thinner 
layera made up chiefly of epidote and dinozoisite. I n  some localities 
rocks made up of lamellas similar to those just described are com- 
posed of bands of lime-ne alternating with bands of epidote and 
clinozoisite. The completely unreplaced m&al type of these rmks 
has not been definitely recognized but probably wtls thin-bedded 
limestone with alternating argillaceow or siliceous layers similar 
to the second type described in this paragraph. Some of the silica 
of them contact roclrs is undoubtedly secondary, but it seems fairly 
certain that some of the originnl beds were siliceous. 

Contact rocks rich in phIogopite are, found locally, and in a few 
p l m  very close to the contacts hornblende-epidote rocks have been 
developed. 

The gulphides of Imd, zinc, iron, and wpper appear in different 
w o m b  in the replawmen& deposite and are discuwd further in 
the &ion on economic geology. 

T B & k , - T h e  portion of the Paleozoic limestone formation 
thah is exposed within the Mount Eielson district is a t  bast a mile 
thick. Its actual thichem could not be determined within narrow 
limits because of faulting, of complex structure, and of large amounts 
of intrusive material. Neither the top nor the base of the formation 
was recognized within the district. The oldest rocks that crop out 
are cut off by one of the granodiorite stocks. The total thickness of 
the formation is much greater than the thickness exposed in this 
district, for it is the principal formation of the northern face of 
the range in this vicinity and is known to extend lacrow the strike 
,at least as far muth as Anderson Paass, which is several miles south 
of Mount Eielson. T h  fdrmation ia completely separated into two 
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parts by a fadt whom strike makm a smsII angle with tha p n d  
strike of the formation and whose dib3p2ftcement is not known. 

Age a d  c o d m - N o  fmih have k n  found in this forma- 
tion within many milee of Mount Eielson. About 10 miles east of 
Mount E i h n ,  in the ToBtlat Bash and approximately dong the 
strike, Capps found massive m ~ ~ e d  Limestone that lies along 
n belt extending eastward to the h a n k  River, in which lim-ne 
with similar lithologic reletions hm yielded Middle Devonian fos- 
sils, This evidenm appears only d c i e n t  to date these r& 
defhitely as Paleozoic, for i* is not oven known whether they are 
older or younger than the Middle Devonian limestone. 

Ooal-bearing mdimenta at Eocene age oeenr at intenah along tbe north 
flank of the Almka Range from the K u a k o b h  Bash to the Almh-Cnnndn 
boundary, a h  on the muth sIde of the range, in the W n s  of Snslhla River 
and Cook Inlet. In the Cook Inlet -on these beds have been called the 
Kenal formrttlon. and there isl littIe doubt mat the coal-bearhg Tertlrtry e d i -  
men& on the north aide of the range art?, In part at least, the equivalent of 
the Kenal, though the exact identity of the two famations has not yet been 
esmbliahed, and the sediments on the north slope have as yet received no 
formation aame. 

North of the range thh formation la be& know11 nnd reaches Ib g r e a ~ t  
development in the Nenana coal del& where the coal8 it mntatns have been 
mined for sweral years. Farther wmk in the Tohlat and Rantlshna Bash# 
and on the heaawaterrr of the Kuskogwim, the Tertfary coal-bearing Mer 
occur in ma11 Isolated awae on the flanks of tbe Alaska Range. 

In fie Mount EieIson district this formation has a very meager 
development, and only a few outcrops of it war@ found. Wham 
smn, it consists chiefly of a light-colored gravel in which mod of 
the wall-rounded pebbles atre about 3 inchea in diameter. Locally 
the p v e I  is tightly cemented by reddish-brown hydrated oxides 
of iron. A few b d s  of meamcolored sand and grey clay sse inter- 
bedded with the g r a d .  A few thin beds of brown or black woody 
lignite were aIso seen. 
In 1;his district not more than a 50-foot stratigraphic thickness of 

this formation waa recognized. The upper contact with the next 
youngper formation, the Nenana gravel, is somewhat arbitrary, how- 
ever, and was nowhere placed very far a h  a horizon at which 
lignite was actually seen. No lignite bed mom than 6 i d e a  thick 
was noted, although it is pmible that thicker ones are p m t ;  
most of t h m  o b m e d  are between a quarter of an inch and 3 inchea 
thick. 

"Cnpm & B., Tbe TnWat-lbouwa Elver r€do% .bh: U.B. -1. 8- BnlL 798. 
P. 88, IS=. 

Idem, p. 06. 



The formation in ita wider distribution hw already been d k b e d  
by several authors,* It is known to be of Eocene age and is younger 
than the Cantweli formation and older than the Nenana gr;ravel. 

The Gal-bearing fomtion is overlain by a -rim of elevated 
gravel depmits which are widely distributed dong the north flank 
of the Alaska Range. .This formation, the Nensna gravel, is con- 
spicuons near the hienana Biver and has been descrilxd in detail by 
CappM He mys in the report on the Toklat-Tonxona River region : 
The term 'Nenana gravel '' hns been applied to a thick gerfea d nnmnsolI- 

dated or onty Iomelg cemented material, ronsiating for the muat part of beda 
of well-rounded, rather coarse gravel, wlth aubordhate beds and lenrrea of m a .  
Pebblm the size oP cobblestones are common, though there is much finer gravel, 
end In some glace8 boulders a foot or more in diameter were seen. The p e b b l ~  
inclnde a wide rmge of rock and the percentilge of pebbles of varioum, 
types differs greatly from place to place. * * Harder materials much a a  
quarta, quarizite, congIomerate, and various BLnda of igneous rock predoml- 
nnte oaer the softer and more easily destroyed aedmentary rock% 

A cbarncterfgltic feature of the h'enana gavel h Its yellow or buff color, wbieb 
tndimtw that the gravel is old enough to have beea rather thoroughly oxl- 
dl&, w b e m  the depoalts of the lnst glaciers and of the present stream that 
fn many places overlie the Nenann pave1  are gray and little oxidized. 

The Nenana g ~ a ~ e l ,  Wig unconsolidated, ylelds readily to erosion by glaclere 
anrl mtreams, and the surface forms developed an it by e m o n  are genernlly 
of -00th outllnm and gentle dopea, ao that gwd erpwmrerl are not common. 

The above dewription well fits the Hnana p v e l  as it was seen in 
the Mount Eielson district, although some g o d  exposures of it were 
found there. 

The maximum thickness of the Nenana gravel e x p d  w i t h  the 
district and east of Muldrow Glaeiec is probably between 200 and 
300 feet, In t h e  northwest corner of the district, west of the glacier, 
nearly 1,000 feet is exposed. 
In thg pa& this gravel was for a time considered Pleistocene and 

was grouped with the glacial deposits, but more recent evid~nce 
shows that it is older. Stratigraphic evidence shows it to b incon- 
testably younger than the coal-bearing formation, md structural 
evidence, which will be d i s c m d  in m later paragraph, indicates that 
it is not mnch younger. For the present it is classified aa Eocene or* 
later Tertiary. 

-TO- GUCXdlt  MO- 

The bench dmcribed on page 236 indicates the floors of old glacial 
vltllep beIow which the present streams are entrenched. h r g e  ereas 

a B r m k ~ ,  A. A., The Mmnt M m  W o n ,  Alaaka : U.B. Owl. hmey Pmf. Papa 
10,  pp. 84-108, 1811. Capps, 8. R., The KantIahna region, Alaaka: U.8. QeoL 8nmey 
BuH. 88'1, pp. 4445.  1Q19. Martln, 0. C., The Nenana coal fleld, Alaqh:  U.S. GeoL 
Rumy 81111. 8&1, 1810. 

-Cappa. 8. B, The Bcmnlhld w o n ,  Alaska: V.S. Qeol. 13- Boll. 601, pn. 8W4, 
1912: The a n t l a h n a  reglon, klmka: U.B. OeoL b w e y  Bulk. 087, pp. 81-62, 1919; 
The Toklat-Tonzona River regloa, A3aalta: U.8. GeoL Snwsp Butt 792. pp. P&IOO. lg27. 
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of these old 00om are covered by morainic deposits left by the waning 
glaciers that formerly owupied the valleys. The. m&riaIs of the 
deposits diRer in composition and texture in different localities but 
not surprisingly, for such variations are tu be expected in a region 
whose terrane is made up of many rock $ p a  In general the 
morainic material is unsorted, little rounded, and dark in color, 
especially es comprawd with the more thoroughly oxidized Nmana 
gravel. Some of it is of glaciofluvial origin. In most placxs this 
deposit is less than 20 feet thick, but l m l l y  it is over 100 feet thick. 
Tts surface is of the rough hummocky sort typical of moraine areas, 
and small undrained depressions are common. 

'She last great glacial stage in Alaska was almmt surely contempo- 
rangous with the late Wisconsin stage of continental glaciati~n.~~ 
The high deposits in the Mount Eielson district are correlated with 
this stage, although there is evidence on the north side of the Alaska 
Range of an earlier and more extensive gl~iation than the Wk- 
c o ~ i n ? ~  It is p i b l e  that some of the benehm above the one exten- 
~ i v e l y  developed represent levels reached during more ancient glacial 
stages- 

mCEm C3LbCIAE MOadIhTlD 

The surface of 'the portion of Muldrow Glacier that lies in the 
Mount Eielaon district, with minor exceptions, is covered to various 
depths with morainic material, much of it brought down from high, 
remote pa& of the range. Morainal depdsits also occur dong the 
sidw of Muldrow Glacier, abova the preent surface of the glacier 
but much lower than the Wisconsin deposits, and bear witness to 
recent diminution of the glacier. Other recent moraine deposits in 
,the a m  are related to smdl  valley glaciem. 

Most of the streams of the district are glacier-fed, and therefore 
have widely varying flows, with consequent. varidon of erosive and 
carrying powers. The flood plains of the streams m e  ordinarily 
broad and are traverd by the stream in many erutstomosing chan- 
nels. Coarse boulders farm the alluvium near the heads of the 
streams, but the material becomes propssively finer downstream. 
- The gradients; of the small &reams, many of them intermittent, 
which come from the steeper mountain slopes are greatly decreased 
whem the streams cross the hnch of the Wisconsin glacier floors; 
con~quentIy much of their l o d  is dropped and many alluvial fans 
have been built just above the bench. Many of these deposits of 
fanglomerate have coalesced i n h  piedmont slopes. 

*C%ppa, I. B., The Chimna-White B h  dlattlct, Alaska: U.$. Gal. Rn-q Brill 880, 
pp, 0545,  1916. 

Cappa, I4. R.. The Bonnifleld reglon, m a :  U.8. Gml. S u m  Bull. 601, pp. 33-34, 
Isla; The Kantiahna region. Alaska: 0.8. Geol. Bumw $1111. 887, p. 60, 1819. Well% 
Fn G., oral mrnmnalcatfon. 
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I@NEOUS mcg8 
TUIA86lC<?) U V A s  

A mries of dte& basic lava flows, now p n s t o n s ,  su-ds strati- 
graphically the Paleozoic limestone formation. The most widely dis- 
tributed type is a very fine grained dark greenish-p.9 rock which 
is intricahly jointed in several d i d o n s ,  sa that weathering disinte- 
grates it into sm dl angular fragments. The jointa &re generally filled 
with thin seams of white crysblline calcite, but in pIaces chlorite 
hss been developed on the joint surfaces. The typical color of the 
weathered rock is a somber reddish brown. At a few localities masses 
remmbling the pi1lows of pillow Iavas were seen. The pillows are 
between 6 inches and 2 feet in diameter. Individual flows are ordi- 
narily difficult to identify, and hence the structure is obscure, but 
from s distanm structural planes tare sometimes vieible and am 
indicated chiefly by slight differences of color of the weathered rocks 
and by diffefences in reaction to  erosion. A sliiht variant from the 
type described above is a Lighter-colored rock, containing abundant 
black phhenocrygte, which average about 1 millimetar in length. 
Microscopically the two types are nearly identical. The very fine 
grained groun'dmass is composed principdy of calcite and chlorite, 
but contains a little feld~par and some quartz. Most, of the pheno- 
cry& are pseudomorphs of calcite and chlorite after pyroxene or 
olivine. Rarely parts of the original minerals remain. 

The green&one contains discontinuous pod-&sped boalies of mdi- 
mentery rock, that appear identical with some of the altered lime- 
stones an'd black shales of the Paleozoic formation. These may rep  
resent sedimentary material interbedded with the lavas, but from 
their composition, their lithologic similarity to the Paleozoic mks,  
and their position near what is believed to be the base of the green- 
stone fomlttion it seems at  least possible that they are incIusions 
of the Paleozoic sediments in the igneous rock: (xenoliths). The 
greenstone is cut by sills and dikes of porphyritic granodiorite and 

- also by bodies of plntonic {deep-seated) and bypabyssal (inter- 
mediata depth) basic rocks. These intrusions are further discussed 
on pages 25&259. 

The pmr structural evidence does not permit a precise statement 
as to the aggmgate thickness of the greendone formation in the 
district. ILs base is not definitely established and its top is not ex- 
posed, as the formation appears to be unconformably overlain by 
later rocks. Over 1,000 feet is, however, a conservative estimate of 
the exposed thicknem. Capps,"O in speaking of the greenstone in its 
wider distribution, says that it is apparently mere than 2,000 feet 
thick. 

h p p 8 ,  8. R., The Toklat-Tonmona Rlrer region, Alaska: 0.8. Oeol. Survey Bull 782. 
p. 104, 1827. 



Although the contact between the greenstone and Paleozoic lime- 
stone is not exposed in the Mount Eiehn district bemuse of inter- 
vening intrusive bodies and younger rocks, and although it is entirely 
pcwsible that a fault, now concealed under more mcmt deposits, may 
also separate the two, nevertheless the regional relations indicate 
that the greenstone lies &mtigraphically above the limestone. There 
is evidence for this interpretation else~here.8~ Cappsal b&eves 
that the lavw lie unconformably upon the Paleozoic sediments. The 
greenstone isn intruded by bmic racks and by dikes and s i b  of 
granodiorite and is therefam younger khan the Paleozoic lim&ne 
and older than the period of igneous activity described on pig@ 268, 
This is all that ean be definitely stated. However, Moilit 8Z tenta- 
tively mignsal similar gwenstones in the B m d  Pass region to the 
Trimsic, and Cspp~,8~ following this wignment and making an even 
broader wmdation, came to the mme conclusion for the greenstones 
here under consideration. As Capps points out, this assignment is 
to be comidemd tentative only. Possibly the greenstone repsesents 
an earlier mrfaoe facies of the gabbra which intrudes it, but this 
does not seem very likely because of the long time that appears b 
have eIapsed between them. 

OA38- A m  ~ ~ O D I O ~  B m S  

The Paleozoic limestone and the Triassic (?) g m m b m e  have 
been intruded by stocks, mlI~1, and dikes, chiefly of grancidiorite and 
gabbro but in minor part of types intermediate between them two 
or more extreme than either, such as aplite and peridotite. Field evi- 
den@, such as the age relations between widely diffemt memhm 
of the series, the lapparently complete gradation of one member into 
mother both minerdogically and texturally and hence the complete 
inability to d e h e  contacts between closely related members, the areal 
distribution, md stmctu~e, indieatea that them rocks are all dXer- 

. entiates of one parent magm+in other words, are members of a 
descent series. 

The following table indicates the gradational differen& as a m -  
trated by 10 selected thin sections that appear to repmnt  various 
stages in the differentiation proms. The slides were selected from a 
total of 21 land were chosen without regard to texture, as textural 
differences appear to show -tially differences in physical environ- 
ment only. 

Cappe, iJ, B., The ~Wnt-Tomona Elver region, danka: U.8. MI. S n r v e ~  Ball. 192, 
p. 88, 1921. 

9 Idem, pp* 1 ~ 1 ~ .  
* Iraomt, P. H., ~ $ e   mad region, A]&: U.B. ~ e o l .  mmw Bun. 608, pp. 21-28. 

1916. 
mCa~pn. L $., og, dt, P 105. 
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The lack of mom thin mctiom prevented including repmntsti~ea 
of mch more dimus than granite in the table. It should be em- 
phasbd that the sections selected do not represent & ~t gqud 
intervals dong the descent line--f or indance, the range between nos. 
32 and 88 is no greater than thaf between nos. 92 m d  4. There is a 
wide gap between nos. 38 and 107, and some rep-ntstives between 
thew two would more firmly mtablish the hypothesis. 

ff&bm.-4abbro and related rocks are much 1- widely dis- 
dributd than rock of grtmodiorite affinities. The most typical m h  
of this subpup am dark colored and are coarse to medium grained. 
They am ordinarily massive but are cut here a d  there by joints, 
which are much more numerous in mma l o w l i t i ~  than in others. 
Some of ths joint gurfam show slickensides and are coated with 
gerpentine or chlorite. Crystals af pyroxene and d m k  greenish- 
gray feldspar are visible to the unaided eye, Weathering develops 
dark-brown or blak surf-. The microscope sham the usual con- 
stituenta to tm principally pyroxene and feldspar. The pyroxene is 
euhedr~l to sabhdral and in most specimens has p d y  altered ta 
chlorih, Tho feldspar crystals are coated with a white ha-grained, 
claylike matmigl, which makw their identification doubtf d, BE- 
though they are zoned. Some of the crystals are rimmed with a 
thin layer of albib-oligoclase. The usual accewmim are magnetite, 

. pyrite, long, slender prisms of apatite, and late quartz. A white 
opaque m i n e d  remmbling leucoxene is also pressnt in some 
Spcimens. 

A her-grained fa&& of the gabbro is probably a quickly chilled 
border rock. Texturally it reaemblaa rt lava, as it exhibits traces of 

I minerd padel ism and b m d ~  that differ in mineral constitution. 
This f aciw is composed principally of labradorite laths set in s h e -  
grained graundmass of chlarite and little indeterminable sphadtes, 
which have a refractive index naar those of the feldspar. Mepet- 
ite is conspicuous in both irregular and euhedral grains. The rela- 
tively l arp  amount of mlcite is interpreted .es deuteria-thnt is, 
derived from dhattion of the rmk during the later stagee of the 
consolid~tion of the magma md as a direct oonqnenca, of it. Some 
of the chlorite and calcib appear pmudornorphous rafter eithsr 
olivine or pyroxene. 

The most basic Qpe identified is a very dark p ~ y  or black 
medium-grained m k ,  whose joints are coated with serpentine. It 

- is an altered peridotite and is m m p d  principdly of olivine md 
pyroxene. The texturn is poikilitic, the pyroxene enclwing the 
olivine. The olivine and to some extent the pyroxene are partly 
altered to serpentine and chlorite. The accessories am magnetita, 
apatite, leucoxene ( 8 ) , mricih, feldspar, and biotite. 

I 



These basic rocks intrude the Paleuzuic h d n e  formation, the 
Triassic ( 8 3  greenstone, and the grandiorite in the form of small 
Btmb, &km9 m d  &. 

#ataoddotite.-Gmn~&orite occupim a Iafp  part of the Mount 
EieIson district--in fact, areally, it is subordinate only to the Paleo- 
zoic limestone fohnation. 

Most of the panoditmite is a gmenish-gray porphm in which the 
numerous white euhedral feldspar crystals and the rarer hornblende 
crystals average about a quarter of an inch across. In places tf ie rock 
is mineralized with pyrita, rarely with ppyrrhotite, md weathers to a 
dark rusty co2or, but normally the weathered mmfaces are a little 
lighhr gray than the fresh rock. Megascapic quartz occurs here 
and there. ~ I L U ~  the rock is impregnated with yellow epidote, 
and in some placea the numerous intersecting jointa are a e d  with 
epid-. Xcroacapic examination shows th& the zoned felikpaf 
phenocfypts are digoclm or andesine. Most of the liornblende 
phmmysta are partly or completely altered to  chlorite. Orthoclase, 
in diffemt mounts, s e m ~  and replrrces the plq$dme crystals. 
The groundmass is made up of chlorite, feldspar, and quartz. Epi- 
doh, pyrite, rnagnetita, apatite, titanite (with titanifemm dtera- 
tion products), calcite, and wricih are the usual accessories. 

The texture of the porphyritic ganodiorite is not everywhere the 
m e .  Differen- in marsmess, in the nllmber and identity of 
phenwrpb, and in the n m b r  and size of romded segregated 
b o d i ~  of texturally diflemnt pmdiorite, which in many places; 
are found in the r d ,  are anrgwhem appmnt. Some specimens 
have no phenoqsk ; some have phenmrysrte of feldspar ody, and 
these in Borne places are v e g  minute and in &hem hsve cross SIX- 

tiom of at 1& half an inch; and some ham phemryds of both 
feldspar and hornblende, the hatter in places a b u t  1% inches long, 
In place subrounded snd rounded segregated 'bodies nra very 

numerous, giving the rock the appearance of a breccia. Loally they 
are lacking or q m l y  dhtribobd in the rn- In all the elrpmres 
examined the segregated bodies were l e ~  porphyritic than the in- 
ching rock. They range in size from a b u t  half an inch to about 
50 feet, and some of the larger ones contain smaller segregated bodies 
of still less porphyritic types. The micrwope shows that as a rule 
the diEerence between the segregated b d a  aad the matrix .is textu- 
ral only. Dikes of slightly porphyritic granodiorita, apparently 
identical with some of the seg~~gated bodies, cut mom porphyritic 
I&. 

Another widespread type of granodiorite is a nonporphyritic, 
fairly coarse grained light-gray rock which on weathering becomes 
darker gray or yellowish. In some places the fresh rock lms a pink 



or lavender tinge. It is compomd principaUy of quartz, feldspar? 
biotih, and hornblenda and is travemdby minute semus of epidote 
and in places by chlorite. A =maw bleached zone on 88ch side of 
the epidota seams lmlly gi~es the rock a. gneissic appeeranae, A 
few aplitic dikes betwean an inch and several feet thick were ob- 
served cutting granodiorih of this type. The dikes M e  h e  grained 
and hsve very little dnrk mineml. Quartz is coqimous  in them. 

The average feldspar of the granodiorita is andesine, and this 
mineral makes up about 60 percent of the mck Tgpical feldspar 
mydals are mad. The mck conbins abont 30 percent of quartz 
and from B to 10 percent of dmk mine* mwt of which is biotite. 
It also m i e s  as much as 10 percent of ortbocIas& Epidota is widely 
but s p d y  distribnted through the m k .  The biotite is in places 
chloritiaed. Apatite, zircon, magnetite, and clinozoisite were 
observed as accewories. 

Age.-Like most of the other rock units in the district, the gab- 
bra and granodiorite series cannot be amigned within narrow 
limits of age. I t  is younger than the Mesozoic greenstone and is 
thmefore probably post-Triassric. It is probably older than the 
C a n t w d  formation, which is at present dwified aa Eocene but 
which m y  be as old as Upper C m ~ w .  This is all that is defi- 
aitaly known. On the basis of correlation with similar granitic 
rocks in the eastern Tdksetntt Mountains, Cappee' ten&t;ively as- 
8igns thtm intrwivm to the late Lower Jurassic or early Middle 
Jurassic, but he says that they may b beas young ns Upper Cretaceous. 

W r  work in pmtiom of the Alaska Range south of McKinley 
Park indicates t h a t . m y  if not a11 of the granitic intrusive massesr 
cnt sediments that are as young as late Jurassic or Lower Crstaceouua, 
m d  some even at the Cantwell f ormdian. The inference theref ore 
seems j d e d  that the granitic intmsives of the Mount. Eielson 
&strict may be of late Mesoaoic age. 

There is, howewr, some evidence regarding the relative times of 
intrusion of the various members of the series, sltho1lg.h just how 
much geologic t h e  d a p d  between the first and the I& intrusion 
is not h o r n .  The more basic members of the p u p  are the older, 
M is shown by dikes of porphyritic granodiorite cutting some of the 
basic bodies. It is ;tme that in some places bodies of basic m k  are 
found in the grsndorite, but they have a definite position in the 
granodiorih and am probably xenoliths. They ere described in the 
section an structure (p. 267). In some placss the even-grnined 
f acies of the grandiorite appeans older than the porphyritic f acies 
because it is cub by porphyritic dikes, bat this should not be taken 

&pm 8. &. The ToUnmmtlm Rirer regh ,  b l a h :  U.k Qmt gtlll. W2, 
pp. 1QSlW 1827. 
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w a generality, for the segregated bdies  of one type of porphyxy 
in mother and the p m n c e  of dikes of one type cutting mother 
aflord abundant evidence that the porphysitic types  re not all of 
exactly the aame aga The aplites appear to be the youngest 
members of the mite. 

In addition to the Triassic ( 8 )  penstone ,  there is another series 
of volcanic mcb in the Mount EieIson district. One characteristic 
of this series is the great variety of colors displayed by its members. 
Red, green, violet, purple, yellow, white, and black r w b  are all 
conspicuous, and, ns might be expected, the rocks cover a wide litho- 
Iogic range. In this district mod of this series appears to be por- 
phyritic andesite; but tuff, basalt, dacite, obsidian, and various 
breccias am also mpresented, None of these rocks are as indurated 
or as joinkd as the Triassic ( 8 )  greenstone. 

The andesita is gray, dark brown, or purple and in many pl- 
car~iw numerous phenocryds of clear andesine gs much as half an 
inch across. The darker-colored basalte are in many placea very 
vmicular, and many of the vesicles ere filled with calcite or zeoIiks. 
A widaspread member of the s e r i ~  is a black obsidian which nor- 
mally weathers to a gray rock but in some places weathers bright 
green. A little fine-grained conglomerate appears in the saction, but 

- light-yellow or white tuff is more common. At one locality a light- 
colored dacite, in which quartz, feldspar, and biotite were recog- 
nizd, intrudm aadesitR and tuff* The d a d b  contains xenoliths of 
andesite as much as 6 feet in diameter. Many brsccias occur in the 
series, md fragments of all the above-mentioned rocks appear in the 
brecciag. 

The grandorite and the Paleozoic limestone are cut by a few 
dikes of basalt, which appear to follow joints in the older rocks. 
Althmgh no definite connection between these dikea and the Pavw 
could be demonstrated, it awms probable that the dikes were con- 
tributors to some of the flows. The dikes range in width from 1 
to 50 fmt, but most of them are about 6 feet wide. 

This volcanic series in  at  least 600 feet thick within the Mount 
Eielson district, and its total thickness is probably much greater. 

IteJ stratigraphic position, its texturw, and the degree to which 
.it has been metamorphosed show that it is much the youngest 
ipeuus preglacial formahion in the district, To the east and to the 
we& of the Mount. Eielson district Capps " found these volcanic 
rocks interbedded with Cantwell beds, and the series is therefore of 

-Cam,  8. R., Tbe Ltrtntlahas reglow Alaskn : D.B. acl. Barney Bun. 887, p. 40, 1918: 
The Toklat-Tonma Elver regfon, Aheka: U.9, 0-l Sumey Boil. 792, pp. 82-96, 1927. 
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Cantwell age. Speaking of the region in the vicinity of Mount 
Eielson, Capps mys: 

The volcanic materlala amdated with the GantweU formation may be con- 
atdered of the same geneml age as the CantweII, for the d 8 c e  lava8 and tuffs 
are interbedded with the ~sedfmentis. In the region here demibed the maIn 
accnmnlatlon of the sedimmta now remaldng took place before the chief 
volcanic activity occmed. Farther ea& io the Taklat Bash, the bulk of the 
vohnic material occurs about In the middb of the Qantwell fomutim, and 
the major volcanhm Waa grecedea and followed by periods during whlcb mi- 
meats were laid down with only a minor admixture of volcanic materlalrr. 

The areal distribution of the lithologia units which were recog- 
nized in the Mount Eielsun district is shown on plate 2. More 
detailed work in adjacent areas would undoubtedly iesulh in the mb- 
division of some of the units, particularly the Pabomic limestone 
formation and the Tertiary volcanic rocks of Cantwell a p .  

The Paleozoic limestone is the most widely distributed formation 
in the district, and it also extends over very large areas on the north 
flank of the Alaska Range ooutGde the district. Within the district 
the formatian is divided into two distinct parts by a fault that can 
be traced f-rom s, point near the mouth of Inbrmithnt Creek south- 
emtward to the end of Sunrk Glacier. The limestone f o m  the 
bedrock of all the area lying south of the fault and east of Muldrow 
Glacier except for two mwes  of gabbm which lie just south of 
Mount Eiehon itmlf, one mass of grandiorite which occupies an 
area along Muldraw Glacier south of the junction of Crystal and 
Glacier Creeks, and numerous dikes and sills of porphyfitic 
pnodiorite and a few of basic material which am widely dis- 
tributed through the limestone but are mnspicuously less abundant 
near the southeast corner of the district. 

North and east of the granodiorite mass just mentioned, within 
a horizontal diskanca of three quarters of a mile, the limestone has 
locally h e n  contact-metamorphosed, and beds have been ~lectively 
replaced by epidote and more rarely by rmlphidas. The mt of the 
limestone south of the fault shows little effect of igneous intrusion. 
Shale is conspicuous in places in the valley of Wolverine Creek, 
southwest of Wolverine Creek, on the muth side of Crystal Creek, 
and northeast of Castle Rock. Qraywacke is abundant in the hgher 
country near the southern boundary of the district, particularly 
between Sunset and Sunrise Glaciers. 

North of the fault the limestune m a s  are not as well dehed? 
because of relatively much larger amounts of intrusive material and 
bwrtuse more of the bedrock is concealed beneath a cover of later 

*Cappa, I. E., op. tit. (Bull. 7D21, p 96. 



d e m h .  The largest area of the limestone north of the fault Lies 
Between the Thomfam River and the e-rn border of the district 
and south of Gravel Mountain. The formation contains consider- 
able dark shah in the velleys of the upper part of Gorge Creek and 
of the small stream that enbra Sunrise Creek jast above the Thoro- 
fare River. Much of the rest of the limestone of this area and slso 
of tha a r m  on the northern s l o p  of Mount Eielson is contact- 
&orphosed. 

Them also axe scnttered patch= of Limestone north of Copper 
Mountain Bar and Thornfare Pass snd st iU others west of Muldrow 
Glacier, notably near the southwest corner of the district. 

The W a s i c  ( V) peenstone occupies a large area north of Thorn- 
fare Pam and Copper Mountah Bar and inclow the limedone just 
mentioned in that vicinity . 

In addition to the gabbro masses south of Mount Eiebn there are 
severel in the Iimestone areas north of Sunrise Creek and between 
that creek and the edge of the district. Gabbra also appears in the 
Triassic ( 8 )  lavm north of norofare Pass, but it haa not been 
separably mapped. 

The largest rnass of gnmo&orite constitubs most of Mount EieI- 
son i h l f .  This mass is more porphyritic near its west end than 
ekewhere. A large ares of porphyritic grandisrite lies south of 
Thorofare Pass1 much of its wastward extension sooth of Copper 
Mountain Bar is hidden beneath glacial moraine. The granocliorite 
near the confluence of Glacier and Crystal C d  has already been 
mentioned. There remain considerable areas, composed principally 
of the porphyritic facim of the rock, on the west side of Muldrow 
Glacier. 

The thousands of dikes and sills of granodiorite, which are 
apophyses of the larger ma- mentiond or of similar buried masses, 
cut tha older rocks so intricately, and many o f  them are so mall, that 
they have had to be very greatly generalized to be shown on the 
geologic map. 

Tha volcanic rocks of Cantwell age are found principally in three 
arms-north of the middle of the district west of Mtlldrow Glacier, 
in the vicinity of Green Point, and north of the west end of Copper 
Mountain Bar. 

The Tertiary coaI-bearing formation was recognized in four places 
only-in a small valley northwest of Gravel Mountain, at two 10-1- 
ikies near the west end of Thornfare Pass, and on the east bank of 
the Thornfare River just above the mouth of G o r p  Creek It 
probably has a. wider distribution than is indicated, for it was differ- 
entinted only where coal was found in it. 

The Nenana gravel occupies most of 'Shamfare Pass and formo 
the tips of the ~pura that project into Copper Mountain Bar from 



282 I N ~ T I Q I I T I O N B  W K A  W O A D  BELT, 29 31 

the mth. It is probably present locully h e a t h  the du&m of 
the bar. 

A small but inkresting area of gravel is situated jnst north uf the 
pak of Gravel Mountain and gives the mountain its name. This 
gravel q m i e s  hulders as much as 6 inch= in diameter and litho- 
IogicaIly lmb like Nenana gmvel. Although it, is only a few feat 
thick, no ma1 was seen in it, but i t  the foot of the mountain muth 
of the east end of Tlhorofara Pm the lignite beds of the coal-bearing 
formation lie directly on the porphyry. It therefore seems probable 
that this gravel is Nennna gravel and not part of the mI-bearing 
fomatioa 

Pleistocene gl&sl moraine rnattedal is widely distributed over the 
district, but it was mapped only where it formed a cover continuow 
enough or thick enough to prevent mapping the underlying rock with 
reasonable assurance. The lrargest srea mapped lies on the nortb- 
west flank of Monnt Eielson. 

Talus and aliuviml-fan materid was mapped only on the northern 
slopm of Mount Eielson and just to the east across the Thornfare 
River, for Fn these localities it ctlnceab a m s  within the gulphide- 
bearing zone. The largest allu~itll area is that of Copper Mountain 
Bar, but the Thornfare River above the bar proper and Crystal 
Creek b v e  broad alIuvliaI flats. 

The st;ructuml geologJr'of khe Mount Eiehn dietrid ig not in gen- 
eral complex, but some of the structural details are complicatd. 
On plate 23 a mries of six parallel orthographic gtructum sections 
have berm arranged clinogaphically " to represent the structure 04 
the W c t .  The lines of the aections am indicatd on the geologic 
map (pl. 22.). Although all the avtxilable dab were nsed in the con- 
struetion of the sections, they are pneraLieed in part because of the 
limitations of the scale uaed, 

The structural trends are eaaentially parallel or at small angles to 
the trend of the axis of the range {about N. 65" E. in this viciniQ), 
except wbere they are distorted by igneous intrusions 

One of the dominant structural features of this district is the 
normal fault that extends from s point near the mouth of 'Later- 
mittent Creek to the fmt of Sunrise Glacier. The dip of the fault 
pIane is steep, probably dmost vertical, and its strike is about east- 

m By an atthopa* Itrttehm mHon meant *a crdinarl atmcture seWw In wl~lcXI 
the geolm Is reprmentcd on a vert3cal plane alomg the llne of the d o n ,  The m l e  is 
tba urn in aIl alrectlana If the section8 were emnged in the -me manaer m drawn 
t h e  front O m  would bide d l  the mt; tberefate thep have been arranged as in  nu lac- 
metric dlagmm, "clInomph~cnIlg," 0 whlch the we i~ consIdsnd as bJPg elevated A 

certda enml&y amount above the plane of tht ho-n and also moved laterally a m l e  
dtrrtauFe to the right. The dlstanm between the &om fm mrrespandlnglp foreshortened. 



we&. At the head of Intermittant Creek the fault disappears b- 
neath the alluvium, but the ared geologic pattern indicates that it 
a x t a b  at let& as fur as the edge of Muldrow Glacier. The fault 
waa not h m d  beyend the limits of the district at Sunrise Glacier, 
but it undoubhdlg continues farther east. The fact that the sedi- 
menta an the south side of the fault near the eagtern border of the 
district do not show as much steepeming of dip due to drag along 
khe fault plane es the sediments farther weat, 13011th of Mount Eiehn,  
may indicate that the displabement is less near the astern edge and 
that the fault may be dying out, No indication of a homzontkl mm- 
ponaat of movement along the fault plane was observed, and it is 
thorefore 8asumed that the movement wm ~erticnl or nearly go, 
No key horizon was recognid in the Paleozoic limestone formation 
on either aide of the fault, and evidence of horizontal movement 
might not be observed even if such movement had ocmrred. Under 
the m p t i o n  that there has been little or no horizontal movement 
along the fault plane the areal di~tribution of the lithologic unita, 
with the intrusive mass of Mount Eielson lying north of the fault, 
indicates that the downthrown side is the south side, aa is diagram- 
matically shown in figure 35. The ago of tha fault is not known 
except that it is later than the intrusion of the gabbro and grano- 
diorite and therefore later than the deposition of the om. There ie 
a little evidence to indicata that it is older than the Cantweb for no 
volcanic remnants of Cmtwell a p  were found south of fha fault, 
whereas several were found earth of it. If the fault were posh 
Cantwell, some remnants should be pmemed in the a r a  south of 
the fault, which is the downthrown side. 
The sonthem boundary of the small granodiorita area between 

Glacier and Crystal Creeks is B~SQ a fault contact, as h w i h d  by 
the &straight contact, the absence of conbct metamorphism in the 
limestone sonth of the contact, the disturbance of the structural trend 
of the limestone by the intrusion north of the contact and between it 
and the larger fault already described and the absence of such dis- 
tnrbance south of it, snd the presence of fewer dikes and &Us south 
of the contact projected. The fault trends about N. 50" Em and, if 
it is clontinuom as far as the other fault, may intersect that f mlt 
b t w m  the two gsbbro masses aoutb of Mount Eielson. However, 
it muld not be traced that far in the field. It is p k b l e  that the 
amall grandarite maas is part of the Mount Eiehn mass snd has 
hen  f anlted into position as shown in figure 36. 

The average strike of the bastone south of the main fault is 
approximately N. 55" E. and thus makes an mgIe of abut 85" with 
the major fault md is nearly parallel to the minor fault. 'Sbe aver- 
age dip is: probably bstween 20" and 30° SE. h d l y  the attitude is 
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mnch different Steeper dips prevail nenr the main fault, probably 
owing to drag along the fault plane, bnt it baa been pointed oat that 
the stmpening is less pronoun& nenr the eastern border of the area. 
Regional metamorphism rppeara fo have been mom intense in the 
southern part of the district, and near the muthern border schists 

Limestone 

and slam have been locally developed perhaps owing partly to more 
intensive metamorphism and p t ~ t l y  to the p-ce of less competent 
beds in the limestone formation. 

The rmh between the minor a d  the major faults are considerably 
disturbed, but the effct of warping over the nose of the small intro- 
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pxanae 88.-&planatLon of grandforite maae in forb o f  QlacIer and Cr-I C- u8 

part of  the Mount Biellsoa W l r B  cot off by fltnlting. 



mve mss is apparent, aa ia shown by the 4tructum symbo1.s on 
plate 22. 

The two gabbro masses math of Mount Eielson appear to be sills, 
although locally they cut some hds .  It is pssible that they are pa& 
of the same sill. The geneml sill-like nature of &e small grmo- 
Gorite masses js also clear, although there axe Borne dikes, many of 
which trend -ntidy pardel to the strike of the limesrtone. 

North of the major fault the &cture is mom complex than south 
of it, owing h large part to the relatively much larger amounh of 
g~anodiorite which are there intruded into the limestone. 

The strike of the seclimenta immediately north of the main mass 
of gnmodiorib of Mount Eielson is not uniform but is in general 
contdled by the intrusive and m y  average around N. 80" E. 
Farther east, on Bald Mountain and in the valley of Sunrise Creek, 
the average skik~. following the shape of the intrusive, has awung 
around to about N. 65" W. With few exceptions the ~ d i m e n t s  
everywhere dip to the north, and the dips ars steeper close ta the 
graaodiarite. Thu~, in general, the intrusive maw is seen to be of 
the concodant type, but study of the contact across the north h c e  
of Mount Eielson shows that there is a p a t  deal of crowmtting. 
Many of the apophyses in the sedimts in tlhis vicinity are SUE, but 
many are dikes, some of which, particularly some of the larger ones, 
are parallel to the &dm of the sediments which they cut but dip to  
the north at lower angles than the 8edhmtLs. The crude directional 
arrangement may be cuntrolled by s joint system in the sediments. 
The contrast between the dark sediments and the lighe pnodiorite 
dikes when viewed from a distance gives in some places an ~ m m o u s  
imprmion of the ptructure. 
In the eastern part of the district between Sunrise Creek and 

upper Gorge C r d q  there is a gentle anticline. Thb fold was not 
recognized wesf; of the Thorofare River. The large mass of p n a -  
diorite that lies south of Thornfare Pass appears tu~rest prwtieally 
conformably upon the underlying limestone. The isolated grano- 
diorit, area on the divide between upper Gorge C d  and Sunrise 
C m k  is clearly part of the larger mass to the north and has been 
separated from it by erosion. The rock of these two areas is every- 
where either porphyritic or h e  grained and nowhere exhibib the 
plutonic textures common in the main mass of Mount Eielson. In- 
deed, much of the rock has some of the characteristics of lava flows. 
The masa appears to be the remnrtnt of a lire si l l  or lamlith geneti- 
caUy mnngcted with the granodiorite of Mount Eielson and the sills 
and dikes in the sdimenk betwwn the two are believed ta be the 
feeders of the sill. The siU is made up of rocks of greatly different 
texkur89, and many dikes of one type cut rn- of other types. This 



b bezigved to &ow that the materid was intmdd at different times 
md that coocooling conditions df ffer from time to time during the pulsa- 
tory intrusions. However, the concentration of bodies of basic rock 
near the base of the sill sug@ that they m y  be the d t  af frac- 
tional rrgstaIlization and crystal settling from a mass of considemble 
giEe which was probably injected in one of the earlier pdses of the 
intrusion, for the basic, rocks have been mt by later porphyritic 
pnodiorite and in places have been carried up as xenoliths into the 
d l ,  as at  the upper bend of Gorge Creek northeast of Green Dome. 

Blah $23 indicate8 thrrt the thickness of mdimenh separating the 
intrusive mass of Mount Eielsan and the sill is greater at the easkrn 
e d e  of the district than at the cirque at the head of Grant Creek. 
The geologic mag shows that the west end of the Mount 
Eielson mass is prphyritic. These observations snggest that par- 
haps the sill itself branchm from the main intrusion near Muldrow 
Glacier, but this could not be proved because of t h ~  moraine ewer 
in the critical area. 

The top of the sill was o h m d  only at the west foot of Stany 
Dome. Hem the overlying rack is the Trimsic ( 8 )  greenstone, No 
contact between the greenstone and the Paleozoic sediments was ob- 
served, but according to Capps the two are nnconformsble. It does 
not seem unlikely that a plane of uncmformity might control the 
intrusion of a mass such as the one jnst described. If this is the case 
the body cannot be considered s true sill. 

The greenstone north of Thorndare Pass appears to &dm abat 
N. 60" E. and to dip abut 30° NW. The Nenana gravel near the 
northeast corner of the district, on the east side of Thorofare Pass, 
strikes about N. 25" E. and dips abut  15" NW. The coal-baring 
formation near the mouth of Gorge Creek and on the south side of the 
pass drikw N. 80" E. and dips 17" NW. The small area of gravel 
near the top of Gravel Mountain rests on a weathered surface of por- 
phyritic granodiorite. The base of the p v a l  has a northwesterly 
tilt, and projection of the plane of the base of the gravel by eye makes 
it appear fo coincide with the base of the gavel at the foot of the 
mountain. It is possible that the gravel has b n  folded into the pass, 
but the steepness of the mountain north of the pass would necessitab 
a 8hmp fold in the gravel with a deep northern limb. Such a fold 
wss not obsemed, although one may be preaent, but it mms, equally 
possible that a fault of post-Nenana gravel age traverses the pas. 

The Tertiary lavas and tuffs north of Copper Mountain Bar strike 
about N. 50" E. and have a low dip to the northwest, They appear 
to rest nnconformab~y on the obviaml? muell older greemtone. At 

* h u m  8. n., The ToMat-mnmna Jiker redun, A b 8 h :  U.8. -1. Bum Bull 192, 
p. 106" 1m. 
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Green Point, at the west end of Mount Eielson, the obsidian and tufE 
strike N. 30° IV. and dip nbout 60" toward the glacier. 

The structural observations weat of Muldrow Glacier are too few 
fo permif detailed interpretation. The Nemne g m e l  at the north- 
west corner of the district has a northeasterly strike and d ip  at ta low 
angle to the northwest. It lies unconf orrntably on porphyritic gran- 
odiorite which includes masses of wdiments that trend about east. 
The volcanic3 rocks of Cantwell age jjut across Muldrow Glacier 
from the mouth of Crystal Creek lie on the granodiorite which 
appears just north of it, and the several small outliers of volcanic 
m k  south of the main mass and on the granadiorite indicah that 
the southern boundary is a, deposltiox1a1 and not a fault contact. 

Some evidence points to s north-south fault under Muldrow 
Glacier. Topoflaphieally tho northern edge of the range proper 
lies fartbar southwest of the glacier. h general, the geologic pat- 
tam along the strike on opposite sides of the glacier do not match. 
They would match much better if the west side could be moved 
northward about 3 miles. On the other hand, the volcmic mks at 
Gmn Point are similar to some directly we& across the glacier. 
However, if a fault exish it might ba pre-Cantwell. A fault is BUS- 
pected zlnder and parallel ta the glacier, but ita existence is not 
proved, 

The geologic history of the Mount Eielson district beg& in Pale- 
omic time, probably not much earlier nor much later than the Mid- 
dle Devonian. A thick series of mdirnents, predominantly limy, was 
deposited in the Paleozoic sea, and many of the beds show evidence 
of being shallow-water deposits. Sedimentation continued for an 
unknown period, but by Mesozoic time (probably Triassic) sedi- 
mentation had ceased, the rocks had been disturbed by tectonic forces, 
m d  a certain amount of erosion had gone on, for the Triwaic ( 8 )  
lavw lie unconfomably on the oIder Pdeozoic rocks in the upper 
Tokht Basin just east of the Mount Eielson distxict. This is all 
that is lmown of the long span of time between the Middle ( 8 )  
Davonian and the Triasic ( B ) . 

The historical record from Triassic ( 1 )  to Canhell time (Eocene) 
is incompleh, but some of the principal events are hown. After 
the pouring out of the great series of basic Triassic (?)  lavas, and 
perhaps in part contemporaneous with them, a variety of granitic 
rocks were intruded into the Paleozoic sediments and the Triassic 
( 8 )  laws. The rocks of these intrusions range from pixidoifitas to  
granites, but in general h e  basic members of the poup appear to be 
the older. Tbe region during this perid was probably one of tec- 



tonic disturbance, which may have Lsted for a considerable period 
of geologic time, for the granadiorite, the predominant intrusive, is 
of Mesoxoic age and may be as young as C&tamous. It was during 
this igneous cycle that the ore was formed in the district. Moun- 
tain building, normal faulting, and erosion all followed this period 
of intrusion but came before Cantwell time. 

The events of Cantwell time are better recorded in the more wide- 
s p d  CantweU formation than in the volcanic rocks that repre- 
sent Cantwell time in the Mount Eielson district. Capps 39 says : 

An important geologic went that. occurred during the clmlng sh-8 d the 
bdmomic era or at the beginning of the Tertiary period was the uplift of a part 
of the Alaekn Range, probably dong its present axis. Thls movement was the 
flrst ~t a w r k ~  o t  u r n s  that by their comblned movements have given rise to 
the range that now contains the loftie~t pmk on the continent, Monnt McKh- 
ley. To what height the mnge row daring the *st upward movement we do 
not h o w ,  5ut certainly to an elevation high enough to rejuvenate the atreams 
so that they flowed wer 8teep gradients and handled coarse materiah. Tbe 
detrltus thus removed by the etreams at flrst mnsiskd of coarcle gravele, whlch 
were carried to the  flank^ of tbe rnountaina and there deposited RS widespread 
gravel fans of low slope. BEl ercrsion in the monntafns and deposition In the 
Iowhu~ds continued, the etr@em-laid deposits were ,incream until accumulatfom 
several thoasand i e t  thick were forrnerl. Gravel beds nre premnt from tog to 
bottom of this material, the Cantwell formatton, but ltEI upper mrt contains a 
mnch larger progortion oi fhe sandstones and shales and a srmnller proportion 
of gravels tbon the basal part, indicating that eroniw bad already reduced the 
ruggedoms of the mountins from which the material came. The accumulation 
of detrltns h the lowlands a180 decreased the gradient of the streams and ren- 
dered them l e r ~  able to handle coarse gravels. 

After the Cantwell formation had been laid down another uplift of the range 
marred, which Involved not onlg the area prevlonslg uplifted but also the 
basins in which the Cantwell sedimentis were deposited. The Cantwell beds, 
now conaolIdated into flrm conglomeratee, sanddone9, and shales, were u p  
lifted, folded, and faulted and rapidly eroded by the once more steepened 
b h m w .  Great valleys were cue Into them and into the associated older forma- 
ffona. The rngged topograpbg of the mountain belt was again reduced to mod- 
erate dms, and the &reams discharged little coaree materhl. 

Intrusion md extrusion of igneous materials intermpa Cantwell 
sedimentation from time to time. 

During the part of Eocene time subsequent to the eventa just de- 
scribed fine mud, silt, and gravel were illtermittently deposited in 
the broad valleys m d  basins, including parts of the Mount Eielson 
district north of the reduced mnge. Vegetation and orgmic debris 
~mwnulated in the region betwmn the periods of deposition and be- 
came buried and c a m p r e ~ d  by overlying subsequent deposits, and 
the Tertiary coal-bearing formation resulted. 

Then came renewed uplift of the range with correspondingly 
steeper stream gradients, and therefore more and coarser material, 

-C!nppo, 8. R., The Kantlmh~ redon. Alarka : TI.$. Wl, Bumey Bull 687, pp. 71-72, 
1819. 
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the Nmam gravel, was deposited over the coal-bearing formation, 
According ta Capps,& . T 

AT many places the Nenana gravel appears to I Ie  confumbly a m  the 
@-baring formation, bnt at other places the c o a l - W n g  beds wem appar- 
ent& nplltted and eroded before t h y  were cavered by tbe gravel or other 
material, indfcathg that the uplift of the Imthills region pmeeded untqnalb 
In Merent places, acme areas ma-g  q n i m n t  wblle others were behg 
elmated and tilted. * 

After the Nenana grave1 wae depmited the main range and the ioothilla were 
BtLlE further elevated. The mountaha grew both by bodily nplift and by fold- 
ing and faulting, and sll the TertLary beds were more or less deformed. The 
folding, however. waa Ies s  severe than that to which the Cantwell formation 
had been earlier mbjected. and consisted of compression malt tended to narrow 
the b a s h  of coal -br ing  materials into sballow aynclInea Faults trending 
east and west, some of whlch have displaced the coal-bearing beda and the 
Nwana gravel for several hnnwed fer, have been observed, and the develop- 
ment of the foothill, ranges is due to both folding and faulting. At the close 
oi Tertiary the  the Afa8h  Range and its mbstdlarp foothlll rfdgea bad prab 
n b 4  been elevated to approximately their present position, and the agencies 
ot emlm had active4 attacked the yonng mountains and had cut great  valley^ 
in them. The grnvels of the fmthffk and the amdated coal-bearing k d s  had 
also been greatly eroded and had been reduced to rounded and well-drained 
topograpMc forma. Acrws the bard-rock rirlgm that lag athwart their valleys 
the streams had cut deep. narrow canporn, but in htemwlng areas that were 
floored with nnconaolldated TerHary materhle great baains had been 
excavated. 

There is evidence- of at least two great glacial stagesr in the Plsistu- 
cene epoch which affected the north flank of the Alaska Range and 
masequentl y the Mount Eielson district No apparent evidence now 
remains In the didrict of the earlier and more extensive stage. The 
later (Wismneia) stage h isbundankly reprewnted by the h a d  
glacier-cawed valley floors and high-leoel morainal deposits which 
show a much greater advance of ice hngnes fmm the mountaim thm 
that of the present glaciers. Climatic conditions c a d  the Wifi- 
consin glaciers to  retreat to about the @tion of the existing glaeier~, 
and the stream have incised themselves b l o w  the old ice-scoured 
floors snd have built up gravel ban of outwash matarid from the 
melting ice. 

ORE DEPOBmI 

Various accounts of the h i sby  of prospecting in the Mount Eielson 
district differ mrnewhat in detail, but the following outline was ob- 
tained from 0. M. Grant, of Fairbsnb, who has beea familiar with 
the dis t ic t  dm& since its discovery : 

The fir& four claims at Mount Eielson were stsked by J. B. nnd 
Fannie Qaigley in lB0. Later in that year two more claims mem 
- - - 

m Capm a. E., op. dt. (Ball. B l l ) ,  p. 78. 



staked by Biglow and Perry. In August 1921 0. M. Qmt and 
F. B. Jilee located 23 claims, 1 of which was reeoded in the name 
of Mra. Isabel Stanford, and in the =ma year geveral claim were 
staked by Hamy Owen. 
In M a d  1922 Grant & Jiles l e d  Eheir claims to Thomas Aitken, 

and in June 1923 Aitken subleased to the Guggenheim interests, who 
worked the property during that summer. In the meantime John 
Anderson had located nine claims in 1922, and in 1923 W. 6. Shlannon 
relocated Harry Owen's. claim, an which the assessment work had 
not b n  done. t 

In Is5 the property l e a d  to Aitken by Grant & Jiles reverted 
to Grant, who has held most of it since, but many of the present 
claims have different boundaria and different nsmeg from the origi- 
nal onea. In 1929 John Anderson% claims reverted to the public 
domain, and in 1930 Grant transferred several of his own claim to  
Hugh Matheeon. Early in 1931 Grant transferred a half interest 
in all his remaining claims t o  Joe Henderson, of Fairbanks, and in 
the summer of tho s m e  year Ben C l e w  restaked two of J o b  
hderson'a old claims. 
The p m n t  claim holders appear to be Grant & Henderson, Mrs. 

Stanford, Matheson, CIeary, and Shannon. The locations of the 
individual claims, except those of Shannon, whose claim corners 
were not all found, and one claim of Ben CIeaq, which lies outside 
the afea depictad on the diagram, am indicated gs nearly m muld be 
determined in figure 27. 

Very Little development work hss km done in the district. h 
addition to three small adits- on the Jdes claim, one of which was 
driven by Aitken and another by the Guggeeheim interests in 1923, 
there are probably between 200 and 250 small prospect pits and open 
cuts. Bfmy of these are now abandoned and am badly slslumped. 

There has been no production from the Mount Eielsan district. 

-CTEB OF TEB D m  

DEBTRIB-ON ,UlD OEOLOOXC m m  

As a whole the ore depmits may be considered as belonging to the 
replacement type and were farmed by the replacement of originally 
limy beds by members of the apidota group and the sulphides of 
lead, zinc, and copper. Part of the materials came from a stocklike 
mass of ganodiorite that was intruded into the limy be&, and they 
were deposited under chemical and physical, conditions induced by 
the intrusion. 
T h e  deposits are found in a fairly well defined zone hrdering 

the main intrusive mass of Mount Eielsen on the north. The zone 
can be defmitely traced for about 4 milea, frsm B point near the top 



of Bald Mountain wdmard to and beyond the headward cirque of 
Grant Creek. It may continue farther in that direction beneath 
the concealing moraine, but, rts has hen stated in the section on 
structure, there is some possibility that the bedrock knertth the 
moraine on the northwmt flank of Mount Eielson may be larely 
ganodiorite. The zone is cut ofT on the east by the fault south of 
Bald Mountain. The width of the zone at t h e  surface is nat mi- 
form, although its thickness appearw to be evergwhere about 2,000 
feet. The width of the outcrop of the zone, is therefore influenced 
both by topography and by structure. There is evidence of a little 
mineralization on the spur between Glacier and Crystal Creeks and 
alm on the spur between Crystal and Intermittent Creeks, and it 
has hen referred to the granodierite body lying to the south. The 
lomlities at  which this evidence was observed are indicated in 
figure 37. 

Although in general the distribution of the om was cont~ollad by 
distance from the pandiorik,  i t  was in detail affected by the rela- 
tive ease with which various individual beds were replaced, and pos- 
sibly also by other factors, such as joint systems. The evidence 
appears to indicate that the numerous porphyritic dikes and sills 
emanating from the main intrusive body did not affect the lmlization 
of the deposits. 
No key beds were recognized in the rock of the ore mne, and no 

I d s  or mbzanes especially susceptible to replacement by ore minerals 
could be traced, for,more than a few hundred feet, partly k c a w  of 
lack of continuous exposures. The evidence indicates that the ore 
replacement wen in the same bed varied greatly from place to place. 
Although the intrusive appears in general to be of the concordant 
type, still it is discordant in detda at  many places (see pl. 23, par- 
ticularly metions D-D' and E-E'), and t.herefore the bed h contact 
with the granodiorite is not everywhere at  the same horizon, acd 
the zone doearnot everywhere embram the same stratigraphic span. 

The areel geology of part of the ore zone is shown in more detail 
on plate 24 than on the geologic map of the whole district. The 
claim locations are also ~ h o w n  on the plate. 1namch as the dikes 
and d ; l a  that emanate from the granodiorite are to be numbered in 
thousands and range in thickness from a fract.ion of an inch up to 
at least 150 feet, it has been impossible to  map them individually, 
even on the scale of plate 24, which mwt b considered generalized 
80 far BS they am concerned. 

M-MQY 

B m p e  ~ n i w m h . - ~ e  mineralugy of the ores from Mount Eiel- 
son is simple. me only tibundant gangue minerah are mernbrs 
of the epidote p u p ,  m d  of these clinozoisite appears to be the most 



common, although in places either zoisite or epidots may predomi- 
nate. The fine-grained dark greenish-gray clinozoisite aggregates 
a p p r  cherty and wem often mistaken for chart in the field. Quartz 
and white calcite are minor gangue minerals. 

Ore mineda.-Sphalerite, galena, chalcopyrite, malachite, and 
amrite am the ore minerals that were definitely recognized. They 
are listed in the order of decreasing abundance. In addition Davis 
mentions an occurrence of native copper, and M a t  *2  lists tetra- 
hedrite. Pyrite is a common metallic mineral in the district but is 
of no vrrlue. SphaPerih appears to be the earliest of the ore min- 
emh Grslena was depositecl in part contsmporaneously with the 
sphslerite and in part after the sphalerite deposition was complete. 
Chalcopyrite has been observed veining sphalerite and galena, and 
wherever associations of the three minerah were studied the chal- 
copyrite was the latest. Assays show the presence of some silver, 
and microgcopic examination of polished sections reveals minute 
spcks in galena of a mineral which has tentatively h e n  mferred 
to pyrsrgyrite. Some gdena msbybys show very little silver, but some 
of the sphalerite appears to carry considerable. 

The typical ore consists of alternating bands of fine-grained min- 
erais of the epidote group and suIp11ides. I n  most places the sphal- 
erite is fine grained, but the g a l e n ~  in some plnces is coarmly 
crystalline. The widths of the bands are with rare exceptions be- 
tween one sixteenth inch and 1 inch. The h n d s  am defined in bar- 
ren contact rack by slight differences in color or texture of the 
epidote minerals or by thin, dark seams which may be csrbanaceous 
material. Lean ore shows stringem, patches, and isolahd crystals 
of sulphides in  the epidote. Whole bands are replwed to form 
richer ore, and in some p l m  the replacement has hen compIeb 
and only sulphides remain, though even in these the origixial band- 
ing is ordinarily apparent. 

Chalcopyrite cuts amass the bands in little stringers more corn- 
monly than the other mlphides. 

The ore deposits of Mount E iehn  are the result of one phase of a 
large-male replacement p m s s  which affected a zone h u t  2,000 
feet thick in Paleozoic sediments consisting of thin-bedded linestma, 
shale, grrtywacke, and sandstone, when the sediments were intruded 
in Mesozoic (probably Iate Mesozoic) time, by a stock of gmnodiorite. 
The main mass of the intrusion probably never machd within mv- 

U I l a ~ I n ,  J .  A., AnnnaI report of the mine Inrrgeetor t o  the Qovemor of A h b ,  p. 186, 
ioa2. 
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.srd thousand feet of the &ace, for it was capped by a consider- 
abb thicknew of the IimWme formation and also by a. thick leva 
series. The mineral associations dm point to a rather high tempem 
ture of formation. According to L i n d p n  *' the ternprature range 
for deposits of thia type lies between 40Q0 and 600" C. The replace- 
ment zone is cut by a myriad of dikes and sills of porphyritic grm- 
odiorite which have s wide range in size, Many of them may be 
f d e r s  ta a large aill-like me- of porphyritic granadiorite which l i ~  
stratigraphically s b v e  the raplaced zone. The porphyritic pm- 
odiorite sepremnts material given off from the main stack, but the 
replacemant procwes appear to be related to the main intrusive body 
only and not to the dikes and sills in the; zone nor to th8 large over- 
lying siH. T h e  time relation between the apphyas  of the dock and 
the formation of the ore is not certainly hown. 

As the intrusion came into place a vigorous exchange of material 
occurred becrrum af the chemical and physiml diffemnm between 
the intruding and the intruded r o c k  The replacement was deetive, 
however, and practically unchanged limestone h d s  occur within the 
zone. One of the chief processes was the introduction of large qnan- 
tities of slilica, Quartz, however, is a very untlommon gangue min- 
eral. General conditions, such as the abmnce of quartz veins and 
gresl distribution, indicete that the silication premded are deposi- 
tion. Therefore, either the silictlted beds were not those into which 
Che om was later introduced, or some of the ~ilicated h d s  were in 
tnm completely raplaced by other minerals into which the om wlrs 

introduced. Them is some evidenm that many of the b& which are 
at p m n t  siliceous were originaLly siliceous sediments. 

me most widmpraad process of replacement waa that of epidotiza- 
tion--that is, the formation of any member of the epidote group. 
Large ~ o l m e s  of the Limestune have been replaced with the loss of 
CO, and the ~ddition of SiOa and A.I,OI, but the details of bedding 
and stmcturs have been fa i thmy preserved. The epidotiqd rocks 
wem later partly and in places completely replaced by sulphides. In- 
cipient of ore replacement show sphalerite and in pIams also 
galena in sporadic bunches in the epidote rock or, more commonly, 
as thin discontinuous streaks p a d e l  to the bedding. ]Locally the , 
mplacerment of epidote by sulphides continued until an end product 
was formed which consists of an aggregate of sphalerite, galena, and 
chalcopyrite. 
The deposit appears somewhat unusnal becam of the scarcitg or 

'compEete absence of other mmmon contact minerals mch fw garnet 
and nmphibole. - 

'Lindgren, Wkldemm, YInwal dcpdt& 3d ed. p. 783.1BE3, 



The principal objects of the investigation of the Mount Eielson 
distri& were to  determine the type and extent of the ore deposits 
and tn h d  out as much as possible about tbe tenor snd oompmition 
of the ores. Although no attempt is here made to d i m  in detail 
the economic factors that will enter into mining md treatment of 
-the ow of m y  pmible future development, s few general statements 
appear to be warrantad. 

T ~ a t i m . - ~ e r e  is no custom ameIte~ in Alaska, and any 
-ore or mnc8ntrates would have to le shipped to soma smelter outside 
the Territorg, The new road described on page 234 will soon make 
t b  &;strict readily accessible by automobile from McrCinley Park 
Btation. Except in winter the road muId be used by motor trucks or 
t r d r a  to bad ore to the railroad at the station unlem the Ndonal  
Park Servim r&cb its use. The haul coulcl be shortened some- 
what and m e  grades could be cut out by leaving the madway 
at and making greater use of the gravel bars, The mad is 

-being built primarily as a scenic highway and cimbs soma hills for 
the fh views to be had from the summih. Not mech mow falls 
in the mgion, and ore and suppliea could probably be moved at 
mo& t imes daring the winter by tractms and s l d g a  Material 
cah Iw rhaved to or from McKinley Park station by rail during all 
,months. 

C h ~ e - T h e  long, cold wintern are to be .seriously c o d e d ,  
both BB tO their effect on actual mining and trsatment of ora md 
as regads housing and living conditions, though experience ete- 
whem proves that mining can be conducted thronghonk the year 
under even more severe climatic conditions than prevail here. 

L d w  Q7ad wag#-Although there is no labor sapply in the dis- 
hi&, them is a mfficient supply of labor in Alaska which probably 
would be available at the usual Alaska rate of ~bont $3 a day with 
board* 

T i d m  md fwZ.-Them is no timber in the district. The rock 
in which any mining would be done is BO rn&ve, however, thnt 
probably little mine timber would be required. Timber or lumber 
needed for any purpose would either have to be shipped in from 
outside or brought in from the l a m  country to the north or west 
for a distance of at least 20 miles over roadless swampy country. 
Lop cauld be hrtnled much more easily from the country to the 
north in winter- than in summer. Lignite for fuel can be obtained 
in d c i e n t  amounts for mine and mill use from the coal-bearing 
beds in the valley of the upper part of Moose Creek, which lies a 
short; distance north of the district. 



W&.-Moet of the ld dream am so muddy and ham && 
fluctusting flows that they could probably not bs nsed for power 
development. The %ow of Grmt Creek is not great but may be 
d k i e n t  to develop enongh power for ,r asmell mill, at -least in the 
summer. 

-M;tU=ay 

Splaslerite is by far the rn& common ore mimml, and any future 
mine will probbly be q m t d  primarily as a ainc mine, though as 
considerable galena is pr-ftt lead would undankdly be o m  of the 
products. T h e  a m p  given on pages 2f&284 show that the silver con- 
tent of the ores is extremely ~ariable, but slilver is usually p m n t  in 
mvemble  quantity, and local Mas of ore rich in isilver could 
probably b found. 

M c C t y  nm 'a series of tesOs an om from the &unt E i h n  
di8trict that mmrding to 0. M, Grant came from t2le~Jilm o l d  
and summ& his remIts'sa follows: 
Owng .to the Wly dlwmLnated nature of tM lead and she in tb is  are It irr 

impoasltrle to msge high recoveries wtIhont grlndlng the ore so that about 80 
pemnt wIU ptum a m - m h  screen. When m a  to this mesh gmd mveries  
of both lead and dnc may be obtained b j  the proper dotatlve mixture& 

The best rehlulta were obtalned when potaaslum ranthate wne used in an 
alkaline circuit wltb m u m  cyanide, zinc alphate, and steam-distilled pine 
orla ThIa dotntlve mixture glelded r 5174 percent lead concentrate with a 
85.4 pmxnt eatraction and mntalolng 12J0 percent b c ;  and a 49.10 percent 
xInc concentrate with a 17.& permnt extraction and c o n w i n g  33.80 percent 
led. Other tM% showing dightly loner 1md mverles but c0ntahbg only 

. abmt 7.0 percent Klnc mE~ht prove better for pmctlcal pnqmeu Tbia depend9 
an wmomic conditions mch as the distnne from mndter and .nmeJkr rates 
and penaltlea for dlnterent mdee of concentrates. Tbe grade of any of the 
concentrate@, however, could be Improved by treatlng in cleaner doltation cells. 
The dlvet extraction b a ~  ken fonnd to parallel quite cloeely the percent extrac- 
tion of the lead The Wt recovery made was $4.7 percent of the total allre? 
content of the ore. The gFeater part d the chnlcopgrlte 18 recovet'& wlth the 
lead, the teat belng Boated with the dm: concentrate. 

RmmmIea obtained in thLB hbratorg Invmtipatlon won1d warrant COII- 
stmctlm of a pilot mllI, In whlch further metallurgIca1 te&g ~ h o ~ l d  hi 
carried on to pedet e flow sheet. Bnch testhg work would at the mme tIme 
Improve bath m v e r p  and grade of the lead and dnc conrntrates. 

51 the following detailed descriptiom of the individual prmpeda, 
the present clajma, as shown in figure 37, Will be nsed for eon- 
veaience, although it is realized .that the locationa of many are 
temporary, as none are patented or even surveyed. 

*YcCartf, W. J ,  ~Wemmttat WtSm -im& bt a ~ a m p I a  mll*er-1wdalnc om 
(tb& mubdtted to the Alaab Aplcalhml Colltge md sfbool of Yh-, 1BW). 



W B E  J O m  

The Hugh J o b  claim of 0. M. Cfrsnt and Joe Heendem forms 
the northwest comer of the group of claims shorn in figure 87. 

Them has been no development. The claim is in a moraine area, and 
no bedroclt is exposed except in the bed of a m a l l  brook where it 
crasses the northern boundary of the claim. A 10-foot thickness of 
apidote r d l  carrying considerable sphalerite and galena, ia ex- 
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m d .  No chalcopyrite was seen, md the rsphalerite predominates 
over the g a l a  

OBBIITEm 

Grant & Hendemon own the Chrhhnia claim, which lias just south 
of the Hugh John. The claim is developed by two very mall pros- 
pect pits, in the upper one of which ebout d feet of ore-bearing n w  
&rid is s e .  M& of the claim is burid heath moreine. 
The strike of the ore-bearing beds is nearly .yeast-west, and the dip is 
shut vedca1. There appears to  ba very little galena on the Chris- 
tenis, m d  no chalcopyrite was noticed. Sphnlerite is the principal 
metallic mineral, but a little pyrite wm men. An assay of a 
specimen of sphalerite to determine its silver cantant showed no 
copper, no lend, 41.37 percent of zinc, and 0.20 ounce of silver to the 
ton, The principal ganpe minerals sm epidob and &cite. A little 
p a l e - p n  andradite is also present. 

aoVa DW9R 

Them is one small prospect pit on the Soar Dmgb chim, which 
belonp to Hugh Mathesod. A little low-grade zinc ore is exposed. 
The claim lies south of the Christenis, and js likehm mostly covered 
with glaeid moraine. L 

00- 8ASE I 

i 
T h e  Copper Base claim, which forms the southwest corner of the 

group, dm belongs ta EugG Matbeson. Them' are two 
pits on the claim, both of which ma caved so that no rock W ~ B  smn in 
place. . Some good ore ww seen on the dumps of the pits. It con- 
~ista of a banded aggregate of epidote, sphalerite, galena, and pyrite. 
There sppeara to be relatively more pyrite and galena hero than in 
most other places, 

a m o m  

The $nowdrift claim extends acrms Grant Creek just below the 
mouth of the canyon, where the creek leaves the mountain proper 
and flows acnwa the bench above Copper Mountgin Bar. Grant 
Cabin is on thk claim, most of which is covered with fan material 
from the mountain. There are showings of ore near the southern 
boundary of the claim in the creek bank md alm near the southwest 
corner as revealed by small prospect pits. The c l~ im is owned by 
Grant end Renderson. The pit in the creek bank exposes epidotized 
sediments with a little pyrite, chalcopyrite, and sphalerite. 

T h e  Virginia claim abnts the Hugh John on the east and lies just 
sonth of the Snowdrift. It includes the mouth of Grant Creek and 



a podion af the canyon. In addition k~ the exceuent, exposma in 
the m y o n  the dah is developed by Z prospect pits and 2 m a l l  
adits, 2.0 and 10 feet long, This is one of the claims of Gtrant 6t Hen- 
derson. The ore shows the usual epidote-sulphide amciation, and 
the original M d h g  is well preserved in most places. Vein qnarh 
is rare at Mount Eiehn,  but a little wg8 seen here. 

l%e sediments Lie nearly horizontal jn the canyon on this claim 
and are cut by large numbers of the ganodiorite dikes. Sills are not 
very common at this particulsr locality. Many of the beds do not 
appear tn be much changed by rep2acement. The dikes carry xeno- 
liths of the diments at  least 10 feet in diamehr, most of which are 
altered to  ore. 

MineraI'iation has meulled especially at three pl- on the 
.claim--(I) on the sest side of the creek xtenr the southern boundmy 
of tha &, (9) on the east side of the creek near the middle of the 
chim, and (8) & the mouth of the canyon on the west side. At the 
first Iomlity a ~tratigraphic thickness of 12 feet of ore i~ expoised for 
a horizontal distance of 30 feet. An asmy of a chip sample shows 
0.90 ounce of silver to the ton, and 0.14 percent of copper, 3.50 per- 
cent of lead, and 3.99 percent of zinc. Both the top and the bottom 
of this bed sre concealed, but &ginning about 40 feet above the top 
of the exposed prsrt three other bands of ore crop out, each about 2 
feet thick. 

At the mend locality an ore mne ahtat 3 feet thick W e r s  a 
pmodiorite dike and cuts across the bedding. Thia ie practically 
the only erosscnttingore body fiat wasobserved inthe district. The 
e m u r n  at the third locality indicah weak mineralization. 

The Denver claim a h  inclndes part of the Grant Creek Canyon. 
It lies wuth of the Virginia and esst of the Christenia, It ia devel- 
aped by about hdf a dozen smal! prospect pits and open cob, in ad- 
dition to which them are many excellent exposures in the canyon 
walls. The Denver belongs to the Grant tk Henderson p u p  

The strike of the sediments across Grant Creek an the Dmwr is 
N, 85" E, and the dip is 5 5 O  N. The dip flatkens quickly downham,  
so that on the Virginia the I d s  are nearly horizonht, The be& are 
IocslIy mrnpled in this vicinity. 

An ore-bearing bed at hast 10 feet thick and having the attitude 
givm in the preceding paragraph is well exposed on the west side 
of the creek near the middle of the claim. What is apparently the 
same bed may he trawl  up the east bank to a point about 500 feet 
away horizontally. It is passible that this is the same b d  that 
apwarsr at locality 1 on the Virginia claim, Some good ore ~hows 



in the ?m3 of Gent, Creek near the Virginia line. The Denver ore 
is of usual type but locally appeefs to csmy mom chdcopyrite 
than the ore from many other localities. Lacally cha1opyrite has 
westhered to malachite and azurite. An assay of a chip sample from 
the open cuts on the west side of the m k  shows 6.00 ounces of silver 
to the ton, 0.10 percent of copper, 10.45 perwnt of lead, and 16228 
percent of zinc for a 10-foot thickness at  that place. 

Grant & Henderson's Marjorie claEm lies south of the Denver snd 
east of the Soar Dough, Them is one mall open cut to bedrock on 
the east side #f Grmt C m k  about 100 feet above the stream level, in 
which em exposed epidot* sediments carrying sphderrita md 
porphyritic gmncdiorite. Townsend a mentions an outcrop on the 
west side of Grsnt Creek on what was then the Caribou cleirn and 
which now must lie on the Merjorie or on the Denver claim. One 
assay from a &foot cut showed 0.03 ounce of gold ta the ton, 0.3 
percent of -per, 1.5 percent of lead, and 2.66 pemnt of z h c ;  and 
another assay from a 10-foot width, 0.03 onnm of gold and 0.6 o m  
of silver to the ton, 2.3 percent of copper, 3.5 percent of lead, and 
'1.0 percant of zinc. 

X&THEIBOP 

Hugh Matheson owns the Matheson elaim, which liw muth of the 
Marjorie. A mall prospect pit beside the ere& exposw a h t  10 
feet of epidotieed rock which strikes N. 85" E. and dips 75" N. md 
which is irnpmgnated with some aphalerite. b y  returns show 
0.8 ounce of silver to the ton, no copper, no lead, and 221 percent of 
zinc. 

Q*EBIE 

The Carrie claim of Grmt & Henderson ahts against the Denver 
on the asst. The development consish of half a dozen small pits 
and apen cub along the crast of the blufl in the southern part of the 
claim. The sediments that form the country rock are crumpled in 
plma but in general display a low dip to the south. There are many 
granodiorita .dikes and sih.  Exposum are tm, poor b I d e t a h e  
the areal e h t  of the ow-bearing beds, but some high-grade ore mmy 
be seen in some of the prospect openine Sphalerite hJeems to be 
morn plentiful than galena. Eo chalmpyrite was observed on this 
claim. 

XmImBBEk 

Grant & Handeraon o m  the T e n n h  claim, which lies mu& of 
the Carrie and east of the Marjorie, It iis developed by half dozen 

*Towwmd. B a y ,  nnpnbUabed data in the fflta of the AlasLan branch of the U.B. 
amL Burvey. 



its aad opan cuts, two of which are near the east end; dose to the 
film eLaim, and the rest are above the openings on the Curie. The 
pits tshow mnaidersble fair ore of the usual type. No sbructural 
o k a t i o n a  could be made. 

ammu 

The &mgia claim, which lies enst of the Matbeson and muth of 
the T m m ,  is also owned by Grant & Headerson, It is developed 
by three open cuts and two prospect pits, There are some god 
expmres near the arest end of the claim, but much of the rest of it 
is with Mw. The sediments near the common corner of 
the Matheson, Marjorie, Tennessee,~ and Georgia chime strike 
N. 80" E. and dip 60" N. A few hundred feat east, near the dis- 
c o v e ~ p o s t  of tho Georgia, the strike is N. 70" W. and the dip is 
very steep to the north or vertical. 

Considerable mineralization has m m d  dong the common 
boundary of the Matheson and tha Georgia. Hem there appears 
to be but little @ens. One grab sample assayed 0.8 ounce of 
siIvnr to  the ton, 0.57 pemnt of copper, 0.11 percent of laad, end 
21.0 percent of zinc. The open cuts near the discovery post expose 
ore-bearing beds for about 160 feet along the strike and 40 fwt 
a c m  it. A composite chip sample from theae cuts, estimated to be 
average for the band e x p a ,  shows 0.02 ounce of gold and 2 ounces 
of silver to the Iton, 0.22 percent of copper, 2.33 percent of lead, and 
6.46 percent of zinc. Another band of ore Ie expo4 for about 150 
feet near the southwest corner of the claim. This band is about 
10 feet wide, md the ore is similar to that from the &-foot band. 

The talus slopes below the visible ore-bearing bands contain ore 
minera ls  in mnspiwoua amounts. There are undoubtedly other ore 
zona that are covered. A particularly rich part of the dope, with 
an zrms of at least 120,000 square feet, was roughly sampled by 
hking,many grab samples, and the cornpita wdt &owed 1.50 
omces of silver to the ton, 0.52 percent of copper, 6;M percent of 
lead, and 12.28 percent of zinc. 

ImmT 

The Kelly claim of Grant & Haderaon lies south of the 
Th only metallic mineral that was observed was a Lit& chaImppite, 
partly wwthered to malachite, from the one ~ r n d  psospect pit. 

The Jilw cIdtn Iies east of the Georgia ~ n d  sonth of the east end 
of the Tmwma. It has been developed by eight pita and open 
cub and thm am11 adits, two of which are about 100 feet long and 



#he third about 70 feet long. About half of the claim, .the eW a d ,  
lies on the piedmont s lap txbove the %ref are River ; the 0th h a  
is on the lower dopes uf the mowntrrin. The development is mnhd 
to the western half. The three adits and some of the surfam work- 
ings are in the small gulch wuth of then southe& comer of tha 
Tern- ; the rest are in or near the gully near the northwest oor- 
ner of the claim. The two lower adih were inaccessible, but in the 
upper one n d h g  WM obmmed that could not be better men on the 
surface, in tha gulch jwt above. 

The usual type of geology is represented, altered sediments and 
many- dikes and sills of porphyritic granodiorite. A 18f& thick- 
n w  of sulpbide-bering mterid is e x p o d  near the northwe& cor- 
ner of -thg d k .  The skrike h m  is about N. 1 6 O  E., and the dip k 
WW. An assay of s chip sample ibmm the face reveals 0.6 ounce 

of isilver to the tan, 0.16 percent of copper, 4.78 peroant of lead, and 
l3.B parcat of zinc. SuIphids-haring materid can be traced con- 
tinuody by Baa& an9 by ontcrop from this pit t o  the prospect8 in 
the gulch where the adits are driven. A 12-foot face above the upper 
tunnel m s  roughly sampled and showed 9.4 onnces of ailver to the 
ton, 0.12 -nE of copper, 853 percent of had, and 14.49 percent 
of zinc. The band hem exposed may be 40 feet wide. Other min- 
eralized beds occur f&her down the gulch. Soma high-grade galena 
ore Bw on the dump of the middle tunnel, and Grant reports that it 
came from an 8-fwt lkd, A grab m p I e  a=yed 8.70 ounw of 
silver b the h, 62.11 percent of lead, and 7.35 percent of zinc. A 
comp&te ample of rt rich tdw slope on the Jiles assayed 0.01 ounce 
of gold and 3.80 ouncea of silver to the ton, 8.89 percent of lead, and 
10.82 percent of zinc. The area of the slope is at least 100,000 sguam 
feeL 

I%OsEL 

The Xsobel ctajm is east of the Kelly and muth of the Jiies. It 
is d e d o p d  by m&al small prospect pits md bel- to  Mrs. b o b 1  
Strmfod The only evidence of minerahation observed was on the 
north side of Granite Creek. There is much intrash material in 
this vicinity. The d e n t s  strike M. 2E0 W. md dip 80° SW., but 
this attitude b not certain for any but a very msU area. m a  min- 
e m h ~ o n  ww weak, m d  garnet and vein qaartz me p m t  in ad- 
dition ta the ordinary apidote and sulphide replacement dqmita. 
Charlcopyrita is the most abundant lsulphide at this outcrop. 

No evidence of mineralization was observed on the MwIrsmie 
claim ~f Hugh Mathon. The entire elaim ie on the slope that bor- 



d i m  the north and northwest barn of Mount ~ i e l b n .  A lime pyrite 
aad chalcopyrite were observed in the creek bank in ahred sedi- 
ments in intimate smmiation with hegrsined granodiorite and 
porphyritic pnodiorite, in the area between the northeast line of 
the Isobi and the south line of the Mackenzie. 

The Mary claim a h  belongs to Xagh bXathmon. It fiei east of 
the M h k e n e i ~  and is developed by two smdl prospect pita. The 
only showings are along the small tributary to the Thorofare River 
that enters the river east of Granite Cmk. At one pit the strike is 
N. 76" E. mnd the dip ia about h0 N. The epidotbed sediments 
car r~ f  qhdsrite, galena, and chrlcopyrib. Chip samplm of an $-foot 
face showed 0.3 ounce of silver to tha ton, 02 p e m t  of copper, 
md 2.81- p-nt of zinc, In the other pit there ie comidmble coppr 
stain. 

The Highlander is m e  of the claim of Hugh Math- It lies 
east of the Mary. Them am few outcrops on the daim, but an 
gxmht section is expsed along the Bast line of the claim in the 
cliff along the west side of the Thorofare River, and it, is dong thisr 
cliff thst the development work, which consjsts of a d l  open cut, 
h ban done. 

The aecfion mmak altered 8nd in places unaltered d h ~ n t a ,  
which in genere1 strib ~baut N. ?ti0 W, and dip M0 N., and many 
dls of porphyritic grmcdiorita. A few strike faults with displace- 
menta rpparently h . smal l  to map were nlm dwxvsd here. A bed 
about -80 feet thick, carrying dphides throughout, mops out near 
the middle of the east line. Half of this thickness is richer than the 
r& and a chip sample of it m p d  0.01 ounm of gold and 1.50 
ounm of d v e r  to the ton, 0.83 percent of copper, 2.88 percent of 
lead, and 6.57 percent of zinc. The ore is of the, usual type. S e v d  
more &ringers of ore were seen btween this locality and the north 
boundary of the alaim, and boulders of high-grade om appear in the 
dide rock aIong the river near the h e  between the Righlsnder and 
the Clertry claim. 

The Clearg claim, which lies muth of the Highlander, belonga to 
Betl Cleasry. It is devebped by one mall pmpect pit along the 
river near the m b r  of the, erst line of the claim. The geologg is 
typial of the district. The sediments strike about N. TO0 E. and 
dip 40" N. The mineralized bed is about 5 feet thick, the richest 2 
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feet of which msayed 0.01 ounce of gold and 16.8 ounm of dm 
to the ton, 0.78 peat of cqper, 4.22 percent of led, a d  20.16 
percent of eina There appeam to be some faulting at this l d i t y .  

The discovery post on the Highway claim of Ben Clemy is on the 
narthwast ridge of Bald Mountain, at an elevation of about 4,WO 
faef. The d a b  is developed by two mull prospect pita. Sphslerib 
is the only ore mineral that was recognkd. 

O T m m  Lo- 

Sdphide minerals were observed at many placm in the Mount 
Eielaon .district other than the Imalitia just dwribed. In all these 
pIa- the ge~logg and the mineralization conform to the 4gpe ordi- 
narily found in the district. It sesme to be werally lrus that 
chdcopyrite is more common near t he  main intrusive than it is s 
few hundred feet away, whem lead and zinc predominate, and also 
that the chalcopyrite minemhtion d m  not seem to ham k e n  so 
intimaay corrkmlled by original bedding ss that of the other a d -  
phide minerals. 

Other localities where evidence of mineralization was partimln~Iy 
noticed are near the northwest baaa of Bald Mountain along and 
above tho  & side of the Thorofnm River, in the m f  pendants 
b low the east peak of Mount Eielson and in the area of aedimente 
between thew pendsnt~ and the piedmont dope to the north, in the 
sedimentary area mathwest of the muthwest corner of the Copper 
Baa claim, on the noses between Intermittent and Crystal Greeks 
and between Crystal and Glacier C M s ,  on the west &da of Mddmw 
Glacier along the muth side of the valley lying north of the mom- 
kin ompcmd principalIy of Tertiary volcanic rocb, in the sedi- 
men* rocha slmg the west Bide of Muldmw Glacier just south of 
the most northerly emall lake, and at several localities west of the 
mapped ma. 

SUMMARY AND RECOMMENDAZONB 

The om deplaeite of the Mount Eielsan district hava been famed 
by the mlective replacement of thin-bedded limedone and cdmreaua 
shale by minerals of the epidote p u p ,  pyrite, chalcopyrita, 
sphderite, galene, and other minerals. T h e  main om-bearing mne 
exhibite a dehite  relationship Ito the grandiorite maw of Momt 
Eielson. A large part of the zone has been d e b b e d  in detail by 
referen- to the nnpatented claims that cover mod of the better 
ehawingw 



Vglfg little development work has been done in the district, md 
PB much of the potentilly Palumble ground lies beneath a mver of 
postminerel deposits, the most urgent need is for much mare sp- 
m a t i c  prospecting. Tha p r m t  n a t n d  exposares and prospect 
pita indicate a mserva of many hundreds of thousands of tons 02 
zinc and lead W n g  material, which, from the indications of the 
few m y s ,  should carry at least 10 percent total sulphidas. Silver 
would no doubt be recovered from any ore mined at Mount E i e h ,  
but the aasaya show that the silver content of the o m  is in general 
low and spotted. me silver content d m  not seem to bear any very 
dehite relation to the lead conhut, and, although some of the dver 
nndouWy occnrs in the galena, either in d i d  solution or as inclu- 
sions of definite mineral species, some of it is probably in associatian 
wth sphalerite. It iis p i b h  that copper would also be recovered, 
but it would be a very subordinate product. 

The mining cunditions at Mount Eiehn are generally good, 
a p w i d y  for a large-=ale operation. Most of the are zone cudd be 
developed to a depth of several hundred feet by a tunnel. The rock 
md ore are massiva and wouId require little timbering. The hdi- 
vidnal ore bodies are larjp enough to Iend themselves to some caving 
method of mining. Same of the conditions, however, are not favor- 
able. There is no timber in the district. Sdcient d could pmba- 
bTQ be mined a few miles to the north, but it would have to be tram- 
ported to  %unt Eielson in winter over frozen ground nalea: a rod 
was built. It is poseible that Gntat Creek could be developed on a 
small a l e  for power. The winter sewn is long and cold, but 
ciperatiom could no doubt be carried on all the gear round. 

The are would probably be concentrated in B d l  at Mount 
E i h .  Ita mineralogy is simple, end galens, sphalerite, and 
chalaopyrita could be separated. 

Transporkation af ooncentrates wad8 be one of the greatest prob 
Eems in any mining venture in the district. The conoentrab could 
be trucked anring the summer over the park highway ta McKinley 
Pwk station. Perhaps a cheaper way would be to haul them by 
tm&r in winter, either through the same passea that the road 
follows but by s shorter route making greatar use of W a r n  bars, 
ar by a longer but not m hilly route down Stony C m k  to the low 
country and thaw east ta Kobe. The cmt af this part of the 
journey would be nearly negligible as compared with the cost of 
shipment to Seward by the Alaska Railroad according to  the present 
quoted rate of $1.63 per 100 pounds of lead oonclentmb for a 50,000- 
pound minimum shipment from McKinley Park gtstion to Sewnrd 
and $1,22 for corresponding zinc concentrates. From Seward lend 
concentrates would probably go to  Selby, copper to  Tacoma, and 
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zinc to Trail, British Glumbia, ,or m a  more d&mt mdter 
equipped to handle mdh concentrates. 

It seems doubtful that s successful mining enhrprisa could be 
carried on at Momt Eiehn under the exkting prices of metab and 
the advem traasporbtion conditions, However, the cost fadon 
am'mmy and variable, and as a krge me reserve a& at Mount 
Eiehn it is entirely ~ i b l e  that with changed conditions profitable 
operations codd be instituhd there, 
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