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FOREWORD 

"Geology of the Eastern Part of the Alaslia Rauge and Adjacent Areas," by 
Fred H. hiomt, presents a carefully considered summary of many yeam of geologic 
investigatian in this pwt of Alaska by the geolo$ist mmt eminently qualified tn 
do RO. 

Mr. Moat's Brst work In Alaskh for the Federal Gt~logieal Survey was in 1W3, 
and with the exception of two brief interr7nls (1917-18; 1033) field work in 
Alaska was continuous each season until 1944. 

Compulsory retirement nge was reached in April of 1944, but a special tempo- 
rnry appointment was  ranted to enable him to complete some important work 
on hand, and he did not retire from artire serrim untjl January 1, 1945. 

After retiring, Mr. Momt continued work on this mnnuscript and herein pre- 
sents an integrated and Jnformatire discussion of the geology of this Interesting 
and important section of Alastta. Hrrc he  has gooled the information gleaned 
from mnny years of 8cld invcstigntinns and drawn together hia rast 1tnowl.dge 
of this area, whlch heretofore nppenred in many Bnrvey bullctlns and separate 
chapters In the bulletins on the mineral resources of Alaska. 
One n e ~ d s  only a few minutes' study of the pamphlet "Publications of the 

Gmlogfcal Surv~y" to apprecinte tbe scope of the  foundation for this mport, and 
Alture &tudenta of thh arw will bc ever gsntcfuI for the tlme ant1 cffart which 
Mr. Momt put Into the PreparntSon of this Imwrtant contributio~l to the knowl- 
rdw tb the gwlogy of Alaska. 





A CONTRIBUTION TO ALASKAN GEOLOGY 

GEOLOGY OF THE EASTERN PART OF THE ALASKA. 
RANGE AND ADJACENT AREA 

ABSTRACT 

This paper describm the geology of n part of the Alaska Range, extending 
from the IEelta River to the intcrnntional boundary between Alaska and hnadn, 
nnd of an ~dditionnl nrpn t l ~ o t  Snclndes pnrt of tlie Wrangell Mollntainq and the 
upper Copp?r R l v ~ r  vatleg. 

The Alaska Ilange la one uf the ynnngmt yet one of the most o~~htandtlig 
phyaiographlc fpat~tres of the Trrritory. It i n c l ~ ~ d ~ s  Mount McKinley, the 
highest peak of the North American continent, n11d many nther peaks of excep 
tltmal height and i s  noteworthy for tllc rugfiedness of its outlines, its many 
snow-cappcd summits, and Its numerous glriciers, the sources of  many glacial 
streams. Eastward from Mount McTZinley the range hecomes lower and less 
rugged and finally loses I ts Idt%lily as n slrurturnl feature or merges with the 
h a a t  Range mount~i~is  north of Mount St. EIias. The Alagka Range and the 
Wrangell Mountains are comymrahle In Ixe, both dpveloped largelg in Tertiary 
time. The Alaska Hange owes its height and length to folding, faulting, and. 
elevatloo of the  Innd ; but the mounhins o f  the Wrnngell group are due to the 
~ I l t n g  up of lnvas and tuft kds .  The forlna of both mountain systems were 
mucii modified by the prosion of streams and glarial ice. 

The rocks are wrtly sedi~tlentnry and partly igneous In origln, ranging In age 
from pre-Garnb&n to Iiemnt and in clcgwe of metamorphism from schist or 
gneiss to unaltered mck. The oldest and most higi~ly altered rocks, derived 
ehlefly from siliceous and nr~illnceous sdimentary b ~ d x  intruded by granitic 
bodies, occur on the north side Of  the Alaska IUinge and are correlated tenta- 
tively with the Birch C m k  achist (pre-Cambrian) of the Yukon and Tannna 
River valleys. The oldest llwleozoic rocks are the Middle and Upper Devonian 
sequence of tbe T ~ t l i n  and Chisanti arms, ~vhicli include conspicuourr Limestone 
uniB and locally nre interbedded with Iavn flotvs. Rocks of early Cnrhoniferous 
age are lava flows and sedimentary beda that are dominantly arglllceoua but 
locally calcareous and contain one or more massive limestones. These mcks, 
nblch include the Cliisna formation, have been referred to the early Carbonii- 
eroua or possibly the Devonian, bnt the assignment is not certain. The Devon- 
ian rocks are restricted to the Nutnotin Mountains area, where they are nsso- 
plated with Permian rocks that consist dominantly of lava flaws and caIcar~ous 
tuffs but include a large amount of fasslliferoua limestone and snbordinnte shale. 

Upper Triassic limestone nnd shale were deposited unconformnbly on the older 
rocks m d  in turn were elevated above the sea, folded, and partly eroded la early 
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Jurawie(7) time. Then a great thicknes~ oaf IJpper Jurassic and Lower Ci+ 
taceous marine deposits, povsihly separated from encl~ other lly mi mconformity, 
was deposited on the rema11w of l11e Upper Triassic and O I ~ R F  ~ O C ~ S .  The vol- 
canism that characterized the Permian apparently continued into early Meso- 
zoic time. More imporhnt in many ways was the intrusion of great bodies 
of granitic and dloritlc rack t h a t  nccomlmled the mountnin-building disturb- 
ftncecl of the Late RIeaozoic time and continued h t o  the Tertiary. The rocks 
degmited in Late Jurasdc and Early Cretaceous time, consisting largely of 
thin-bedded shnle and argilllte or saildstone with important conglomerate mem- 
bers, were folded and eroded in Late Cretaceous time and overldd Iwarly by 
Upper Cretaceous terrlgenuus deposits. 

Throughout Cenozoic time moat of Alaska, with the exception of mme coastal 
areaa, hnsr stood above the l e ~ e l  of the sea nnd has been aubjwted to continuous 
snbnerhl erosion. In the late mcene, mountain-building forces elevated the 
Alaska Range. At a b u t  the anme time were Inid down fresh-water gravels, 
gands, rtnd peat beda, which bwame the coal measures, and shortly thereafter, 
atW In the Teraarg, a renewed uplift of the range brought about the deposition 
of other thick fresh-water pedimen-the Nenann gravel. Chncurrently with 
the laying down of tho coal measures, the outpurlng of the Wrangell l a ~ a  
began. Tertiary history was ended with climntic chnnges that resulted in the 
development of Pleistocene glaciers, whIeh left deposits of morainnl mnterial 
and outwash gravels and plnyM an Importnnt part in shaping the tqmgraphg 
of the Alaaka Range m d  the Wrang~ll  AIountatns ns they are todny. At the 
helght af glaciation the entire Copper Riwr  t~asin was filled with ice to n depth 
of many hundreds of feet. TIIE north side of the Alnslrn Range, however, WBH 

1~sa favorably situated for the accnmulation of icc and 8hows relatively little 
glaelation. The glaciura of the preaent day swm t o  h e  in retreat. 

Aletallic minernls associated with the late Mcsozoic and early Tertiary granitic 
intmsions are those d gold, copper, antimony, and molybdenum. Most of the 
gold production haa come from the placer mines of thc Chistochina dilistrict, 
where gold valrsed a t  nearly $%,000,000 has been derivwl largely frum the gravrls 
of Slate Creek and MilIcr Gulch, and from a lode dcgosll exploited as t h e  Nnbesna 
Gold mine* from which gold valued Iry the managctmcnt at  $1,869,376 had been 
produced when the mine wns closed in 1940. No lnctnls other than gold have 
been produced in the eaatern AIrtska Iifinge, though known low-grade proapwt~ 
may be of future commercial vnlne, 

INTRODUCTION 

This paper describes the gwlom of the Alaska Range from the 
Delta Eiver to the international boundary, which sepa,rates the Terri- 
tory of Alaska from the Yukon Territory of Canada. It also de- 
scribes some adjment area, most of which is in the northern part of 
tne valley of the Copper River (fig. 18). 

The AIaslza Rnnge is a lnnjar physiographic feature of the Terri- 
tory of Alaska. It is noteworthy becnuse of its great reIief, as it in- 
cludes many lofty mountains, nmonp thein Mount McKinley, the 
highest peak of the NortJ~ American Continent. The Range is aIso 
import~nt geologically, as it includes many geologic formations of 
widely differing ages and presenh interesting problems in stratig- 
raphy, structure, and geologic history, many of which are not pt 
sold .  
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PICURR 18.-Index map of Alaskn rhowing loc~~tioa of the  elatetern Alnska Rango 
nntl nrl jar~nt area described in ttlis pnper. 

QEOLOGIC ASD TOPOGRAPHIC SURVEYS 

The rnen who mnde the e ~ ~ r l > -  esplnrntio~~s in the eastern p ~ r t  of 
tlia Ala~lia Bt~nge contrihutcd more to k11ow1ecl.g~. of the p,opl~phy 
of the region than to its geology. They were nf n~cewit,y occrlpied 
with the dificulties of tr:tcel, $1-hich l ~ f t  lil.tle t,jinc in the sI~ort miId 
season for geologic observation of m e n  thrill the obvioas fenturcs. 
Their contribrttion was essentially geogrnphic, gct; they laid n foandn- 
tion for the work of lratcr geologists. 

The first known white marl to cro* the: eastern Aln~kn Itnnpe was 
Lieut. H. T. AIlen, -\rho Xrnvrrsarl t lw ~nounlrrins from SasFota Lake 
to Tetlin 'Z~flke and the T a ~ l n n n  Rivcr ill '1885. This wns a journey, 
undertaken for the 7T3r D ~ p a ~ t ~ l i e ~ l t ,  rro~n Prince Tt'illinm Sound 
to St. Michael by Ira?- of t l i ~  Copper, Tnnnnn, Yulron, nnd Koyukuk 
Rivers-a journey that is outstancling in tlie history of Alaslcttn travel. 
Six years later (1891) Lient. Frederick Sc l~t~ntka and C. IV. Hayes 
ascended the White River rind cros~ed Skolni Pnss to the Copper 
River drainage basin, taking a route nrorrnd or nc ros  the southeast 
end of the range. In 1898, and again in lR9'3,1IT. J. Peters and A. R. 
Brooks visited the eastern pwrt of the Alnska Ra11ge. Both expedi- 
tions were sponsored wl~olly by tlie C. S. Gcological Sumey. In the 
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first year they descended t.he Tanann River, thus skirting the north- 
east side of the range, and in the second they crosed the passes at 
the head of the White and Kabesna Riven and descended the latter 
stream, tlius clwssing the range by a mute to the soutllenst of that used 
by Allen. Only a few weeks Enter Oscar Rohn mnde his may from 
the Chitino, vdley by the S i z i n ~  and Cbisnn~ Glnciers to the head of 
the Chisana River, and thence across Cooper Pass and up the valley 
of either Jnck or Pl~tirlr~m Creek to tlie Copper River side of the 
Trangcll3fonntains. In the same year that Petem and Brooks made 
their first cxpeclition (1898), W. C. hlt?ndenl~all, who wna attached 
as geologist to the military expedition under tha command of Capt. 
E. F. Glenn, nTentA from the head of Cook Inlet by wny of the Jlata- 
nnska valley, l ~ e  Copper River basin, and tho pass of tfrr Deltn River, 
to a point between 15 nnd 20 miles south of the Tannrllt River. This 
point, on the north sido of the Alaska Range and north of Donnelly 
Dome on the Richardson highway, is the place whore the mnin body 
of the expedition turned back ktause of the lateness of the senson and 
the shortage- of supplies, Thus Blendenhall had crossed the rnr~ge 
although he did not, read1 the liver. 

A more thorough nnd systemic sttidy of tho geology of tho region 
wns begnn by the U. S. Gcolopirnl Enrvey in 1902. In that yenr &Eon- 
delihall and F. C. Sclirndet. ~rlnde reconnaissance geologic nlrveys on 
the south side of the range b e i ~ ~ m n  the Gulkan~ and C h i s a n ~  Rivers. 
This mas followed in 1908 by .n similar survey between the Wnbesnn 
nnd White Rivers, mark by A(1otph Rnopf, S. R. Capps, t~nd the 
writer. The area htwecn ttha Chistochina and Xhlta Rircrs ma4 vis- 
ited by the writer and B. L. Jobnson in 1010, rind a t  tlie same time the, 
geology of the north side of the mnge west of tlla Delta River urns 
rnrrpped by Cupps. In 1014 the stnrnptle of tnin~rs to thc newly 
discovered gold placers of Hoiln~~zn Crcsrlt in the Chisana. (,Shusl~nnns) 
district made it desirable to stl~cZy the nlra htmeen the Chisnna and 
Whih Rivers more tho~ongl~lg. Thia work mas done by Capps and 
f urnisl~es rn11d1 important r n ~ i t ~ r i n l  that hns k n  tlsed in this reyo& 
13eginning in 105'9 the xrrj  ter, assisted by H. R. Joesting (10341, R. G. 
M7nyland (1940), and R E. Van Alstine (l942), spent some portion 
of 12 field seasons in geologic in%-esti~vtions in ilic part of the Alaska 
R a n p  betwem the Delta River nnd tho int~t-ndional bound~ry be- 
tween Alaska and Cnnarlx. In 19@ nnrlcl 1944, Van Alstine and R. F. 
Black made additional observations along the AInska Highway. 

The titles of tho principal papers result,jng from th~sc,  investi-a- 
tions am starred in the bibliography given at,'the end of this report. 
Most of the geologic informntion coI1~cted in the courst? of the later 
field work i s  told in these pnpers in greater detail thnn is possible 
here, especially that relnting to mining operrttions. Additional mate- 



rial containing references to the region is nlso listed there, and credit 
is giwn their authors where they n1-e cited. 

Most of the men so far mentioned were geologists whom primary 
purpose was to collect infornletion relating to the geology of tho areas 
theF risitd. The representation of this infomation required the i ~ s e  
of topogrnphic maps whic11 were provicl~tl by the topogrnphera with 
whom the geologists \\-ere associ rited in rnost of the cnrl ier field work or 
WELO made inclependpnt. surveys in later penm. Tlicse maps serve two 
purpose-to meet the needs of the pnerxl public for pnprnphjc 
informntion nnd to eriable the to present to the pulklic the, 
geologic fncts which he assembles. 

The maps nlncle by Allen mere route maps ratlrer than topographic 
maps and were for  some years the chief sourcc of information regard- 
ing the Copper und Tanwin Rivers. The map of the leTnnana Itircr, 
rnltde by P~tet's in 1898, nncl the map showing tllc Delta Rivcr, m~clo 
by Mandenhnll t h c  snrnt! year, nre also rnrrte nmps u+hich served n 
tolnpornry need till thry mere r~placed by Inter, more comprel~~~~sive 
topograpl~ic mnps. 

The first of tho rwnulinissfiace s u r \ ~ y s  yielding topographic mnps of 
lhe kind IL]>peIlrill~ in this report wclre made by T. G. Gerdhe anti 
D. C. 1Yitll~rspoon in 1W2. The mnps co~~emd much of ,the south side 
nnd east ~ n t l  of tht- Al:rskn Hnnp bet\veen the Delta and Chisnna 
Rivers. This survey \rns extend~tl to the l n i t e  Rirer by Cilpps in 
1008. In 1910 J. n'. nngl~v rnappecl the north side of the rangc west 

- of the Delta River, nntl nt the snllre time lFTitl~erspoon and C. E. Gifin 
mapped the ntljncent n r m  on the sm~t l~  side. The map of the Chisana- 
White Rirer nrea wns ~~evisml rind extended by Gifin in 1914, niter 
Ithe surrey of the intrr~~ntionnt Z~ontrdary  lid the 141st meridian hnd 
bpen completed by tlla Internat ionnl RornlcIt~t-y Commission, thus 
providing more arBcurnl e tletprmi n~ tiol~s of geogmphic position and 
nltitudes tPlarz hacl beer1 nvailahle hefol~ .  In 1014, alsn, Btngley sur- 
veyed all nren nol.th of tln TnzI inn Rirer. 
h 1932 the rlesi~nbilit~ nf corlmeding and extending parts of the 

older mnps t ~ n s  recogiii~ed. For tlmt pIirr)osc C. F. Fuschsel carried 
n Line of primary l i o ~ - i ~ o ~ l t ~ l l  rind rrriicnl control from the Unit,ed 
StaW Land Office meridimi nt Copprr C~nter  to  Slatin and made some 
revision of enrlier survpys near Slaru~i. In 11134 and 1385, Gerald Fib- 
Gerald continued the revision and estentled the mnppecl area to in- , 

dude tho north slope of the rilnge from Tet,lii Lnlza to the Robel-tson 
River. The nortlz slope of the  r n n p  from t l ~ a  Robertson River to the 
Delta River was acldecl by FitzG~rnld in the fnllo~vjng yenr, Findl y, 
an area that lies betwee11 the Tetlin and Chisnnrl, Rivers was revised 
by T. W. Ranta in 1987, 1938, and 1989. This mas fncilitated by the 
use of air photographs in soma areas that \Tern nolt covered by the 
usual ground methods. Air photographs taken under the direction 
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of FihGerald for tho Gaologicral Survey were also used in mapping 
the Tanwna River and -some of the adjacent area, espirrllly the lnke- 
dotted valley of the upper Tnnana. Fttrther revision and extension 
of somo of tlle mnps hns been made possible t,hrougR use of trirnetrogon 
air photogrraphs hken by the U. S. Army during Wodd War U.l 
These topographic maps, issued by the Geological Survey since 1902, 
are included with the pulslicxtions listed rn the bibliography at the 
end of this report. 

OEOQRAFEIY 

The three great mountain ranges of the main body of Alaska nre 
the St. Elins imd the Const Ranges bordering the Pacific shore line, 
the Brooks Range between t,I~e Yukon Valley and the Arctic coastal 
plain, nnrl tho intel-meclixtc Alaskn Itnnge, The Alaska Range, almost 
concentric with the Const Ranges hut wit11 n s1ightIy sllorter radius, 
extends in a great bow for GOO miles from tho White River to the 
' Alaska ~eninsuln, separating the vnllays of the Copper and Susitna 
Rivers and the tributaries of Cook Inlet from the p e a t  interior valleys 
of the Yukon and tho  KuskakwIn~. Seemingly the Alaska Ran* 
dies out as n structural nri i  t in the vicinity of tho international bound- 
ary, north of tho White Biver, or mergos wit11 the Const Rnnges, but 
information on the geologic structure of t l~nt area is not sufficient 
to warrant a Iinnl statcnlc!nt regfirding tho relation of the ranges. 
On the west, however, it nppcare to continue uninterruptedly into 
the Alaska Peninsula. Only the onstcrn part of the range, roughly 
200 milos in lenghli nild net~rly 50 miles in grentest width, is con- 
siclerod in this report. Alaska Range is the irmlusi~e name for bllis 
chain of mountuina. Tho names Menhsta Mountains and Nuhotin 
Mountains, howaver, have been used to designate pa* of tlia rango 
in the vicinity of Mentastn Pnss and to  the southenst. 

The TTrmgell Mountnins, because of their jsol~ted position, their 
height, and thcir rugg~d peaks, snow fields and glaciers, must be 
clas.wd among the impressive mountains of Alrlska. They farm an 
independont &oup and nrn not properly a part of the Alaska Range. 
Tlicy originated in a differont manner and orcupy a plwcce in the forks 
ht,.r~cen the AZ~tska Bnnge ttntl the Coast Rnnges, and they include 
the highest mountains shown on pIates 6 and 7. Mount Sanford 
(10,208 feet,) is the higl~est nlld dominates the group from most places 
in the Copper River vnlley; at some points (figs. 1941) it is hidden 

**She moat rwrnt to)mpraphle mnpn of the area, pubIlahed aftw mmpletlon of tb ta  repork 
by Mr. Ifofflt, lirvc hecis n t l l l r ~ ?  1~ the grcparntion of gluten 6 and 7.  the^ are the m a -  
crmn (IDaO), Mount Jhpcw I 1951 1, Gnlk~ina (185f ), and h'nbcsna (1951) shmta of the 
AInsLa Jt~*coonai#snnm F~rim,  pi~hllsherl at a scnle of 1 : 250,000 from data fnmlshed by 
the U. S. Gcoluglcnl SnrrPy, t h p  U. F. Cnaut and Geodetic S u r r ~ y ,  and the Intesnationnl 
I3ouadary Comn!iaaion. and cdlted n ~ r d  ~rablisk~eil br ill@ Qwloglcal S w e y .  Culture and 
drafnage have Irvm compiled from trlmetrogon phutograpbs, nnd the topography from, tlle 
original outrcys mcntloned by Mr. hlotllt nud from other orlglnnl aourcea. X89B-1949, 
muppl~mented by ntereophotogramlnetric compilation. 
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by Momt Drum (12,003 feet) and Mount WrangalI (14,006 feet).  
Althongh these three peaks nre built 11p of lava Aows and tufl beds 
erupted from volcanic vent*, Mounts Sanford and Dn~rn, and alw 
Mount Jrtrvis, became extinct long ago; only Mount Wrangell shows 
signs of activity in sham clouds and ocwionnl puffs of volcanic ash. 
The WrangelI group incl~ldes twTo other 1-1 i ph penks-11Iannt Blnckbarn 
(16,140 feet) nnd Regal Mountain (13,400 feet) -which nre  not within 
the map area ~ n d  are best seen from the C l ~ i t i l i ~  valley. 
The valley af the Tannnrt River md i t s  ln~gcr he nil mate^ branches, 

including the lower courses of the Chisnna and Y n k a  Rivers, ad- 
joins the eastern Alaska Range Sen the no~hemt .  Most of the valley 
is a broad lowland area, but at the middle ~0t1m of the river at Gathe- 
dm1 Rapids it is little more than a mile wide, and relntively narrow 
below that as far as the Johnson River. 

SoutEi of the AIaska. Range lies the vnlIeg of the; Copper River 
and its upper tributaries. Most of the are% belone to the Copper 
River drainage basin, bnt a part of it on the west and north is drained 
into t,he S u s i t n ~  and Tanane Rivers. This area has been calIecl tho 
"Copper River platean" (liendenhalf. 1900, p 282), but the hrm 
LLbasin," dm a d  by Nendcnhall (1905, p. 16, 191, m s  to describe 
the form of thc feature HS well as to clesignate the drainage area of 
tIio river; h r  on cIear dnys the b m d  valley floor seems to #be inclosed 
on all sidw by high mountains. m e  eaxtern extension of the basin 
separates the Wrwnpll Moz~nttrins from the Alaska Range at the 
north, but no prominent ph;vsivpnphic feature appears to set them off 
from the range en the cnst. 

All the mountainous area was invaded by ice in Pleistmene time and 
bars Zlre mnrh of glaeinl erosion in truncnted spurs, valleys wit11 
&ightened wnlls and U-shnped cross sections ; roches moutomks, 
low munded knobs srnootEietl off by the ice; and heaps of uncon- 
solidated rock waste left by the ice when it melted. Topographic 
forms produced by normal streram ero~ion after the jce disappeared are 
less conspicuous and for tho most part nro restricted to the softer mks .  

The ice, however, mas not confined to Ihe mountains. It also left 
characteristic e~idences of its pl-eseaco in the lowland areas, where 
it built up deposits of waste. 

Although the glncial forccs had accondal*y pnrt in pmduchg the 
relief of the area, they affect strongly its gencrttl aspect. 

RELIEF 

The Alaska Range, as seen from any fwornhle viewpoint, is n wild- 
ern= of rugged mountains, many of wI.~lich benr loads of prpetnnl 
snow. These are the gathering ground for glncial ice, which covers 
the higher slopes and fills the valleys between. The mnge has its 
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greatest altitude in Mount McKinley (20,300 feet), 160 miles west of 
Isabel Pass nt the head of the Delta River; i t  decreasss in average 
height eastward and soutl~ward from that point. Mount Hayes (13,- 
700 feet), 25 miles west of the Delta River pass, is the highest point 
of the Alaska Range in the area under consideration (Eg. 222). Mount 
Rimball (10,000 feet), 35 miles east of t l ~ s  Delta River pass, is next 
in height, yet is less t,han 600 feet higher than Mount Allen, jnst north 
of the Chisanrt River. 

The altitude of the T~i ln i la  River a t  the mouth of the Delta River is 
995 feet. The altitude of the vnlIey floor increases to 2,000 feet at 
the point where the Nabesna Rirer emerges from the mountains and to 
2,500 feet at a corresponding point on the Chisana River. Tbe Tanana 
River has an altitude of about 1,100 feet at the mouth of the Nilbesna 
River. 

On the south side of the range the low points along the; break be- 
tween the lowland area and the mounhin front are somewllat higher, 
from 2,000 to 3,000 feet in altitude. This difference finds expression 
in the vegetation of the two sicles of the range, for plant p w t h  
begins sonrewhat earlier on tile north side, more stroi~gly influenced 
by the lower altj tude than 1 y  the southern exposure. 

From the figures that have been given it is evident that the greatest 
1 relief of this part of t l ~ a  Alaska Range is about 8,000 feet, but as 

measured from local bases of reference in nearby valleys, most of the 
mountaintops have a dative relief of less than 5,000 feet. 

The relief of the Wrangell Mountains is greater. Mo~mt Sanford 
(16,208 feet), Mount Wcnngell (1+,006 feet) , Mount J~rvis (12,600 
feet), and Mount Drum (12,009 feet) are tbe highest mountains 
within the area covered by the topogra pl~ic map. Their alhitudes may 
be compared with the altitude of the Copper River, which is 1,000 feet 
at Copper Center and 2,100 feet at SIana, and of the Nabesna River, 
which is 2,200 feet at  Reere Field, nenr the nlontl~ of Jack Creek. The 
west slope of Mount Sanford rises over 18,000 feet in 12 miles, as 
shorn on figure 19. Monnts Sanford and Drum (fig. 20) have been 
deeply undercut by gIacia1 ice nncl are evidently older than Mount 
IVrangell. Their profiles a re j rigged and their slopes precipitous, 
except the north slope of Rlount Sanford m h i c l ~  is gentle and gives a 
favorable approach to the summit. 

Mount Wrangell, on the other hand, was built up in such ~ w n t  
geologic time that the original form of the lava flows and tuff beds 
has nat yet been greatly modified by ice, water, and the breaking down 
of tlia bedrock through freezing and thawing (fig. 21). Its surface is 
smooth, its slopes are low, and it shows littIe bare rock above the snow 
line. In contrast with its lofty neighbors and in spite of its height it 
has the appearance of a great overturned saucer covered with snow. 
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The mountains of the Alsska Range and the Wxangell group show 
differances of topographic form that depend on various factors, among 
the most important of which are the chnmcter of the rocks themselves, 
the time t,hey 11ave been exposed to ermjon, nnd the extent and jnten- 
sity of the glaciation. In general the older, gene~ally metamorphosed 
roch of the Alaska Range have bee11 carved by tlie glacial ice into 
jagged forms, rrith s l ~ a r y  peaks and nnrrom ridges. The rocks of 
the Nutaotin Rfountnins are softe~ and more easily eroded. The 
mountain valleys ara clistillctly glaciated ; ai~d the mountain slopes 
are seamed with pnrallel, V-slutper1 gulches separated by steep, shwp 
ridge3 (fig. 93). TIie volcn~lic mountains of the Wrangell group 
show considerable r1iversit.p of form depancling in large part on their 
individual ages and the degree of erosion brougl.11t &out by glaciation 
and wenthering. The basis for such generalization, however, js not 
everywhere evident. 

DRAINAGE 

A characteristic of tho tlrilinage system i n  the area considered in 
this report (pls, 6, 7) is the effectiveness with mbicll the steeply 
graded tributaries of the Tanana River, sucIl as the Delta, Tok, Na- 
besna, and Chisxna, have cut into the ,ALl~~lia Range, capturing streams 

., that originate south of the rango? on its south slopes, or in the Wrnn- 
gel1 hfounttljns. These streams, with Jnrvjs Crook and the G~rstle, 
Johnson, Robertson, and Tetliri Riv~rs ,  aro the largo tributaries of 
the Tnnrnlt Wiv~r  thnt dr~tiu the north side of the range. 

The C O ~ ~ ) F P  River r-eceives its water frorrl many widely separated 
sources. It originnks on tlie nortllenst, slope of Mount Wrnapll and 
the oast slope of 3loul1t S:~nfnrd, mlience it flo~vs in a great bow 
around the west side of the 1VrnngrIl B l o ~ u ~  tfiills and thl-ough the 
Ch~igadl Mou~ltai~ls to the Gulf of ,211lslin. TVitllin the area under 
discussion it rcceives ntlmelnons tributari~s from the T7imngell Moun- 
tains, and from the hlask:~ Rn~~ge  on tlle nort,l~, wllere tlie Sltma, 
Chi~t~ochina, Gakonz, and G11l l c ~ ~ n n  Rivers liave their sources in the 
ice field between Rrourlt Kiniball and Little Delta River. Thirteen 
miles below the Gulkann River is the mouth o f  Che Taxlina River, t11e 
only river that enters tJl\is part of the Copper River from t l~e  west. 
It drains Tszlina Lake, fed by ale glnciers in the Chugall Mountains 
nt the south. 

The drainage pattern-the location and relation of tlia strmms 
with reference t o  one another and t o  the mountains of the eatern 
Alaska Range, and t,heir origin in the rnaltw~hr of its glaciers--is 
k t  vis~lnlized by a study o f  plabes 6 and 7. Some characteristics of 
the drainage system, howe~er, are not represented and require descrip- 
tion. Only the small streams nra dear-wnter streams. ,4Il the l~rger 
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streams are fed in part by milky water from glacial sources and mcupy 
glaci~tcd VR? ITS within the mountain areas, 

The glsciul streams  re swift, especifllly in their upper wurses, a11d 
flow in braided channels, shifting from plrrce to place over wide flood 
plains. Unlike the larger strenn~s of the Clutina River valley, their 

I lower cours~s arR not intrendled in rock-walled canyons, altbot~gh 
some, like the Delta River and J~rvis  Creek, have incised their 
channels in unco1lso1idatp.d deposits. Many of the streams have 
slower currents and follow menlldering cllal~nels through open valleys 
in tlleir lowor courses. Slnna, River is art excellent exnmple and i t  
derives its Indian name from this characteristic. Such, nlso, is the 
upper Tanana, which flows many extra miles in its colnplicated course 
to rmch its destination. 

Most of the lomIand area on both sides of t,lle Alaska R a n g  Iacks a 
well-dcvaIaped drainage system nnil is dotted with Fakes and ponds. 
The upper Tanana Valley is 11, notable exnmple of this fcntom (pl. 6). 
This part of the raIley appenrs to have becu bu~icci in unconsolidated 
deposits poured in f roni the surrounding msuntninr?, pspcinlly the 
7Tmngell Mountains, xncl to Ilnve been acc~~pied by n lnrge lnke (R E. 
Van ~llstine, persoa~l communicntion, 1948) tllnt left its tmccs in 
terrace gravel deposits on iB border. 

Tetlin Lake and some of t,hc many smnller lakes and ponds of the 
upper Tannnn V~tlley probably nre rernrlnnts of thia farmer lake mliosa 
limits have not yet been determined but which mny hrtvo been 20 miles 
wide in place% and several times ns long. No lake nf comparable sim 
is known to have existed ilk the Copper River bnsin in Pleistocene time, 
but several Ink-? nll of ~vl~irl~ nre s~nnller than Tetlin Lnke, occur 
there now. Tha three largest stw Pnxson (Gulkna), Louise, and 
Ewan Lnkcs, 

The larger streams tllnt CI-OSS the Copper River lowland have jn- 

cised Bwir cnnponlike chnn~~els in tho nnconsolid~ted gravel, sand, 
and rnorainnl materjnls tllnt corer the t.alIey floor. In consequence 
the general dminnge, nftl~ouglr immature, is better establisheti than 
that of tha appcr Tnnnnn Rirer Io~rlnnd. It mas possible to con- 
struct the Richnrdson Rigl:l11\-~y ncms the Capper River lowland from 
aoutl~ to north witbout serious ol~stacIt?s by taking ndvanhge of higher 
ground and the terrnces borclering the st.r~arns, wherever they wcre 
available. The l i i g l ~ ~ - ~ y  passes tl~rougEl a count17 of slightly rolIing 

+ surface mith lollg easy slopes and no steep grades except where it 
crosses tha stream valleys. Bfuc1-1 of the nmn is coveml wit11 scrubby 
spruce. The lower ground is swampy or dotted mith small lnkes and - ponds, and it furnished routes favorable for n-inter travel in mrlier 



years when ronds were few. Thus minter R-as the be,* time for trans- 
porting supplies and equipment to the placer-mi tling camps, 

As the larger streams k%t much of tlwir water from melting ice in .? 

the high mountnin wens they arc! subject to rapid fluctuations h 
volume of runoif. In at1dilicn-t to the ~nrlual fluctuations dependent 
on the seasons, they ss'llow cinily flow maxima follomi~rg mpid melting 1 

as the sun warms the nir. 1'11eso high-water and law-water staffes 
of glrtcial strenlns nm olbaervcrl wit,h care by tlie experienced traveler. 
Some glacinl stscams nre nlso trencl~ereus because of quic3Esa~&, and 
some because of boulrlers nnd swift wnter. The crossing of Chisma 
River for ~eveml miles nbove t h e  mouth of Cross Creek is dangerous 
owing to qnichnnd, ns would be suggested by the dunes on the flood 
pIain. 

Although daily fiuctnations in the volume of wahr in the glacial 
drenms am of importance, great floods take place nt times of 
exceptionnlly henvyv or prolonged rninfnll, or after snowfalls followed 
by warm rains, 

R0aDemmTaan;S 

The region of the nppcr Copper River vaIIey and the eastern pwt of 
the Alaska Range hns bwn ~iewed in past years by the Rirhardmn 
Highway (PI .  f ), whiclh connwts Vddez with Fairbanks, and by t h ~  
Ahrcrornbie trail or Sall~sna road between Gnkona nnd the Nubesnn 
River. In 1942 the Corps of Engineers of the United States Army 
opened for ase the Alaska Rigl~raay, a pioneer road along the north 
dcle of the range, thus giving more ready access to that srea. 'L'llis 
road is the fulfiIlment of a plan for an international FligPlwuy from 
tho United Stntes to Alaska through Canada. Although it llnd h e n  
under consideration for several J-ears, construction lrns not begun 
until i t  became evident that such a road \\.as necesary far the rnilitnry 
defense of Alaska. Its course is a t  the baae of the Alaskn Range on 
tho muth side of the Tannna River from the ~trlta River to  the Tok, 
but a few miles east of the mouth of the Tok it crosses to the north 
side of the Tanana Rirer ant1 continues on that side of the  alley 
across the intmationnl boundary. Enst of the Tannnrt crossing the 
Fortymile higl~way provides an dl-weather road northenstward to 
Dawsan and the uppor Yukon region. Enst of the international 
boundary a ibranch road turns south from the main highwq rtnd 
follows the mute of the old Dalton t rn i l  l ~nd ing  to  Waines on Lynn 
Canal. Until the Alaska I-Eighwny was constructed the little travel 
dong the north side of the rnnge w ~ s  wFially by srnalI power boats 
used by the traders and Inclinns on the Tnnann River. 

Another highway of g r e a t  irnportnllce to thorn l iving in tho Copper 
River valley, as it gives nct:ess to the coast throlighout the year, i s  the 

3 OReiallp de~lmated the Taylor Ifighway, f rrnp 12, 1061. 
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Glenn Higllm-ay connecting the Riclmrdson Highway tit mile 116, 
between Copper Center and Gulkma, with Palmer and Ancl~orage in 
the Cook Inlet @on. I t  mns constructed by the Alaslra R o d  Com- 
mission and was opened for use in 1943. 

Tlie roads that have been constructed wikhin the area of the Alaska 
Range :ere the Richardson Highway and the Slana-Tok highway. 
The Ridlardson Highway, named for the late Gen. WelIs P. Rich- 

ardson, n t  one time President of the illaslca Road Commjslon, who 
was in charge of the constrnctjon arid operntion of the road for many 
years, ~ ~ o s  establjahed as a militaq trail and telegraph line in early 
days but was conve~ted to x at~ge roxd and later to an automobile rod. 
It affords n summer route from Vnld~z northward across the Chugnth 
hfountains and the wide Copper River basin, and along the east bank 
of the Delta River through the Alaska. Rnnge, In  plac~s it is con- 
fined within a narrow canyon with steep rock walls where construction 
and maintenance nre difficuIr. Much tronble has been caused by the 
stre~nls of the C~stner and Caum.ell Glaciers and by rockslides else- 
where, but some of the diffic~~lty has been met by relocation nnd im- 
proved construction. Tbe higI11~ily through the Delta River [Isabel] 
Pass is closed to nutomobile travel in minter. 

From the Richardson Highway near Gakolla n ronrl extends to Tok 
Junction on the Alxskn Highmy, via Slnnn, blentastz Pass, and the 
Little Tak m ~ d  Tok Rirers. The roxd follows the old Nabesm mad 
or Abercrunlbie trilil between the Richarrison Highwny nnnd Slnna, n 
route that wns pnrt of the old ~nilitary trail  and telegrapli line fi-om 
Valdez on the coast to Eagle on the Yukon River. It was built by 
the Corps of Engineers to facilitnte coi~struction of the Alaska High- 
way and to pro-ride n co~mectiol~ between tl10 Tznana and Copper 
river valleys. Its highest point is about 2,500 feet above sen level 
and its course is nowllere above timberline; although ]anger, it fur- 
nishes a route through the Alaska Range more favorabIe for winter 
travel than the Richnrdson Highwny. Together with the Glenn nnd 
Fortymile [Taylor] High\\-ays, it affords an all-weather road from 
Anchorage awl Palmer on the const to Da~vson on the Yukon. 

Many trails leading to minitig camps or hunting grouncls have been 
laid out and used since the class of the first prospectors in 1808, but 
highways nnrI the nirplai~e have made most of them obsolete. Few of 
the old trails are travelled 1 1 0 ~  and some that were well established 
are grown over with brush a i d  young trees and are al~nost hidden from 
view. Formerly there were pack trails to the placer mines of VaIdez 
Creek and the Chistochina River; irom the Nabesna River through 
Cooper Pass to Chisana; down the Nabesna River and the Chisana 

a On June 21, 1851 thls rosd wns oficinlly ~lesignated t h ~  eastern extenston of the GIenn 
W h w k ~ ,  but it h referred to Ulroughant thl3 report nnd shown an platea 8 and 7 as the 
Slana-Tok highway. 
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River; from Chisans to Horsfeld; from Cllisnna to the White River; 
and many others on the soutll side of the range that were in frequent 
use though they are rarely trod by horses now. In the enrly days trails 
led from the Tanana Ricer to prospects nertr the head of ,J~rvis Creek 

. 
and the huntingpunds at the head of Jolinson Riv~r, nnd the Robert- 
son River mas reached by R trail from the upper Tok valley; but few . . w. 

trails were established on the north side of the rnnge, ns the search 
for valuable mineral deposits was not successful theree. 

The total p0~3ulbtl~ltio~ of t he  area shewn on the two maps accompnny- 
ing this paper mas approximately 400 persons in 1940. This ntimber 
includes whites and Indians xnrl indicates a population density of 
nbout one person to 40 squnre miles of area. Tile whites, who rtre rt 

minority, aro gathered for  the most part in m a l l  settlements nenr the 
rnndhorr~es on the highways. Copper Center at the mouth of the 
IClutina River, mile 103 on the Ridlardson Higl~way, is the larpst 
and oldest of these settlements. G h n a  and Gakona mere &qtnb 

lished at about the same time (1898). Paxson and other roadllouws 
on the highmny north of aulknna were not built till nfter the re~zte 
through the Delta River [Isabel] Pass came into use, sometrim be- 
tween 190'1 and 1910. Other lrhite sett.lements are the m i n i n ~  camps, 

2 
most of which are not occupied throughout the year. They we not 
permanent attlemcnts or at most are occupied for a limited number of 
years whjla mining is in progress. 

The Indians, who mere formerly more numerous and hnd their 
principal dwelling places along the river hanks, slilI maintain their 
summer fishing camps nt f i e  rivers but occupy permanent quarters 
near roaclhouses or along the l i i g h ~ ~ y s  in winhr. The largest 
Indian villnge is at  Tetlin, in the upper Tnnana valley. 

The increased strategic importance of Alaskrt has a l t e r d  many of the 
conditions re1 ating. t o  popnlntion ~s just  given. Extensive construc- 
tion projects for the building of roads, pipelines, and airfields brought 
I n r p  military R R ~  civilinn forces to f le Copper and Tanana valleys. 
New centers of population w8re established and old settlements were 
enlarged. Same of this incrcase in popul~tion and change in its distri- 
bution is temporwry but some of i t  is permanent and mill  have a lasting 
effect on the development of the country. 

TIXBER AND VEGETATION 

Most of the region under considerntion is a rugged mountain land 
which rises far above timberline. Yet the borclering lorland areas 
and the major stream v~lleys nre below timberline nnti support a 
growth of timber that is good or poor depending on other conditions 



such as position with refere~lce t o  the sun, diaracter of the gonnd, and 
the drainage, In general it m:ty be said tlint timber extends to an 
altitude of at Ieast 3,000 feet above sea level and that under excep- 
tional conditions, in a few small favored valleys, a good stand of 
timber thrives even at 5,000 feet. The prevailing trees are spruce, 
which has its best growth on the lower slopes of the mountains, on 
gravel terraces bordering the streams, and on the better drained ridges. 
Trees on the porly drained lowland areas are commonIy scrubby 
and of poor quality. Practically none of the better timber has corn- 
merciel value for other than local use, and material for heavy con- 
struction such as bridge timbers and planlring and the more desirable 
lurribar for buildings is imported from outside. 
In addition to spruce the timbered areas include certain khds of 

deciduous trees, particularly balsam poplar, birch, and aspen, which 
p o w  on ridges and hill slopes and are n, good indication of well- 
drained ground. Tamarack gram in places on the north side of the 
-4lnska Range, but none was rewgnized east of the Delta River. Wil- 
lows of various kinds art: cominon everywhere but are not large 
enough for uso ather than as tent poles or firewood. Alders are alm 
common, but they grow less lux11rianCIy than in the coastal regions. 

Grasses and other plants sujtdde for forage for stock are abundant 
in many places but are alnlost Iucking in others, especially the low- 
land areas. The hest, forrtge p t ~ s s a q  are found near timberline and 
are commonly plmtiful in the upper parts of the vaIlnys at this! alti- 
tude. They and snc:l~ plants as the vetches (pertvincs) and quisetums 
("horsstail~'~ or "goom pass") are also found on tho bars m ~ d  tm- 
races near the streams. Horses relish the tender shoots of the swamp 
grasses in early summer and browse on the leaves of certain willows 
nt any time, stripping thein from the brmclles m i t h  one sweep of tha 
head. 

Contrary to tho belief of many, vegetntion is luxuriant in much of 
central Alnska, Plant life of some sort continms above timberline to 
i,l~e regions of perpetual snow nnrl n t  lower levels flourishes in ZL 

variety that is surprising. JIuny of the plants nrr! conspicuous be- 
cause of the abundance and beauty of their flowers which, seam to vie 
mith one mother in accomplishing their missions before the short 
summer is over. 

GMUE 

Animal life in an are2 of such extent and varied character as that 
described in this paper is certain to show considerable variety and 
inequ J i t y  of distributioa The subject is of intar~st and importance 
but can not be trented adequately here, although it will be desir~ble 
at least to give a Iist of the more common game and fur-bearing 
animals. 



Those who Iive in this part of Alaska think of gnme animnls in con- 
nection with their u s ~ f u  lncss ns EoorE, the vxlne of their fur, their 
importance as predators nnrl rlestrqers of pmporty, as well ns their 
part in attracting huriters from the oukide and thereby increasing 
ernploymelit and the sale of lmnting cquiptnent nnd supplies. 

The larger game animnls, desfrnbie for food, are tho moose, caribou, 
and rnonnt~in sheep. Tho chief predntory animals nm the bear, wol- 
verine, nolf, nnd coyote, Tlin more vnlunblo fur-benring animnla 
are the fox, lynx, martin, minlc, weasel (errnino), mushnt, and beaver. 
Of the game birds, grouse and ptarmigan thrive in some 1ocrrlitir.s 
but vary greatly in numbers from yenr to yenr. Fish of different 
kinds, chiefly trout and grayling, are common in the clear-water 
streams and lakes. Salmon from the Copper River furnish much of 
the food of tha Indian and his dogs nnd supply him with an article 
of trade with the white man. 

The lives of game finimals are so interrelnted thnt the abundance 
or scarcity of one kind is lilzely tn nffect the others. An abr~ndanct! 
of rnbbits leads to an incrense in the number of coyot~s, foms, nnd 
lynxes. The wolf foI10ws the herds of caribou rind preys on the 
dragglers. A small pl-oportion of Iambs with  the ewes in bands of 
mountain sheep in slimmer is commonly hliereil tn indicate depreda- 
tion by coyotes. WoIvw, coyotes, and foxes are responsible for tllc 

L 
deaths of many pouw game birds. Such relationship nre almost 
without end and often result in unexpected and undesiraMo condi- 
tions when they become unbalanced. 

i\Iome spend mod of their lives in the Iowland nreras but arc: more 
common in  some lomlities than in others. 'They appear to be incrms- 
ing in number in the Copper River valley nnd mnp become so nc- 
c~rstornd to the sight of cars on the Kigl~may thnt they show little 
fear of them. Moose are more numerous on the north side of the range 
than on the south side. Caribou are not uncommon in the Copper River 
valley, bat the large hercls roam the hilIs on the Yukon-Tnnnna side of 
tlre range and considcrsble numbers come south through the passes jn 
the fall. ,I relntivel~ smnll number stay permanently on the south 
side, going into the high mountains in summer nnd returning to tha 
river bars in winter. JIountain sheep are numerous in parta of the 
mountnin aren and arw ml~olIy absent from others because of natlrral 
cuus~s, such ns fond supply, or of artificial causes, the chief of which is 
hunting. Wle most favorable range for all t.hree anirnnls is probably 

b the n m  lwtwcen the Nabesnx nnd White Rivers, which has been n 
fnvorita hunting ~rnllnd far many years. Large numbers of sheep, 
estimated by C&S (1936, p. 21) ns at least 2,000 in the winter of 

* 
1013-1014, were killed by prospectors in the Chisnna district in 



stampede d ~ y s ;  but wit11 the subsequent decreased population and tlla 
absence of hunters during war time, their number lieems to be in- 
creasing slowly. 

Both the grizzly and the black l t n r  nrmnge throng11 most of tho nrea 
mverd bp this report. The grizzly is mora numerous in the moun- 
tain areas and in certain localities, Severd instances of st tacks by 
grixzlies on men are known. The wolf is nearly nlwsys found in the 
vicinity of the caribou hercis. He seeks corer in daytime nnd is so 
w a q  that he is less likely to be seen t h ~ n  many of the otller nnimnls. 
Unlike the coyote he is ail old resident of Alaskn. Tlze coyotc mns un- 
known until after the corning of n-hite men in the gold-rush days. He 
WRS seen by prospectors in the White River valley for the first time 
n b t ~ t  1010, but since tlten lias extended his rllnge to cover a Inrge 
part of interior Alaskn. His n~tmbers have been r e d u d  in the Cop- 
per River valley in recent years, probably because of the scarcity of 
rabbits. Rabbits ns well ns grouse and ptarmigan nre fiubject to a 
variation in number that appears to be priodic but doe8 not affect rill 
rlistsicts at the same time. During z time of nbi~ndanca the nllmbcr 
of rabbits increases enormously, but this abundance gives plnce tfi a 
t,ime of scarcity when the rnbbits seem almost exterininnteil. 

Rlr-bearing animnls are distributed throughout the tjmbe~ed area 
undor consideration, almost all of whicl~ is covered by trap lines in 
winter-the property of w l ~ i t e  trappers or Indians. 

The game bids include several varieties of grouse, as the ptarmigan 
nnd sprnce hen, and water fon-1. Ducks and geese nest in most of the 
nreR but are more numerous in the spring nnrl fall during the time of 
rnj,mtion, when they stop templxrily in their flight to and from 
the breeding grounds farther 11orth. 

The lskes and most of the stwarns not too heavily loaded wit11 silt 
from glndnl sources are plentifalIy stockecl wit11 fis11, of A i e b  the 
more common nre the grilyling, trout of mr~eral rttrieties, rnhitefisl~, and 
salmon. Until the coming of the white man, salmon mas the chief 
source of f w d  for the Inrlian wI10 ate it f1w11 when the fish mere 
running in the Copper Rirrr in early summer, or dried it for the use 
of himself ~ n r l  his dogs in winter. The snlrnoi~ is almost tlw only kind 
of fish in the large strmrns in summer, for the rnl~rldy water from the 
molting glacier ice is n ~ * o i d d  b>r the others. Gmpling nnd trout are 
plent-iful in  many of the clear-water stwarns and lakes, and filmis11 
emllent  sport for fisl~ern~en. Some of the lake trout grow tn large 
size. ITItitefish also am fonnd in some of the lakes but are t n k ~ n  
with the seine rather than R hook. Pike or pickerel thrive in the 
shallow, p.ra~-cl~okd Ialces of the upper Tananz drainage. They are 
numerous in Minerd Lake nnd other connecting lakes of Mentastn 
Pass. 



CONTRIBUTIONS TO ATA9Khrv GEOLOGY 

DESCRIPTIVE GEOLOGY 

0- OF THE OEOLOGT 
6. The size of the area considered in this report ~ n d  evpecinlly the fact 

that most; of the region is  occupied by foldetl sedimentary rocks that 
mere deposited in several differ~nt p~ologfc p r i d g ,  subjected a t  inter- 

* 
vnls to recurring deformation, fnulting, nnd ttl terntion during times of 
mountain building, intruded repentrclly by igneous racks, and plnned 
clown npin and again by erosion, mnke the interpretation of its 
st.ratipapl~y and stnlrtnre difficult and nt times uncertain. For these 
reawns a description of the geology of the enstern part of the Alaska 
Range nnd adjacent area, bnmd on present knowledge, must be in- 
cnmplete and may be incormct iu some respects. Errors in enrlier 
work hnve already been discovered as succeeding field senmns give 
opportunity for revisiting di ficul t localities or for more extended 
~xnmination. 

Tho eastern part of the Alaska Range is made up largely of ~ d i -  
inelltary rocks of widely difl~ring ages, ranging from pre-Cambrian 
to Recent, but does not indade rcpresentatirt~, of nll the intermeciiate 
pmrts of geologic time. The vnricty of rock t;vpcs is considerable but 
f he dorninnnt rocks ~ r c  of marine; origin nnd were derimd from muds 
and dine muddy sanrls. neds of rum qrtartx snncl, beds of grrtvcl, and 
deposits of lime we.re also among the original sediments laid down in 
nndent seas nnd nre now snndstane or quartzite, conglomernte, and 
limestone. A .mall proportjon of the younger W made up chiefly 
of snndstonc, cconglon~ernte, snndy shale, nnrl c l ~ y ,  nnd including beds 
of I i p i t i c  cod, accumulnted as fresh-water deposits on the land. 

Tho s c d i m e n t q  rocks t h ~ t  nm here assigned to definite geologic 
periods or epochs with certsinty or R high depee of prob~V.bility a m  
repr~sentative.. of pre-Cnrnbrjnn time; the Mirldle nnd Lnte Devonian, 
Enrly Cnrbonifero~ls, ant? Prrrninn of tlsc Prtlaozoic era;. the Late Tri- 
assic, Lnte Jurassic, FI~rly nnd Lnh Cr~taceous of the lbfesozoic ern; 
nnd tho Eocene or Miocene( ?} of tha Cenozoic era. The Pleistumne 
and Recent epoclls nrc nPso represented. 

A11 them sedimentmy mcks hnve been involved in mout~tnin-build- 
ing movements nnd shnw folding, ffiulting, and metnmorphism tltnt 
vnries with t l ~ a  Rge of the rocks and is greatest in the 01cIeElt. The 
older rocks have been chnngd b schist, gneiss, and crystalline lime- 
stone; but tho youngest, axcluding the unconsolidated morainal depos- 
its and stream g r ~ ~ ~ e l ,  s~ncl, and silt, are only partly consolf dabd and * 

~nodemtely foldled. 
In p l n r ~ s  the sedimentary m k s  are interbedd~d with lava flows or 

are intruded by ignmns rocks of types closely r~lrtted ta the flows. 3n - 
places they merw invaded by large bodies of granitic rock or by dikes 



and sills of many kinds. In the RTrangell BZountains district some of 
the aedimsnhtry beds mere bi~ricd l~nder fl o\rs of T~rtinry and Recent 

* lavR3. 
The igneous roclzs, like the sedimentary rocks, sllaw various degrees 

of metamorphism and in places are so greatly nltercd ns scnrcely to be - diatinguisl~ed from the sedjmentary roclrs. The intrusive rocks 
&pparently have almost as p e a t  a r a n p  in R ~ C  w the sedimentary 
~.ocJrs, for the oldest are schistose, or gnc!issic l i k ~  the 1mst r o c l ~ ~ ;  and 
the most recent so f nr recognized w i tll in t,110 r~gion are unaltereri and 
]lave invaded Cretaceous or  younger bods, 
Tlie e9trusives also have n long tima rnnge, for f avn fiows are inter- 

bedded with Devonian sedimentary rocks, and eruption of the 
Wrangell lava rnhiclr began in Tertiary timo has continued almost ta 
the present. 

The early geologic history of the ensh,m Alaska Range is obscure. 
 he age of the oldmt sedinrentnry beds is not known, although they 

nre pre-Cambrinn. These olrlest rocks are definihIy older 
than Middle Devonian, if their relnti TP nges may be judged by degree 
of metnmorpl~ism, lsnt tl~ey l~ave not yieltled fossils or other e~idenco 
by which tho lorvcr 1 imit of tlleir age mny be determined. 

As will appanl. mom ftzlly in Inter c2iscu&qio-trs the continuity of tho 
m 
.C 

geologic column is br0kt.n nt  n nua~hcr of places by the absence of 
formntions tliat normalIy ~honld be fotvld there. The brenks indicab 
either the failure of original deposition or the removal of beds by 
oro~lion and in either ercnt shncl far periods in wl~ich the land was 
above sen, Invel. Same of tho rcqulting structuml unconforrniti~s nro 
known from obscrv~tioil in the field, otlners are inferred. The princi- 
pal stratigapl~ic breaks p ~ e c e d ~ d  the Middle Devonian, Permian (I), 
ripper Triassic, Upper Jurassic, Upper Crctnceous, and Eoc~ne deposi- 
tions. Other brenks, including one hetween the Upper Jurassic and 
Lower Crctnceouq mny llxva occurred but arc not pet recognized w it11 
certainty. 

The Alaskn Range pprohnbly indicates a zone of wenhcss nnd the 
site of repeated mountain-building rno~ements that dnto nt lcmt as fnr 
back as middle or late Paleozoic time. Events of special significance 
that stand out in the Inter history nrc! tlie renewal of mountllin-build- 
ing processes and the intrusion of Inr@ hcljes of igneous rock in Ente 
Mesozoic and early Tertiaq time, tho long period of orosion in Terti- 

J ary time, and the PIeist~cer~a glncintion. 
The table that follows gives n brief description of the bedded rmks 

of the eastern Al~lska Range arranged ~ccort~ing to their stmtigraphic 
I psition In most instnnces the lllickness of the formations is esti- 

mated, for dimk rnemrrtements were possible in only a few places. 



Bedded rocks i n  the easkrn AEmko Range and adjacent area 

Sp&m and rsics Formdim LiUldopie charadcr 

Quaternary : 
Recent- - - -_- - - - - - -  -.-------------- Stream gravels, sands, silts, and 

lo-. 
Pleistocene- _. . - - - - - - . - - - - - - - - - - - - - Glacial gravels and morainal 

deposits; includes the younger 
Wrangell lava. 

Tertiary : 
Eocene or later. - - - h'e11811a gravel - - - Gravel and mnd, weathemd, 

locally containing pieces of 
lignitized wood. 

Eocene or Mio- -_----. ---. -. - _ _  Shale or clay, soft, yellow and 
buff; gray and yellowish, psrtly 
consolidat,ed aand beda; can- 
glomerate, clean white quartz 
grit and sand, and coal beds; 
sedimentary beds of fresh- 
water origin, at least 1,200 
feet ill total thickness; includes 
the older Wangel1 lava which 
continues into Recent time, 

Cretaceous: 
Upper Cretaceous--- ----------------  Arkosic sandstone, sandy shale, 

and conglomerate, well-con- 
solidrrted, containing pieces of w 

Iignitieed wood and other plant 
remains. Thickness; 1,000(?) 
feet. 

Lower Cretaceous --- ------ - -. -- - - Slate-argillite-aandstone be d s , 
and Upper Jnr- ba~tded or varved, with sub- 
m i c .  ordillate beds of conglomerate 

and grit arid a few thin lime- 
stone beds; locally includes 

Triassic: 
Upper Triassic - 

arkosic aandvtone with c d y  
plant fragma~>ts and coarse 
couglomeraDe. 

- --- Limestone, massive and crystal- 
t inq overlain b y  thin-bedded 
limestone; maximum known 
thieklleas 1,200 feet; includes 
some black shale, as shales on 
Suag River. 

Permian ,-----,------- Mankomen - - - - - -  Sandstoue, tuffaceous beds, lava 
flows, shales, and limestone 
in the type locality near L 
hlankomen Lake; a large pro- 
portion of lava flows and in- 
truded igneous members in the - 
Chisana-White River district. . 
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Rerlded r o c b  in the  rrastspa Alaska Range and adjacelal area-Cont'inued 

Spdm and snlsa Formdim Zithdnpfc rbarndtr 

Carhoniirro~~s - _ _ - - - - - - -  C h i ~ t ~ u  .-.--.---- C~l~glornerates, qunrtzit~s, and 
k l f f a  in the i.ype local it^ on the 
Chisna River; inclz~des hasie 
lava flows and intrusives. 

Devonian: 
Upper and hlidcllo _ . _ ._. -. . _. . __. Limesht~e, crystaHine, associated 

I ) s v o t ~ i a ~ ~ .  with gray and black slate; 
l~ard, p a p ,  siliceous beds; yeC 
lowish, sa~~dy,  and &ty beds; 
brown ~ n i c s  whist; and h i e  
lavm or irltrusivw; a p p m  to 
ir~rluds hoLh Upper and >lid dle 
Dcvunian sedirnautn. 

Pre-Cambrian or oar1 y - - - - - - _ _ . - - _ - - - . UrldiiTcroitiiated metamorphic 
Palaoxoic. mcks, largely of dimentary 

origin, slbict~ incl~de schist, 
I ~ I I ~ ~ W ,  slate or phyllite, and 
rrystdlit~t: Elrnentone, together 
with nlaily ICAR altered b d i e e  
n l  itltrusivt! igtbcous rock. 

Character cand di.~t&zrtion.-The ~ w k s  clesfglntetl as unili ffer~n- 
tinted Paleozoic or. pre-CaatLrian ( pls. G,  '7) nra mninly schist and 
gneiss, intrudeil by and possillly irltwbPdd~t1 mitli ignsous roclrs. 
They cover R larger area t h a n  nrly c ~ t l i ~ r  con~nlidut~erl geologic for'mn- 
tion shorn on the map, occupying most of the north side of tlw r n n p  
and extending from the Delta Rivcr to t h o  Tetlin Itivor, n rljstance 
of approximately 120 miles. Some highly metamorpllic rocks wcapy- 
illg a small nren on the nol-tlx sick of the inountnina betme~n Besver 
Creek and tile Cl~isnna River nlso are shou~n ns pnrt of this formntion, 
~ l t l l o ~ ~ g l l  the age relatiolls 1~~1-e  not yet been est~blisl~ed. 

The =hid nnd gneiss are rleriverl pnrtly from sedimentnry rocks 
nntl partly from ipneons rouks, 1~11icll are believed to be rnainIy old 
intrusives but mny incln(Ie ~ffusives also. No attempt \ v ~ s  mnde to 
differentinh bet~t-cen the two typw of original rock. hFucl~ of the 
schist and gneiss is highly sjliceom und was pmbahly derivsil from 
o ~ j g n n l  beds of swtdstonn, qt~artzite, or other siliceous rock. Am- 
cialed wit11 the wIlist, and gneiss of this lrind is a variety of other 
rocks. Tlley include n srnnll proportion of phyIlite or slate, much 
qunrtzito in pf nces l ~ n d  n liltle crystalline limeshne, which is more 
common in tllc enstern pnrt of the area than in the western part. In  
n few places small bodies af black cni-bnnnceous scliist are interbedded 

275584-54-8 
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with the lighteer schist. A complete assemblage of the rocks of this 
group is not found in any 0116 locality but the general aspect is much 
the same throughout the area covered by this report. The writer u 

(1942, p. 119-120) has described the group as it occurs between the 
Delta and Tok Rivers as follows : 

They [the schlst and gneIssl wcur in great variety, as would be e~pected in 'C 

~ i e w  of their origln, and show a wide range In degree ef metamorphism. The 
color8 are domloantly gray in vsrytng shades but include green and black and 
#ugge&Ions of pink and Invender. Some of the more siliceous varleties have a 
bright silvery aspect, but the darker grngs are more common. The texture grades 
from that of fine slate, with phne cleavage and constituent minerals so mall nfi 
to be unidentifiable In the hand swcirnen, to that of coarse, crinkly schist nnd 
gneiss with easily recognimble mineral comgonents. Garnet is a common con- 
stituent of the schlst and  occur^ in bodies of all shes from tiny, well-crystallieed 
grnlns hardly visible wit11 a hand lens to imperfect cqstals almoat an inch in 
diameter. Other metamorphic minerals are present also, such as hornblende, 
which occurs in one locality in thin blades several Inchm long a~~oclated with 
great numbers of tiny red gareta 

Aside from the variations o f  color and size of mineral coastituenb and the 
presence or absence of conspicuous metamorpl~ic minerals such as hornblende 
rtnd garnet, the schist and gneiss show no unusuaI features; yet one common 
txpe Is worthy of special mention 

In many places the rocks are finely striated as if parallel lines had 
been d e d  on a light gray surface. 
This feature is b e 6 t  observed on a joint face or on a smoothly rounded boulder, 
and on examlnatiolon is seen to be due to the alternation of thin layers of quartz 
with mlca, or of quartz find subordinate feldspar with mlca; the alternating 
layers are commonly less than one-sixteenth inch thick and actually are len- 
ticular in form, as mill be seen on close examluatlon. The rewlting clea~nge la 
plane in most instances. Occasionally, however, the lagers are folded and closely 
compressed, and the cleawge follows the layers of mica around the folda. 

In the Gerstls River district some of the schist or gneiss having this 
character is plainly derived from igneous intrusives, but in other 
places the schist seems to be derived from siliceous sediments. 

One feature of the area of metamorphic rocks that is universal and of much 
importance is the abundance of vein quartz. The largeat and most conspicuous 
veins are bodies of milky white quartz that fill joints and otber large fracture 
planes in the country rock; but the veins that are most imlportant, both in 
number and in volume of material contained, are the small, contorted lenses 
and stringers that follow the cleawge planes of the schist and gneiss. Their 
bardnem and resistance to weatheril~g make them almost the wly conntituent 
In much of the unconsoli&ted mnterials derhed from the old rocks. As will 
Iw e n  later, the h n ~ 1  rnernb~r.4 nC come of the pnvel r l ~ p s i t s  n r ~  matlp ITD L 
of this vein quartz. 

The 5eld relations make it evident that the schist exposed In some places 
was derlred from original beds of sand and grit interstratifled with beds of 
mud, among which the siIiceous or sandy members seem to have predominated. 

* 

The sand now appears as shenred qunrblte or silvery aMceous schist, and 
the mud beds as gray schist. Thin beds of limestone were interstratifled wlth 
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the achhbse members in a few InmlItlcs, bnt, on the whole, llmmtone ts notably 
absent througbont the awn. 

Most of the rocks that are referred to na gneIan are prnhnbly metnmorphos~ 
igneous intn~sires oE the more acid type% Ther shorn Illc constltu~nt rninernls 
of such intrnsives and in mnng plnrvs have suph dl~ld mlnllon~ ns rumcst thefr 
Intrnsive nntnre. They differ from the later ttitrosium. wMrh nrc not mrgatal- 
1Ized and do not show nng mrlrkerl tenrlenrg to cl~ave 'en trlcflnlte cltrwtioa*. 

TIr,.GXtaeas mnd stmctttre.-The pre-Cnn~brinn schist nnd gneim is 
a complex of metmorphosed sedimentnty beds nnrl nsswintecl ignentts 
rocks which has not been rnensmvd as n unit. As shown on tlie geo- 
logic map they occupy nn area fro111 95 to 38 miles in width and several 
times as long. Distinctire beds thnt cnn b~ recognized from plttco to 
place and rrsed as strntigrnphic reference p l ~ n e s  nm not ltnown. The 
constituent units probably differ much in ng43 and hecanso of possible 
~~nconfomities, foIding, ffn~tlting, erosifin, artd o t h ~ r  disturbing factors 
do not lend themselves rendily t o  mensurement, thong11 it is ~)rtlbnhly 
safe to say that the complex is tl~ousnnds of feet thick. 

The schist and gneiss are the oldest rocks 90 fnr rceognized in this 
part of the Alaska Range. They have. been involved ill mountnin- 
building disturbances tllet were recurreilt m ~ d  prohbly hgnn fnr 
back in geologic history. They are ii~tenselp f o l d ~ d  nnd me broken 
by faults of p a t  displacerne~~t in ncldition to being nltercd physically 

5 and chemicttlly under the influence af heat nnd prmsum. The gen~rnl 
strike of the be& is that of the trend nf the mnge itself nnrl vnrirs 
from southeast near the internationnl bounrlury to lnoro n~nrlg  F R S ~  

t a t  the Delta River. However, many local vnriaitticr~~s frnnl the gmernl 
strike came about as the remit of intrusion of igneous Emdies nr mer~lg  
because of the complicnted chnracter of the folding. Tlla cliwct.iions 
of the dips are highly variable, for  the folding n-as extrprnr. >Zany 
limestone out crops show cEoseIy cowpl-eswd foMs with horianntnl 
axial planes. The same distort,ion was (Io~rbtless ill] pr~,swd on the 
fissocirtted ~rgillaceol~s ntld siliceo~~s rocks. TIke Iitnestonm, l~o~vcvpr, 
offer mom help in decipl~er-ing t h  ~trltctwe f o ~  fwy ccomrnonly in- 
dicate the trend of t . 1 ~  foldecl berls. Most of t licm either were rnther 
small Ienticulnr beds originnll~ or F I R P ~  taken on f f l ~ t  appeArnnco 
through folding or fnalting, for they occur as single, elongated bodies 
or as groups of bodies alinecl in the direction of their strike. 

The cleavage common1-r: dips to  the south, b~rt ~~c)~-tl~-(lipping nnd 
even horizontal cleavage are m n .  Close folding bns produced pard- 
lelism between the bedding and de~vnge planes on the limbs of f nlclq 
so concordance of cleavage and bedcling prevrJ1s except in tho &ends 
of folds. 

Faulting has played an important part in determining the struc- 
t ~ r e  of the beds within the form~tion and their relntion to younger 
adjacent formations. Faults within the formation are numerous but 
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nre not alwrtgs easy to rljscove~' in thr! nbsencc of contrasting, displaced 
strata. Some of them nrp revet~led by the iron staining of the adjacent 

I 
rocks. 

BIendenh~ll (1805, p. 89) pointed out the p e n t  fault at the head of 
the Chistochina River, whic'lt marks the boundary between the schist 
irnd the youngm rocks nn the south, and estimated the displacement 
to be not less thm IU,OOU fmt. This fault extends from some paint 
west of the Deltn River to the Li ttlc Tok and probably to the Tetlin 
Rirer. It follows the valley of Cnnwcll Glacier and the co~~spicuo~ss 
~lepression between the hcnd of Gakona Glacier nnd GilIett Pass. 
Ehst~rarci from Gi l l~ t t  P:lw to the Little Tok River it does not llnve 
marked toppnpl~ ic  expression but beyond the Little Tok PI-obnbly 
follows Trnil Creek ra1ley. 

Rctails of the f:~ult  stlvcturc hrve not. been worked out. In gen- 
~ r n l  the Ikult is i, none of displncenlent and crushing rather thun a 
single plnlie of fractur~ i lid mot-e~nent. It has a high southerly dip 
throngllont 111ost of its extent, and the diqdncement is such that the 
older m k s  on the north were raised wlntire 20 the rocks on thp. wot l~ .  
Evidcnco of the clisplac~ment is less clear east of the Little Tok River 
t,l>nn west of it. Some northerly dips in the bedding of rocks npnr the 
f alrlt ~ n s t  of the Little Tok R i ~ e r  were seen, blit in generul tllc sand- 
stone b ~ d u  south of the fault dip to the northeast. It seemi inlpmbn- 
hlo tllnt n change of dip from sonthwest tm northenst tnkw p l~ce  in R 

fault of sach length and rlisplacemtmt and a smpicion *rises thnt the 
dip of the sal~dstono between T r ~ i l  Creek and the Tetlin River rloes 
nnt correapontl wit11 the dip of the fnult. 

The relation of the schist and gnaiss ta the ~djncent rot-1~~ 011 thc 
~011th is n selntion thnt rwulted, at. least in part, from f auIt,iing, but 
n sec!nncl possible relntionship should be considered. It mny be tImt 
tho fault follows the bo11ndnl.y of a basin of rlepoaition and thnt +,he 
solkist and gtleiss of this part of the railgc were not ovsdajn by the 
younger racks, 

/lye uand corre7afio-n.-The problem of rletermining tho nge of the 
schist and gneiss of the nolth slopes of the i j l~skn  Rnngr jn\~olvcs 
many uncertninties. 7Xe ~erlimmtary rerks are plnit~ly older thnn 
the i g n e o ~ ~ s  rocks that intruded t h ~ m .  The sediment nry rwks them- 
selves a1.e old and map belong to more thnn one g~ologic period or 
er.m more than one era. Fossils hnve not been f r ~ ~ i t ~ r l  in them and 
am not likely to be found, for metamorphic rhang~s hme clcfitroyed 
most if not all the organic remains thnt mny hnva been buried in the I 

original wrliments. In riew of t h ~ o  ronrlilions the n* nssipment 
given here, illsofar as it depends 011 e r i t l ~ ~ l r ~  fun~isl~erl by ttw rocks 
of the Alaska Range, is based on rliffewnws in the intensity of folding - 
and the degree of lnetnmorl~llis~n e1101r.n 1)jr the wLHll~ist nnd gneiss and 
the formations adjt~ceat to them. 
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As far as is known nt this time E ~ P  oldest rocks in contact with tha 
schist m c l  p e i s s  on t31e wutla n w  11at older than Middle Devoninn. 
The diderent formations n1-e wpnl-ntril by R great fau l t  which deter- 
mines the boundary line Fletlret~n t hem. The fault is z zone of dis- 
turbance, and t h ~  rocks near  i t  nrp. hrok~n and displaced, but the 
XOCLS SQIIB of the fnnlt  nre not ~ r l ~ i s t n s ~  nt~d shorn no such recrystal- 
Eiz~tion or other metnn~nrpl~ic ch:~ngc :ts (10 f lie rocks north of the 
fault. The schist and gneiss Imve c~lenrlp h r ~ n  subjected to f o r m  that 
the others hare not experienced nnrl RI-P olcler ; tlixh is, they are a t  least 
ns old as Middle Devonian and prohnE~ly mrucl1 older. 

Mendenllall ( f 903, p. 30-82) descrj bed tho pre-Cambrian rocks st 
the head of the CEustoclliaa River unrltw the name Tanana schist. 
That formation name is no longer in use, 111nt tlla rocks once desigr~nted 
hy it are now included us pint of the l3ircl~ Cr~e,k schist, t., group of 
rnetamorpllic sedimei~tnry yocks tht~t a l e  witlely distributed in the 
Ynkon-Tannnil region. a res~ilt of mnny ycnrs nf fi~Ed work in 
t l ~ n t  region, Mertie (1987, p. 46) cliricl~s t l i ~  '‘ancient rocks" esposed 
them into three broadly defined units L~sP(J 011 diffewnces in nge and 
lithology. The oldest, known as the BIrcli C ~ ~ e l i  srllist, is of very 
consirlernhle e x h t  and consists of rec~-yst~llizsd PIP-C~rnbrinn wdi- 
rnonts wit11 whicll are, associated rnetan~orphic ign~ous rocks. 

Tho Birch Greek schist, wliic11 is now defined (Mertie, 1937, p. 48) 
RS inclntling 1111 the older pre-Cambrinn inetamorpl~ic rock9 that  were 
originally of sedimmtasy origin, occupies a large nrcn ad jr~certt to the 
Tnnfina Kirer north of the area under diwnssion. Ill~rtir,  nzakes tlie 
Eollawing p ~ l e l - n l  st wtcrnent n b u t  the schist : 
The 1iIrc-h Creckk whist mnsiata f~rinc.ipnII~ of qunrtzite, qunrtetfe FM'IIIR~, FJIIRT~Z- 
n11cn sehtst. mlr:n ~cZ$lst, feldspntblc nnd chloritic s~hists, 11nd R n ~ l l ~ ~ r  pr(q~ortlnn 
of carbonamn~q and calcnreorw schist and crystalline limwtonr. Qunrtnlte 
schlst nnd qunrte.In!c.n st-11rst apperlr to I)e the Itlore oornmcm types. Most of 111~s~  
rocks arc cuz!lpletaZy r P ~ r ~ ~ t n l l i z r t l ,  bnt in some of tlhe tuore rornp*trrlt la-IIR- 
for examplr, the q~urtzltes-origl~~sil  tletritnl fabric an11 other evirl(*nr~s nf thrlr 
Mimentrrry or l f f l~~  nrc atill grrsri~ed. 111 general, these rocks are chnrnctrrizpd 
hr a foliate(\ or Intnlnnted ~trrurture, and l l l n l ~ j  * * * show a distortw2 foliattb or 
crerkalated fabric thnt Iridlcnt~n thr superposition of w e  clenvnge ~ l p o  an older 
structure of ~irnilnr tyyu!. In n I,rond wliy the more punrtzose metamorpl~ic 
rocks nre consri~tered to rPnr@s~r~l the I~narment rn~nlbers of the sequence. 

Mertie snys fustl~er t l ~ a t  i t1  the Yukon-Tanana awn calcaeous =hist 
and limestone make up n rel:ltively small proportion of the formation 
and nre restricted t o  the lqysrr glnrt of itJ. The Birch Creek schist is 
cxposd along the north side of the 7'1'nnana Ri-r-er throughont most of 
the area covered b ~ -  this report, PXCPP~ ~rhpl-e it is displaced by igneous 
in trusives. 

It is e~ident from the  dcwl-iplions already given that the rnetamor- 
phic rocks on the north side of the AInska Range resemble the Birch 
Creek whisk more nearly than either of the other units of the "ancient 
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rocks'? Furthermore, there appears to be no justification for differ- 
entiating similar rocks on the north and south sides of the Tanana 
River without evidence that is not now a t  hand. Consequently the *, 
schists of sedimentary or iga  forming the north side of the Alaska 
Range are here tentatively correl~ted with the Birch Creek schist of 
the Tanana-Yukon region. s 

South of the Tanana Rirer the schist is not corfined to the area 
between tlw international boundary ~ n d  the Delta River but continues 
west along the north side of the range as far as the Kantishna River 
nnd probably extends into the lomlarld area west of that river. It is 
exposed in many localities tltroughout this district and is described by 
Capps (1912, p, 20) as being made up predominantly of highly con- 
torted and fissiIe mica and quartz scllists and phyllites of green, red, 
brown, and gray shades. Beds of metamorphosed quartzite that show 
some schistosity and secondary mica, and also beds of graywacke and 
fine black slaty schist, are interbedded with the mica schists. 

The Birch Greek xhist is now considered to be not only pre-Cam- 
hian but early pre-Cambrian. The evidence for  this corlclusion is 
$ound in the upper Yukon Valley and is both litllologic and paleon- 
toIogic. It has been summarized by Medie (1937, p. 55, 56) in the 
paper previously cited. If the correlation maxle above is correct the 
schisk and gneiss of the Alaska Range srre much older than can be 
shown by the local evidence now available. 

PALEOZOIC BEDDED ROCK8 

DEVOEnAH ROOK8 

CKa~mtar amif dt%trihtion.-The rocks of Devonian age are mostly 
of sedimentary origin but some are igneous mcks that appear in part 
to be contempomeous lava flows. Possibly some of the associated 
igneous rocks are younger than Devonian. The beds we folded and 
locally are schistose, yet they are distinctly less metamorphosed than 
the "ancient rocks" previousIy describd. Unlike the assemblage of 
older rocks they include conspicuous limestone units. Their age 
assignment is hsd on the evidence of fossils that are characteristic 
of marina Life in the Midd1.s and Late Devonian epochs. Three areas 
of Devonian rocks will be described, although the limits of these 
areas are not well-defined and only one is shown indepenclently on 
tha geologic map. These three areas include Suslota Pass, Cheslina 
River and the Tetlin River, and Bonanza Creek in the Chisam dis- * 
trick. In some extensive nrens Devonian and Permian rocks are not 
well enough known to he differentiaterl from each other OP wan t o  be 
identified with certainty, so possibly the Devonian rocks are more 

Y 

widely distributed thm now appears from the statement of their dis- 
tribution given nbor-e. The diversity of types among the Devonian 
roclrs will appear from the descriptions that follow. 
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ngstalline, and light bluish gray. Its resistance to weathering and its granular 
texture, together with the awldents of foldIng and faulting, have combtnad to 
produce an nlinement of light-gmg plrlnacles and crags that contrasts strongly 
wlth the darker b~ekground, which stands high nbove the associated rocks and 1 

mmkes it easy for the eye to follow the murae of the Beds for man$ mile8 n c r o s ~  
the country. 
The limestone oecars in several distinct beds separated by pllgllite or whist 

w 
members derived from original mud and sand deposits. Because of tolrlIng 
anrl faulting these beds are difflcalt to dlstlnguish from one mother, nnd their 
exact number is not known. They do not crop out continuously. Daubtlesa 
Pome of the  outcrops are ports of continuous beds, but others were either distinct 
lenaes of limestone originally or &re parts of hsdv that have been separatM hg 
faulting or folding nnd have no connection with one another. 

In the dirlde between the north branch o f  Cheslina Creek [River] und the 
Tetling [TPtlInl River three dlatinct lines of outcropa seem to indicnte three 
distinct beds of limestone. Possibly thew are more. The oiltcrops extend north- 
northwed to the Buck Creek VallPy, and in the opposite direction they continup 
clown the CheslIna VnlIey ftnd into the ridge between Chefilinn Creek [Rtver] 
and Nabesna River. donthwest of these nre outcrow that indicate another 
distinct bed, which must be xeparatwl from the other limestone beds by n eon- 
widernble thickness of c la~t lc  sediments; hut whether this limestone i& ntra* 
graphically above or below the otlwr beds was not lcarned. 

The two remaining areas of Devonian rocks nro not outlined on 
tho geologic map. Their existence was not learned through field 
obsel-vation mil recognition of their lithologic features and mas not 
suspected till the fossils obtained from them mere studied in the 4 

Iaboratory. In both nreas collections of Devoninn fossiIs were made 
from n single locality that was supposed to include. only Permian 
rocks, in consequence of which it is necessary ta designate these and 
other nreas ns undiffe~entiat~ed Devonian and Permian rocks. 

In 1914 Capps (1916, p. 31) collected Devonian fossils from a 
locality 011 Bonanza Creelr near tho mouth of Little Eldomdo Creek, 
of which he snys: 
The rocks consist of l~nsic lavns, amlameratex, nnd tuffs, aamciated with 

considprnhle black shale and minor nsnonnts nf magwacke. The b d s  lie 
benertth the Cnrboniferous (Perminn) lavzls nnd pyroclnstica of lower Bonanra 
Creek, nnd so far ns Itnown nre conformnble with them. A s  the Daonian rocks 
inc111de n dominant proportion of lavas and pyroclastlc beds and hft~e  the mrne 
general ~tructnre as the Carboniferoua (Permian) rocks thty were suppomd in 
the fleld to be Carboniferoua (Permian), and the age determiantion has been 
hnsed solely on the Io~lsl l~ w11icl1 they contain. 

The Devoni~n rocks include more shalt? than the nearby Perminn 
rocks, but in the absence of fossils this feature can not be used as a 
criterjoli for distjnguishing them. Capps concluded that the Devo- - 
iiinn rocks may therefore be more widely ciistributed in the Chisana- 
l W t e  district than brtd been supposed, and that tl~ay may occupy 
some of the areas previously regarded as Permian. 

- 
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The third locality from which Devonian fossils were collechd is 
on the; inou~ltxintop 2 rniles west of Suslota Puss. The rbwks are 
argillite and a bed of Ijmustotie at  least 75 feet tlliclr, wllich were 
intruded by a small body of diorite. The xrgillits is wlutened and 
ille limeshne is recrystallized and silicified, evidently as nn effect of 
intrusion by the diorite. For rensons that mill be given in the section 
dealing with the nge of these rocks, the limestone and associated argil- 
lite are includecl anlong the Devoniail rocks with much doubt coneern- 
ing their extent nnd relatiol~4lips. 

Strzcctzc~e and tAici%n~s.-It  bas been stntecl that the Devonian 
rocks, as exposed in the area iilclllding Buck Creek nnd Cheslinn 
River, comprise n notable v:~rietg of clnstic sedimentary rocks, includ- 
ing shale, qunrtzite, grit, and others, which are nssoci~ted with 
conspicuous limestoile beds, Some of the cIastic beds are scl~istose, 
especially near the Iarge diorite body ~ r h i c l ~  borders them on the north- 
east, and the limestones are hwe reclystallizecl. All the beds are 
closely folded and tilted at llnge angles from their original horizonhl 
position, but beds that could be used as horizon markers and identified 
from place to place were not djscovered. The limestone beds nre 
traceable ia recurring exposures for long distances along their stsika 
and may be repeated across the strike b~ folding- AAltl~ougT~ proof 
of this repetition is lacking, both the clastic rocks and the limestone 
beds are probably thus reperltarl. The number of limestone beds is 
not known. They are separated fro111 one another by beds of the 
elastic rocks and together rrith them probably h a ~ e  a thickness g e n t e r  
than 6ve bt~ndred feet in the locality ndiere the limestone is bese 
exposed, possibly ~nucli greater. The distribution of the limestone 
beds snggests that the)* either were originally lenticulnr or acquired 
their present form and dist~~ibution t l~rougl~  folding and faulting. 

The thicliness of the clnstic beds exceeds that of the group of lime- 
stone beds but is wen less susceptible to mensarernent, so any estimate 
of the to tn l  tllickness of Deroninn ~ocks is not much more than an 
informed guess. Neverhthe2ess the tllichless is probably several 
thousand feet. 

Lower Del-unimi rocks llnre not, b e ~ n  recog~jzpd in Alnskn. It is 
therefore inferred that in Enrl?* I)eroninn time the land stood above 
sea level n i ~ d  underwent clenudntion. I f  this is true, the Middle 
Devonian sediments probably were deposited on the older rocks wit11 
structural unconformity. The depositional relation of the Middle and 
Upper Devonian is not k n o ~ n ,  nor is that of the Upper Devonian and 
the Perminn, but all mere folded together and faulted. The observd 
contacts of Devonian wid1 pre-De~onian and post-Devonian mlrs are 
either fault contncts or cont&cts with intruded bodies of igneous mck. 
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Tllese two strl~ctural ~leltttionships appear in the vaIIey of Buck Creelr 
and the west branch of the Cheslina River. The boundary between 
the Devonian mks of the valley nncl the Mesomic rocks of the 
mountains on tlre southwest is n bult. The boundary on the north- 
east is along n contact with n mass of g-ranitic intrusives which pro- 
duced the schistosity and secondnry minerals in the adjacent Devonian 
sedimentary rocks. Tlieso clianges nre greatest near the intrusive 
mass and diminish away from it. Retween the two boundaries tlze 
sedimentary rocks nre closely folder1 and in places the strata are 
vertical. The lirneston~r, n1.s t l ~ a  most conspicuous of the Devonian 
rocks. They a re  fewer and less prominent in the areas of undif- 
ferentiated Devonian and Perminn rmks and are less heEpfuI in 
deciphering the geologic structure, nltfloug11 tl~uy furnish clnes to 
the strike of the beds. 

Ags and cme2at.ien.-The group of bedded rocks here des~ribed 
tts Devonian includes beds wsigned to this period on tlze evidence of 
fossils collected from them and RT so i11~1udes n IIIUCJE larger body of 
rocks whose! age is infe~red from their nssociation, as they hnve not 
yielded fossils within the area considered. It th~refore follo~rs that 
the beds do not constjtute a well-defined p u p  and that rocks older 
or younger than Devonian may be r.evealed by future fieldwork. 

Cheslina River and Buck Creek valleys have furnished the largest 
number of fossils and the most diagnostic species so fa r  collected from 
t h e  Devonian rocks. Fossils have been found only in the limestone 
and are hard to recognize because the Iimestone is so recrystallized 
ththat they are obscured. Before they can be collected the enclovillg 
rocks must have undergone the exact amount of weathering that is 
necessnry to etch their outlines on its surface or free them from i t  
without destroying them. Sixteen species of invertebrates woro col- 
Imted from the limestone of Buck Craek and Cheslina River. They 
were submitted to Edlvin Kirk for identification and were determined 
by him to be of Middle and Late Devonian age. 

The rocks of these two epochs were not diff wentinted on the geologic 
map, and evidently the separation can not be made without intensive 
study, for tlie Iimestones crop out in close association in tho samc 
locality and are disbinguishable only by their fossils. 

In the following tables the Middle and Upper Devonian fossils 
and their localities aro given separately. Kirk says of the Middle 
Devonian species, "The foregoing lots with the possible exception af 
34 AM-F8 (2693) are of Bliditla Devon j an age.': 

'Quoted by J. R. Rcealde In a letter dated March 2 4  1935, In the flies of the Aluakan 
Geology Branch, U, S. Orologicnl 811rvcy. 
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Middle Deumimn foarils from the eastern Alaska Range 1 

aeoo. 1% miles soutbmt of the 8mdl lake st thc he& of Buck Creek. 
%I. Divide !&ween Tetlin River ((Bear CrceR) and a branch 01 the Cheslina River. Approximate 

p d t ~ o n ,  lat, KP21 N.. long. 142043' 7V. 
ar,B2. $6 mila south ollocallty MI.  
%I@. 2 mlles nest of thn east side 01 Suslota P s .  
2684. Llmcstonr: Aoat from the mt slopa of tho mountatn 2 mlles w e s t  of the enst side or Suslata Pass. 

1 This and other lists of lossits included 11n tlifs report nre bawd m olrE'poblished and unpublished 1kts 
whlch are dated In the text. A reuislnn of the nomencleture would Involre wmplete restudy at a11 
collectiom. 

2694 

-----a 

X 
- -- -- - 

X 
-- ---- 
------  
- ----- 

Amplexus sp ------_----------.---------- 

A m p l e m s b s p - - - - _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - -  
Cyatbophylloid coral, genus uncertain __---- 
Fravosites sp ..---------------------------- 
Fatwsttes sp. (digitate form)--- - - -- - - - - -- --.-- 
Pavmitea sp. (massive form) - - - - - - - - - - -  
Alveolitassp . . . . . . . . . . . . . . . . . . . .  - - - - -  ----  
Relictdarinsp - - - - -  - - - - - - -  ----------.---------- 

Upper Devonian fosds from the eaalern Alaska Riange 

2690 

X 

- - _  _ - - 
- - - - - -  

--- - 

X 
X 

aB AM-FR. 
8B AM-F7. 

River. 
28 AM-FS. 

- 
Chonophgblum sp . . . . . . . . . . . . . . . . . . . . . . . .  
PhiUipwtstraea sp _ _ _ _ - _ - - - _ - - - - - - _  _ - -  - - - - -  
Cladopora ~ p . _ - - - . - - - - - - - - - - - - - - - - - - - - - - -  
C o e n s ' f s s ~ p - - - , - - - ~ - - - ~ - ~ ~ - - . - - - - - - - - - - - - - - . . - - - . - - - . .  
Stromalopwa sp - - - - - - - - -  - - - - - - - - - - - - - -  - - -  
Mac eeoP s p - - - _ _ _ - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  P ~ J  
G y p i d l s l a s p - - - - - . - - - - . _ - - - - - - - - . - - - - - - - - - - - - - - - - - -  
Cawaa~daechiasp--------------------------------~-- 

Head 01 the north blanch of the Chpsltnn River. 
Head of the north hmneh of the Cheslina Rtvsr, 4% mlla rroutheast from the TatIIn 

H a d  01 the north brunch vt tbc Chesha Rivcr, 4MmUes southeast from the Tetlla Rlvw. 
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Two species of invertebrates weye collected f ronl Bonmm Creek 
bp Capps (1916, p. 33) and were determined by Kirk ta be of probably 
Middle Devonian age. These fossils mere fomld in shale beds asso- 
ciakd with lava flows a~-id pyroclastic beds. Kirk's report on them is 
as follows : 

38AM-F6 

X 
X 
X 

-----..---- 

Lot No. 4. From agglomerate series on Bonanza Creek, just below the 
month of Little Eldorndo Creek: Pentatnerella? sp*, DaZmwllm sp. T h e  pen- 
tameroid ia most clearIg allied to PMomre lL ,  and swms clearly indicative of 
the Devonian age of the containing beds. It i8 probabI~ referable to the Middle 
Devonian. A v e q  similar if not ldenHcal spedes occnrs at Freshwater Bay, in 
southeastern Alaska. 
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The Middle Devonian fossils from the Suslota Pass lmlity are from 
an area that has furnished a distinctive Permian fauna and like the 
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Permian fossils nre from mnssive limedone beds. This localitmy 11ns 
yielded crinoids and several species of corals, some of which Kirk 
regards as c l~ar ly  hIiddle Devoninn ; at least one is inconclusive. I n  

en 

view of the dominance of the Permian limestone in the area this one 
limedone bet1 nnd ~ssw in te r l  nrgillite are assigned to the Middle De- 
~onian with a feeling thnt they may rep~wsent only a small infoldecl u 

or infauItec1 ma- of the older rocks. 
DEvonInn rwks ate pxposed in other widely separated pasts of 

Alsska, bnt their m.elntions1~ip to the Devonian mks of the eastern 
AFaskn Range JIM not been deter-mined, Rocks of Devonian age nrm 
ext~~lsively (JPVPIO~CCI 011 the south side of the Alaska Rang0 in the 
vicinity of tllc K ~ n a n n  River and on both sides of the  range still far- 
ther w ~ s t  withi~i  t l l ~  Jfot~nZ, IfclCinlep Sotional Park. A s  described 
by Cnpps (1!):{0, p. 251, pl. 41, they make up "a thick series of mctn- 
rnorpl ~osed sed j mcntar-y rocks that iricludes conglomemh-, shale, slab, 
grnywncke, quartzita, xnil thin-bedded and massive limestone'! mid nm 
rsgrtrded ns upper Middle Devonian or lower Cpper Devonian ( 1915, 
p. 26-90)" These rocks may extend east along the Alaska Range 
between the N e n a n ~  nnd Delta, Rive13 but have not been identified 
thwe. 

Rocks thnt mny be the eqllivnlents of the l3e)e-niwn rocks of the 
Cl~~sl ina v ~ l k y  are exposed at TVellesl~p 3To11ntrtin bet.we~,n the 
Chisnnn Rirer ~ n d  tile international boundary. tVellossl~~ Mountnin 
i~ 33 miles south-soutllenst of the most e~sterly of the limest,one beds of 
tho Clhedina valley. It is made up in part of congtomernte nnd slate, 
to ~rhic l~  H m k s  (1900, p, 47&472), gave the name Wellesley forma- 
tion, referring it to the Devonian or Carbor~ife~ol~s period on the evi- 
cIeace of a snlall coIlection of fossils. Large exposures of limestone 
that were not known to Brooks occur on the west side of 'CVellesley 
3Iountain. This limestone is in st~ike with tlw limestone betis of t,he 
Chslina valley and possibly is their enst7tmnr.d continuntion. Mertie 
(1937, p. E-931, howe-rer, has given rensons f o ~  considering the Wel- 
lesl~y formation to be Czrboniferons rnther thntl I)eronian, although 
Ile states t l ~ t  tliese rensons are not conclusive. Until more evidence is 
at Eland, the possible correlation of the limestone bcchs of the CEledina 
valley and Wellesley Mountain must. be tlcf~rrcti. 

Ckaracter and distribufion.-Two groups of rwks that are exposed 
in the Copper River basin present prol~le~ns of inter~~retation even 
more dificult thnn thnt of t l ~  Deroiiiru~ r t ~ k a  mlcl have not yet been 
assigned a definite position i l l  t l ~ e  ~t~rntigrnpl~ic ro3umn. 

A group of little-nl t ~ r e d  rocks th nt  C O I ~ ~ ~ ~ S P S  Lot11 seciimentary 
and igneous units ancl is rxpovetl irlo~tg the saut11 side of the Alaska 
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Range ~restmard from the Middle Fork Chistochinn River as far as 
the Maclaren Glacier was tentatively assigned to the early Ct~rbo~~if-  
emus or Devonian in enrlier publications of the Geological Survey. 
It includes the Chisna formntioil, first described by Mendenlmll 
(1905, p. 33-38), and other rocks that were thought by Blendenhall 
and the m~iter  (1912, p. 27-29) to be ~orrelat~iws of the Cliisna for- 
rnntiotl. 

A secoucl g o u p  of ~netnmorphic rocks that are exposed in the low, 
rounded llills north of the West Fork Gnlkans Eiver nrld the Susitna 
River was described by the writer (1012, p. 9G, pl. 2) as probably pre- 
Carboniferous. They were lnter clescribed by Chapin (1918, p. 93-26, 
pl. 2) as Clarbonifero~is or older. 

These two gmnps of 1-ock9 llnce never beet1 studied in detail. They 
nre complex ia tlieir make-up al~rl differ ill degree of metrliuorphism, 
the roclrs of the sonthem gronp being more nltered. Fur ther  study 
probnbly IF-ill prow that both groups should be subclirided, but ns 
each group jncludes rocks tlint 11:tr.e been i11ol.e or less doubtfnlly 
referred to the C:urhoniferous, they ~ ~ . j l l  be ~'ollsiclered together in this 
section. The second nrld 1:lrger. group will be clescribed first. 

The rocks of the secolid group nre ~riore altered than those of the 
first group. Tlleep are exposeti south of the main Alaska Range in 
the round-topped hills forniing the sliccession of ridges north of the 
West Fork Gulkann River. This west-trending belt o f  low mountains 
or hills continues beyond tlle limits of the geoIogic map into the area 
within the great bend of the Susitan R i r ~ r ,  but it is less  ell defined 
east of the Richardson Highwny. These hills, bwarise of their isola- 
tion nncl more particularly becalm of the absence of ally known 
mineral deposits, have ~ecejreil little :ittention fro111 geologists, T l ~ e  
rocks are of rnrious kiilds tlilcl i f  j iidg~cl by the degree of tlieir ineta- 
morphism must be s~garcleri as ainong the olrlest rocks of the Copper 
River basin. They iilclnde greenstone, schist, a relatively small 
amount of Iimest,one, slate, and quartzose sedimentnry rocks, and 
granitic and bnsic intrnsives. 

Tlle rocks clelescriberi as yrernstone are altered effusives and intrusives 
and appear to make up the larger part of the group. Their apparent 
dominance, Izowever, may be lieexuse of their superior resistance to 
weatheling rather than their relative xbundmce. The schistoss s t rue 
ture is ul~eqnnllp developetl but is loally notable in sorne of the rocks. 
Limestone is uilconlnlon yet is cor~spicuous in n fern localities. It is 
recrystallized and occurs in innssive outcrops that have not revealed 
much mere of the structure than the trend of the beds. This group 
of rocks hns evidently been intruded by igneous bodies at more than 
one period in its histoxy, ns sorne of the intrusir~es anre much a l t m d  
nnd others am fresh. 
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bcluded in this p u p  are the Kluti~ia group (Schrader, 1900, p. 
410) and Dadina (Mendenhall, 1005, p. 27,28) schist of thc Chugach 
and 1TranpII Morantaias respectively and the Strelnn form~tion 
(Moffit, 8938, p. 23) of the Chitina valley, which have been correfnted 
tentatiw-ely. The Strelnu formation comprises a variety of rocks- 
whist, gneiss, slate, and recrystalIized limestone-a1 1 of whi cli slmw 
notnble metamorphism. It was msiped to the lower part of the 
Cnrhni ferous (Mississippian) on the evidence of fossiIs colleted 
from widely separated places, but it8 correlation wit11 the rocks of the 
TVes t Fork Gulkana River depends entiye1 y on lithologic simil nri ties, 
as fo~hpils have not been found in the rocks of the West Fork. A cor- 
rolntion of the Klutina group with Devoniail deposits rotller than 
Cnrhniferous is a possibility that shoald be recognized. Illthough 
Devonian rocks have not been identified in the Copper River basin, 
they occupy a, considerable area on the south side of the Alaska Range 
on the upper PJenana River and may have representatives in the 
p u p  of ~ ~ w k s  under dix~~ssjon. 
lMotnrnorphism in mcks of this group is much less ad-ranced than in 

the nncient rocks on the north side of t.lta klaska Range; on this basis 
the rwks of the: Gopp~r River basin are considered younger. 

Notwithshnding the uncerhintia that llnve been mentioned, t h e  
rocks of this p u p  nppmr to benr more resemblnnce b the Enown 
Carboniferous rocks than to other possible correlntives and we tenta- 
tively assigned to that system. 

The remaining p t ~ p  includes the Chisna formation and other 
rocks that have been correlated with it. The CLsna formation is 
made up of sedimentary nnd igneous units and was described by 
Mendenhall (1905, p. 33-35] from thoir occurrences in the valley of 
the Chima River. The sedimentary units nt the type locality are 
tuffs, quartzites, and conglomerates, which are cut by porpl~yritic 
intrnsitws. !Rie bedded igneous units include nmygdaloidal and 
porpl~yritic b - ~ a  flows and tuffs. Rot,h the sedimentary and igneous 
units are intruded by diabnsic and dioritic bodies. Some of the tuffs, 
as we41 as quartzites, are pyritiferous and some nre slightly calcareous. 
The Chisna formation in general is not distinctly metamor- 

phosed or notably deformed. Nmrly everywhere tbe mounltains 
composed of the Chisna formation are co~~picuous because of their 
red color, which results from the oxidation of the pyrite disseminated 
through the tuffs and quartzites. Apparently the igneous units, in- 
cluding the intrusjves, dominate the wdimenhry units. 

Bocks of the Chiam formtition m ~ k e  up most of the muth part of 
the block of mountains between the Chistochina River and the Middle 
Fork, and also the smaller block between the Chistochina River nnd 
tho West Fork. They are not recognized with cert~inty east of the 



MiddIe Fork, although the ~djacen t  mountain east of the upper slam 
River is made up of volcanic rocks find sllows the same bright colora- 

t tion. A thick deposit of conglomerate, sh~le, gravel, and sand of Ter- 
tiary age conceals the ~Ider  m k s  between the West Fork and the 
Gakonn Glncier nnd cuts off exposure of the Chisna formation along 
the  strike to the west. Rocks tlmt have been correlated with the 
Chisnrc formation crop out north of PheIan Creelr and in the rnoun- 
tains norhh of Eureka Creek. Some cioubt exists regarding the cor- 
rectness of this correlation, at l e ~ s t  as to the exbnt of the Chisna 
formation in this area, as it is now known that some of the rock  in 
those places nre of Permian age. 

Mertslrrements of the thickness of the Chima formation mere not 
attempted ; estimates nre not feasible lrntil more is known of tht? corn- 
position and structure, but it is the 1rriter:s belief that the thickness 
will be eupremd in hm~dreds if not tllousands of feet. 

The beds of the Chisnn formation are folded and in general have 
strikes that conform to the t.rend of the range. The; rocks are more 
metamorphosed than the Permian rocks that  lie north of them but 
they are not schistose. They are q m a t e d  from the Permian rocks 
by a strike fault that follows the v ~ l l e y  of lower Slate Creek and the 
upper Chisna River. This fault is parnllel to the great fault that 
marks the soutIl botmdary of t . 1 ~  ancient schists and gneisses still 
farther north. 

If the strncture of the formation inrolved only simple folding, the 
strike of the beds would carry them into the area of Permian rmks 
across the MiddIe Fork on the santhenst and into the area of Tertiary 
racks on the northwest. Prob~blp the Tertiary rocks overlie and 
conceal the Chisna formation. The reIation of the exposures on the 
Middle Fork, however, suggests possibIe cross faulting sufficient to 
displace the formations and offset them in tlils vertical direction. 
Similar faulting map also ]lave taken place along the west Fork. 

Age.-The nssignment of the rock of the Chisna formation to the 
Carbonifemus is provisional. It does not rest on the evidence of 
iossils but on structural and lithologic consiclerxtions, which seem to 
indicate that the rocks included i n  the Chisna formation are older 
than the nearby rocks of the 31ankomen formntion of Permian age. 
A few crinoid joints 31ar;e been found in the Chisna formation, only 
sdciently diagnostic to suggest nn age assignment within wide 

.II 
limits. Future detailed dncTy will probably s h o ~  that rocks of 
Permian age have been included in the Chisna formation. 

PERMIAN 30CES 

II Character and dktribwtiom.-Fedan rocks h ~ v e  been demibed, 
in many earlier reports of the Geological Survey dealing with 



Alaska, as mpresentstives of the clming spocll of the Carboniferous 
period. As the Permiail is now consid~red tn h R geologic period 
equal in rank ta the Carboniferous period, t,lle rocks h r e  dewrib4 
are no Iorlger referred t o  as Carbonif~rol~~ but ns I'ermian. 

The Permian bedded rocks of the enstern Alnskskra, Range and adja- 
cent area include a variety of types but nre cbnmcterized by the 
abundance of colc~nic lavas and tuffs, and crtlcnreous sediments. They 
n1.e expowcl throughout nlmost the nntirc! length of the part of the 
A l a s h  Xsnge considered in this reporf nnd continue for an undeter- 
mined dfstsnce to the s o u t l ~  and possibly to the west, beyond it. 
Permian sedimentary rocks ore exposer1 on the Delta River and be- 
tween the 71% Fork of the Chistwhina River and the Slana River, 
especially in the mo~lntnins north of hlnnkomen L ~ k e .  Small isolated 
areas of Permian stmtn, cliiefly limestone, nre exposed on Indian 
Creek, Ahtell Creek, and S~lslota Creek, nncl on Sorla Creek, a tribu- 
tary of Platiunm Creek. A gmrtt area of Permian rocks lies south 
of the  Kabmla Itivel. nntl extencls southeast from the Nahsna across 
the Whib River into Cni~aclian territorp 01-1 the east and the valley of 
the h'izina liirer an the rest. Homewr, the area shown on the geologic 
maps as occupied by P~mmicn rocks is not continuous througllaut this 
distance, for tlie beds ale corcrerl in places by younger sedimentary 
rocks. It is narrowest near the Deltn R i ~ e r  and at  the h ~ ~ d  of the 
Chidochina and, ns fnr ns is known, reaches its greatest; width in the 
Chimnrt and 'It'hite liiver district, where, however, much of the 
Penninn mclr is bi~rjed tznder Tertiary lava. 
In nll t h  loc~ljties mentioned the sedimentary rocks nre ~ssocinted 

with Inve flows nnd ohher volcnnic rocks. Where interbedrlecl with 
the wclimentary rocks the lava flows are assigned to t11e Perminn 
period. Where such evidence is laclnng determination of the ngo of 
the volcnnics is less certnin and is especially difficult where Devonian 
volcnnic rocks are also present. 

The Perminn rocks of the Copper River region were fimt identified 
by Mendenhall (1905, p. 4047)  who saw them in the upper Chisto- 
cliina vnlley, north of Mnnkomen Lake, and gave them the nnma Man- 
ko~rlen formation. This locality llns since been looked on ns the type 
locnlity for the Permian (Blankomen formation) of tho npper Copper 
River region, nlthough the section exposed near Munkornen 1,ake is 
not typical of ithe Perminn beds in t l~e  Cliisana-White River district. 

The Permian 1 w c h  are marine sedimentary rleposits interhlded 
wit11 lava flows and tuffs. sedimentary units include limestone, 
shale, limy tuff, grit, sancl&an~, and n variety of intermediate, related 
types. The igneous units tire dark, fine-grnintrcl Inms, some. of which 
m e  anlpgdaloidal, and tuff beds that are r n l c n m ~ ~ s  in most places and 
range from calca~was tuR to tnffaceo~~s lime. In addition to the con- 
temporaneous lava BOTI-s, the I'ernli~11 seqttencr! includes in places a 
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area. The rocks, which are we11 exposed, are not closely folded 
but hwe been broken and displaced by numerous faults, which are the 
chief source of difficuIty and possible error in jnterpret,ing the mln- 
tionships, thickness, and structure of the different units. In general 
the lowest mh of the section are fine-grained, amygdaloidal tl~nva 
flows. The 111v~ flows are overlain by beds of coam, soft tuff mllich in- 
clude a few thin sheets of andesitic lava and become finer pained and 
calcamous in the upper beds. h d l y  they give plaw to hnrd, gritty 
limestanes and hard, coarse brown sandstones. StiIl higher in the 
section are thick beds of massive limestone; and thin-bedded limestone, 
together with thick b d s  of black shale and a little sandstone. The 
top unit of the q n e n c s  j s black shale, Lirnwtone beds are distributed 
throughout the ~ c t i o n  but are best developed in the upper part, where 
they occur as rnm4re, cliff-making units. Beds of sandstone and grit 
are common in tho lower part of the section, but there are few conglom- 
erate beds. Ruff or brown wentllering is characteristic of the Iower 
part of the section, 

The Permian rocks of the Ch fstocl~inn, section north of Mankomen 
Lake are disposeci so t h t  the oldest and lowest rocks appear on the 
slopes of the m o ~ m t ~ i n s  on the sonth side of the area. The highest 
beds, mainly bl~ck shale, form the tops of the mountains on the north 
side adjacent to +,he valley tllnt sepnmtps the Paleozoic rocks from the 
pre-Cambrian schist ~xposed on the slops of Monnt KirnbalI. A 
westward extension of tllc Perminn rocks occupies most of the area 
between this valley and n minor valley or line of valleys which leads 
from Trout h k c  to the month of Slate Cmk, nnd tl~ence continues 
to West Fork Glncier. Rlnclt shalcs nre Ithe prevailing rocks exposed 
in this arm. StiIl farther west the Perminn rocks crop out in the 
mountains east of Fl~elnn Creek nalcl the Delta River. They probably 
make up the greater part of tho rocks exposed nlong the south slop0 of 
the range west of the Deltn River, though it mny be that they are as- 
sociated with rocks of the Chfsna fa~mntion (p. 103). 

Towad the east the sedimentary beds of the Mankomen formation 
end abruptly at the Slann River. 

&fencFed~aIl (1905, p. 10) examined the Perminn rocks in the ridges 
on both sides of the Engle Creek valley and described them as forming 
a stratigraphic section between 6,000 and 7,000 feet thick, tho lower 
 arb of which consists rnostIp of nrenaceous and tuffnceous beds, the 
upper, larger part of prevailingly c ~ l c a m u s  beds. A composite sec- 
tion of these Ms, based on barometric measurements, is sI~own in 
figure 26. The thickness there indiented as 6,700 feet is doubtless some- 
what less than the original thickness of the beds as some of the upper 
deposits hme been removed by erosion. 

The prevxiliag strike of the Permian rocks is north-northwaqt nnd 
the dip is low to the east-northeast, but the strike and dip are not 
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FIQURR 26.-FFectlon o f  Pern~irt~i ~ ~ d k n t n r j  rockn north of Ymkomen valley an I ~ P A R ~ ~ P P ~  
b.r. hIendsnh11. IACJIIIJ niimh~rcu r ~ f c r  to lid of TrIendrnl~nll'n -FOasils, p. 117. 
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constant. Pnrt of the sontlt slope of the momltnjn nortli of Alw~kornea 
Lake, betwen Cxnyo~~  n n d  Engle Creda, is prncticnlly n clip slope 
altllorrgh the southerly dip of ills beds is slightIy p e a k  thnn the 
slope of the mountnin side. This struetnr~ probably invoh-es faulting. 

The Permian rocks are limited on the north by a great fnult whicI1 
brings them illto contact with the pre-Cambrian scl~ist (p. 92). Tlic 
fault dips to the soutll ant1 is many miles long; it extends west hyo~rtl 
the Delta River nntl. enst~ard an eve11 greater distanre. The effect nf 
the f:wlting was to elevate the older rocks on the north relntive to 
thow on tltc south, with a displacement of probnbly mnny tlioasantls 
of fcet, th011g1~ the full amount is not known. 

l'llt! fault involves n zone or irlclined tabular mass of rock of ~ ~ i c l d y  
vnrying thickness, in which the movements of atijustment wpm ([is- 
tributed, ratller thnn a sin& fmcturr! plane along 1vI~ich diglncement 
occuimd. It includes many minor f nu1 t s  wit11 various stri kcs nlld dips, 
some of mlucll extend outsicie the principnl hult zone. Par~11~1 
faults-such as that between the Carhonift:r.ous tcr lr l  Perminn rocks 
of Slate Creek ancl the upper Cllisnn Iliver, which nre apparently 
distinct from the great fnult but iloubtlegs nre relntecl to  it in origin- 
clisp1,lace the rocks in numerous plnccs. C'ros faults making large 
~ngles  with t l ~ a  strike of the beddit~g also offset the beds. 
This complicated s y s t ~ m  of f;iulting increases the riiffic~tlty of i n k -  
preting the geologic structure of tlw nrea for it adds to the problems 
already presented by folding nncl erosion. 

The stmtipaphic section of the Mankomcn formation displn~ed 
in the type locnlity is not duplicntecl elsewhere. The Permian rocks 
of the Deltn River locnlity sllow a larger proportion of nr~illaceo~ls 
material. Tllose of tho Nabesna and White River wens fnclndc n 
larger proportion of lnvn flows. It appears that  the type 1wnlit.y of 
the JI~nkomen formation was n pIrtce of dominant Ijme deposition. 

Two A I Y ~ R ~ ~  nreas of Perminn limestone and elastic beds arc c x p w ~ d  
on Indian nncl Ahtell Creeks witkin the mountclir~ group h e t w ~ w ~  the 
Copper and Shnn Rivers. These isolated localities suggest that tIie 
Pormjwn sedimentary rmks once occupied a much p a n t c r  nren in the 
llpper Copper R i ~ e r  region than they clo now. T l ~ e  srnnller nrea, 12 
miles sout,li-southeast of Jiallkomen Lake, wns described by the writer 
(1038, p. 20) as follows : 

A small ~ m t c h  of Permran Mimentau mcka, 1-8 than 1 aquare mile in area, 
occupies the I~igh-t part of the ridpe betrvwn the two main branches of Indian 
Creek, about B miles north of the ~ l l l ~ c ~  arhcre tllese twa llranches come together. 
The lower part: of the gectlon fs (lark-gmy cnlcnreous grIt mataInlng scntted 
crinold stems and a few fl-og!nents of tl~lck-sht'lled bmchiopods. On this rests 
n b n t  50 feet of light bIulsh-gray crystnltl!~e Ilnwitn~me, Im1Iy coqtalning abnn- 
dnnt erinoids and brnchiogorls. Tllesc btds rest on ipeous rocks, chiefly ti por- 



phyritic granitoid rock of varying d~grws  of coarseness containing feldspar, 
hornblende, and a little quartz, and are overlrlaln in places by ri thin covering of 
igneons rack. TheIr thicknms is between 100 and 20@ feet,, and they nrs only 
moderately folded, nnpeflring nrarly horizontal in must places. On the evidence 
of the fossils the beds are corr~lriterl mith the Mankoinen formation. 

The Perminn rocks of Ahtell Creek occupy a considerably larger 
arm thnn those of Indian Creek. They extend northeast' from ,#tell 
Creek and make up most of the mountain east of Porcupine Creek. 
Thw rocks appear to overlie volcanic roclrs although their contact is 
in part a fault contact. The beds are dominniltly volcanic tuff and 
lava flows but include clxstic ~ n d  calcareous sedimentary socks. A 
p l c h  on the enst side of Porcupine Creek, 2% miles south of the little 
lake in the low pass leading to dhtell Creek, shows more than 500 feet 
of b d s  that inclucle coctrw ssnndstni~e or grit; fine conglomerate; xrgil- 
lite; shale ; coarse, rough black congloi~lernte mith tuff nceous base ; 
calcareous grit; and lilllestolle interstmtified wit11 adark, fine-grained 
lava flows or intrusives. The beds strike N. 25" E., and dip 30" ESE. 
A cowso brown sandstone or grit, overlain by $1 6-foot bed of limestone 
on whicli rest limy shale beds, forms the top of the ridge and is exposed 
for nearly a mile. This upper group is fwsiliferous? as are some of 
the underlying beds. Accurate correlation of this group with beds in 
the &Tankomen formation is not attempted, yet the prevalence of vol- 
canic units suggests that it more probabIy represents some part of the 
lower half than the upper half. 

East of the Slana River and no~th  of Suslositna Creek and Suslota 
Pass is R group of roclcs rrlitde up rlominantly of dark, fine-grained 
igneons rocks, mgillite. shale. con~lonierate, and subordinate limedorie 
beds. Most of the lialestolle bcls as far nortll RS the hexdw-aters of 
the streams draining into Stt~tioil (Mentasta) C~eelr have yielded 
Permian fossils, The largest nree of Permian limestone, and the first 
to be discovered, is abont. 2% miles north by enst of Suslota Lake. 
This limestone is bluish wrxy rtud massive. As it is faulted into its 

? 
present position, its strntigmpllic relation to the nearby rocks is ob- 
scure. Other limestone beds, however, are plainly interbedded mith 
the associated elastic beds tu~d bear evidence tjhat nt least some of the 
clastic beds ara to be referred to the Pelmian psriocl. 
One other smnll body of Per i n i t ~ n  lin~estolle occurs north of the 

Nabesna Rirer. It occupies the north brow of the mountain between 
Platirlum and Tohhunda Creeks, overlooking Soda Creek. At this 
place a massive gray lhnestone bed about SO feet thick is overlain by 
t hin-bedded lirnestoi~e th:~ t is folded nnd broken and shows yellowish 
surface weathering. The l i~nestoa~ yielded a few Permian fossils. 

The rocks between the Slana and Nabesna Rivers mapped as Per- 
miail are nearly nlI volca~lic flows and tuffs interbedded with a little 
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shale and intruded in plnces by granitic m k s .  The massive limestone 
near Soda Creek may originally have been an isolated lenslike body 
deposited on and possibly intestratified with lava flows, like the Per- 
mian lirnmtonc between the branches of Indian Creek, but prohbly 
had a considernbly p a t w  extent than tlm small nrea that now c ~ p s  
the mountain. 

Prom the N~lbpmrr River to the Cllisiknrs River and thence to the 
White River the Pcrrniun rocks are axpmeci cont in~ous~p on the lower 
slopes of the ITrnngeIl Mountnins excopt wllero they are interrupted 
by intrusive bodies. Sonth of Befit-er Creek much of the Permian 
rocks, which here are made 11p almost who'llg of volcnnic lava flaws find 
tuffs and are nssociated with fin unknown proportion of De~oninn 
rocks, am hidden in 11trge pnrt by Tertiary lava flows. 

The Perminn rocks jnct udc arnygdi~loidnl bnsnlts, limestone, sl~ale, 
arkasic sandstone, grit, and cclng1:lomemt~. Thc? sedirnentnry units, 
however, make up less than one-hnlf of the strat ipmpltic ,section 3nd 
nre less widely distributed than the basnlts. 
In e general way tho Permien bedded rocks af this are& include 

upper nnd lower units mndc up of l ~ v n  flows nnd tuffs that nre sepn- 
mted by a middle unit, which is ltnlnblp cafcnlvouw and consists of 
limcshne, limy tuff, shale, and minor lnvlt flows. According to Capps 
(191 8, p. 89) the Permian rock4 of the Cllisnnn nnd White River arens 
may be further separnteci into severnl stratigraphic divisions which 
nro shown in the following pnernlizecl section, the youngest being 
at  the top : 

I. Basic bedded lavas, with little sed imeutury mnteriaI. 
2. Massive limestone bcds of Skolxi Creel;, with interbedded I a v ~  

and minor amouts of shale and conglomernte. 
3. Lavas nnd pyroclastic roch, wit11 sjnnll nrnot~nts of sodimentnry 

rnrks. 
4. Massive limestone, associntd mith qhales, thin-bedded lirneslones, 

and n littlc mndstone and conglom~mte. 
5. L v n s  and ppmcla.q.stic beds, mith some sllales. 
This section represents several thousand feet of rock of which o~i ly  

the lower part is believed t o  be represented in the aren shown on 
plate 6, covering the valleys of Beaver Creek and the upper Chisann 
nnd Nabesna Rivers. This belief is based on the association of 
Perminn with D~evoninn rocks and on the appearance of the section, 
but it has not yet been proved. 

A section of t,he Permian rocks exposed on C r m  Creek and a 
second smaller section on Baultoff Creek were stadid because they 
offered fnvornblo opportunities and nre reproduced herein from an 
earlier report (Moffit nnd Wayland, 1943, p. 120). 
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The first section is on the north side of Cross Creek, 2% miles beIow 
the glncial moraine; here the beds are only n~aclerntely folded and 
nearly horizontaL This setion is represented in figure 27. Approxi- 
mately 3,000 feet, of sedimentary rocks and lava flows is shown. The 
limestone is about 250 feet thick nnd the upper pnrt of the section con- 
sists chiefly of argillite and slate. The limestone is abundantly fossili- 
ferons, but the overlying beds hare not yet yielded fossils; they are ten- 
tatively included in the sectio~i in the expectution thnt further investi- 
gntion may sliom that they include some Mesozoic sedianentnry rocks. 
Upper Trjnssic limestone and Upper Jurassic shale nre nssocinted with 
the Peminn rocks of this mountain mass in the vicinity of Camp Creek 
northwest of Cross Creek near the Nabesnn River. Tho Peminn 
rocks of Cross Creek were inv~dcd by granit,jc intrusives and by dikes 
nnd sills of dark basaltic sock m l i c l ~  broke through and offset the 
sedimentary beds; in ninny  laces where sills were forced along bed- 
djug planes within n group of beds, these intrusives praduccd the 
appearance. of several seynmte lin~estono units. This condition is 
Inare noticeahlo on the sonth side of Cross Creek than on the 110rtl1. 

A smaller section of Perinim roclcs (s.ee fig. 2281, representing n 
t l ~ i c k n e ~  of nearly 400 feet of bedded materials and i~~clurling lava 
iiaws, nndesitic tuff, nild clastic sediments, was mcasumd on Baultoff 
Crwk. Theso beds hnre yieldecl diagnostic fossils and arc! probably 
at or ncnr the base of the Pelmian section. They include only a part 
of the Permian expas~d on Knultoff Creek, but the variety of mate- 
rials in the sedirnelltnry l ~ ~ l i t v  is greater t h a n  that in the section on 
Cross Creek. Like the Pmnian of Cross Creek the Permian bedded 
rocks of Ban1 to61 Creek are faltlt~ct and are intruded by granitic rocks, 
wluch WIIW? crystnlliz~f ion of the limestone and siIicification of the 
banded argillitc! nntl the limestone. Thinly banded or rarvpd slate- 
argillita or slate-sandstone nnit s occur j n both the Permian sequence 
and the orerlying M~sozoic beds n~itl are tli6XcnIt to differentiate. 

T h i c h s g  and afrticttrre-JI~nsurement of tba thickness of the 
Permian rocks involves n nnl~rnlwr of dif l ic~~lt i~s,  nrnong them the facts 
that tho base of the S ~ C I I I P H C P  htls nut been identified and the structural 
reIation of the Permian to tllc 1)cvonixn rocks hns not been observed. 
Further uncertnint,ies nro dlre to 1~ lnck of inform~tion needed to cor- 
relate sections in widely s~prtrntcd lncnlitjes and to assign a top to 
the Permian sequence. The approximtth thielmess of the thickest 
section known will probably represent a minimum thickness for the 
quence  and will be the most informative estimate that can be given. 

A wide variation in the thickness of the rocks in different localities 
is apparent and arises in pnrt f roni the effects of prosion, in part from 
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t imowas: -iw, crinoirlnt, gray, wsubmrrng yellow 

h p * t k m ;  h k  gam, C A V ~ ~  f in@,  inttrblddadwih black snd gray 
vuvcd  rim* .nd .tgiltitom 

Bsrall; porphyritic, mms flow brcch, a isw rmiclam 

F~auaa 27.-Gencrnlizcd mctlun of Permlnn mcks on the north side of Cm~n Crorbk, hfenn- 
uretnenttr are haxptl on bnrometric rendin@ md ~st lmnten.  



FIIII'uI 2K.- Swt\nn OI P~rrninn ~w!inu.ntxrl; \Inits 011 1 ~ ~ u ~ t o i T  C w ~ k ,  nl~out  4 milvu so11t11- 
enat of the pnrs tn E n ~ l  Fork, Z'bivknes~w nte bnaed on hnromvtrlc r~alllnm nnd 
PRflmltEPP. 

111~ presence or nbaencue of intesbecIcted lava Rows in tho sedimentnry 
~rnits, and pmbnbly in pnrt from differences in original deposition. 

Tlu~ most fnnvornl~le section for  ~t~exsurernent is that north of Man- 
knrn~n Lnlre, n~rd t h ~  l ~ s t  nvnilnblo estimate of its thickness was mnde 
by hf~tltIenllnlP (fig. 26) ~vhich  n ~ x y  be cllxnged mr~ewliat when more 
d ~ t a  jled mensurcme~ils nrc nvnilable. Tha lllnnkomen formation, as 
determillecl by bnrom~t~ric rnc>ts~~r~rnent, comprises 6,700 feet of marine 
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sedimentary rocks and tuff bans. This does not irlclude a considerable 
thidmess of bnsal laws of indetenninnte age, although they prob- 
ably are ppart of the series of thin flows intcrbedded with the fos- 
siliferous tuff beds in the lower part of the section. 

The Permian sedimentary rocks of Indian Crcelz consist of limy 
grit overlnin by 50 feet of l jrn~stonp, t,hha wholo thickness being some- 
where between la) and 200 feet. The Perrriinn section of Ahtell and 
Porcupine Creeks is thicker. T1m beds thore jnclrtde more than 500 
feet of coarse, limy, clxstic beds, tuffs, nnd n little limestone, which 
are interbedded with d~lrlr, firm-grninecl igneous rocks ttnd probably 
are to be correlated mi t ? ~  tlie bnst~l part of the hlanlrom~n formntion. 
The mamive, fossiliferous limestorie on Suslositna Creek is us~ocinted 
with other Permian rocks, but all nre much folded and fnulterl ant1 
do not offer a favorable place for mensnrcmenta, 

The Permian section of Cross Creek comprises 3,000 feet of bedded 
rocks, mostly grapacke, argillite, slate, and 1 irnestone. ' It, includes 
one interbedded, 20-foot l a m  flow and about 200 feet of b n d  I R T ~  
whiC'Z1 like the basal lav~s of the Mankom~n wction may be older tthmn 
Permian. No other known srction in the Nnhesna end Chisnn~ nioar, 
is as PavorxbIe for me~suremeut as thaL on Crow C ~ w k  for in most 
plnces the rocks are foIded or fzulted or have been so ~roded that only 
n frnction of lhc! original deposits remains. 

The section on Baultoff Cr~ek  shown on fipnrc 2 R  inclucles 106 fmt 
of lava flo\~s ~ n d  284 feet of arkosic beds, clwrty and limy beds, and 
limestone, giving H, total tjhichless of 390 feet. Thee beds are prob- 
nbly low in the Permi~n wtion and only part of the beds origi~lnlly 
d~posited are present, an nnknom part having heen emded 
From this wviem of the. different localities it is apparent flint the 

section north of Mankolnen Lake affords the greatest thickness of 
Perminn roch in the arert consiclercd Jt probably indicates a thicken- 
ing of the sedirnentnry part of the ~ectiolr in that part of thc. hlaslza 
liange. 

Capps (1916, p. 39) recognized the difict~lty of measlrring the sec- 
ti011 in the Chisan~-'lJ'hite: River clistrict and the uncertainty of the 
rcsnlts hnt mgpsted tbnt, RII miinlate of 10,000 feet for the tllickness 
of the Pernlixrl was not excessi~~e. Hon~ever, this estimate incl~~des a 
mnsidemhle thicknrss of lava ffotrs, underlying and overlying the 
middle swtion of dominnntlp sedi~nentary orifin, that are not present 
in the section on C r t ~  C'r~ek. Later studies by the writer (1938, p. 
35,421 indicate that the Xikolai g ~ e n s t o n e  of the Chitina Valley is 
in pnrt if not whnlfy of Permiftll and Triassic( ? ) age, and if it is 
inclk~dsd with the I'crn~ian rocks of the upper IYkite River and 
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Nizinil River district the tl~ickness of the serier, can hnrclly b~ less 
than 10,000 feet and muy lm more. TIla Njkalni greenstone, however, 
1 1 ~ s  not been 1wognimi in the hlnskn Xnnge. 

The structnral relntions of tho I'erminn rocks to the Carboniferous 
rind Devoni~n rocks were not made clear by field o k ~ v n t i o n s .  ks no 
deposits have yet been identified to be of Z'ennsylvnnian or lab  Car- 
boniferous age, it is nssurnetl that this pal% of Alaska was lend in 
Pennsjlvanjnn time. Tln~s the I'ern~in~~ rocks were deposited un- 
conformnbly on the erotlecl sn~~i:rca of Dcvollian or older herls in the 
Chisnn~ dist.rict anti 011 C:n~bunif~roas or older herls in the Chisto- 
cllinu district. Rlnck shale of h t a  Trinssic nge lies ~mconformably 
on l'e~mian limestone on Skolni Creek (Jloflit, 1938, p. 35) in the 
Kizina dist,rict, It tlletvforr? seems evident that the Permian rocks 
nre soparastd by ~~nconfomitias from both tlie underlying and the 
o~erlying m k s ,  and t h a t  they ttl~cm.wl~~es were folded to a consider- 
able dogree before Lnte Triassic time. However, they are not schistme 
or notn bly mctt~morpllmcd except. ~\-herc tlwy A-IT faulted or intruded 
by igneous rocks. On the ot,l~er llnnrl they nw este~~sirely fmlted, and 
in nrnnemlts placa their cnntncts wit11 ndjacent fomntions mark 
faults of p e n t  rlisplncernent nntl Iangitudinnl extent. 

Age and eorre7atim.-'I'lw. sedirzle~~tazy units of the Permian rocks, 
including t,lm tutraccous beds, a1-o natnl>ly cnlcnreous and fossiliferous. 
Marcover, whcm fossils nre fo~lnd thoy are cornmanly ~bundtunt, and 
good collections have h e n  made; t,heg nre diagnostic, and little doubt 
cxists regarcling tlie age of most of 1Flem. Most of the collections so 
far made were submitted to Mr. G. IS. Girty for identification and 
detomination of age. From his study j t  appeared that the fauna 
is Inore closely rolated ta the Perriijan of Russia tlmn to tha t  of more 
southom parts of North .tmerica. One or two of the collections sug- 
gested Carboniferous time but since the  Pei~nsylrflnian (bfoflit, 1938, 
p. 28) is probnbly not represented in ]nost of Alaska, if at all, and as the 
associated rocks inclmle no I ~ I I O I V I I  hZississippinn, any questmion con- 
cerning the ago of the fossils llns heen provisionall y decided in favor 
of tho Permian. 

Somo early collections, including the fossils collected by Menden- 
hall from the type locality of the Msnkomen formation, were iden- 
tified hy Cllnrles Schucl~ert. Thoy were reviewed by Girty, who was 
in asserlhirtI agreement with t . 1 ~  origii~nl determinations, but are not 
included in the table of fo~si l s  of Iatm c,olIections. They am here 
giwn in rt separate table, ns thn presei~t terminology is somewhat 
changed from that of the early reports and the inclusion of the early 
collmtions would require extensive ~*avisjon of names. 
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Penmiam fogsib mlkcted bg ,llmdenlmll dn the Copper Rfaer IIWtin, ArMk-Con. 
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Spirfler up. 8 (grullp ob S.  a l d i r s \  X ................................... ............................. 
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Total .........................-......-......... - -- -. 

lR&P-lSM. IWOOt limcsrtona bcd on upper Indien Fmk; name Jocalfty ss BiS. 11'. C. hfendenhnll, 
1802. 

1Mt. Nesr base ofaput between Mankomm ma Bhna Vultcyn, W. C. Madenhall, 18M. 
1-M. 1'0 a1 1)11ff Hmestone, SfmY twt Rhore locality, 1Ml. W. C. Mendcnhall. 1BM. 
15-1). 'Shk dark lirnpslonr near top a i  .spur k t - - e m  klunhon\en and 81ma Valle>3. IV. 0. M~nderlhull, 

1R)L 
1RW. Dppm part of ridge bttwwn h a 1 0  Creek and Slana Valley. 7V. C. Mendenhall, SWl. 
1891. T o p  olr luly~ ktel~m Ewle Crrck nnrl Slana t'alley. ?r. C. Ilmdenhall, IW?. 
Js94. Uaso of u p p  hrnmtone, wrrt nl  Emlo Creek. IV. C. ~blendsnhdl, lW2. 

Permian rocks, formerly treated as belonging to the latest epoch 
of the Garlnniferous period, are found in many parts of Alaskn, ttl- 
th011gl1 they are somewhat less extensive tlmn tbe 3fississippian rocks. 
Their occurrence has been srrmmarixcd by Smith (1939, p. 25-34] 
and includes localities ns wideIy ~ept-trofecl as soutl~enstern Alaska, 
Canning Rives on the Arctic Coast, and Goodnews nay  near the 
n~ollth of the Kuskokwjm Rirer. One of the kt-known Imnlities 
af Perminn rocks is on the Yukon River just ilbove the mouth of the 
Nation River. This section is notable for  hnvinfi yielded R lnrger 
Femian fnnnn than any otller Alnskan locnlity, rather than for  con- 
tnining a typicnl assemblap of P ~ r m i m  h d s .  The Permian socks 
of the Yukon Hiver differ further from t h m  of the Mnnkomen for- 
mntion in t h ~  elltire ahsenct! of vnlcnrric members. 

MESOZOIC BEnaER ROCKS 

The Mesozoic bedded rocks of the, eastern Alaska, Range and adja- 
cent aren represented on the geologic nlap (pis, 6, 7) incEude mnrine 
rocks and sabordiaate terriienous deposits which aro practically 
restricted, ns fnr as js knowzl, to fhe part of tho mnge southeast of 
Suslota Pass. 

Tha large, enstern area of Mesoaoic, sedimentary rncks, comprising 
the Nlltzotin 3founhina and part of the 31entnsta Mountains, is a 
rugged country in which all three periocls of the Mesozoic era are 
represented. A small part of the artan ia omtipied by Upper Tsiassic 
limestones and shales thnt are exposed in  the Snag River nnd upper 
N~besna  River valleys and near Cooper Pnss, Most o f  the Maozoic 
area, however, is made up dominantly of slate or argillite rand sand- 
,.tone, in part of Late Jurassic and in part of Early Cretaceous age. 



Fresh-water beds, including conglomerate, sandstone, and snncly shale 
of Late Cretaceous a.g% co~nprise the remaining part of the Rfesozoic 

* pection of the area. The fresh-water beds are greatly subordii~ate in 
extent to the marine deposits and are erratically distributed. These 
Upper Cretamous rocks ape known only ill a fern iaolated localities 

C in the Chisann district. 
TIE Mesozoic rocks of the RIentnsts and n'ntzotiii Mountains are 

not well enoug.11 known to permit even a roligh dinerentiation of the 
rocks of different periocls, except the Upper Trinssic limestone and the 
Upper Cretaceous terrigenons beds. This differentiation will re- 
quire intensive stucly, for the lithologic similarity of beds ancl the 
scarcity of fossils in most places make it difficult to distinguish the 
rocks of different epochs. The problems can be solved only by more 
detailed field study. 

UPPER TRIASSIC ROCK$ 

Ch~acter  am! distributifin.-Upper Tsinssic sedimentary rocks are 
restricted to the eastern part of the section of the Alaska Range ~uncler 
consideriltion. They hare not been rwognizecl between Suslots Pnss 
unrl the Delta River, nltl~ough possibIy so~lle of the black sl~lnlo over- 
lying the Penninn beds in the Cliirstucl~ii~a nrea inay be Late Triassic 
in age. 

w TIie known Triassic rocks of the extreme enstem part of the Rlnsks 
Range inchl(Je several small, widely distributed areus of limestone, 
thin-bedded limestone, and limy argillite, and a single area of limy 

1 arkoso and shale. The limestone Isemtuse of its color and cliff-forming 
character is nearly always conspict~ous, and a careful search for fos- 
sils is usually rewarded with success. The argillaceous beds of the 
Triassic squenca on the otber hand have IittIe litl~ologic character to 
distinguisll tlmm and when fossils are lnclring the a~kos ic  and shaly 
members are not readily diflcrentiated from some of the younger 
Mesozoic rocka. They may prove evei~tually to be mow middy dis- 
tributed than is now known. 

Practically all of the post-Permian limcsto~le deposits of this part 
of the range are of Late Trinssic age, although a few thin beds of 
limestone are interstratified with the younger Mesozoic slates and 
their associated sandy beds. In  genepal the Triassic limeshne is less 
deformed and less distinctly crysta1Iine than the Permian limestone, 
exwpt where it is intruded by igneous rocIcs. - It may be divided into n basal prtrt, made up of thick beds, and an 
upwr part, rvhicl~ consists of thin beds and a small proportion of 
~llale. Th i s  limestone is well exposed north of the Nabesna River at 

I White Mountain (fig. 29), wI1ere Schader (Mendenhall and Schader, 
1903, p. 34) gave it the name Nnbesna limeshne, and on the head- 
waters of Jack Creek. Soutl~ of the Nabesna River it is exposed in 







n ~ ~ w i c ~  l i r n ~ s i o n ~  nnd cnlcnrro~~s thin-bt*rltl~il s11i1St~ an11 n ~ r i l l i t r  I I I I ~ ~ S .  

villicli stron~ly r.t.s~rnl>lr Zlre tIii11-lwilrlrtl :~ r .~ i l l i t r s  (3lotlit, 1 WlS, 1-1. 
58) of t h p  tmnsjtin~l hetl!: LP~II-P~LII tilts Yi~in:! I i~ l l~~ to l l t .  ni~rl JfvCli~rtl~y 
shnlt: of the Sizinx clistrirt. Snt 1 ~ h s  f11:111 ,101, fret  nf l i lnr~tnnr ic 

psposed on L n s t  Crr~l;. ~r-l~rtra i t  :ly-Ilkc%:iru i r k  Irt? 0~~l ' l : l i i I  H t11111'11 

p ~ n t c r  Ihirlint*s<nf tl1i11-lrrdd~11 :~rgilIil(*. ' 1 ' 1 ~ ~  1 - o ~ k s  : I ~ P  : ~ < I , ~ I I ~ ~ I L I  

IT- 

to one o f  t l ~ r  ni:~,ir~r- f:~ult zoilrs of t11p c1irtric.t : t l l rP rr1-e so foltlcv2 find 
fr~irt i t r~ t l  I I I : I ~  t l ~ ~ i r  ~t1-1ipti1~11 :tncT ~ t m i  innpllir 1*~laIion5 :ire O!FCUI-,~. 

'rri nssid- f n ~ q i l s  I V P ~ P  pol I~rkwI fro111 I i i ~ ~ ~ s ~ o i l e  ItpcIq C o o p ~ r  1 ' :~ -  
1 1 ~ .  Sclu-;tzler ( JIPII(~?IIII:III i ~ n t l  St-llr:~tler, 190::. -p. ?i) in l!W, but 
t I I P  l ~ r ~ ~ ~ ~ t r t ~  t)f t~nt 11 Pel - i~~i :~n  ancl I-pper Tria-ic I i i i w ~ t o n ~  \ Y ~ G  11ot 
krin~t-11 itrltil 1:ltrr. T11e T-l)l*~r Tt.i:~+ic li~t~rs!onrm of I'oiy>tsr P:w i s  
~rt-I1 ~*spnseci in the  ride^ lwt w e ~ n  the  ~ i t ~ t e r  om1 s11111nler tr~ils.  Dot11 
t l ~ r  t i~r~s<iw hwIs and r h ~  Iilbper thin-b~tlrl~rl part of the forrn:lt ion 



are present, nnd tlla tStickness of the beds exposed hwe may be xs 
great as that at lV11ite Jtonntnin, dthongl~ it is not known. The 

a beds are much fo ld~d  mid fn~zlted nnd in many places stand on edge, 
Massive beds of the formntion nm dm exposer1 on the south side of 
Notch Creek, 5 miles so~~thenst of the snmmit of Cooper Pnss. T h ~ y  

a form a conspicuous ridge on the west side of the vtdley, where they 
are faulted apinst amygtlnloidnl lnrn flows and nre s~pamtecl by only 
a short distance from Fermian limestone. The fault dips to the 
northeast and marks n ZOIFR of- gr~nt .  disturbance, which nffeccs both 
the limestone and the bnsnlt. These amyg(it11oid J I n n s  nre nc;t only 
clowly fnlded but are overlrt rnett to\\--ilrrl the sout.l~west., The U p p ~ r  
Triassic limestone of Cooper lJnsa RIICI ;\fnfch Creek is distingnislled 
from the nearby Pernlian lim~stone fossils and hy the degrpe of 
recrystallixation, which 511 geirernl is prmtw in the older rocks. 

The Upper Triasqic limestone of the Sang Rirer valley appenrs in 
several small isolated areas in the rnotlntilins southwest of the East 
Fork. All the beds tIist  are rlefinitelp idontiAed RS Upper Triasic 
on the eviilence of fossils, belong to tho npporj thin-bedded part of 
the formnt,ion. Although locally massive l~eds of limestoile crop otlt 
near the thin-b~dd~d G p p r  Triassic limpstone, they nppear to belong 
among the Pprnlirn~ Iwcls. Limestono of unquestioned L ~ t e  Triawic 
age was not recognizrtl in the valley of Bnultoff C m k ,  but some 
thin beds that m i ~ y  prow to be Upper Triassic rrop oat m~~tlthwest 
of the pass to the Enst, Fork. Thin-bcrlded limesto~~e thnt is nbun- 
dantly fomilift?rons is oxposer1 on the principal western tributary of 
Crescent Cr~ek,  a lnc,nl llnnltt for R sot~tllern trih~tnry o f  the East 
Fork, 2y2 miles from tho pnss to Ba~~ltoff Creek. It rtlso c ~ o p s  o~ l t  
nt the head of anotllcr sol~tlrern tributaq miles beiow Crescent 
Cseek, and between the henci of the S n ~ g  Riwr and i t s  largesl tribn- 
tary on the west. R l e  n p  of nll these deposits is known hy the 
chrtrnckristic Upper Triassic foqsil, ~ l f  olmtis (P~elidom,onotix) ntrh- 
~~'PML?u& Gabb, which is nhuncinnt in places. 

The irregular cfistrih~~tiou of the iilncstone in both the N~beslla 
rt~id the Snag Rirer areas i s  ~~otewort l~y n11d pmbnb131y hns n number 
of vnnses, chief of rrllich are folding und filttlting, :,combined wit11 
erosion of much of the originnl mnterinl. It is not clear why only 
the upper part of the limasto~le is pr~scnt  in the Snag Rirer vdley. 
Possibly this is the result of fat~lting, or it mny be tl-txt the more 

9 massive, olilor beds ne\-er were deposited or were rernaved during a 
minor period of uplift and erosion before the thin-bedded units were 
deposited, as btls been suggested regarcling the limestone of tlla 

'G Chitinnvnlley. (SwMofit.,1938,p. 51.) 
Slds or arkow, Iitholo$callp comparable to the McCarthy shale 

overlying the Upper Triassic limeSt0118 of the Chitina V~lFey? has 
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h e n  found at only one place in the Nnbasna and Cl~isana districts. 
This Eoeality is the rno~~ntain bet~vmn the brnnd~es of the Snag River, 
~ h e r a  a, narrow belt af coarse nrkosic nntl limy beds is enclosed Iny 
nmas of Permian volcnnicc~. Tllo belt trends past and includes a 
co~~s ider~b le  t l ~ i c h m s  sf folder1 marine stlntx thtl t have yielded 
Upper Trinssic fmqiIs. I'ossibly severnl llunrErecI feet, ~t~ratigrzptli- 
cnlly, of the formation is present. 

The occurrence of these cl astic beds in such thickness srtggests that 
similar or guivalent beds map be present in othe~ parts of the 
Mesozoic nrca but b a v ~  not been recogizwl because they either lark 
distjnguiahing petrographic features or Ilave not yielded identifying 
fossils. It; is possible tllflt sfimp of the shale in the high mounhins 
between I:ooy>cr and Yotch Creeks nnd the Sabesna River may prove 
to be Upper Triassic and hhat similar shales may be folmd in the 
Nutzotin n i ~ d  Mentnsta. Mountains. On the otlwr hand, the w m i ~ ~ g  
nbsence of Rn Upper Triassic diale comparable to tlre ICfcCarthy sllula 
nlny mean that the grenter part of the once ~rideJy distrihr~ted shale 
has been removed by erosion. 

Thickflees and st?wtwre.-The Upper Triassic rocks of tile 
Nutzotin Mountains appenr in relatively small isolated nrens and 
evidently are remnants of deposits that ouce ~ x t e n d d  rn~lcll mom 
widely. At no place ie a complete sectioll o f  t,he beds to be wen, so 
estimates of thickness are based on a consideration of e,xpost~-cs at 
different localities. The stratigraphic section is mndc up dominantly 
of limestone bnt includes an unknown thickn~ss of ove,rlyi ng sll ah.  

The most favorable IOCdity for exnrnining tbn limestone is a t  n?iite 
Mountain on the Xahsnn River, where the beds Ijt! in n aenrly 
horizontal position rind have their greatest lznown thickness, -4s 
w m  previously stated the lowr massive part, of the Uppw Trinssic 
limestone of White Mountain is 1,200 feet thick. These Iower, massive 
hds are overlain by nbout 800 feet of thin-bedcled liinestolle with 
shaly partings, thus givinp n total thicknew of rahaut 2,000 feet for 
the entire spnluence. 'rhis is about 1,Ooo feet less than the thickness 
of t h ~  Upper Trinssic Chitistone nncl Mizinn limestones of the Cllitina 
Valley, but, it is much gmnter thrrn tho tliiclures nt any other place in 
the Nntzoti~~ Bfountrlin nres, W E  tl l  the possi hle exception of Cooper 
I'ass. The ljmmtnne Iwds of I ~ s t  Creek rind the Snag River belong 
in tlw upper tl~fn-beildetl ~ n r t  of the section and are not  more than s 
few hundred feet thick. 

The thicknew oaf the limy, nrkosir: beds of the Snag River locality 
cannot be est,imnted for the beds are asmiated with younger Mesozoic 
rocks from wl~jch t h g  were not clistinguidled. The thickness is  
apparently same hundreds of feet but without much doubt is con- 
sidernbly less than that of the limestone. 



The Cpper 'Frinmic Iimestone find shale were Lid down, probably 
with strrzcsz~rnl unconformitp, on older rocks which include Pernlian 
and possibly ncvoninn s~dimentary rocks and interbedded lava flows, 
They underlvent repent~d deformntion and were faulted and so closely 
folded that hi l ~ l t i r as  they n o ~ r  ~ t ~ n d  on edge or are overturned; 
in l'l'bitc Mot~ntnitk nnrl tho Rr~ven HHg, however, the beds are not 
cPose1y folded nnd nrp n ~ ~ l y  aode~~atslyv tilted. The *erning nbsence 
of h w e r  and Midcllt! dnrnasic s~climenf $try rocks in this part of Alaska 
suggests e i t h ~ r  thnt the Irud wtw nbove tlie SPH dilring this time or 
tllitt m y  sediments tl~ell  clrpclsiteti were 1~moret2 I?y erosion before 
Lnte Jurnasic timo, WIIPII ~ 1 1 1 1 1 ~  an11 ~ ~ 1 1 1 ~ I ~ t o n e  \\'RTt? hid  d o \ ~ n  on the 
eroded surfrwe of the U p p ~ r  ' l ' ~ - i ~ ~ s s i c  roclcs. Tl~rrs the Upper Triassic 
limestone tind sltnlc nre scl>rln~tetl from I lot11 the older nltd the younger 
adjacent fonnntions I J ~  unconiorrnitjcs rcpwsenting tiplift and 
errjsion 1111d, f i ~ r t l ~ ~ r  (sen p. 1233, mny incFndo n minor uticonformity 
within themselves, 

Age.-A41 tJloug11 tho RWRI (Iistrjbnt ion ~ t n d  boi~ndnrjes of the Upper 
Triassic rocks, especially the sIiale unit, are not nccurntely knawn, the 
age assignment of hot11 the Eime~tont? nnrl s l ~ a l ~ ,  is bnsed on fossils col- 
lccted from them nt 11ractically all exlmsrrrm mapped as Upper 
Triassic. The fossils co1lectt.d from the Eim~stone represent few but 
dinp~ostic spccies, and the age assignment is sure. Those cnllected 
from the wkosic bcls of a single 1awxlEt y in the Snng Itivsr valley 
ropresent n much larger nnmber of qr~nlly rliag~~ostic species. 

A list of fossils a~rd the Iac~lities fz-orn .rr.Iiicll they \\,ere collected 
is given on pnge IBG. The fossils 1vel.e examined nt~d  clu~qifintl 1)y 
$011~ n. hes ide ,  Jt., of rbe U. S. Cfeologicnl Survey. 

UPPEE JURABtSIC M?D LOWER GRETAUEOVB ROOK0 

Chmcter and di,~!rib.u.tiun .-Upper J 'urnsic  mil Loww Cratnceo~ls 
rocks maks up tlrc gt~ntPr part c~f  the hlesozoic of the MerltasLn n11d 
Xutzotin 3fotrtttains and nre almost restricted la that area. Mast of 
t l ~ a  rocks of these two epwlls are iiot distinp~islied from ench olhcc 
on tlw geologic Inllp. Furthe~moi~, the area awigml to the~n may 
i~~clrr( l t!  11 li~waog~iized stun1 l nrras of Upper Triflssjc shale and possibly 
other sedi rnenttvy 13ocks. B d s  of dark argillih altemnting with 
lighter, tnnrc siIiceotls argillite and interbedded argillite awl sanct- 
shne a1.e t lip, do111 i nnat; Upper Jurnssic and Lower Cretaceous rocks, 
but the ~ L - O U ~ F  RIRO i n c l i ~ d ~ s  much conglomerate and a few thin Wls 
of limestone, T h e  ~~Flimentary b d s  are int,nldd by dikes and sills 
which probnbly arc off~l~mts of some nf the larger bodies of dioritic 
roclr i n  nenrby nlws. 

It is evident even from n n~mry ca~mination that a great p a d  of 
these sedimentary deposits nccurnuI~tetl in a sea where the deposition 



Upper Triasaic fossils jrom the eastern Alaslca Range awl adjacent area 

rm*tsp 
T h x u m l l a s p  
Aatrocorda n, ap.. ldenlided by 
J. W. dells as not alder than 

- - 

........................................................ 

....-..--..-..-.....-.................................... 
cbonellold brsohbpod llge 

. Rh#doneRo", bdct sp 
~ m P n . ~  ............................................ X . Tuabrahrla" spp.. ........................................ X 

X 

.....-.....-......-..... X 

............................................. X 
Cbnucordlu,o.sp ........................................... X 
D i r n ~ p : i a . n . ~ p  ................-........................... X X 
pord~nllass , 
OeTwiL7iaPsp 
Casrdanella sp .............................................. X 

x 

................-.---....---...--.----..-..............................--...-......-..-......-.............. 

x 

..........................................................................--..................................-..................... 
Mom& (Rsc~donwnolk) ~ubclreu- 

b i t  Clsbb. 
M m l e  up 
Hobbl0 8p 
Mmhorta ED., pmb. n. 3p 
A ~ o f i d t e ? ~ ~ .  
D l w  on don Smith? 

....--..-.....--....-... 

.................................... 
1:::: 

..........................-.---.....-....---.---.--.--.......................................-..-.......-.....-....................... 

.......................................................................................................................................... ........................................................................--..----..--..-.--...-.---................ 

............ 

X 

....................................-......-..-.. 

X 

Lfma at?, L. kfmM!i Smith 
Mwram4oUMn~1aBrn~th ....-. .( z p  fragments, hIe .4  ......... 1 

a p ~ n c ~ o  sp .....................................-..... 

.......--......-.-.....--...-....................--..---...--........-....-......................... 

........................................ 

........................................ 

..............................-.--.....-..................................-....---.............-...-.................... 

....-....................................................................... 

.......................................... 

....................................................................................................................................... ......................--.......-..................................................................-................................... 

................................................. 
X 

X 

........ 

.........--...---..-.-..-.-.-..................................................................................... 

X 

......................................................................................................................... -...-.............................-.....-...-......---~...--.-..............................--...---....--.. 
1. 

~ 3 & f 4 $ 4 ~ # j % $ ~ ~ ~ ~ ~ t ~ H t $ $ ~ ~ 1 B $ ~ $ $  
-----.--------Am---------------- 

X 

X 

x 

.... 

...............................--..........--.....-.-........................................... 

x 

X 

X 
X 

......-. 

........................................ 

........ 

........ 

x 

1 
.................................................... 
-...---...---.......-.-.-............................... 

---.I1--- :... 

x X 

...-....--....-...-............................................................. 

.............---..........- 

X ................................................... 

...........,.....................---...-.-...-..--.-.....---........................ ..........................-..-...--.-...-.--..-...--.--.....-....................... 

X 

...- 
...-..........,......-....-......----.---.-.--....---..-----.................................... 

..........................................................-................................. 

----................................--.....-..-......--.....-................................... 
X 

................................................................................................ 

X 

........................................ 

)( 

........................................ .................... 

X 

............................................................................ 

X 

x 1111: 
...............-..-. 

........................ 

X 

I::: 

!-. .-.....~.-..~~.~.....~............~........ 1. 

1::: 

.--....-........................... I I 

......... 

........................ 

X 

x 

Y 
X 

X 
X .......----. 

.... 
........ 

.--..... 

........ 

.--.-... 

........ 

X 

........ 

........ 

X 
x 

X 
X 
X 

x 

x ................ 

X 

............ 

.......-.... ............ 



- -- 

ficnldbiea 0 5  Which Upper Xv-4arsio Fom& Were Pwnd 

15084 (31AM-PI@. Bed  a( arst large meek ne9lof LoetC~ek,bLlludc62@86b'north, 
1 0 ~  dud6 llaOl9.W Wcsd F. H. Molfit I N .  

I&l (31AM-P8). 8o;tb side ol & botaeen 611~~061Ln8 Cmk and west breneb of 
kxe creek southwest of Bock O m k  [LiUleTotr Rlverl. F. H. Momt, 1931. !g {!:%1:3: ~h~~p'I~~L,","~2k!6~p',.MfM",.m~,~&ti .1931. 

1 M  (33AM-PIO). Lost Creok. P, H. MolRt, 1031. 
~ S C  Cwok same ns iw. F. H. Momt, 1861. 
~ m d  o( d l  cruet. P 11. Momt IMl. 
Uewt or Brat lem creek wc%t o( &t Cmk. a trlbutary 01 Sack 

C m k .  P IT. Momt 1851 
10288 ( 3 1 ~ b l - ~ l r ) . ' f l a m ;  w 16267 F. 8. Momt 1031. 
I s 2 9  31AJ-FIb) 6eme es m7: F. I3 M&( 1831. 
18083 {SAM-FZj. ncadaaters of the ~ l i ~ l e  'roklRlvcr. south sldo of tbo pass to the 

bcad of Buslosltna Cmck. F. H. Mofit lepl 
18mW (=AM-Fa). Uwd ot Tctllng 'kerllri] River 3 miles from the dlvlde on lbe  

saulhwest.. ~lmcs~ooc bouldes ln can6omaraLc P. it. m m t .  IW. 
18087 (a8AM-Fl2). Read 01 Lost C m k ,  6$4 i d e s  Imm rbo Lost Creok crmlng of 

thehlghway Nnbesosmd) F. H. M o a t  1838 
1- (roAh-Fi?). ~ o c c h ~ ~ r c o k ,  south ddo, ; m(ks southeast of tha lake In Coo~er 

- 

.........................-...................................-.--..-............................ 

Pass. f. B MoNt 1W. 
18237 (~oA'M-FJ); Notch Cmk- aoulb side near locollty 1W. F.  H. M o a t  IWO. 
18338 (4OAM-PB). Ooe-half mile k u t h  ol so&h eud of lnko la Coopur PBJS. k. 8. 

M o a t  loco. 
1834i (40AM-F17) Tributary of Enst Pork, Snag Rlvcr. 2 mlles below Cmcout  Creak. 

I d o  horn tho m o t h .  P. n. blotlit, 1M0. 

Tvrbo? ep .......................... I ......... a*w h y y ~ u  inah (:::I :I.. x 
nlt.*kgcgled ( ~ T A M )  at. T. 

W 2  ((OAM-118). Trtbuta  - ot  Creecen~ Creek, 154 n!lks ebova Lhe East Fork, 
Snag Rlver. F. U. M o a t ,  19%. 

LS%tS (@AM-F19). East Fork Snug Rlvar, at brks oI sm~ll sautborn t r lbutbg,  8 
mOes from tbe mouth. P. H. xdomt. INO. 
18344 @AM-P20). R a t  Fork, Srxq Rlvcr, rMge at h@ ol s m l l  southam tclbutarg. 

3 miles 60m 1ts mouth. F. II. MO~RG IWO. 
18845 (4UAM-F2Vs). East Pork ~ i a g  River rldga el bead o~sma l l  southern trlbu- 

tnry, a mms m m  I L ~  mouth. F. 'a. M ~ f i r ,  I&. 
18348 (40AM-F22). Western trlbutsrg of Greswul Creek, a trlbutary of E a t  Pork, 

1 mlle h m  I t s  mouth. P. Et. Momt. 1940. 

.......................................-............-...........-.---....... ..........................................................-................. 

.... .................. 
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k k d  8rnlt.h 
Armkt  rip 
Bpherld bodles wlth, apparently, 

a pnpUose eurrooe ..-............. 

18317 (4o~P&-M8). FIaYa mllo sbuihwmt o l  mouutsln at head of Snag River betwoen 
the mounlalusnd Cnrl Olaoier. P. IX. Momt. 1940. 

................................................................ 

....-.-....-.......................--..---.....-------.................. X 

1W (@AM-FZi). Read of ttlbuta of sheb River, 3 mlk north-northwest Of the 
lower rod ol Carl OlnaIcr. F. H. ~ 0 x 1 ,  1040. 

1~361  (4oAWs-FI). Nutrotlo dkirlet. Llmcstone dU1 fwbg south, 1% mIlcs eask of 
the Nobgcna mlne. R. 0. Wnylmnd, 1640. 
)a862 (w~Wa-Fa) .  Same I m U f v a s  18861. R. G. Wwlond. 1840. 

X 

1mU ( ( o A w ~ - F ~ ~ .  Some 1od i i y  89 18351. R. 0. ~ G l o n d ,  1940. 
le3.54 ( ~ A W U - P 4 ) .  W e  locallty an 18561. R. 0. Wbylnnd, 1WO. 
1W 40Ahf-PB). Rlbutary of Song Rlvcr, 1$4 mUes nbovo mouth ol East Fork. 

P, a. & a t .  wo. 
(4OAM-P24). Same l o d l y  8s 18684. F. n. Momt, 1840. 

1 W  (@AM-F'25). Forks 01 trlbumry of Sang B lvu  that j o b  It 2% mUos above Ibe 
mwlb  ot Esst Fork. F. B. MoBit. 1HO. 
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of thin beds of h e  sand grading npward into mud was rhythmic and 
long continued. Great thicknesses of rock show alternat jng, ribbon- 
like bands of dense, dark nrgllite and lighter sandstone or rju~t%.tzite, 
which commonly do not exceed w fern inchm in thickness. Presum- 
ably this banding was caused by sensonal cbmges in deposition. The 
material of the slightly coarser, more s~ndy,  lower part of each bed 
_gradually changed to the dark, finer grnined mud of the upper part 
as the mason advanced. When the deposition af the conrser mate~iat 
wils renewed at the beginning of the next cycle, the chxnge from fine 
to coarse material was abrupt. The banding may not appear on a 
fnesh1;p broken surface of the rock but is clearly revealed by weather- 
i n g  which brings out a contrast of color depending an slight differ- 
ences in the chemical conlposition of the hands. These varr~ed de- 
posits lose their clzaractPristic appearance ml~are the beds are thicker, 
the material of the more siliceous beds is cortrwr, nnd the change from 
coarse to finer material is abrupt--differences that may be obwrved 
jn the upper part of the stratigrapllic section. It may be that such 
be& mere deposited locally in the basin of sccumulation, as the thin 
beds of the banded roc]= do not nniformIp give place to thicker beds, 
which range from a fern inches to many feet in thickness. In places 
feldspathic sandstones are present, also gritty sandstone and fine co11- 

glomerate with well-rounded pebbles. These fine- and medim- 
textured conglomerate and sandstone beds nre to be distjnguislled from 
s sttccession of thick, interbedded conglomerates nnd sandstones that 
overlie them. The conglomerate beds of this overlying succession 
have an entirely different, appearance. They nre coarse and contain 
ti lnrge proportion of limestone fragments ranging from s l l l~ l l  pebbles 
to blocks several feet in diameter. They nlso contain many rounded 
boulders of light-colored granitic rock. 

The Upper Jurassic, Lower Cretttceous, and some Upper Triassic 
k d s  are exposed in a n  area that extends from Suslota P a s  to Beaver 
Creek at the interlldionnl bor~ndary and probably continue into 
Canadian territory. This area is fuUy 90 miles long ill Alnska. Be- 
tween Suslotm. Paw m ~ d  the Nabesn~. River the mjdth of the area is 
rspproximxt~ly 10 miles; between the Nabeslia and Chisxna Rivers 
tl1e width reaches a maximulll of 20 miles ; southeast of the Glusann 
River the boundary is irregular and the width rlinlinishes to a few 
miles. In addition to this lnrge, contin~lous area of Upper Jurassic 
and Lower Cretaceous rocks a number of small isolated nmas of 
Upper Jurassic rocks have been recognized. 

The vnrved or banded rmks are abundant in t h e  vicinity of Sus- 
lota Pass and continue soutbea&ward thro~~ghout the area, but other 
deposits with thicker beds of argillite and smdstone appear as the 
beds are followed southwstmard. The interbedded massive sand- 



sbne and conglomerats with limestme and granite boulders appear 
in the upper part of the m o ~ ~ ~ ~ t a i n s ,  north of trhe l~eadwaters of Sus- 
Iota Creek, and extend southeastward in the highest, peaks, on the 
southwest side of the area, at least ns far as the Nnbesn~ River. They 
probably continue into the area between the Nabesnn and Lxisana 
Rivers but were not Sean. 

Rocks that are probably of Late: Jurassic age are exposed on Gravel 
creek new Horsfeld. They include f fossiliferous graywzclze or fdds- 
pathic sandstone nnrl $Ire nsswiited with u massive bed of conglom- 
orate containing boulders of dark fine-grained bnsaltic rock and 
deeply weathered granite as much as five feet in diameter. These 
bmilders nre pres~imably derived from s nearby source nnd furnish 
one part of the evidence for the upper age limit of the granite batho- 
lith north of Beaver Creek. 

T h i c k m ~  and stm~etvt*e.-The Mesozoic sedin~entary rocks of the 
Mentasta and Nutzotin llfountuins, principally the Upper Jurassic 
and Lower Ci-etaceous rocks, form x. great synclinorium of folded 
beds that were laid down unconformably on the eroded s ~ ~ r f a c e  of 
older m k s .  In their turn they are deeply eroded; much of their 
material u r a ~  removed by streams and glacial ice. Areally, they 
appear to be limited on the northeast and suuthw~st by ft~ults of great 
ext,ent and probably grent displacemant. They have been intruded 
by igneous rocks that are widely di~t~ributed but aro incanspicuoas 
in most places. I n  most of tha area occupied by the sedimentary 
Mesozoic rocks, the i~idividual beds m e  without distinguishing fea- 
turns that ~ ~ o u l d  make tllem ul~nrly ~ecog~ljzuble from plttce to place, 
and stratigrnpliic sections and measurements of thickness require 
careful study anci are dificnlt to mnke. Thus, without; more detailed 
investigatio~l than lias jet been undertaken, sngpstions as to the 
thickness and structulbe of the beds are tentative. 

Lower and Middle Jurassic rocks llave, not been recogmized in the 
district and ara believed to be absent. The Upper Jurassic beds mere 
laid down on an eroded surface that had beor] formed on folded 
Upper Triassic and older rocks. The oldest of the Upper Jurassic 
beds are shale or argillite which at least locally are without pronounced 
banding. They are succeeded by a great thickness of many hundred 
feet of varv~d deposits and by others t h t  are even more conspicuously 
stratified, comprising nrgillite, sandstone, grit, and fine conglomerate. 
These conspicuously bedded mcks are more widely exposed and notice- 
~ b l e  in the central and southeastern part of the area. The change 
from varved rocks to rocks with more strongly marked bedding may 
be a stratigraphic change or an areal cl~ange, but probkbly it is both. 

The youngest beds of the Upper Jurassic and h w e r  Crehmus  
sequence are believed to include the massive conglomerate, sandstone, 
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and argillita beds of the high mountains on the southwest side; of 
the arm. Beds of mrse conglomerate as m w h  as 200 feet thick, 
interstratified with massive beds of snndstone as much as 60 feet thick, 
form mmy of the higher cliffs and the rugged tops of the mountains 
in the area between the west br~nch of Rlc Little Tok River and tho 
headwaters of Stlslota Creek. S imiI~r  co~lglomerata and sandstone 
beds appear at the head of the Tetlin and Cheslina Rivers. The conrser 
rocks everywhere are notable for the abundance of limestone inclu- 
sions which range from small frfigme'nb to blocks several feet thick 
Fossils were found in some of the limestone boulders but wers not 
sufficiently diagnostic to fnrnish more than presumptive evidence of 
Late Triassic age for the limestone. 

This cong10merrlt.e and sandstone group points to an unconformitg 
within the Upper Jurassic and Lower Cretaceous sequence and in- 
dicates that limestone of probable Mesozoic age (Late Triassic?) as 
well as older beds was exposed to erosion in some nearby locality. 
Such Rn unconfomity may have hen either loctlt or regional and 
meuId mean an erosion inkrval between the deposition of the Upper 
Jurassic and the h w e r  Cretaceous heds, for i t  probably is later than 
Late Jurassic. The actual surface of unconformity was not seen. 

The major synclinal stlwcture of the Upper Jurassic and Lower 
Cretaceous strata includes many millor folds which trend with the 
range and appear to be more closely compressed on the northeast, side 
of the area than on the sonthwest. Thus a &ion. m s s  the Upper 
Jurassic and Lower Cretnceo~u synclinoriurn at the head of Soclo. 
Creek, between the Nabesna and Tetlin Rivers, shows a succession 
of folds that are open on the soutl~n~est side of the syncIjnoritlrn ~ n d  
closely c o r n p d ,  ever1 o\~ertrwrred in places, on the northenst side. 
Doubtless the same beds nre repeated, although repetition c~rlnot 
be clearly demonistrsted because of the difficulty of mcognixinp indi- 
vidual beds. Close folding, repetition of beds, ar~d lack of horizon 
markers make it difficult, to estimate the thickness of the rocks, and 
although mensurements of parts of the section were made, no places 
hvorabIe for the measurement of the whole mtion or B composite 
section were found. 

The areal extent of the Mesozoic rocks and the relief of the moun- 
tains c a m 4  from them, exceeding 6,000 feet, suggests that their 
thicknes will Ibe expressed in thousands rather thm tens or hundreds 
of feet. Capps (1916, p. 51) found tho structure of the Jarassic and 
Cretaceous slates on Bonanza and Chathenda Creeks ta be somewtl~t 
less complicated by folding than in other localities visited by him and 
suggested a minimum thickness of X,Mifl feet for the beds in that lo- 
cality. This estimate is conser~ative, yet it gives an idea of the p a t  
quantity of clastic material accumulnt.ed in the deposits. No more 
f rsvorable locality for measurements wns seen. 



Upper .Jltrnaic nnd Lower Cretaceous rocks, which may bc corn- 
pared with tho% of the Natzotin Monntains, are exposad in the 
G h i t i n ~  V~Elcy and rench their p a f e ~ t  thickness in the Nizina dis- 
t,rict. Upper Jurassic black shale is there recognized by fossils in 
only two loc~ll jtfes, where it is nssocinted wit11 Lower Cretaceous black 
shale. Its: p x t ~ n t  and thickness artre not h a m .  The h w e r  Creta- 
ceous rocks, consisting of sh~ltle, sandstone, and conglomerate m e  be- 
lieved (bloffit, 1838, p. 78) to have a thickness of rat least 6,000 feet. 
This figure represents R composite measurement that may bt! quailed 
by f i ~ t ~ ~ r o  mensurements in the K~~tzot jn  Jlonntnins. 

Age  and C O T T R ~ Q ~ ~ O ~ E , - ~ , ~ ~ ~ ~ ~  fossjls nrp nrrmeroua in somP of the 
Upper Jnmssic and hn-er Cretaceolrs rocks ~t 9everltl known Iwali- 
ties in the hfentasta and Kl~tzotin Mountnins, bat in genera1 they are 
so spnrsely distributed that, u n l m  discorered hy accident, they can 
be found only after careful senrch. Tho number of species of fos- 
sils t l i ~ t  have. been collected is srnnll, but, fortunately, some of the 
forms are diagnostic and leave no doubt about the age of the rocks 
cantnining them. These fossils were collecbd over a period of years 
and were referred ns collec.td to Dr. 2'. nT. Stnnton or to Dr. S. B. 
Reside, Jr., for identificntion. The results of their examination are 
given in the tables of Vpper J~~rawic  nnd Lover Cretaceous fossils. 
Several collections of fmsila from the h'utzotin Mountains conkin 
forms that are too p r l g  prmer\wl for definite determin x t' lon or have 
too long a rnngs in time to kw dispcst ic .  Arnnng them are forms 
of Inocaramu~, BwJliu, fi,';'nfolktn~, Phil/ipk77a?, and f r~gments of 
gastropods and p~lecypatls, ti11 of which, however, suggest late 
Mesozoic. age. 

Upper Jvrrusffic f o ~ ~ f l r  ft-01~1. the e n s f m t  A h e k a  Range onti adjacent om@ 

f i F 2  (ORARI-F85 Trail on Notcll Creek. P. A. JtrbRIt. lnOFI. 
i*r'lz:f IORAK-FZPI: Month of Jsckslna Creek. Atloll~t\ KlropI l9OR 
lfiM21 (34AM-F8) .  Two and two-thirds miles enst nK ~ r ~ z l n a i t n ~  dreek. F. H. Momt, 

l R R n  

--.- 

1% 
l h s p  

R ndondla'* sp.. lndrt 
~ ~ c t ! i a  (AricellB) d. R. p l h l  (Ke-Iingl 

-. 
,rlrbza (34AM-FB Gravel bar nt eamp 8 .  near Itend nf Tplltng [Tetllnl River (Bear 

Clrtb<bk). F. 11. ~ n f d t ' +  19B4. 
2hchR2 (3RAM-PI).  A t  foot of glacler at the heed of the math fork of the UtltlEe Tok 

K I w r  F f f .  a t o m  193s. 
T H ~ R B  ( s R A ~ - ~ ' D ~ .  Hend of Totsclir~nda Cr~ek,  unnth of the prism to 43eslina IRir-erl. 

Ftunr. F. [I. Ifoitit. 1933, 
I5tl8D (3HAhr-F11). One and one halt mlIen ~nnt+nortb~fl l i t  of the forks of Last Creek. 

1" 51 Momt 193H. 
1 8 ~ ~ 1 9  (4cinM-~38). Jacktlima Creek, 1 mtle moutllspat o f  mouth. F. xomt, 1940. 
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fifrchra (,-Iuwlla) ;r clfs with fine radiating r i b  ..... 1.---.- 
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Lower Cretactra~is IwaIh from the eartam Alaska Rrsngc and adjaosnt n w u  
- 

4 4 

- 

Iluchla (Aurtllnh prrtlormu Z a h m n ,  s A m  by F. M .  Anderson --........-- 1 ...... 1 ..--.-I I x - - -- I - ----- I 1  I 

1608% (JlAM-Fa). Head of Lost C m k ,  ht. 62°3fl.0' N., long. 14%'10.0' IV. F. II. 
Murnt, ~ S J I .  

5 A -  Talus neat hmd of wprt ttl1rnrnr.v nt flrst l e r ~ ~  n t m m  nootllwest 
of Ilurlt Creek Lnttk  TO^ R~vPTJ. F. H. Plnfflt 1931. 

I r r N B  (3FiMl- F,5j. S v n t l l ~ n ~  tr9l~otnr.r of ' h t l i n g  [Trtllnl River. 5 mlbn eaut of 
Tet l~r~ t:teci~r.  Float  au rrwk at  plerrtlon nF 4,001) Ir-st. F. n. Momt, 1 D R z  

1K:{30 (4O.iM- FXI. 3loz1t11 of Bor~zlnan Urrpk. l lo~lldcm In mtribn~rt grarvl. F. R. Sdofflt, 
194'1. 

It is to be noted that Lower nnd Middlc Jttrnssic rocks, which are 
well developed in the Alaskn Penitisttln nnd Cook I~dct  regions, have 
not been recognized in  the enstern Alaskn Rnnge. Except for some 
Lower Jurassic rocks of the Arctic Cnn~t, nllparently no rnnrine 
Jurassic rocks (Martin, 1926, g. 4'15) wprp deposited north of the 
Alaska Range. Crctnceous rocks, however, nre widely distributed in 
Alaska. 

Martin's account of the Bl'esozoic roclcs of Alasltn described the 
Upper Jurassic deposits as lnitl clown in n sea that, was restricted 
to the area south of the ,4lnskrt Rnnge. Lrtter, when the Lower 
Cretaceot~s sen invaded the land, it extended over the greater part of 
Alaska, ns is indicnted by the wide clistrihutiot~ of Lamer Cretaceous 
rorks. 
h tha Chitina Vnlley the Upper Jurassic rocks are relatively 1111- 

important, ns fnr as is known. The most characteristic mcks of the 
Enrly Cretnceons are tt rnnasive snndstone and several thousand feet 
of black shale, which in some mensure were deposited contempomne- 
wsly ; they anre notrlbly Inckit~g in limestone. 

A summnry sttltement of the c11arxcte.r and distribution of the 
Jurassic and Lower Cretnceous rocks is given by Smith (1930, p. 40- 
58) in his account of Iha nreal pology of Alaska. Alaska funlisl~es 
tile most cnmplpte section of Jurassic mcks in North America and 
ahoms an aspecinlly fin@ t l ~ v ~ ~ o p m e n t  of them on t t ~ e  Alaska Peninsula 
and the west side of Cnok Inlet. h&ably  the greatest continuous 
nrea of Cr~tnceaus rocks is nortll of the Brooks Range in northlern 
Alaska, hut tllry nm found in nearly all parts of the  erri it or^. 

Cha~mter and di8f~/hwtinn.-Tho rocks that nre here assigned to the 
T~ilte Cretncaous epoch are dominantly well-consolidated arkosie sand- 



stone, sandy shnle, carbonnceous shale with thin sennls of impure 
lignite, and conglomerate. 1nterMded with them in places are tuff 
and I ~ v a  flows. The beds nre rnoc2erately f o l d ~ l ,  but they are mucl~ 
less compressed thnn t l l ~  older JIewxoic rocks of the district and are 
p~~tcticnlly analtered. Leaves fiutl st-ems of plants and pieces of lig- 
nitized m d  l ~ v e  beet1 fotanud it1 them, tsut no marine fossils; they are 
looked on as estunrine 01. f resli-~vrttcl' terrirennus deposits, 

Only three snrnll isolilterl rtlbens nf ~IIP Ulq)er Cretaceous rocks are 
~.eco,rrl~Ized witl~in tlie territory c . ~ \ ~ e ~ c c l  by this r ~ l ~ o r t  ~ n r i  ns shomn on 
the geologic mnp they are only n b o ~ l t  O q..tlrrare miles in aren. These 
three areas include the lower slopes of Euchre Rlo~~ntrtin adjacent 
to the Chisrcna Glacier nild river Bnrs, t l ~ r  ~.iilges hetwpen Uhathenda 
(Johnson} nnd Rhyolite Creeks, nnd the enst sirla of the vnlfey betxert 
California and Beaver Creeks nortl~enst of nenver L k e .  In ench 
of these localities the Upper Cretnceo~m roclt appenrs to rest on 
Permian or Permian 2nd Devaninn rocks. 

The Upper Cretnceous rovlrs of Euchre Jioz~ntnin fire w ~ l l - c o n d i -  
dated grayish-green xrkosic sandstones thnt Ilnve y~lIo~is11 nr brown- 
is11 weathered surfaces. T h y  occur as thick, m n s s i r ~  beds separated 
1)s shaly partings, though in plnces the textul-P of the b~rls  ~nggests 
an aclnlisture of tuff~ceous material. The Pxpsures rlrP poor BSCPI)~ 

along the margin of the p v e l  bars, and the orarIgiag rnorainnl 
nnd otller uncoasolid~td material hides tEle borctpra of the deposits 
and makes them difficult to locate. The contact of the Upper Creta- 
ceous with the underlcinp Perminn Iaras was not seen. 

The beds are folded and show dips of 50" NW. at  the east margin of 
the ~ r e n  nntl 20° E. nt the \vest margin iletlr the glz~cier., The obsrm- 
tions n~ggest n s j*~d ina l  structure with tlie axis of the syncline t,rp..nd- 
ing mmewllat enst of north. 

R l e  tro remnining nreas, one north of Rliyolite Creek and the 
other enst of the pass from California Creek to Benver Creelr, or 
northenst of Beaver Lake, were first notecl by Caplls (1916, p. 33-58), 
~ v h o  described the enstern or larger of the two areas as follow~s: 
The Iowmt I ~ c d n  rxpnsed con~islt of hard sandstones and flne condo me rat^^ 

'ompmed of small pel>bles of qt~nrtx, slate. and v ~ r i o u s  ineons r m k ~  e m b P d d ~ l  
in Rn arko~lc  nlntrlx. Rome shale, whtch on weatherbg qafckly breaks down 
to #oft  mad, wnsr mtw, nnd thln ltlyerrr uf lipnitic material 2 inch& ar less in 
thlcknesa owur it1 plti(-~s, Above these claqtic beds of relatErel!i Ane materials 
there occurs a thlrk mndomrmte, with B o r n e  gritty sandstones. Some ub the 
pebblesl arc! a foot or more in dlnmet~s ,  nort thpy are nn- fnr the most 
part of i f m P 0 1 1 ~  rutbkfl Hllrh RR nrP found III l l l ~  Carboniferons (Perminn) tersnn~s 
of t h i s  dktrlct. Inrl~rrling dlnritr, lar.ns, and pyroclnstic materials in an askose 
matrix. The con~lornrrnte cot-~rs an nrpn of eaprn l  sqnare miles and forms 
prominent rlMs 900 fe t  or more in height. The beds have been mildly tilted. 
the  general strike helng a little r e s t  of ltorth and the diw 5°-20" E. 
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Of the locality north of Rhyolite Creek, Crtpps says: 

The formation there conslsta of mglomernte~,  sandstones, and shales, with 
some rotcanic hiFs and interbedded basic lava flows. Some csrhonacwa~ ~hflles 
wlth thin beds of impore I l p i t e  nre prpsent, ht nn coal of workable thick- 
ness bave get been ionad. The MIR fnrm R sync31nnE trnllgh, which Is foldcd 
down into the older lnrns and p;rrocInxtIc mrks and Fins nn ~nsterlg strike. 

Thkk88  and 8tmtcttm.-The Upper Cretaceous rocks exposed nt 
Euchre Mountain and on Chathenda Creek  re remnants of deposits 
that were more extensive before erosion reduceci tlmm to their present 
limits. They were laid down unconformahly on Permian nnd Devon- 
ian rocks and were invol~cd with tho older rocks jn thc later moun- 
tain-building processes by which they TTere foltled ant1 fradurecl. 
The folding is modernte altllough definite. A dip of 50" was noted 
in the sandstones at Eucllre Mountnin but tho recorded dips in the 
larger area near California Creek do not  exceed 20". An unexpected 
divergence of trend in the folds takes plnce ~t these localit,ies .as the 
synclinal axis cl~nnges from northerly ut Ei~chro Mountnirl to easterly 
at Rhyolite Creel<. 

Detailed ~tratigaphie sectioils of the Upper Cretnceoue rocks were 
noh measured. The grentcst observed thiclcncss is in the Cnlifornin 
Creek area where, accordir~g to  Cnpps (191% p. 57) nt least 1,000 
feet of b d s  is exposed. This moaquroment includes n massive eotl- 
glomerate bed 200 feet thick which is the most conspicuous and widely 
extended unit of the sequence. The sandstones ancl slrnles of Eucl~re 
Mountain, bemuse of insufficient exposures, gnve little ~pportunit~y for 
measurements but appnr to  be at  least 400 feet and possibly 500 feet 
thick. T h e  thickness of the beds north of Rhyolite Creek pmbablg 
is greater than  EL^ Euchre Rfountain but lem than ~t California Creek. 
These quantities can hnrdly represent the original thickness of the 
deposits, for an unknown but possibly 1tlrg.e part of them has been 
removed by erosion. 

Age mid cmelatim-The similarity of the younger group of con- 
glomerate, sandstone, arkose, and shnle bcds of tho Chntltenda (John- 
son) Creek valley to the lignilte-bearing beds of Rocker Creek south 
of Reaver Creek, near the internationnl boundnly, led nnturnlly to 
the correlation of the rocks of these locnlities. This correlation elso 
appeaed to be justified by the evidence of fmgmentary plant rnrnnins 
that  Capps (1916, p. 57) collected on Chathencla Creek new the rnoutli 
of Rhyolite Creek. The plants mere belimed to indicate Tertiary nge 
for the beds containing them ~ n d  thus to confirm ths correl~tion wit11 
the beds of Rocker Creek, which were regnrdd as Tertiary because 
of their lignite deposits. In 1940 dditional plant ~ernains were col- 
lected from the newly found lwds of the Euchre Mountain locality 
and were submitted to R. IV. Rmwn of the TJ. S. Geolopical Survey 
for identification with n reqt~est that he mxamine the collection from 
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RhyoIite Creek. After exnmining the new collection and reexamining 
the older one, Mr. Brown was of the opinion that the plants of both 
lwnlitios are Upper Cretaceous rnthcr tlmn Tertiary. The Upper 
Cretaceous assignment is therefore adopted here. The identifiable 
plants of the two coIIections and the locnlj ties from whicli they cRme 
nre ns  follow^ : 

Uppw Cw.elncrn~8 foadFs from the enstern AALnka Range owd adjactnk area 

end Oremland. %k.!!E z&%%athendu (Johnwn) Cnoek, Iuet shove the mouth of RhyolIta C m k .  8. R 
Oanps 1~14. 

WU*.' F r o m p , s h  m n h ~ .  om-hallmlln horn md M Chilsna (iladw. at m m n  o l n d  Nab, nrtb 
8ldv. F. H .  oR~t 1940. 

The chnrncter, arenl oxtent, nnil distribution of the Upper 
Cretnccous rocks of Aln& is in contrnst with those of the h m e r  
Cretnceous. Martin (1926, p. 477) states tftut the major tectonic 
features of AIaskn appear to  have been outlit~ed by the beginning of 
Late Cretnceous time, and the distribution of Upper Cretaceous sedi- 
ments was controlled by tlliswndition. not11 the cllnracter and extent 
of the deposits was influenced by it. The wa wkhdrow from Alaska 
after the Lower Ci~tnceous deposits w r e  Inid down, but at sometime 
after the beginning of Lnte Cretnceous time a morlmte submerpnce 
of the land took place nnd nllowed tho sea to  invnrle tho lower valleys 
of the Yukon, Koyakuk, ant1 Knskokwjm Rivem. The seqnence of 
Upper Cretaceous beds in the lower Yukon Valley inclndes R basal 
congIomerate o~perlni~l by frssli-wnter sanrlstones nnd sllnlss, w11ich 
nm overlnin in turn by mnrjnc snntistones and sl~ales. Then follow 
terrestd,  coal-benring rocks which mny include thin beds of marine 
deposits. Only the yo~uigci; terrestrial deposits extend into the 
upper Yl~lron Valley. Tlwy ncc~~rnzllnted during the earlier part of 
the Ink Cretaceous epoch and porrsibly include the deposik of the 
Cllisann area. Marine cleposits tllnt n1-e still youngerwem laid down 
an the I3ncific and Arctic coasts Imt hnre no know11 counterpnrts i a  
the irkterior. 

The Uppar Cretaceous rocks of Alrcsk~ slmw some. unexpected dif- 
ferences. In the Chogach Mountains of tlie Pacific coast border, 
marine grnywncke and slate that are believed to be Late Cretaceous 
in age nre closely folded, somewhat metarnorpl~ad locally, and are 
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Iithologicallp similar ta the Lower Cretaceous sltlte n i ~ d  arkosic beds 
of the Nutzotin Mountains. On tho other hand some of the deposits 
like those of the Chisfinn areen anro IittIo more consotidated than the 
Tertiary cod-besring hris alid are only moderately folded. 

Recent search for petroIeum an the  Arctic slope of A i I ~ ~ k ~  11x3 

resrrlted in the discovery of n great thicknes~ of Upprr Cretxceous 
rocks, extenclillg in at least four t,ongues of interstrntifiecl marine, 
deltaic, and terrestrial  deposit,^. The Upper Cretaceous rocks 
of interior Alaska, ho~ve~er,  appear to be tarrestri~I. The ~elntion 
of the Upper Cretaceous rocks of the Chisana arert to those rocks of 
the Yukon Valley are in agreement with the st~ccmion of events out- 
lined by Martin (1826). 

CENOZOIC BEDDED ROC- 

The rocks of t he  Cenozoic era that are exposed in the eastern hlnska 
h n g e  and ndjncent RWR are terrmtrial; they were formed on the 
Y U T ~ ~ L C D  of the land nnd not in the sea as w r e  most of those previously 
dmcribed. They comprise fresh-n-a ter deposits of different kindr, 
beds of cod, lava flows, vulc~nie breccias, and tuffs. These racks fall 
natumlly into two groups depending on the method of their origin, 
althot~ph both may be d ~ x r i l ~ d  ns hedded rock. 

S~dilnentnry rocks of Tertiary age =re exposed in many places 
dong thp Ranks of the hlnsl<n 12nnp  find ssre notably developed in the 
north-central part, in the vnlley of the Nenana River. In the eastern 
part of tbt: range the wdirnentnry rocks are widely distributed, but 
they occupy n much srnt~lles nrca east of the Delta River than west of it. 

TEle Tertinzy spdimentnrp rocks of the Alnsku Range accumulated 
as frash-water deposits 011 nn old Innd ~mfnce that wns rnised above sen 
level in Cretticeo~~s time, ~ n d  has ~ i n c e  ~lndergone Tong, uninterrupted 
emsion. These deposits nowhc~e contain marine sediments but every- 
where am m ~ d e  up of materials that were laid down in streams, lakes, 
or ponds: or in the swamps snd marshes of poorly drained lowland 
areas of x mature lnnd surface. The rocks ~ r p ,  dominantly soft con- 
glomerate, p i t ,  sandstone, mntl wnncly ~hnle ,  rommonl y nf a >~l lo~~\ . i sh  
or buff color. In many plnces n basal bed nf white qmrtx fi-npmenh is 
present, and beds of lignite nnd deposits of anconso'lidahd \\.enthered 
gravel and variegated clay nre ii~terbedtled n.it.11 the other clastic 
materials. 

Tllese fresh-water rocks belong to two gro~lps-a group of older, 
fairly well consolidated beds contmining important coal or lignite 
units m d  a proup of younger, weathered, slightly consolidated conrxr 
deposits, withotkt Ijgnjte beds, to which Qle name Nennna gr;mvel is 
spplied. The two gro~~ps h a w  been weU decribed hy Capps (1930, 
p. 212-2841 who studied them Ln their type localities in the Rantishna 



and Nennna River clistrjcts, where they occupy awns of considerable 
extent, R C C I H ~ I I ~ R ~ C ~ ( ~  i n  bedded deposits thousnnds of feet thick. 

Beds belonging to t.he older g~orlp, or the Tertiary coal-bearing 
formation, aro expsed in the IOTT mtmded ridge belnetwee~~ the Delta 
River and J R F V ~ S  Creek, on the north side of t h  i*nnge, nnd nm of 

t economic interest h n n s t !  t h ~ y  include coal beds that mny herome 
of local importnac~, 'I'lle rnrk deposits n-rzy be more extensire thnn 
is slrown on the geologic runp, ns much of the coal-hearing formntion 
in that locality probal)ly is  r o v c ~ ~ t l  hg the n'ennnrt gravel. EX~OSIIM 
of beds that are similar in nppearnnce birt i~lclvde less limite crop 
out on hi11 slopes ar 81- esposrtl hy ~tremm cntting in many p1ucew on 
the sot~tll side of the r x n p ,  from thc T)P~ t~ Tallej. to the West Fork 
Chistochina River. The area occupietl I y  Ihem is d o ~ ~ b t k s  greater 
than is apparent from the mnp, f o ~  rn~tcl~ of the rock in the lowland 
nmn is concsnled by the overl~orclm of ttnconmlidnted ontwnsll pave1 
r t ~ ~ r l  morninaI material. 
The Nennna prtvel is ertensively expos~d nlonp tlrc Iower slopes of 

thn rnc~~~~~tnins on the north .cirle of the ~~ i l t~gc ,  JTCS~ of the Delta River, 
but IIRA its p e n t ~ s t  rievelopn~~rtt beyontl tlie l i i n i l ~  of the geologic 
map. It is rwoptized in R few places in t.he *larvis Creek nnd Gerstle 
River rlrninap bnsins enst. of the D ~ l t n  River nnd danhtless will be 

* f011,und ~ I s ~ n - h r r ~ .  It. 1111s not been identi fieti in t h p  ThI tn River basin 
on the south side of the mnp, though gravcl deposits corresponding 
to it may be cxpect~rl t h ~ r e .  Onc small nwn of w~nthcrer? ~ v n v ~ 1  nt 
Gold Hill in the Cliisnnn district is tcntntively rormlat~d \\-it11 the 
Nenana gravel. 

In additmion to bha clnstic fresh-~reter roal-bearing I d s  nnd the 
Xenanrt grnvrl t,he Trrtinry rocks inrlade a large nrea of rolcnnic 
rlepmits, nndesitic l ~ v n s ,  nnd frapnent a1 material thnt nre ~?rpnc;~d 
principally in the ITrn~~gelJ 3fotult:tills and arr known ns the l'lTrnngell 
lava. They form n cotltinttorra snccrrssion of interbedded flo~vs n11r1 
t,uff beds anil are. pnrtlg of T~rtinp?l nge nncl partly of Q~~ntrr~lnry 
a p .  They might appropriratdy he descrihetl with the Tertinry 
btlded deposits. On the other 11nnd tlwy {la not form part of the 
scction of Tertiary ~ l iment t l ry  lrocks *nil  ill be dwribed n-ith the 
Ipeons rocks (p. 165-1 67). 

Jawla C m I t  a- 
* Cfiaracfw and didriRu tion.-The coal-bcnri ng formation of Ter- 

tiary age makes I I ~  a Imp part of the low ridge between the Delta 
River find lTnrvis Creek, sontheast, of the olcl h n n e l l y  telegraph 

I station, and insofar as its economicdly irnportnnt ontcrops nre con- 
cerned seems almost restrict~l  to that locality, ~Itliot~gh fragments 
of float con1 indicnte the presence of coal beds on the cast sido of 
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Jnrvis Creek valley north of Riley Creek. Possibly other occurrences 
in this vicinity may be hidden by the Senantc gravel or by morain~l 
deposits and glacial outwash grn~~els. 4 

The cml-bearing beds betpeen Jnrvis Creek nnd the Delta River 
m a p y  ~n m e n  ns now known of a b u t  12 sqnrrre miles. The; rocks in- 
clude conglomemte; so& yellow shale OF clay; gmy and yellowish 4 

sand beds; clean white quartz grit and sand; and many h d s  of coal. 
Concretions as much as 4 feet in dinmeter were seen in the lower beds. 
Munp of the smaller enncrpt ions cont~in plnnt remains. Characteristic 
features of the elast,ic rmks me the nbundnnce of mica scales derived 
from the underlying schist and the well-rounded form nnd small or 
motiernte size of the pebbles of the conglomerate. These beds are 
nxpwd for a distance of about 5 miles along the east side of the 
ridge, from the sag east of Donnelly Station to a second sag between 
the bend of Little Gold Creek and a srnntl stream called Ruby Creek 
tlld runs into the Delta Rirer. The best expmms are on the upper 
pnrt of Little Golr? Creek, a smdl unnamed parallel creek west of 
Little Gold Creek, and the little strcam locally called Sargeat Creek 
which marks the north boundary of the awn. 

Stmcf?i.re nnd thickne~s.-The cod-bearing beds of the Jarvis Creek 
nrcm rest nnconformably on ancient metamorphic mks and are prac- 
ticaIIy horixonhl throughout the mrea,  although beds of conglomerate 
nnd s1;hala t l lnt  striko N. 5Z0 nT. nnd dip 40" SW. are exposed on Sar- 
p n t  Crcek. The mall size of the area, the attitude of the k l s ,  and 
prtrticularly the displacement, of the Tertiary beds by the older rocks - 
of the ridgn on the wesf suggwt that the coal measurn were deposited 
in n small v~1le.y or r depression in an uneven land =face, or .were 
folded or faulted into t l ~ a  older rocks. T h e  west boundary of the tires 
possibly is at  a fault, aUhong11 no fault was w n .  
80 far as is known the peatest th ich~ss  of cod-hrinp beds is 011 

Little Gold Creek where it is indicated by the difference in altitude 
of tbe creek bed and the top of the ridge on the west. "This relief is 
about 1,200 feet. The fomat.ion en& abniptlp at the mg at  the south 
encl of the area and thins out toward the 11ort11. Abotlt ROO feet of beds 
is exposed in the cirqualike basin of the unnamed creek mest of LittJe 
Gold Creek. 

merever the base of the fom~t ion  was s e m  the lowest bed con- 
sists of iragments of clenn, white vein quartz (fig. 32) snd rrtnps in 
thickness from less than one foot nt tlze i~osth end of the wren to nbo~rt 
100 feet at the south end. The qunrtz frngments range fmm sand 
grains to pieces 4 inclles in g ~ ~ a t e s t  dirnenaion, although most of tlwm 
are about one inch in dirtrn~ter. Fragments that exceed llJz inches I 

commonly are rouncied, but p~acticnlly all the srnnller f rrcpents are 
angular. AII the beds of the t,l~ick part of the *section show n conspicrr- 
ous cross bedding and a tendency toward assortment of fragments 



:~rcorrling to size. Sniall  I~rtls nr lenses of qn14r.t~ s t t ~ ~ t l  :u.o jnclltded 
in the ctwmer c1cl)osit s. This m:ltcritil is s~lficient ly consol i r l :~t~d t n 

stanrl wit11 :I. ~ ~ t ' i i c n l  f ibre Iwt, is e:isilj h~( l l i~11 C I O W I I  11-ilE1 f he pjrlt. 
Yome beds :II-P, nlorc l irn~lv corr~olitPntei1 tll:rn ot1ier.s :~ucl  mhcre tllcy 
overfie softer b~rls 112 vr IHLPII rroclctl i n t o  v ~ ~ r i m ~ s ,  1nnsll1-oc~1nli kc? fot.tns. 
This basal cyr~:~rtz deposit, l i l r ~  t l ip r t ~ r - t - r y ~ o r ~ d i ~ t g  dr1,r)sit ill ilw Yr- 
I L ~ ~ R  (1 ist rict, is rwiil11;11 11 ~ : t t ~ ? . i : ~ l  1 ~ 1 n t ~ l i i 1 1  bly (IPI-~YP,(~ fro111 tlw : I ~ ~ I I I ( ~ ~ I I I ~  

qnartz reill5 o f  the svliistc~r~ ~r)clrs nf I lle nioll~ria i 11s 0 1 1  t l~r  .soutl~. I n  
a si~ni1:ir way the dlxle ancl s:~iulstout% nrrl.l.vi~ig t11tl qtt;irtz b ~ r l  s l~ow 

the sotwce oi' il~pia. rn:ti~.~.i xl 1 )y t Iir n?mnclance o f  niicn flakcs. w l ~  irll like 
the quartz f r t icn~rnts  are ~ ' ~ s i ~ t : i ~ ~ t  to we:ltl1~'ri~1g a11d cl~cor~lpr~si tion. 

7'hc best; dis11la~- of t l ~ ~  rho3 1 - 1  ~ e a r i ~ ~ g  I I P ~ S  tn be seen. in one place is 
nt  tllr lirncl rrf tllr cil.cllirl ilir ~i t l l c j*  IVILP~ of Io \ \ -PI '  Lit,t11 C+old Cl-eelc 
( l i ~ .  32) , ~ I I P I P .  raliitl ~ ~ " o ~ i r r ~ l  I i ; ~ q  Iiellt t 1 1 ~  strrp mniultnin f : ~ c e  f ~ c e  
flhom r e x ~ t : ~ t i o n .  ,It t l~ j s  plncr. :i srchtirnl is ~ s l l n ~ ~ c l  that i~jcl~~cles over 
GOO fert of soIt s a u d ~ t o l ~ e ,  s11alr : t l i t l  s:~lrlf. wit 11 i r~ t r r l~~r l r l e r l  l i ~ l i t e .  
Nezrly a sculhr1 of 1 ~orizor~t:it t igni t r  1 tetls r a n p i 1 1 ~  in tllicknem froin 
$1 f e w  inches tn Fc f ~ r t ,  rrero r o t ~ n t p d  i n  t l ~ e  n ~ n u n l n i i ~  sicl~. The lmso of 
the formntiou ir 11ot t~xl)osrrl I H I ~  t 11~  thiclrest, b~r ls  of lip~lite are in the 
Jo~~--er pa r t  of thr sect ioti. T ~ r o  tliic.1; he& of c.nal+np P feet t,hicjc. 
~ I I P  otller 7 fret-crol1 o n  t ~i(l;tr tlie hot tom of ill? P X ~ O S R ~  s ~ r t i ~ l l .  
thircl bd, 4 f ~ e t  t l~ick,  crolbs oz~t. alefly the ~iliilrlle, nnd a p~r'sistent 
foul-th bed, 3 feet  tltick, is espowd n~*ttr tile trip. 
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Coal also crops out in the gulches of the ridge of the small hill. 
On the north side of the saddle which marks the south bountlary of 

r* the con1 area the lower bods af the cod-bcnring formation rtrs well 
exposed. T11e saddle is occupied by the white qmnrt? bed which gracles 
upward into mndy shale and snndstone, and tlicse nre ovednin by 10 

P feet of con1 wl~ich crops ont nhout 100 feet higher than the snrlrllc. 
bother thick bed of coal is exposed in the brow of the ridge at tha 
tap of the steep slope north of the saddle. MicZsny k t a a ~ n  the two 
j~ a bed 4 feet thick. The associated beds sw shnle nnd sandstone in 
wllich are many concretions of yellow-~ventllerin sandstone contain- 
ing fragments of fossil plants. 
coal-bearing  MU^, mouth ~ l d e  of Alaska Ra.We 

Coal-haring h d s  nre pr~sent in various places on the muth flank 
of the Alaskn Range, but the principitl deposits. are in tlre Deltn, 
Gulkana, and Gnkona Rircr drninage strens. The deposits, however, 
are less distinctire than on the north side of i l ~ e  range, as the propor- 
tion of conglornrrnte and pnrtly consolidated p v d  is greater, the 
material in ~vnernP is cottrer, vnriegnted clays RI'A more conspicuous, 
and the number rind thickness of lignite heck are less. 
The Tertiary rocks Are exposed principally where stren~ns nre cut- 

ting their channels tllrough 1owl:lnd rl~posits and w11et.e isolated 
pntches of residual hds occupy hillslopes. ?IT& of the arsn of the 
coal-bearing formatiotr l ~ n s  moderate rclief, ilnd is eol~ered wit11 R 
man tln of yoliner u~~co~~solidnted m o r ~ i  n n l  material nnd or~twash . grnvel. This overlying rrlnterinl not only concenls some of the conl- 
bearing formntion but in plncs may be confilwd with h d s  belo~~fiing 
to it. The fot.mation boz~l~tlaries sIlo\~~i on thtt geologic map are con- 
sequently nppn~ximate in pact. 

Ol~tcrops (of the beds) appozw nt various plncm in the Pllelan 
Crmk drainage meen nald enstwnrd as far as the head of the Chisna. 
Hiver. Tile deposits nre buff-cololrd conglomernte, sandy shale and 
sandstone, grn j  snndis, vnriegated clays, nnci lignit~. The l ~ r p  pro- 
portion of conglomernta is notable, ns is nlm the poor sorting of the 
material wit11 wspcrt to s i z ~  of frnp~le~lts. This is es~eciaI1~- tnre in 
the upper bcds, which colitnin cobbles a11tI oven ho~~lders that art! more 
suggerrtivo af the Nennnn prnrel (p. 144) tllnrl tlw mnl-bearing forma- 
tion. Thp lnrpest ares shown on the geologic mnp is between Qakona 
Glacier rind tho West Fork Chistochina River nnci wns descrihd by 

* Mendenlrall (1905, p. 52153) ns thc Gakonx formntion, Ris dewrip 
ti on of it fof lows : 

* What npn,nPnrs to be the basal memkr [of the Gnkann formatlonl i~ a - heavy hed of coarse conglomerate, not lc~rt thnn 500 feet tblck, ahirh i s  well 
expoRetl alow the enst wide of the G ~ k o n n  Glncier nbont 5 mllm nhove its foot. 

* * It dips eastwar11 natl is belieswl to p:ws beneath the ~ t l f t ,  fl~sile or 
rnafi~ci~e, gray or buff-colorrd shales whfch, wlth interbedded gravel, aarld, and 
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IimIte beds, make up the gwnter wrt of the terrnin t h ~ t  extenda through to the 
head oil the West Fork. 

The degree of con~olidntlon of these M s  showa mnslderable variation. The + 
basal con~lomerate ZR thnrou~llfy indurated. Thr sbnles on the upper Q~knna, 
nelir~st t h e  bnse of the nerles, R# likewise mmpnct and flssile. The higher 
b~drr near West Fork nro ~ I l ~ h t l y  indnmttcd clays or sands, and the hig l>~~l t  
wrognized m~mher,  an iron-Stained pehllle hrd, is not sufflclently mcll connnli- I 

dated to bc t~tlnPtl a con~lomerate-it ia rather a cemeated mve l .  Theue  oft 
upper betls, Which appear in that ~ r t  of Ihc aectlon farthest from the moun- 
taina, make deflnlte outcrop only under the mmt favornhIe eondltlona. U~ually 
they art! 1)uried under the general rnantlt? of glacial g r a ~ 1 .  en that tlh~ir extent 
I s  prot)lpma tical. 

T t  i s  mtImntEd that there can not be Icss than 2,000 feet of these beds and It 
IR probnble t h ~ t  their total thickn~m IR mnch venter thnn this. 

Along the sonth flnnk of the enstelm Alnskn Range, conditions con- 
t,rolling the formation of coal Rppear fa have bcen le% favorable than 
d o n g  the north fl ank3 ns SIla beds are n ~ i t . l ~ ~ r  so extensive nor so thick. 
A section of the coal-bearing beds js exposed in the canyon af the 
small eastern tributary of Phelan Creek npnr RZcCallr~m. The st,ream 
that made the canyon flows for marly two miles across the formation 
nnd cuts it to R depth of serernl lllindred feet. The beds exposed in 
the canyon mny be divided into two groups: 

1. In the west end of the cnnyon the lower group js exposed. 'Illis 
jnclu d es beds of buff-colamd conglomemte, locally contnining cobbles' 
as large as 3 inches in dinrn~tfir; s i t ;  sandy sl~ale; nnd saadstane. 
'Fhe conglnmerata beds predominate. The b ~ l s  dip gently north 
nnd have s thickness of not I P K ~  thnn 500 feet. 

2. The overlying p ~ i p  consists largely of buff-colored sanrly shale, 
srtndstone, and snnd. N e ~ r  the bottom of this proup are p q '  sands, 
some of a dirty whih color; lenses of white snnd; clays; and l ip i to .  
Kear t'he top is coarse conglomerate with cobhles and boulders. This 
group is ns thick as tho underlying group nlld togetlier t,hey form rt 

stratigrapllic section not less thnn 1,000 feet thick. 
The principal exposrrre of me1 near 3 c C ~ l l u m  is in n gulch on the 

mnt11 sido of the c m k  aborrt linlf a mile from the higllmny. The coal 
h d s  nre in the lower part; of the upper g o u p  of 'J'~rtiary rocks nnd 
nre nssocinted wit11 s~ncig ~ l ~ a l e s  nnd soft  clays which, when wet, flow 
clown over thp; steep slope of the hill and cover the coal. The lowest 
cod bed is a bed af Ijgnitc, 30 inches thick, which crops ant on the 
east side of the g~llch and ia  %partrated from n 2-foot bed above by 6 
feet of sandy shde. Sewral other thin beds nm exposed in the next s 

$5 feet of overlying elastic material. 3?1e lipite is of an inferior 
quality and contains pieces of ~vood in which knots and pain  are 
plainly wen. The beds xppenr to be lent,icula and probably do not I 

extend over a large arek This deposit h ~ s  been looked on as possible 
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so~rrco of coal for fuel, but manifestly the beds new exposed are less 
promising than those of Jnrris Credr. 

Srnallcr deposilts of coal have been found at several other places in 
the ndjacent areaa enst of the Gnkonu Glacier. In the early days of 
placer mining on Slate Cr~elt  a becl of lignite nssociated with srtnd- 
stone and slmle in the cwck rli~nnel wns ur~covered by mining opera- 
tions, and fun~is l~ed a slrlnll supply of fuel that was used lacally. The 
coal nppenrs to be part of 11 smt~ll block of Tertiary rocks faulted or 
folded into t,he oldcr hds .  

Canl is present, o t ~  Conl Creek, n smnll rlorthern tributaq- of the 
upper Chjsnfi Rivcr. This lortllitp is ill an nrea of Paleozoic rocks, 
and the coal appnrs to he incl i~r l~t l  in sllnles tlts t are faulted into the 
Paleozoic racks. The bet1 i s  ~ninll nlid possibly older than Tertiary. 

The coal-bearing beds of the sol~th flank of the mnge hnve their 
greatest known thickness in the Gnkonn formation which, according 
to Mendenhall (1905, p. 63) is probnbly more tlrfin 2,0011 feet thick. 
It is probable that pnrt of the o r i ~ i ~ l n l  daposit was rernoveci by 
glacial ice n ~ i d  strenms, for the soft h d s  we ensily eroded. In general 
the beds nra not muell folrled Imt in plnces nrc fnul ted. 
A g e  of the coal-bearln~ beds 

Tertiary fresh-water rocks, including beds a£ cnul that range from 
lignite to subbitminons in ~ r n d e ,  are Xomlrl in rnnny places in Alaskn. 
They commonly I~ave bem assigle(2 to tlre Ewerle epoch with the 
realization th2t they rnsy I I Q ~  be of contempornncous agc, nlthougl~ 
they prob~blp accamulntecl unclcr similar geologic ccmdil.ions. Some 
of them h a ~ e  been described under the nnrrle Kenni formatioii hut in 
Inore recent yenrs that formtion name ]ins been restricted to rodr~ 
of the type locality on the Kenai Peninsuln. 

Such m k s  IVP~P laid d e \ . ~ i  on both flltilks of the AInskn Itnllfie find 
perhaps renrh their gr~ntest develoapmnt in tho Nenann con1 fielda. 
The coal-bearing beds of the Delta Rirer nren nnrl its vicinity belong 
nlnong thew rocks, and at, least tliose of Jnrvis Creek nppcnr to be 
correctly correlntecl with the coal beds of the Nennna River, a l tho~lg l~  
they mny Eiuve rcccumulnted in wl isolated basin. 

Fossils hnve been collected from the coal-baring beds and furnish 
the mennR of rlctemining their age. Most of the ~ O R S ~ ~ S  are plant 
remains, but ScIllaikjcr (19x7, p. 1-3) found fossil fish, which he 
believes to be of Miocene age in beds in the vicinity of the Suntrann 
con1 ?nine in tho Nenann ;list,rict, t,11us raising a doubt nbor~t the 
correctns~ of t,lie n~jgnrnent of the coal beds to the Eocene. The 
nnswer to t l ~ i ~  problem must nraf t frtture investigation. 

All the fossi Is rn far cnllected from the coal-bearing W s  of the 
Delta River aroa nre plnnt remains. Mendenllnll (1905, p. 53) follnd 
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trunks of trees, now altered to lignite, scattered through tho upper 
horizons of the Gakona formation nnd collectecI plant remains from 
a calcareous bed lower in the formntion. These mere submitted to Dr. 
F. W. Knowlton who report~cl on them as follows: 

ThIa collection consists of eight- ~ L P C P S  of matrix on which I and the follow- 
ing spwiea of fossil plants preserved : 

flvqrioh sp. k, broken fragment of n cone. 
Fasoditrna tinnjol-urn Heer. Several Ane branrhleh. 
Terodium di8ticlku~n miocmu?m (Brongniart) Her .  A large number of 

finely preservd branchlets. 
C w l ~ l a s  ttiacqtinrrrii (Forks) Heer. Tile moRt abundnnt dicotyledon In 

the mltcctton. 
J ~ l g I ~ n a  nipella Heer. Fkpresented by portloan of two leaflets. 
Ti?& alaakana? Heer. A single fragment that apwnrs t o  be of this 6lpxIes. 

These  plant^ arc all abundantlp typical of the so-called Arctic Bilucene, now 
bellered to belong to the upper Fmcene. 

The soft shale and sands$on~ of the cml-bearing beds of Libtle Gold 
Creek in the JarvEs (.'reek area are not the kind of mnterisl from 
which fossil plants can easily be coIJected and shipped. Yet they 
contain many pInnt wmairls and have yielded a small collectioi~ 
(hlofit, 1942, p. 130). This collectiorl was submitted to It. W, Brown 
for icientification of the species nnd determination of their age. He 
identified three forms tentatively as follows : GZyptoatrobua ewopaeua 
(nrongniart) Reer, Ahws sp., tlnd Fagm intipofr: Sbich. He wys of 
them, "Tlwre is no doubt, of the Tertinry ~ g e  of these fossils, but 
knowledge of the Alaska Tertiary floras is not yet sufficiently detniled 
to permit n mow precise statement of age," 

It is thna apparent that the age of the coal-bearing measures has 
been determined only within rather wide limits. It is generrtlly 
believed t,hnt they mere deposited in early Tertiary time, yet their 
position in the Tertiary system is not definitely blown. It is quite 
possible thnt thc Terti~rp coal-baring formations and the overlying 
Nenana gavel ,  next ta h described, may represent both the h e  
and Miocene epoclls. They appear definitely to be itlvolred in the 
growth and scnlpturing of the present Alaska Ran~e .  
N*nana g w V % l  

C b m t e r  a d  didribu tion.-The name Nenana gravel is applied to 
a p u p  of unconsol itlnterl, or, locally, slightly cemented gravel and 
mnd deposits that are extensively developed on the north sirla of the 
,%lrrska Range in the vicinity af the S e n n n ~  River. From this type 
locnlity the formation may be tmcd both east and we& along the 
front of the Range. 

Thtl deposits are made up of bedded, water-morn materids that 
were derived from the rocks of the Alaska. Range md are believed 
to have been laid domm in large part by streams flowing from it. They 
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consist diefly of grnvel which is well-roz~ndecl nncl of fairly uniform 
medium canawlrws L I H I ~  i t1 IJIIICW jt~rludes large cobbles and boulders. 

4 Minor IPIISPS or beds of S R I I ~  n11c1 silt are inteMratifed with the 
gmvel. Tl~c Ne~nnn  grnveL is free f l-rl~n typical glacial material. A 
chnmctp.ristic fpnture is its yello\~ or hro~v~iish color.. This color is 

F duo to weathering-, wIrllic11 is pnl-ticr~lnrly noticeable in the fmpments 
of g ranu l~ r  iatrtisives rind other rendily riecompospcl rock. W~ntlier- 
ing, color, and, in n. certain measure, the relative ooxm~less  of the 
rnaterinl nro f e~ turcs  of the Neilnna gravel that nre important for 
its idcntificntion. 

It is believed that t l ~ e  Kenana gravel was once s fairly contii~~~ous 
doposit, rtlong the front of the range nnd wns formed ?y the roxl~scii~g 
o f  the gr,vmrel deposits lnid don-n by strenms issuing from the mom- 
tnins on the south. The present distribution in isolated arms is the 
result of crosion or of collcenlmei~t of some of the gravel by ov~rlying 
youngor deposits, Neilnnj~ gravel makes up a significant part, of t11c 
unconsolidaterl or slightly consolidated deposits of the enst~rn  Alnslm 
Range. 

Tlia Iarg~,st nrens of Nenxnn g r n v ~ l  nre west, of the Deltn Rirel*, 
outsida bho limits ,sol the geologic map. They art: t,llr? remnants of n 
body of grnrel that probably wns ur~brokei~ nt one time, b11t wns 
clivided and partly removed by glacial erosion and stream cutt,ing. 
These arens have not been sturliecl in detnil nntl were not, visited by 
the writer. 

a East of the Delta River, on thp north side of thc Alntikit Rnngo, 
grnvel deposits that are correlnterl rri t li thr: Nennnn g~*avel nre exposod 
in a few small ar*?s. They n p p a r  to l.w the   no st ~nsterly nf the typirxrl 
cleposits and i~rrlucle some grarels thnt nta I'P,~AI'PCC~ to the Xennnn 
gravel wit11 consiilernble :tssurnnce, nnrl o th~r s  tlutt nre somrwhat 
in doubt. 

The Senana p n v d  hns not. h e n  recognixed ns such on Phelan Creek 
and in the other awns of Terti+~ry rarks ot l  tlir so l~t l~  side of tho Alaskn 
Range, although i t  .wms probable tlwt beds of n corr~spondin~ nge 
most have bwn depositcr2. 

Farther esst in the hlaskzt Range tlw only occnrrenco of wentllered 
gravel that is reprderi s s  n possibl~ ~ql~ivntcnt of the Nenana grnvel 
is the cleposit of GoIcl Hill n-mt of Jlonnnzn Crwk in tlie. Chisnna 
district. 

Future inrestigation will probably sl~o\r. t l lnt  tho extent of the 
m 

Nennnn gravel east of the neltn R i r ~ r  is pr~nter thsn is  'mndicakd on 
the map, partictilsrly h t ~ ~ t e n  the DPI t n  nnrl Jollnson Rivers. 

Deposits of gm\.el that art: clcnrly not relnhd to  the present stram 
Y 

gravels or the most recent glncinl o ~ ~ t w s h  grnvels, rind yet are younger 
than the conl-baring beds, ere expmcd a t  serernl pInces betwwn the 
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Delta and Gemtle Rivers within or at the north margin of the high- 
Innd area bctween the centrnl mountain m a s  and the Trtnana lorn- 
Tnnd. Thornaterirtl composing t,liem is derived inpart,if notwholly, 
from the mountnins on the south and in most places contains a I a r e  
proportion of grmitic find other hard rocks that resisted erosion 
Inow succesefully than the schist. In plnces these gravel deposits am 
~lnconsol idntcd but ~ l m w h e ~ . ~  they are sligl~tl y cemented, T h e  ce- 
mented g r t ~ v ~ l  l l ~  ,s y;yellowie;h or bnff color where i t  is weatherad but 
commonly is p n y  on fresh surfncea Many of the constituent pebbles 
ntid cobbles of t,he grnn~i lnr  rocks are deeply weathered but the highly 
siliceo~ls forms relnrtin nncl~mged. When isdated outcrops of the 
gravel are iound, t,he n*aathrred pehblcs rind cobbles furnish m im- 
portxt~t &st by which to distingui~h ths older deposits from the nn- 
wmthered glncinl oul~rrtsl~ rind stream p a w l s .  This test is not d- 
ways conclusive, however, for somc of the glrtcial deposits also mnt~ in  
u~eathererl granitic rmk8. 

The uncemented gravel is g r q  find its pwwncc is  sornet,im~ re- 
vealed at n distnnce by conspicuo~rs light patcl~es or1 the hillsides. In 
t,lie fern p l ~ c e s  where it was examined i t  cont~ina n lnrp  proportion of 
granite nnd gray quartz or quartzite in pebbles nnd well-rounded 
cobbles as large as 8 inclles in diameter. This gravel, ns exposer1 on 
the hillslopes, comrno~llg sho~vs Jess fine mnterinl thnn the cemented 4 

gravel, probably because the fine rnntecrial wwas removed by wrfncc 
water. It is correlated with the cern~nted p v e l  with some doubt 
nlthongh the composition is the same. These gavel deposit& nro s 

exposed on the ridge west of BlcCwnhr (3fmornhr) Cre~k. Simi- 
lar gravels cover the hillslope on the north side of McCurnber Creek. 
'JIe older, weathered gravel deposits, both the ccrnonted and the un- 
cemented, RTO believed to antedate: the I'leistocene glacial deposit,s 
and are tent~tively correlated mit.h the Nenam gravel. 

The cemented plarels are well exposed on BfcCurnber and Morning- 
star Creeks nntl on flip we&. sir10 of the ridge west of the GemtJe River 
n t  the mnrgin of the Tmnnn lowland. Possibly the gravel deposits 
a t  the cfinyon of the GerstIe River and on the east side of Jttr~is Creek 
opposite the noWh end of the Tertinry coal-bearing beds may belong 
in pnrt to this same group of grnrel deposits. 

The cemented beds of the Nennna gravel on McCurnber Cr~ak at 
the ~nocltfi of Morningstnr Creek are exposed in a gravel bluff over 
1 0  feet high. The llpper part of the bluff is a bluish-gmy bouldery 
stream or glncial-out,~vnsl~ deposjt consisting in large part of ~ngular 
pieces of schist. T ~ P  lowor 60 feet is gravel that is yellowish on the 
exposed surfnce but light-@.my within and is slightly consolidated, 
yet easily cut wi th  tho pick. It includes lenses and beds of sand, as 
much as 80 inches thiclc, through whicll small ~ebbles  are sc~ttered. 
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thickness of hundmls of feet but were not measured. The steep 
northerly dip of the grnr~l  is suggestive of the line of tilting ml~ich 
Capps (1012, p. 31) s:trtV htween Xerwnn itnd Wood Rivers and inter- 
preted as hnring been nnn importnn t line of movement when the footllill 
be1 t was uplifted. 

The summit of Gold Hilt, the mountain southwest of the saddle 
between Bonnnzrt Crwk n i ~ d  Glncier Creek in tlva Chisana district, 
is overlain by nnconsolirlntetl grnvnls. According to  Capps (1916, 
p. 5 5 )  the deposits consist of rudely stratified coarse gravels alter- 
nnting with finer gravels or with snndy layers and have a close stmc- 
tural resemblance to the gravels non. king laid down b~ the present 
streams. Although they nppttr to be of p e a t .  age they are ent idy  
~~ncementd. The pebbles are well roantlml and generally small. 
Cobbles am d boulders up to one foot in diameter were seen but most of 
the pebbles are only n fow inehes in rliamttrr. The most numerous 
sock types are lavas nnd pyroclnstic ~nclra like t h w  of the nearby 
Devonian and Pemninn ter~anes, but II stnnll p~oportion of alrgillite 
and graywacke derived from the Jlesozoic secliments is present. The 
pebbles and cobbles that n1.e most susceptible to dwny are deeply 
xeathered. Piem of lignitized wood also occur in the. gravels. A 
prospecting shaft was slmk 150 feet in the gmveP 'hnt fnileci ta dis- 
cover workable gold deposits, tho~lgh n little gold wns found. The 
material taken from the sl~nft  was of n reddisll, nr hrownish color, and 
many of the pebbles TeTe so decnyed tl~lnt they fell to pieces on being 
handled. 

These grarels are not deformed but clearly are old deposits which 
nrcnmmulnterl under conditions tFint made i t  pomible for exknsive 
deposits of well-worn gravels to be laid down and preserved 011 a 
monntnin top more than 1,000 feet above the nenrest streams. They 
n1.a distinptidzed from the fresh, unnItered material of the recent 
glncinl ant1 pr.e*nt stream deposits by the deep decay of their granite 
ttlrrl othw 11ess resistant comnponents, and on this account they nre 
tentnticely correlated wit11 the Ne11:inn gravel, nlthougll the possibility 
remnins tlmt they may be out.wash gravels of an early glaci J perid.  

A ye f i f  the Nenana praseS.-The gravel depwit,s t l ln t  nre now known 
ihs the N~nnnn  gravel were once thought to be Pleistocen~ elncirtl 
deposits, but after Cnpps (1912, p. 30-34) hrtd at~tdied them in the 
Ronnifield region, be concluded that these gravels, which Rre extcn- 
sively devc1ol)ccl or1 the e ~ s t  side of the Xenana River, am older tlknn 
the glncinl cleposits and in fact are the ponngest of the Tertiary 
deposits in thnt wgion. Capps wns the first to apply to them the nnme 
" N B I I ~ ~  grnv~l." 

It is believed that the Nennlin gmrel in genentl rests confolmnbly 
on the conl-bearing betls 11-31e1.e both formations are present, dtllough 



in a few places what appears t o  be normal Nenana gravel rests uncon- 
formably on the coal formations. Capps regards such pIaces as 

J representing, not the lowest part of the Nenana gravel, but a higher 
of the formation ~ h i c h  overlapped coal beds that were folded 

and eroded local'ily before the higher beds of the Yenma gra~e l  were 
e deposited. Deposition of the h'enan:k gravel tlllis was lnter than 

that of the coal measures mncl prwbnlrhy resulted fl-om uplift nnd con- 
sequent reviva1 of st~-eum erosion while the growth of the present, 
Alaska Rnnge wns in propew. 

It was stated that the cod-benring beds underlying the Nenana 
gravel have been considered to be, of Eocene age, pi*obnbly late Eocene, 
and that only recently the &ding of fish remains (see p. 1431, 
regarded as of Miocene age, raised doubt as to the correctness of 
this assignment. Fnrt.her investigation will be required to settle 
the differences of opinion that have resulted from the study of plant 
and vertebrate fossiIs. RIeantime it nppenrs to be safe to look on 
the Nenana p n v e l  as the youngest of the Tertiary deposits now known 
in this region. 

QUATEBBARY DEPOSIT8 

Charamter ox the de-ta 

Pleistocerle and Recent deposits of the eastern Alaska Range and 
adjacent area include glncial deposits of various forms, waterlaid 
deposits, beds that were deposited by wind, and lava flows and vol- 
canic fragmental materials. As far as is known all Pleistocene and 
Recent clastic deposits within the area shown on the geologic map 
are uncollsolidated except locally where portions of them have been 
cemented by lime- or iron-bearing solutions. Some of the ghcial de- 
posits contain material that is deeply --eatliered but in general the 
Quaternary cleposita are flmesh nnd do not have the yellow rind buff 
colors of the Tertiary pat-els nltd sands. The Wrnngell lava, which 
Legan to accumulate at about f l e  same time or somewhat later than 
the Tertiary coal measures, mill be described as Tertiary volcanic 
deposits, although an unknown part of them was erupted in Quater- 
nary time. Pleistocene and Recent time me not separated by any out- 
standing event in the history of the eastern Alaska Range, and the 
deposits of the two epochs nre described without attempting to give 
them Iimiting dates. These epochs overlap, for the glacial period is 

* not yet ended in parts of Alaska. 
The deposits described in this section are varied but  have common 

characteristics. They are made up of fragments from a great vaiety 
of sedimentary and igneous rocks, rtnd are unoonsolidakd although 
sufficiently compacted in pIams to stand with vertical faces. They are 
the products of weathering and erosion of the o lda  formations and 
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show diflemnces of composition snd form that depend en their sources, 
the manner in which they were tmnsported to their present places, 
and the conditions under which they were laid down. A large ppnrt of 
the thicker deposits is permanently frozen. 

The runconsoIidated deposits include the mantle of 100% rock f r q -  
men& on hill slopes; the accumulations of debris in tdus pilcq9 glrtcinl 
moraines, ti11 and outwash gravels; fragmental materinls ranging 
from coarse gravel t o  sand and silt laid down by skcams ~ n d  lnkes ; 
windbIown slttlds and dust in dunes nnd loess deposits ; and volcnnic 
nsh ejected from craters and transported by mind. 'Pliese diff~rent  
deposits are overlapping and their boundnries arn so commonly hidden 
hy vegetntion that more time and labor would be required to diff~rcn- 
tinta then1 than is available in reconnai~ance mapping. A ~ n l i n g l y  
they have all heen represented by one color on the geologic mnp (pls. 
R,3) ,  except in a few loc~lities where conspicl~ous moraines are shown. 

n~posits of unconsolidated mnterirtls, whicll must have existed in 
the vztlIays nrid adjacent lowlnnds of the Alaska Range ttnd Trangell 
Mountnins nt the time Pleistocene glaciation began, either have been 
removed by the advancing ice or hat- been covered by the younger 
tlqoaits, for excepting the Nenma gravel, preglacial gravels have not 
benl recogt~ jzed. I t  would tl~erefo& appertr that, much of tha exist- 
ing ~~ncongol iciated deposits* with the prob~tble exception of some RP- 
posits in thc Capper ~ l t d  Txn~na. River valleys, wem formed after the 
timo of ntnxirnnrrl extent nf the im, aIthough they derive part of k h i r  
components from older deposits which hrtve been reworked and re- 
deposit~d . 

Orln CIA* of ~ ~ n c ~ ~ l s o l i d ~ t e d  deposits is not shown on the geologic 
map, This i~~clutIcs t 11e Cint products of weathering rtnd is made up 
of rrnsort~d mrk fragments that uccnmullate on the surface of tho land 
rnh~re'17er erosion nnrl disirltegmtio~~ of the bedrack is in progress. 
D i s i n k g a t i o ~ ~  begins whenevm the land is raised n b v e  the sea and 
mcks are exposod to nir, water, and chnnps of temperature. Part of 
the rnck mnp be a~rnovei? in solution but the remainder is left in fairly 
~ n g u l l ~ r  blocks nnd frngtnenh not yet attncked by st.reams or glacial 
ice. Such 11e~plp wenther~d, decnmposed surface bedrock is not known 
to exist anymIiere in the Copper River basin, ~ l t h o u g l ~  oxid~tion ex- 
tends to n considernble depth in same ore bodies. The absence of such 
w zone may be the effect of glrtcirctiot~, which wns recent and intense and 
wouId ]lave removed soft*, decomposed wlrface mcks. 

This explanation seems to be supportad 11y the findings of Van 
Alstine ~ n c i  Blnck who (personal communicatinn, 1944) have reported 
the existence of 'surfnce wmtl~eringin t,he granit,e roclzs exposed in road 
cuts along the Alaska highway north of the Tnnnna River, in an nwa 
that was unaffected by the ice movement, 



Raclr fragments that have accumulakd since the disappearance of 
the ice constitute a veneer that is irregular in thickness and distribution 

t and in many places is covered by vegetation. It ha4 not been shown on 
plates 6 and 7. 
Glacial deposits 

Y The glacial deposits are of two principnl kinddeposits that were 
dropped by the melting ice wit11 little sorting by water, and outwash 
deposits t h ~ t  were laid down by streams isuing from the ice. Some 
of these water-laid glacial deposits differ little if any from the de- 
posits of the present glacinl streams nnd fire almost ii~clistinguislzable 
from them. The unsorted glacinl deposits consist of rock fragments 
that differ widely in size but cornmoi~ly have an angular form. They 
were laid down as moraines or spread out ns sl~eets of till. 

The more axtensive but lesa conspicuous glacial deposits are tha 
till deposits or ground moraine. Slleets of unsorted, angular rock 
fragrn~nh and silt, commonly without distinctive topographic ex- 
pression, xere left in much of the lowlarid arm, as the debris-laden 
ice melted, and now appear as surface deposits or are interbedded 
with unconsolidated water-laid material. The water-laid deposits 
are chiefly gravel, sand, nnd silt wllicll were deposited by lakes and 
streams that existed because of glacial co~iditions. 1Tr.om time to time 

* some of them mere overridclen by advancing bodies o f  ice which left 
their burden of glncial debris on melting> and thus the two arc inter- 
bedded. Ths water-laid deposits will h described more fully below. 

v Xndivid~lal till sheets stre not, continllons th.hroughout the lowland 
areas. They nre irregularly distributed, depending an lm,J condi- 
tions governing the advance and melting of the ice. Some exposed 
sections of the unconsolidated deposits of the Copper River basin 
show two or mom sheets of till interbedded with stratified sand and 
p v e l  (Mendenhall, 1005, p. 64). Althougll i t  seems evident that tho 
Copper River basin was cornplctely filled ~ri th  ice to a depth of many 
hundreds of feet x t  the time of greatest glnciation, the deposition of 
the till sheets belongs chiefly to the later strip of glaciatioil and took 
place most extensively near the margins of the basins. Tho 1-etrertt 
of the ico was not steady but A~~ctuati~ig,  giving rise to tlw temporary 
lakes and streams in which tho grenter part of the unconsolidnted 
deposits were formed, just as they are being formed at  present. 

In  some places, but not everywhere, till makes up the surface de- 
posits. It i s  commo~lly covered with vegetation and may be asso- 
ciated with morainal deposits of more conplpicuous form. Eskerlike 
rid* in the ground moraine of the broad flat southenst of Slam 
were utilized locally dnring the construction of the Nabesna highway 
in order to  avoid awnmpy ground. 
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TVelI-dehed terminal and lateral moraines are uncommon jn most 
of the area shown on the geologic map. Some of the best, examples 
are 011 the north side of the range in t h e  Deltn  rive^ district. There 
the relatively short advallce of the ice strenms from the mountnins 
during the later glacintion is proved by morainal deposits that indi- 
cate their outer limits. In the eastern part of the range there is a 
well-preserved terminal moraine across the Beaver Creek valley below 
Carl Creek, and a smnller one across the valley leading from Hors- 
feld Creek to Baultoff Creek, near Eurekkn Creek. Clo~~spicuons 
n~oraines of the kame and kettle type n1.e seen along the J3iclirtrdson 
Highway in the vicinity of Donnelly Dome. They also appear along 
the Alaska Highway on the lower Gerstle arid Little Gerstle Rivers. 
Similar deposits are even more extensively developer1 i n  the Slttnn 
valley west of Mentasta Lake. 

Ridges or morainal debris exktlding along the lower courses of 
small glaciers in the va l l~ys  of the Nutzotin hfountains hide cores of 
ice and er~entuaIIy will disappear through melting of the ice. Such 
accumulations are not terminal moraines. Terminal rnoraii~es are 
formed where melting is so adjusted to the movement of the ice that 
the glacier front is stationary for an extended time, allowing the 
debris discharged at the front to accumulate. These deposits are apt 
to be destroyed by the water from tho ice and are less likely to survive 
than latern1 moraines. 
Water-laid aegoslts 

The water-laid deposits inclilde; gravel, sand, and silt that were I 

laid down in the flood plains of the streams or were deposited in lakes 
and ponds. They may be described as stream, lake, and bench or 
terrace gravels, although these designatioi~s refer partly to form and 
position and do not clearly indicate origin. From a geologic point 
of view all the materials of mbicl~ these deposits are composed are 
in process of being transported from their bedrock source to the sex. 
This jo~irney may be interrupted by many temporary halts and may 
require a vast time. It may even be con~pleted through subsidence 
of the land itself. 
The constituent materials of the present water-laid deposits are 

reworked glacial debris; older water-laid deposits; and fmgments 
of various kinds arid sizes derived directly from original bedrock 
sources, chiefly the country rock of the rugged headwater areas of 
the streams. They therefore cousist of a great variety of xocks, which 
may have travelled far from the place of their origin. In general, the 
fragments are smaller and of more uniform size as distance from the 
source increases. 

The stream deposits were formed by running water; in general they 
are composed of coarser and less thoroughly sorted materials nnd are 
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less well bedded than the Enke deposits; but they are more subject 
to removal and r~lepoaition. The Iteavify loaded strems of the 
Alaskn Rnnge nro continunlly shifting their clmnnels over their flood 
plains t h r o i ~ d l  a procms of bnilding np deposits at one ploloe and 
cutting t l~ern down at nnother. 7Wwn grave1 nccumulates in excess 
on one pnrt  of the flood plain the stream nlrtomatieaIly shifts its rhan- 
nel to  nnother place and the process of cutting and building begins 
ngnin. 
In this may terrace RIY! S O I I I B ~ ~ I ~ ~ C S  formed where streams lower 

their chu~~nels beIow old lerels. They may be II few feet or many feet 
higher tllnn the adjxcciit pmssnt flood plains, but their surfaces show 
where the strenms once flomcct. T l ~ e  terraces themselves may be at- 
tmked and removed. 

High terrUaces of n different kind were formed in some places by 
strcarrla flotvirlg along the mnrgii~s o i  former glwiers, in otlrer places 
by water spilling ovor drainage d i v i d ~  into the valleys of adjacent 
arcns and dqositing gravel nnl~d sanil. Gravel deposits of this kind 
axe seen in bho high tcmnc~s of the upper Snslositna Creek, which 
were formed when the vnlley of Slislotn Creek mTas filled with ice, 
and drainugn belonging to the Copper River was diverted to the 
Littlo Tok valley. 

Lakn deposits acc~~rnulatc in relatively quiet water and mrnmonly 
are composed of firm rind more tlkn~bougIlly sorted materials than the 
stream deposits. They also are npt to sllo~v better stratification and 
aeo moro regll~r ill ciepositjon. Most of the quiet-wahr deposits 
wero laid down in lnkr~ nntt po~cis of tlie Iowlnnd areas where they 
are interbedded with ~ t r ~ n m  and glncinl depnsits, Some ~ccurnlrlated 
in the v ~ t e r s  of temporary lnkes thnt fonlled when glarial ice dammed 
the moutl~s of side vall~-ys r l r  when water ~ o s  confined between the 
lnildl and ice at  the side of R glncie~b. These deposits became t e r m  
deposits when the ice me1 ted, IJossibly thr prar~ls  of the high bluff 
at Slana were lnid rlow11 in ~ ~ a t e r s  impnunded b ~ l ~ i n d  nn ice barrier. 

The distjnct inn betwen writer-laid rind otller unconsoljdated de- 
posits is not ~nntIe on the g~olagjc mnp, n l l d  it is d~sisnble t o  point nut 
fu1-t l r e ~  thnt Ilie bountiarics of the mlconmlidnted deposits them- 
selves are icpproximate in moat places. The r r x h - I n i d  deposits RI'P, 

distributed throughout the area sho-r\-n on the map as ancnnsolidatd 
deposits and ocrrrpy much the prenter part of it. They m u r  in 
p ~ t  variety depentling on local renditions, wl~irh  varied from place 
to plrlce. Conwqllentl y, close corr~spondence of sections in different 
Imnlities is not to be expected. It will not be necessary to say more 
of the deposits of the smaller skreenmq but it is desirable t~ describe 
mom fully some of the larger bd ies  of unconsolidaitecl deposits that 
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were laid down by streams and lakes in the Copper  rive^ basin and 
the Tanana River valley. 

The lowlands of the Copper and Tanana valleys have the greatest 
accumulations of unconsolidated materids shown on the geologic 
map. These accumul~tions are distributed in three principal areas-- 
the Copper River basin, the Tanana valley below Johnson River, and 
Z,hhe upper Tanana valley above Cathedral Rapids. They are eom- 
posita deposits and include both glacial and water-laid materials so 
intimately intermingled that generally they can not be differentiated. 
Whatever is known about t h e  strmtum and distribution of the deposits 
j s  learned clliefly from stream cuts, as drill records, except those of 
several shallow holes at one locality north of Copper Center, do not 
&xist, and geophysical methods h ~ ~ e  not been tried. TI10 valleys are 
sled to a great deptll with materials transported by streams and 
glacial ice from the adjacent mountains and laid down as stream and 
lake deposits or as morainal till. It is believed that the deposits of 
both the Tanana River areas are dominantly washed ,gravel and sand 
ahicll probably are in part old, reworked Tertiary gravel, in part 
original Pleistocene and Recent deposits, but, like the deposits of the 
Copper River basin, may include undistu~bed Tertiary beds. 

Strea.ms of the Capper River basin have incised their channels in 
the unconsolidated deposits to depths mnging from a few feet ta 
600 fee t  nnd many sections of the sands and gravels are exposed. 
The upper Tnnana area, wluch includes Tetlin Lake and the thousands 
o f  small, unnamed lakes and ponds of the poorly drained country 
between Tetlin Lake and the internrttional boundary, is covered by 
deposits which the streams have not yet dissected. Only that part of 
the surface not covered with water and vegetation is exposed for ex- 
amination, and no information regarding the vertical section is yet 
available. 

Somewhat more is known of the lower Tanma area, for the Delta 
River has cut its wide, camyonlike channel to a depth of at l a s t  200 
feet in the deposits between Beales Cache and Jarvis Creek bridge. 
The deposits appear to be dominantly waterlaid. Near the borders 
of the lowland, morainal nlaterids cover some of the older uncon- 
solidated deposits, but beyold the lowland the surface gavels near 
the highvay are outrash gravels. Possibly these deposits include 
till as well as water-laid inaterial nnd may consist in part of Nmana 
gravel. 

Other streams east of tlie Delta River hme cut similar channels in 
the unconsolidated deposits, but neither they nor the Delh River have 
exposed the full thickness of the filling. 

Mmt of the area of the Copper River valley to which the dwcrip- 
tive name bnsin applies is north of the Iatitude of Copper Center and 



within the area sl~own on the geologic map. Extensions of the central 
basin continue into the upper and lower valleys of the Copper River 
and into the upper vtlllcys of marly of ih tributaries. Except a small 
part, all this mea is occupied hy unconsolidated deposits into which 
the low morrntains or hills project. 
T h e  deposits nf the Cop1)er River lowla~~d are believed t o  differ 

from those o f  both the nrens of the Tnnnna VaIIey in tlmt they include 
a greater proportion of origii~nl glncial matter. They accumulated 
in fin open, bssinlilre vnll~y surrounded by high monz~hins; a t  one 
time the valley wns cornplete1-y filler1 with ice and for a mucll longer 
time glacial debris mns poured into it from all sides by valley 
glaciers and the strexms flowing from them. At a later time the rate 
of filIing was slower as the rcs~tJt of wnrping or other causes, and the 
streams began to destroy the deposits. They have entrenched them- 
seIves most deeply in the southern part of thc Copper River basin 
nnd have exposed many sectio~ls of glnveIs that are frtvor~ble for 
study, except that the steep faces nre often hard to reach or may be 
hidden by loose mnterjal. 

The deposits show wide variation, from plnce to plam in the chnrac- 
ter of the miterial and in its a r r n n ~ m e n t ,  hut  all tho deposih are 
plainly those that i t o ~ I d  be producetl untfer the cllanging conditions 
nccompanjjnp the irregular retrent of nn ice front. They include 
smd, gravel, silt, day and wind-blown dust, nnd till or boulder clny. 
The gravel: and snnd m ~ p  'be \%-ell bedded or poorly bedde,d. Cross 
bedding is common. The clap and fine sands mny be blocky or 
finely Inminated. of them hnre pebbIes or even small cobbles 
scnttercd thmugh them, pmbnblp distributed by floating ice. A no- 
table rhnraeteristic is the mingling of mnt~r inIs  from widely SCFR- 

rsted, distnnt sources, I f  numerous sections mere studied tllroughout 
the Coppr  River bnsiil nild the age of the different beds ncct~rntely 
correlnted, it doubtless ~ o t l l d  be folmd that various kinds of &posits 
were k i n g  laid down simuItfineoaslp, and that probably nono of the: 
deposits forms a continuous, unbrolren sheet throughout the nsm. 

The greatest dapth of cleposits is not known. Presumably the gmv- 
els thin toward the margin of the basin and are thickest at some point 
distant f r m  tho margin. The Copper River has incised its channel 
to a dapth of about 600 feet new the south boundary of the basin; 
smaller streams, tho Rlutinz, Klnmnsi, Tazlina, Gulkana, Gakonn, and 
others, have excavrthd chnnnels of somewhat less depth (fig. 351, hat 
neither the Capper nor its tributaries have cut through the gravel 
deposits to bedrock. illendenhall (1005, p. 67) measured a section in 
the northern part of tho lomlnnd, in the divide between the Gulkanu 
and Delta Rivetas, that s h o ~ r d  nbont 80n feet of coarse and fine gravol 
and sand. This section and t h ~  bluffs of the Copper River give the 
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higl~est mensnrement of thickness known at this time, but nt neithw 
plnce is tile section complete, Knowledge of the dept.h of the pavels 

5 n,nd the form of t,he underlping bedrock surface will be needed to 
untlerst~nd fr~lIg the structulme of the Copper Riwr bnsfn 

Most of the unconsoliilated deposits are perpetunIly frozen to a 
* depth of many feet, except a sllalEow surface zone tEint thaws in sum- 

mer. Efforts to obtnin n-nter from cZug ~rells  have not been sr~cce~ksful 
except from sl~allom wells near stream courses, same of ~vhich cnnnot 
Le used in winter. 11 1 ~ ~ 1 1  fit Kenney Lake on the branch rosci landing 
from tho Kichnrcfson H i ~ l ~ \ ~ u y  to Chitinx was reported mnny yeacs 
ago to have h e n  sunk 80 f ~ e t  in frozen ground without finding mahr 
and gradunlly wns clowd by the formntioil of ice, More recently sev- 
eral Iioles were drilleil bct,wcen Copper Center rti~d Gullrrti~n in an 
effort t a  get wder for nsa nt the new airfield. It is reported thnt tlm 
drill went through nhout 190 feet of frozen pouncl and then altered 
unfrozen grawl tllnt yicldetl ~mter. The water at tllnt pltice, IIQIV- 
ever, was too strongly chnrged with r n i n ~ r : ~ l  substances to be usable. 

Until recently, pcrn~anently froz~n pound offered problems tllnt 
were of concern chiefly to I h c  plncer miners, sincp it  added to the dif- 
ficulties of mining some plnc~r golrl clrpr~sits slid m~cie possible more 
wnomical mining a€ othem 31ut, vi,rh.cn Irca~icr and mol-e el~bornta 
structures became necesalry in the opcrntions of the .Army nnd the 
business of civilians, kmmldge of the ilistrjbntion of permafrost rtnd 
its effects on the fou~ldatians of briilms, 1)~ilding-s~ and othw strut- . turn was recognized as of grent importance nnd has led to special 
study of the subject in different pnrts uf Alnskn. 

The problems of the origin of tIte Copper River bnsin and the nature 
of the Pleistocene deposits nccumuPnted there were studied by Menden- 
hall (1905, p. 62-74), ITIIQ exnlilillcd the. gravel h l ~ ~ f f s  along the stream 
chchannols at many plnces nnd wlioac writings nre the principal source 
of information about them. Two sect ior~s measu~wd by Mendanhall 
give a clearer idea of the tlircrsity of tho mntariuls than can be given 
in words. The first (fig. 36) is miles above the mouth of the 
Klnwasi River, opposite Copper Center. It shows stream deposits, 
lake deposits, wind-blown sand, and glncjlkl dcposits nnd bears evi- 
dence of at least two invasions by ice, ns jniiicnted by sl~mts of till. 
The second section (fig. 37) js on the west bank of the Copper R' I irer 
just below the mouth of the Tndina Riv~r. l%is section is mostly 

7 
water-laid material but includes one 10-foot hecl of bonldcr clny. Fur- 
ther evidence of ice; invasion is given near this locrrlity by clistorted silt 
beds that were pushed into a aeries of sy~rclincs nntl anticlines by the 

I 
overriding of the ice ~ n d  s~tbquently were covcred by glacid 
deposits. 
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F I c n ~ u  88.--4cction of Pleistoceae depoaita on the IOnwael nl~cr .  After Mendenhall. 
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FIan~m 37.-Becaon or Plelstocene dppodt~ on the west Barlk of thr Copper RWer l u ~ t  
bclow tbe mouth ot thp Tazllna Rlver. Aftcr h~rudmhall. 

After describing the nnconsolidatad deposits in difFerent locdities, 
Mendenhall (1905, p. 68) states his conclusion regarcling them in this 
may : 

Thwe descriptions serve to bring a l ~ t  the fact that in the nouthern nnd 
central parts of the Coppsr basin tbe Plelstocene fllling conRlstri of laminated 
and maeislve sllts, pebblebearing clnya, stratified sands, graveis, and till lu 



mat& varying properttons, nnd tllnt In the northern and marginal parts of the 
basin It consists of snnits, m v r l ~ ,  till, nnd morainal d a d k  

Tllis may be understood RS indicating thnt  a large proportion of 
the deposits of the southern part of the bnsin wem laid down in the 
quiet; wat,e'rs of lakes and ponds and, jn contrast, that a larger propor- 
tion of the sands and gravels on the northern part were deposited 
by streams. This contrust continues, for nt the premnt time extensive 
quiet-water deposits nre accumulating in the lakes along the border of 
tho Chupch Mountains. 

The largest known arch of lake deposits tllnt are attributed to a 
single body of ~vnter i s  in the upper valley of the Tnnann River. This 
mhule lo~vlrn~rl ttrcn wns appnrcotl?, occl~piecl at some period in Pleisto- 
mne 01. Recent time by writer iinpounrIerl behind an ice dam, probnbly 
in t l~e  vicinity of Cnthedrnl Rnpids on tlie Tnnana River. qTarping 
of the bedrock surface niny hnrr nssisted in extencling the bouiidaries 
of the lnke. The dmre line Ilns not been determined, The northem 
border was recognized by 'I'nn Alstine and Bleck (personal communi- 
cation, 1943) nt places along the 1Uaslia HigI1wrt-y from the Tnnana 
River bridge to the internntiotinl boundary. Lake sediments con- 
~ieting of conspicuous light-colored bedded sands and silts were de- 
posited along this shore line ns high as 350 feet above the [old] Tanann 
h i d p ,  os shown by ba~ometric mensurements. No more is h o r n  
n h u t  the lnke than is revealed by the shore deposits seen along the 
hid~mny. Tho locntion of the south shore probably wiI1 be found if 
i t  is looked for, but it mny be more diaEct11 t to jdentify than that of 
the north sllot~, RS it may be concenEed by younger stream m d  mominn1 
deposits. Possibly, film9 tlie sontli shore may have been determined 
in part by nn ice front formed by the glaciers issuing from the volIeys 
of the Nntzotin Monntains. 

h k e s  of eqllnl or p n t e r  extent may Imre existed in the Copper 
River valley i n  Pleistocene t h e .  The topogmpliic setting for a large 
I;ike seems favorable, but evidence for it Ins not pet beell recognized. 
Smaller, temporary l ~ k e s  and ponds sncl~ as  re seen today bare 
accupicd parts of klre Iowlnnd at different times since the area was 
fi.eed f rorn ioe. hittell of f re rmmnsolidnted material of the ~owlanrl 
nrcn thnt hns k e n  clescribed acc:cnrnuI:~ted in mall lakes that existed 
for  a time and ctisappenred, ns has the greater Lake of the upper 
'I'anana Valley. 
WlnQ-blewn depoalts 

Finely divided rock frnpents  or fine smd and dtmt am shifted 
from placo to place over t,hs river flood plains or are carried long 
distances by the wind and deposited as beds with other sedimentary 
deposits. Such fine material is commonly of uniform size and the 
deposits are of even texture. They may accumulate in beds many feet 
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thick. Two solirces hnve contributecl rnnterial fop such deposits in 
the nren sFmwn on the geologic maps. The princip~l  source is the 
fine snnd nnd rock ffonr of the flood plains of the Inrger strenms, 
~specinlly those of the swift braided glacis1 streams. A q o n d  source 
is materid ejected explosi~eIp from volcnnoes during sporadic erup- 
tions. 

Dw-nss and loe88.-Deposits formed by the wind include sands that 
am toa I I ~ R ~ T  to be lifted and carried far b ~ ~ t  are swept into dunes 
nnd moved slowly over the flood plains of the streams, and the lighter 
sands nnd dusts that are picked up and perhaps carried a long rlis- 
tnnce befom settling te the ground. 

Sand dunes me uncommon in most of the area because conditions 
favornble for their formation are nmelly lacking, yet typicnl dunes 
as much as 10 feet high may be seen on Riley Creek, tributazy to 
Jarvis Creek, and on the Chisana River. Small mounds of snnrl nrr! 
formed in many places on the grzveE 'bars where a log or clclnrnp of 
brush breaks the force of the mind. 

Recent investjgation connected wit11 the study of permnnently 
frozen g r o ~ ~ n d  in the upper Tanann r ~ l l e y  11ns shown the existence of 
considerable areas of dune sands, in nddition to Jnke deposits, morainnl 
material, and outwnsh gravel, in the lowlnnd cmswd by kl~a Cllisann, 
Nabesna, and Tetlin Rivers nnd once covsretl by the ancient Tetlin 
Lake (R. E. Wallace, p~rsonnl communication). These dune cle- 
posits are overgrown by scrubby spruce nild other smaller vegeta- 
tion, beneath which is a thin bed of volcn~~ic ash. This indicates that 
the dunes are not of prosent-day orjgin. Their structure indicates 
that khe prevailing winds which forn~cd them must have been north- 
westerly. T h ~ y  are probrthly another fcatu~r! of tlie ltlnd surfnce that 
mas dependent on the conditjons prwniIing in Inte glacial t h e .  

The mind-hlown deposits of tho sccond kind, wllicll nre much more 
extensive tltnn thc dunes, =err1 to be chnrncterjstic of glacial conditions 
and glacial streams. Thoy arm deepest in the terraws bordering the 
floocl plains of the: strrnms ntlcl bectxme thinner with increasing dis- 
tances from them. In places they have attained a depth of mmy feet 
and are still nccumulnting. The process may often be seen. Clouds 
of dust, snVt-pt nlong by ~ I I A  wind blowing from the cool mountmains to 
the warmer Ion~lnncl wens, nre colnmonly seen on sunnier days in 
vnlleys whem the stwnlns have extensive, bare flood plains. On the 
north side of the mnge dust clouds are particularly notable on the 
Deltrt Rivcl; Jarvis Creek, Gerstle River, and Johnson River. The 
termce gpvels bordering the flood plains of these streams are over- 
lnid in places by a cover of wind-blown sand 20 feet or more thick. 
Deporiih of wind-blown materials have accumulated in much greater 
quantity th~n the heavier sands that drift over the floors of the valleys. 



They are a substantial part of the unconsolidated deposits exposed in 
the bluffs along the larger streams. 

Deposits of fine sand and dust built up by the wind are no less 
common in the Copper River valley than on the north side of the 
Alaska Range. Although they are not restricted to the lowland %ma, 
they are more noticeable in the bluffs along the streams that cross the 
lowland than in other parts of the region. Thick deposits of loess are 
exposed in the banks of the Copper, Klutina, and Tazlina Rivers, and 
wherever the larger streams have cut deeply illto the ullconsolidated 
deposits, Locally, the deposits form ridges like railway embankments 
at the top of the gravel bluffs tlint border the river vnlleys. The swirl- 
ing currents of air sweep upward along the steep faces of the exposed 
gravel and drop their load of dust and fine sand as they spread out 
over the edge of the bluff. Most of the load is lost immediahly, but 
a considerable part is carried farther from the river. Clouds of 
dust carried by the strong winds are commonly swn in summer 
along the Copper River, just as on streams of the Tanana River side 
of the Alaska Range, and the trees and vegetation near the banks are 
covered with fine sand and dust, Uncloubtedly a considerable nmount 
of h e  material is added ta the soil in this way. 
vokamk ash.-Deposits of recent volcnnic ash are locdy  extensive 

but are chiefly of geologic interest. Only one thin deposit of nncon- 
wlidated ash is known within the aren covered by this ~wport. It 
occurs in the Chisnna and  lower Kxbesna River districts and colnprises 
the western, rnarginnl extension of cleposits tllnt are conspicuous on 
White River in the ~ ~ i c i l ~ i t y  of the interizationttl boundary and cover 
many miles of Canadian territory to the enst. The deposit may be 
seen in the cut banks of streams or ill newly dug pih in the Chisanw 
district; it consists of a thin layer of n-Ilite ash, in most places from 
less than an inch to 2 inches thick, undelmeath t . 1 ~  peat or other cover 
of vegetation and soil averlyirlg the gravel. Tlie center of eruptio~l 
that expelIed the ash is believed to be near the interntttionnl boundaly 
not far south of the White River, but j ts site llns not been rlet,ermine(l 
definitely. The ash deposits of the Tlkite Kiver -\rere clescrilwd by 
Capps (1915, p. 59-44; 191 6 ,p .  81-83) wlro estimated t l~e nren covered 
by them and mas n b l ~  to give r111 npprosi~n:lte date of their ~~wpt ion .  

The ash, an andesitic pumice Ofofi t  and Knopf, 1910, 1). 42441, 
is a frothy white ghss, light enougl~ to Aont in water, in which 
are small, hexagonal plates a€ biotite, short prisms of llornblende, 
1- conspicuous crystals of glassy feldspar, and rare grains of 
magnetite. 

South of the White River, in a small area presumably near the: 
source, the ash accumulated to a depth of scores of feet. In many 
places where it was drifted by the wind or heaped up by streams i t  



accumulated in more than average thickness or formed deposits dis- 
tinct from the original bed. In this may an appearance of more than 
one fall was simulated locally although probably only one fall oc- 
curred. Over most of the area, however, the ash has remained prac- 
tically as it fell, and a bed, 2 feet thick, on the north side of the White 
River 8 miles below Ruswll Glacier, is probably typical of the origin~l 
undisturbed ashfall. It ooerlies a deposit of peat 30 feet thick and 
is overlain by an additional 7 feet of peat which furnished Capps the 
clue for calculating its age. The creamy-white color of the ash in 
contrast with the drtrk brown of the pertt in the gravel terrace more 
than one mile long, makes the deposit stand out distinctly. 

From reports of the occurrence of the ash made by various ob- 
servers &t many widely separated Iwlit ies Capps found that the 
area affected by the ashfaII, much the larger part of which is on the 
Canadian side of the international boundary, is not less than 140,000 
square miles and is probably far greater. By an ingenious interpre- 
tation of Che rate of accumulation of the peat deposit overlying the 
ashbed on the White River ha calculated the time since the eruption 
to be approximately 1,400 years. 

The Chisma district was apparently not in the direct path of the 
winds that carried the greater load of ash at the time of eruption but 
seems to have received its share of ash during the later part of the 
eruption %hen the wind may have shifted from the west to the south 
and carried t h ~  ash far to the north of its sourw. The deposit west 
of the international boundary as far north as the Yukon River is 
therefore thin, and, although present at most places, it may easily be 
overlooked. 

IGmEOUS ROCK8 

Igneous rocks of severaI kinds make up a large proportion of the 
rocks of the eastern Alaska Range md adjacent area; in many places 
they are readily distinguished from asswiated sedimentary r& or 
from one another by contrasts of color or of resistance to weathering. 
They include lava flows and tuffs that were interstratified with the 
sedimentary rocks or were poured out over them, and intrwives that 
were injected into the sedimentary beds rtnd the older igneous host 
rocks. Some of the igneous racks occupy Iarge areas. They were 
formed in different geologic periods, ranging in age from early Paleu- 
zoio or even pre-Paleozoic to the present, and show corresponding 
degrees of alteration, ranging from schist and gneiss to fresh, 
unaltered rock. The lava flows and tuffs resemble the stratified rocks 
in their structure and are often conveniently described with them; 
but the intrusive masses because of the irregulrtrity of their foims and 
their seemingly erratic distribution, can not be treated as part of the 
stratigraphic sequence. Their petrographic character and tlla cir- 
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c u m s h n c ~ ~  of their origin are different, The time of their intrusion 
is difficult to discuver, for they do not contain fossila, and deterinina- 
tion of their age depends on knowing the nge of the rocks that they 
intrude, on the degree of their metnmorphisrn, or on their structure. 

Some of the igneous rocks, having a genetic ralationship to specific 
ore deposits, have h e n  studied in detail, ht most of them have been 
examined only briefly, for identification. Tho descriptions that 
follow, therefore, arc not given as a completed petrogrnpl~ic study 
but  2s an account of the occnsrence and distribution of the larger 
igneous bodies and some additional fncts concerning thcit cornposf tion 
and associations. 

VOLCANIC ROCKS 

The voIcanic rocks lnny be separated into two groupean older 
group, consisting of lava flows and fragmental mnterials tbnt nre 
more or less metamorphosed, and younger p u p ,  tlre Wrngell 
lava, that is practicnlly unaltered. Some of them rmh mere poured 
out in a molten state on the surface of the earth or in the wn. O t hem 
were ejected explosively from their volcanic sources as fragmental 
material and have since been consolidated into h beds. All the 
lava# considered nre dark colored and co~nmonlp of fine p i n .  Some 
of the late Paleoeoic lavas are considerablp altered but are not very 
schistose. In p1nc~s  they are t-esiculal; or a m  porphyritic and sllow 
small, light- or ddark-colored c q s b l s  in a dense ground mass. Most 
of them nre basnltic; the lTrange11 lava is a-ndesitic. 

Lz~va flows were not identified in the old sclustose m k s  on the north 
side of the range. Th~s schists are beliered to be dominantly altered 
sedimentary rocb and afthorrgI~ they inclnde altered intrusives, they 
are so greatly rnetamorpl~owd that the original characteristic features 
of most of them are destroyed. If rolcanic rocks are present they are 
so changed that they nro not easily recognized. 

OLDER VQLCAHIC ROC= 

The oldest volcanic rocks of the Alaska Range that mere identified 
nre basic Eavas and pyroclnstic nlnterinls interbedded with blrtck, 
Deronian shah and are exposecl on Ronanxa Greek in the chisan% 
area (Capps, 1016, p. 30). These voIcanics are similar in appearance 
ih the previously known Permian volcanics with which they am 
associated and their differant a@ was not suspachd until Devonim 

a fossils were found in the ahnles. 
Lava flows and tuffs nre abnndant in the Carbonifemus( 8 )  rocks 

of the Chistochina and Indinn Creek nmas. They make up a large 
5 part, if not the greater pnrS, of the rocks mapped ns Cnrboniferous( ?) 

in the mountains between the Chiahchina nnd Chisna, Rivers md in 
the area of undifferentinted Paleozoic rocks of Indian and 12htelI 



Creeks. Soma of tho volmnic racks in these arms may be Permian 
but i t  is do~~btful if wnp of them n1.e yoanger. They h ~ v s  been mulch 
folded and fnulted and mere jnvaded by coarse-pined basic and 3 

acidic intrusives, farming a complex of rlissimilar rocks. An isolated 
belt of basaltic fl oms extends west-northwest for 16 miles from 32ineral 
Lake to f i  stream locally called Bone Creek that drains the lake in a 
Sikonsinn Il'nss. This belt of dark, h e - p i n e d  rock forms the crest 
of the Iligll rnortntains north of MenttbSta Pnss. It is intarstratified 
with sedimentary beds which are of unrlehrmined age. 

Permian time is notable in the enstern h l ~ s k a  Range as n time of 
volcnnism, which began and ended with a great extrusion of lsvas and 
tnffs. Deposition of tho Perminn limestone and shale was inter- 
rupted repntcdlp by the flow of molten rock or the fall  of ash and 
lnrger frngments thrown out fmm many sources, The eruptions, 
however, were not, contjnuous but were sepnr~ted by time intervals 
sufficient for the deposition of hundreds of feet of limestone and 
shnle. 'rho earliest nnd latest Iavas are most extensively developed 
in the I'lrhit~ River district at tho aauth border of the area covered by 
this report. In tho Chistochina area, the lowest members of the Man- 
komen formation of Permian ngo arc lnva flows, but they hnve not 
been definitely correlnted with the section on White. River, though 
thoy probably correspencl im its lower part, They are succeeded by 
limy tufl9, occnaionrtt thin flows, and lime~tone and shale. The lavas 
am of b~saltic type, commonly finely porphyritic, in places vesicular. 

Lava flows nnd tuffs nre axposed in nraas tlint nro designated on the 
mnp na undiffcrcatinted Pnlcozoic rocks but nro not separated from 
them, Some of these lavns, as may bo seen in the mountdn between 
Jack Crmlr and Platinum Creek, are now highly vesicular; when the 
filling of tha vesicles is removed by weathering, the fillings resemble 
somu of tho younger lavns of the MJrangell Mountains. 

A halt of dark-eolo~d volca.nic rocks extends west from the 
vicinity of Summit Lake on the Ricl~ardson Highway many miles 
boyoncl the boundary of the area described. It forms a prominent 
chain of n~gged mountains consideraMy lower thnn the AIaska Range 
but pnrrtllel to it nnd not everywhere sharply separated from it. The 
belt i s  mndo ap in l~rge part of slightly metamorphosed volcanic 
rock-bnsnft and andesita flo~\,s-but jncludes s relntivaly small 
amount of nrgillite ~ n d  some other s~limentnry mahrjnl. Black 
find d~rk-green bamltlt predominntes. I is amygdaloidal in places 
and like thc other rocks associntcd with it shows the development of 
moncl rtry mi nernls when st ~~rl ied  nn der the microscope. T h e  lava 
flows Irere illtrnded by diwb~se and less basic, Iight-colored dikes. 
Thr! thickness of the deposits is not known but is seveml thousand 
feet. Chapin (1918, p. 2'7) e~ltirnatd that 3,500 feet of them flows 
are exposed on Batte Creek mwt of the Susitna River. 
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The upper flows and fragmental beds of this belt of volcanic mcks 
are ~ssigned tentntivdy to  n place at the base of the Upper Triassic 
~jeries. The whole group of liivs flows, volcanic Ilragmenhl h d s ,  and 
included sediments occupies a place in the geologic column beneath 
sedimentary rocks af estnblished Lste Z'rjassic we, and presumably 
above the l'erminn limestone and sl~nle. Thus it is in a position corn- 
prrr~ble will1 that of the Nikolni greensto~se of the Chitina Valley 
(&[ofit, 1938, p. 37-42). 

WUANBELL LAVA 

CHARACTER AND DISTEIBUTIOA 

T'l'rangell lava is the formation name filgt used by M~ndenhdl 
(1905, q. 54-62) to designate the volcanic deposits of the Wrnngell 
Mountnrns. Thew mountains have already been clescribed ns nn  in- 
dependent group which lies within the acute nngle formed by the 
meeting of the ,\/asks Rangp. and t h ~  Const Rnng~ mmollnhi trs. They 
include the highest peaks seen from b l l ~  centrlll Coppr River valley 
and are built up of cong.~aletl Zavas, tlrffls, nntl otlther fragmentnl mn- 
terittls that were poured ont or ejp~t~r!  fmnl untlerground sources 
onf,o the surface of t l ~ e  land. In general the volcnnic rocks of the 
TVrangell Mountains nre closely related memlwrs of one rock family 

1 

mi tll andesite as its prevailing type, 
Tile lavas and tuffs mere emitted from n number of definitely iden- 

tihbla -rents and probably in grenkr quantity from fissnms tltat are 
not now indicated by ~xistjng topographic fe~tures. Mounts San- 
ford, Drum, wrangell, nnd Jalrris nre the highest penks of the area 
sbwnonthernapal~d ~rerecentcrs of ernption. They probably indi- 
cate the sites of the more explorsire types of eruption nlrd are not all 
of identical age. Ji~rlgeci by the extent of sapping by ice and 
weather, Mount Drum js the oldest and Mount TTrangell much the 
youngest. Mount 7Vrnng~11 is the only volcano of this p t ~ p  that 
still shows signs of activity. 

The Tl'rangcll lnva occupies an irregular, dongated area extending 
from the lo~ver western slopes of l l oun t  Drum to the internationrtl 
boundary, n clisktncs of about UO miles. Its greatest width from 
north to south is approximately 65 miles and is near the west: end of 
t.ha area. Consider~bly less than half the area occupied by. the Wmn- 

I n n  lies within tlic botlndzaries of the geologic map. 
The l ~ r a s  and tuffs were elwpted on an old land surface o f  consider- 

able relief. In places the s t ~ a m s  have carved their valleys deep in 
the lavns, removing p a t  ~olnmes of rock a-nd attacking the older 
formatjons bene~th. SUCIE erosion is more noticeable on tho south side 
of the area and at its east end South of Beaver Creek the lava beds 
are horizontal and are not so thick ns in the western half nf tho nrea. 



NearIy aU the larger streams between Beaver Creek and the White 
River have cut through the lavas and now occupy channels far below 
the level of their b e ,  leaving remnants of the flows as capping an 
the sdjacent IdIs. A similar pattern of isalahd patches of laaa 4ep- 
arated by naryow valleys was carved out by the upper western tribu- 
taries of the N a k n a  River. Between the Nabesna and Sanford Riv- 
ers the flaws h a m  a gentle dip to the north and west, merging into the 
general surf ace of the lowlttnd, and have not yet been cat through by 
the streams. 

Ths proportion of fragmental beds, tufls, and agglomerate is much 
greater in the western p& of the a m ,  near the volcanic centers. 
Mendenhall (1005, p. 5 5 )  gives the following description of the M a  
j n Mount Drum : 
Tho succession in Mount Drum, as roughly estimated from below, Zs a basal seriw 
nf varicolored tuffs approximately 1,000 feet thick, a b ~ e  which are 300 or 400 
feet of m w i v e  flows, succeeded In turn by another mrles of variegated M i 9  

from 1,006 to 2,000 feet thlck. The upper 4,000 or 5,000 feet of the moantain 
ngpear to be n. succes8ion of lava% w!th ltttle or no inlmbdded fFagmentnI 
rnnterial. These herd k d s  nre e s d a l l y  well dispbyed in the narrow eastern 
horn of the crescentic snrnmit. 

This section includa more than the usuaI proportion of fragmental 
beds, whicll mny be nccounted for by its nearness to the vent. 

The flows of  Wrangell lava, particularly the younger flow% are 
quite fresh and commonly are black or dark gray in color, although 
less commonly they show colors of brick red, brown, and tan. Most 
of the lava is porphyritic and much is highly vesicular. In somc 
places the resides RTB fiI1e.d with chaIcedanp. Columnar structure is 
exceptionally well developed in mnny of the flows, and a sheeting 
parallel to lthe surface occurs locally. Glassy phases of the lava n.p- 
pear to be more numerous in the upper part of the section. A few thin 
beds of conglomerate marl8 up of t,he mme mataria1 as tho flows lave 
been noted 'but sedimentnry deposits are ahsent. 

The RTrangeIl laaa of the northwest s i d ~  of the WrangeU Moun- 
tains was tmmined by hfendenhall in 1902. The lava of the northeast 
side, on the Copper and Nabesna Rivers, was axamined by Schmder 
the same year. Their descriptions and pnrt of their material were 
reexamined and summarized by Wayland (Moffit and Wayland, 1943, 
p. 153-158). The material, including thin sections and chomical 
analyses, indicates that the most abundant rocks aro andesih aijd 
thajr close relativw. The less abundant rocks include dinbasic olivine 
basalt, dacih, and augite andwite and also, locally, obsidian and 
basaltic tu%, 

T h e  thichess of the Wrangell lave varies .with distance from the 
~ents. In the neighborhood of Mount Sanford the thickness map be 
12,000 feet or more, but as the base of the deposits is an uneven sur- 



face, a definite- rnensrlrernent of thicknew applies to only one loc~IiQ. 
The thickness is lm around the rnnrgin of the area but even in the 
hiIls sonth of Bearer Creek exceeds 1,000 f ~ e t  in most places. It 
should be noted, howetvr, that the boundmy lines of the ROWS are only 
approximate in this lacnlity. 

AQE OF TRP: WJZANQET& LAPAB 

The age limits of the Wr~ngeII lnvn cnn be stated mnre certainly 
than the age limits of many other formntions of the Alnska Rnnge. 
The lava of the, earliest flows and the f mgmentd m~terirtl of the first 
ezuptions warn spread ant on the surf ace of a land that hnd long been 
undergoing erosion and mns partly covered wit11 gmrcl, arand, vrtrie- 
gated clays, and other deposits, nnd wit11 living plants or tho mmains 
of plants. Th~se unconsolidated Terti~ry rnnteria?~ in the Wmngell 
district mere buried ltnder the ~olcnnic deposits which p m r v e d  thnm 
just ns they lay when the ~ruptions bVn. Although &a bnse of the 
lVrmgel1 lava h~ not been examined in many places and the rmks 
on which t,hn lnvas rest nre not well explored, the underlying TRF- 
t i q  depbsib gi~rivo srlgqestions of the p I @ c  mnditions that pre- 
vailed ~nd, more partic.ularly, give evidence of the age of the deposits 
thomse1ves. 7319 Tertiaty becls n t  one locality are about 300 feet 

I thick and incll~de p ~ v e l ,  sand, and clays in which are Iwnl thin 
s ~ m s  of con1 and leaf-hcnring h d s .  Fossil plants were coIIected 
f m  stlch beds in Slrdai ~reclr-valley by the writer (1938, p. 97) anri 
mere identified by 37. TT. Berry and nwigmed by him to the Aor~ of the 
Kenai formation of Eocene nga. The name Kenai mas formerly nsed 
to desjgnab d l  the Alwlm fros11-water, sedimentary rocks of Emae 
age but is now restricted to t,lm Eocene rocks of the type locality 
on Rend Peninsnla. 
It thus appears that the extrusion of the Wmnpll Iava probably 

began in h e n e  time and hns continued intermitt~ntly to k e n t  
time, for the Zavas are intmstrntifietl with the earlier glacial deposits 
of the WhiB River vdley described by Cwps (1916, p. 64) and have 
bzvken through more recent uncansolidateci glncial deposik in the 
Copper River valley. Mount Wrangoll has not rlixl~nrgc-d lahrx, 

within the time that t.he Copper River valley llns heen known to mllite 
men, but it has emitted steam and ash 011 various occasions. 

Igneous rocks have b n  injected as dikes, sills, or larpr bodiez of 
. imgnlar form into practically dl the bedded formations and alder 
igneous mks of the eastern Maskx Range. They am the producta 
of different p~riods of intrusion and show various degrees of metn- 
rnorphism. Some of the rocks that are believed to be metamorphosed 
pmitoid intrusives are so p t l y  altered that their original char- 
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mtm has not yet been definitely determined. Others, although al- 
tered in some measure, still retain their chmacteristic petrographic 
fwtures and nre readilg identified. They include a Iarge variety of 
rock types, most of which are variants of a dominant type. This 
dominant type is intermediate between the true gr<mi tes and diorites, 
Granite, diorite, and gabbro are less common, but granodiorite, quartz 
momonite, quartz cliorite, and other closaly related rocks are widely 
distributed. The granitoid roclrs may often be identified at a distance 
by t h e i ~  contrasting color or their superior resistance to weathering 
and by their rugged topography. They form mmy of the highest 
and most notable peaks, although they may merely tap the penk and 
make up only a small proportion of the whole mountain rnrtss. 

The more higlily metamorplzosed intrusive rocks of the north side 
of the range were not differentiated from the older sediments with 
which they are ~soc ia ted  and are not represented separately on the 
geologic map, but many less altered small bodies, including some of 
the numerous youiiger dikes and sills and several l a r e  batholithic 
masses are shown. The less-altered rmks evidantIy were intruded 
much Iater than the disturbances that caused the schistosity of the 
host rocks. 

Other granitoid intrnsives of probable Paleozoic age are incIuded 
in the area designated ''undifferentiated ip~eo~ils rocks of various ages" 
(pls. 6 and 7 ) .  'l'he rocks to whiclz llendenhrrll (1M5, p, 38-39) 
applied the nnme Alltell diorite are exposed in this area, which extends 
eastward from the Chistochina River across the SIana River .to Suslota 
Lake and thence southeastward. These intrusives are darker in coIor 
than most of t,he llcter intrusives and are inore basic in composition, 
dominantly diorite and quartz diorite. They shorn considarable al- 
teration in places and appear to have been intruded earlier than the 
intrusive rocks that are most widely distributed in this part of the 
Alaska Range. 

The later intmsives are more abundant, less altered, and occur in 
larger bodies. In most places the Iarger bodies of intrusives, dthough 
probably of Iate Mesoxoic age? are associated with Paleozoic or older 
sedimentary beds. Six principal firens of grnnjtoid rocks, ranging in 
size from approximateIy 70 square miles to more than 400 square miIes, 
are shown on the map between the Delta River and the internationaI 
boundary. They include (1) the large batholith near Horsfeld in 
which Klein Cree11 and other streearns have cut their valleys9 (2) one 
with unknown limits at the head of the Nabesna River, (3)  one form- 
ing the mountain between Buck and Tuck Creeks, (4) one between 
Alltell Creek and the S l ~ n a  River, (5) one forming the Macomb 
Platean east of Johnson River and extending acrow to the north side 
of the Tanana River, and (6) Granite Mountain east of Jarvis Crwk. 



In addition t o  these larger areas and m m y  dikes and sills nre several 
irregular areas only a fern quare, miles in extent. Gsanodiorite is the 
prevailing rock type in most of these intrusive bodies. 

1. The batholith cut by Klein Creek, which ranks second in size 
among the bodies mentioned, is 21 miles long, has a maximum width 
of 10 miles, and is exposed in an nrea of mwe t h n ~ ~  120 quare miles. 
The batholith consists chiefly of granular rock which in the hand 
specimen shows plagioclnse feldspnr, biotite, nnrl hornblende. Biotite 
nnd hombIande may occur together or separately. Quartz and ortho- 
clase are recognizable in places This is the dominant type from which 
there am many vkriatiens of texture and mineral composition. Its 
petrographic character was d e w ~ i h d  by W ny land ( Mo%t m ~ d  Way- 
lmd, 1943, p. 143) as follows : 
As seen under the microscope the grandorite displays a h~idiomorphic granu- 
lar textnre. The plagioclnse feldspar is co~nrnwl;g andmine. The ferrorvaanesian 
minerals are biotite, hornblende, and some angite. Orthoclase feldspar is urnally 
grewnt In subordinate amounts but may total as much as 15 percent of the mck, 
and gnartx may constitute as much RE ZS percent. Magnetite, titanite, and 
apatite are accessory minerals. Secondary alteration products, such aa chlorite, 
aedcite, calcite, epidote, and zoisite, are prevslent. 

* n I I * * 
The parts of the batholith esposed, at the head of Gravel C r e ~ k  nnd Bnnltoff 

Creek, north of the pendant, are in general more basic than most of the rest of  
the batholith. 

At the head of Gravel Creek the rock is d~rker owing to the 
presence of darker feldspar and an increase in the proportion 
of dark minerals. Under the microscope it shows some ortho- 
clase but only n minor amount of quartz. It is classed as monmdio- 
rite. Still farther northeast on Baultoff Creek the rock is even more 
basic, the proportion of ferrornagnesian minerxls js greater, and tho 
color is dark gray. The microscope s h o w  zoned felcispar with lab- 
radorite cores and nndesine rims. There is no quartz or orthoclase and 
the dominant ferromngnesinn minerals are horilblende with somi3 
sugite and magnetite. The accessosy rni~lerals ace apatite and titanite 
and the secondary minerals are chlorite, n little epidote, and leucoxene. 
This rock is classecl as diorite. 

0 1 1  Crescent Cree& n southern tributary of E ~ s t  Fork Snag River, 
5 miles northwest of the Baultoff Craelr locality the rock is again a 
typical granodiorite. These changes in composition nnd the presence 
of pendants of the host rock on Gravel and B~ultoff Creeks indicate 
that the part of the intrusive body exposed there is near t h e  roof of 
the batholith, a deeper sectio~z of which is exposd on Klein Creek. 

The intrusion of the batholith brought about conppicuous changes 
in the invaded rocks. These changes include recrystztllization of the 
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limwtone and silicification of the banded ar~I1ites and limestone. 
More noticaable, hawever, is a pronounced yellow-reddish color that 
is seen in many places and is caused by the alteration of iron sulfide 
which either was in tha rock originally or more probably mas intro- 
duced by the batholith. 

One of the smaller bodies of padiorita of this district forms most 
of the mountain between Ghathenda (Johnson) h k  and Wilson 
( Chavoldrt) Creek. This body intrudes Middle Devonian and Per- 
mian m k a  and is faulterl n~pinst  hlesozoic sedimentary rocks of the 
Nutzotin Mountains on the north. 

Several exposures of pn i to id  intrusives of mnch more basic cam- 
pasition mere found in the Benver Creek area. The l~rgest is n mass 
of gabbro which f oms the mountain top northwest of Carden Lake. 
It coonsjsts largely of augite which i a  accompanied by labmdorih and 
bytownite feldspar and is much alteted. 

A smaI1er body of porphyritic gabbro crops out at the month of 
Ptrlrmipn Creek mar  the international boundary southeast of Eors- 
fdd. It is m d e  up chiefly of angite and labradorite ~ccumpanid  
by hornblonde nnd magnetite and a little secondary biotite, The rock 
a t  this Imnljty is minerr~ljzed and contains a little gold associated 
with ammopyrite, pyrrhotita, pyrite, chnlcopy~ite, quartz, and calcih. 

2. In the mountains between the Notch Creek-Cooper Pass valley 
and the NabRsna River and on the west ~ i d e  of the Nabesna are large 
exposllres of pnodior i te ,  Them expmres  phbobly indicate one 
large body of the intrusive although the continuation of the batholith 
through the high mountain mnss has not been traced. 
On Notch Creek the pnodiorite batholith cuts lava Aows and lime- 

stone of probable Permian age. The most abundant fctcies of the in- 
trusive on Notch Creek and in Cooper Pass is a typical pnodior ih  
much like that of Klein h k ,  The hand specimen shows the $err* 
magnesian minerals biotite and hornblende, some quartz, and light- 
g a y  feldspar. Under the microscope the rock shows a granular struc- 
ture of medium p i n .  The light minemls %re andesine, quartz, nnd 
orthwlm. The dark minerals are biotite and hornblende, which sre 
chloritiwd. The acmsor)rp minerals are maweti te, ti tan i te ,  and 
apatite. Alteration produck are sericih and zoisite from the 
light minerals and calcite and epidote from the dark. 

On Notch Creek at the east end of the bat~holith some of the rock 
is more btrsic. H a d  specimens show medium gnin.  About two- 
thirds of the rock is g r q  feldspar and onc-third is ferrom~gnesian 
rninemls This rock is a quartz diorite. Small dihs of fine-grained 
granita cut the grandiorite of Kotch Creek. Another abundant in- 
trusive rock associated with the grnnodiorite is dense, light-gray 
dacite porphyry, 



The dominant intrusive; roclt at Bond and Monte Cristo Creeks on 
the Nptbesna River side of the batholith is granodiorite similar to  that 
of Cooper Pass and Jilein Creak. Soma vnriations of texture, com- 
position, and rtlterntion are noted. A quartz diorite facies is common 
and at Orange Hill is nlineralized with disseminated chnlmpyrite, 
pyrite, and rnolybdenite. Dncite porpllyry R I I ~  ~ndcsite are cornmon. 
Diorite is e x p o d  nt the mouth of the dacksina River. At 'FThite 
Mountain, near the Nabesna mine, a stock of quertz diorite associated 
with dioritic and andesitic dikes cut the Trinssic I imestane, bringing 
about extensive contact metnnlorphism and the deposition of gold 
ores. The contact effects at  White Blozlnt~ii~ are prononnced and are 
of two kinds: recrystallization of the Ifmestone, and the formntion 
of new, contact silicate and oxide minerals in an uncommon rock to 
which the name tactite is applied. Tactites bave been formed in a 
similar manner by the intrusion of limestone at Orange Hill and 
Cooper Pass. 

8. The gre~tsr  p ~ r t  of the mountain ridge north of the depression 
formed by the valleys of Buck Creek and the west branch of the Chm- 
lina River is n complex of granitoid rocks that appear in general to be 
dightly more basic than the rlominmt rocks of the bwtl~olith cut by 
Klein Creek. The ridge is deply incised by streams but owes its 

D present heigllt and form in considerable measure to differential 
weathering; for the igneous rocks, more resistant than the overlying 
~ n d  surrouncling seclirnentnry 'beds, mere not broken down and re- 
moved as easily. 

This complex of igneous rocks is exposed in an area about 26 miles 
long and more than G miles in mnximnm width. It extends from the 
Cheslinlt Rirer to the Little Tok River in a continuous body which 
at one time may have been conn~cted with the smaller mass mwt of 
the Little Tok River, T h o  complex of grnnitoid rocks consists domi- 
nantIy of diorito and qunrtz diorite. Granite and dark basic rocb 
made up chiefly of liornblende with n little feldspar are lws common 
~arimCs of the dominant types. A con~picuo~~s  membcr of the p u p ,  
found throughout the length of the body, is a coarsely porphyritic, 
light-gray rock containing abundant cl~unky crystals of feldspar 
twinned according to the Carlsbad lam. Tho crystalls are nearly as 
wide as long and commonly range from lesa than one inch to 2 inches 
In largest dimension. They make up ra. large proportion of the total 
volume of the r o d .  

The shape of this intrusive is not clearly evident. Tlle mass repre- 
sents more than one intrusion but forms a single body that appears 
to rest on the sedimentary beds into wllicl~ it mns intruded. Further- 
more, the host rocks and the intrzrsives have been folded and faulted 
and their structure is thereby obscured. 
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SiIls of $ranitoid rock, of somewhat finer grain, darker color and 
fresher appearance than the dominant intrusives north of Buck Creek, 
invaded the Mesozoic and older rocks on the south side of the Buck 
Creek vvrtlley. If these intrusives are apophyses of the main body 
of diorite north of Buck Creek, as they appear to be, they give in- 
formation concerning the time when at least one stage of the intrusion 
took place, for the sills are later than the  intruded rock and therefore 
are late Mesozoic or younger. 

The Devonian sedimentary rocks adjacent to the main intrusive 
body have undergone extensive alteration which is more nottlble near 
tha intrusive mass. The effects of the intrusion were seen in many 
places, especidly dong the south border of the intrusive. The chief 
changes are the development of schistosity and contact-metamorphic 
minerals such as game t. 

4. The highest part of the detached group of mountains drained by 
Ahtell and Indian Creelcs is between AhteIl Creek and the S1ana 
River ; it is made up of light-colored granitoid rocks which are clearly 
distinct from the mom altered granitic rocks of the neighboring moun- 
tains on the southwest. This body of rocks occupies an area 20 miles 
in length and about 5 miles in average width. It consists chiefly 
of conrw-grained quartz diorite and diorite which often may ke recog- 
nized a t  a long distance by tha strong contrast in color between them 
and the surrounding darker rocks. Throughout the mass, the texture 
is mwse and even-pained. Porphyritic phases similar to the 
abundant porphyritic rocks of Buck Creek were not seen. In places, 
apparently in the border zone, the rocks have been somewhat ttItemd. 
On di~integrat~ion the diorite yields light-colored boulders and gravel 
that outline the  gulches and creek beds distinctly on the mountain 
dopes. ha this Gorite is not in contact with any rocks whose nge 
has k n  determined, it  has not been possible to fix the time of its 
intrusion, 

5. The highland that includes the Macomb Plateau east of the John- 
son River is the largest area of granitic rocks within the eastern AIaska 
Range. It is part of a batholith that extends from the high moun- 
tains west of Johnson River eastward across the Tanana River and 
includes more than 650 square miles of territory of which over three- 
fifths lies south of the Tananic River. In this highland area the valley 
nf the Tanana River is nar~owest and the grade of the river is s h p -  
est. The rocks of the area are granitic intrusives of considerable va- 
riety but dominantly are types intermediate between the granite and 
diorite and include quartz monmnite, granodiorite, and quartz diorite. 
Mertie (1937, pl. 2) shows the granitic rocks along the Tanana River 
hIow Tanana Crossing as granite and quartz ciiorite. On the John- 
son River quartz monmite  is a common rock wllich in places has been 



altered to gneiss. South of Independent Ridge a megtorn tribu- 
tary of Johnson River exposes n coarsely porphyritic phase of the 
granitic rocks, containing accasional feldspar crystals as large as 
eight inches in greahst dimension and three-fourths of an inch thick. 
The crystals average about 1% by % inches in size and in places have 
a parallel orientation suggesting flow stn~ctare. At this locality the 
rocks are crushed and somewhat altered. 

The metamorphic i.oeks acljncei~t t o  the granitic body axe cut by 
various kinds of igneous intrusives ranging from types with few 
dark minerals to time made up of arlgite and dark mica, most of 
wl~ich are much more basic than tlie prevailing granitic rocks. These 
dikes and sills are plwbablg offsIloots from the nearby larger body of 
intrusives or from an underlying body not yet exposed to view by 
ormion. 

Intrusion effected various changes in tlie rocks that were invaded, 
one common effect being the discoloration of the host through the in- 
troduction and oxidation of iron sulfide minerals. The intrusives 
in their turn were subjected to the distorting forces that brought about 
the elevation of the Alaska Range ancl were foldecl and crushed to- 
gether with tho host rocks. 

6. Granite Mountain, between Jarvis Creek and tho GcrstEc River, 
a is tt more homopneous mass of intrlrsive igneous rock than the mass 

forming the Macomb Plateau. T11e dominant type is coarse-grained 
granodiorite which is consjdernbly meathered on the surface. Horn- 

* blonde, biotite, ql~artz, nnd  feldspar are easily recognized in the hand 
epeeimen. Granite Creek follows tho contact of the ganodiorite on 
the north and the metamorphic rocks on the south. The boundary is 
a zone of much disturbance and probably indicates an important fault. 
Intrusion of the gmnodiorit~ seems to have affected the host rock in 
an unusual degree. The schist near the gmnodiorite of Granite Creek 
is coarse, silicified, and contains many quartz veinlets. I n  places it is 
notably colored with iroil oxide. Several rniIes east of the head of 
Granite Creek the scl~ist is lnrded with small dikes and lenses of 
coarse-grained nnd fine-gminerl rock showing no dark minerals. Fine- 
pained dikes of the same kind, some of them not more than one- 
quarter inch thick, cut the granitic rocks also and probably represent 
a latex phase of the intrusion. 

Tha time of intrusion of deep-seated igneous roclcs is indicated 
partly by the aga of the rocks that they intrude and partly by their 
own characteristics. There are several criteria by which reIative nge 
m&y ba tested. (1) lntrusives are younger than tlie rocks they ill- 
trude. (2) The occurrence of fragments of an intrusive in associated 
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dmtic rocks indimtm that the claatic rocks are younger than the 
intrusive. (3) The degree of mehmorphism of the intrusive ntnd the 
associatsd rocks may be indicative of their relative ages, dthougk such 
evidence is not always conclusive. Unfortunately, some of these tssts 
are not widely applicable in the eastern Blaska Range; or they give 
indifferent results. However, the information derived from them 
may be extended by knowledge of the ipeuns rocks of the districts. 
The Yukon-Tananw region, as shown by Mertie (1937, p. 198-901), 

has experienced five principal periods of intrusion by deep-seahd 
igneous rocks. Two of these were in pre-Cambrian time, and one 
each in the Paleozoic, Mesozoic, and Cenozoic eras. Tntrusiv~s from 
several of these eras may ba present in the Alaska Range, but only 
those that cut rocks of Mesozoic age have been identified as of a 
d a t e  period. 

The larger inhs ives  that h ~ v e  been described above occur in mtreas 

where the prevailing host rocks are of Permian age or older. In a 
few places the intrusives adjoin Mesozoic sedimentary rocks that show 
no contact metamorphism. Some such contacts are due to faulting 
and may give no indication of the original relationships. All the 
Mesozoic formations, however, are cut by dikes and sills, many of 
which are regarded as oflshoota of the larges intrusive bodies and as 
funzisl~jng evidence t ha t  these intrusives not only are younger than 
Permian but am not older than late Mesozoic. An example of in- 
trusion that took place in Mesozoic or later time is the q11arh diori te 
at White Mountain which invaded the Upper Triassic limestone. 
Other examples are the dikna and sills cutting the slabs and sandstonos 
of the Nutzotin Mountains. In the Nizina district, such intrusivas 
cut Lower Cretaceous shale and thus are Early Cretaceous or younger 
in age. 

The batholith cut by Klein Credr, however, seems to have been 
intruded before Early Cretaceous time, which consequently imdicates 
that the time of more active intrusion was in the Jurassic period. The 
massiva conglomerate on the north side of Gravel Creek valley in 
the Horsfeld area. is correlated with nearby shale beds that yielded 
Upper Jurassic fossils. This conglomerate contains boulders of the 
granodiorite, indicating that the granodiorits batholith was already 
exposed on the surface and subject ta erosion in Lute Jurassio time. 
I f  these interpretations are correct, the batholith was intruded into 
Permian dimentary rocks before the Vppr Jurassic conglomerate 
was deposited. The period of intrusion, homver, was not ended, for, 
as has been shown, dikes that cut the U ~ p e r  Jurassic and Lower 
Cretaceous rocks indicate further intrusion in either Iate Mesozoic or 
early Tertiav time. 

No igneous rocks were found that cut the Upper Cretaceous sand- 
stones and conglomemtes and the Tertiary cad-bearing fomtiom, 



but the area occupied by these cocks is too small to justify rt positive 
statement regarding the appantnt absence of intrusives in them. 

Mountain building that affected the whole Pacific cotst line of 
North America took place i11 Jurassic or Cretaceous time and mas 
awompnnied by the intrusion of vast amounts of granitic rock, in- 
cIuding djorite, pndior i t e ,  mor>zonits, and other less plentiful 
m k  types. J t  is believed that the intrusives that ammpanied tlla 
mounbin-building movements of t he  middla or late Mmmic comprise 
the larger part of the granitic intrusives of the eastern Alaska Range. 
The bodies of igrieous rocks that are referred to this most important 
period of mountnin building and intrusion mere not formed by s 
single act of intrusion but probably were built up by injections that; 
were repented as the rnomltnin-building movements took place and 
were conitnued through a long time. Much of the intrusion took 
place before the Upper Jnmssfc or h w e r  Cretaceous beds wero de- 
posited, but intrusion continued beyond this time, as rtppeara from 
the evidence in this and other regions. 

The structure of the Alnskktl, Rnnge is complex. The bedded rocks 
represent a vast span of geologic time, reaching from an indefinih 
point in the pre-Cambrian to  the present, Many parts of the time 
scale, I\owever, are not represuntecl Ily sedimentary rocks, either be- 
muse the land stood above the sea dming those intervals and no sedi- 
ments were deposited or bccan* emsior~ 11ns removed whatte~er de- 
posits accumuleted. Some formations may have Leon destroyed en- 
tirely, baviag no tract: of their existence; others were partly removed. 
The parts that survired were f ~ e  more resistant or more favorably 
situated beds and often were left in isolated awns without npparent 
relationship to one nnothrr. In places tho remaining beds were cov- 
ered by later sedimentary or igneous deposits and thus were pro- 
tected from further destruction. The folding and faulting of rocks 
of this varied character produced complicated structures, diiftcult 
to interpret. 

The sit, of the Alaska Range is one of the parts of Alaska where 
the moun tain-building processes-folding, f ~nulting, intrusion of ig- 
neous bodies, extrusian of l a v ~ s  nnd tutFs, ar~rl erosion-qqarently 
have been repeated in d i f f e n t  geologic epoc,l~s, Because these proc- 
esses interrupted the orderly acct~rnnlntion of deposits, the distribu- 
tion of soma formations seems be erratic, and thc structure cannot 
be understood witIrout knowledge of tlm underlying causes. 

hc i en t  metamorphic rmks form the baclcbone of the A l ~ h  Range 
from the Susitna River to the TetIin River. They are bodered on 
the south by younger rocks that rmge from Middle Devoniai~ to Ter- 
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t iaq  in age. In places, as in the Clristochinu arcn, the rucks adjacent 
to the metamorphic rocks are younger than tho- at a grenter distance. 
This suggests the possibility of q~rclinal sttwcture, yet the only part 
of the Range s h o w  on the geologic map that ~ t m s  ibeyond doubt to 
have qnclininnl structure is the group of Mesozoic bedded n w b  of 
the  Nut zot.in 3Tnntains, 

AH the bedded rocks from the oldest metamorphic ta the youngest 
Tertiary unconsolidated gavels  show some measure of folding. In 
general the degree of fokling depends on the nge of the rocks. It is 
intense in the oldest, the pre-Cambrian schist, wid donbtless repro- 
sents more than one period of m o m ~ l i n  building. Structure in these 
older folded rmlrs is intricate. The distartion was intenw enough 
in many lirnestmne beds, in which the structural lines are commonly 
more easily reco,&xd than in the schist and gneiss, to bring tho 
nxial planes of closely compressed folds into a horizontal position. 
The general trend of the beds is commonly revealed by tho trend of 
the limestone outcrops and does not vary p e ~ t l y  from the strilro of 
the planes of schistosity, but the true dips of beds find the stn~ctura of 
folds are less apparent. 

The Carboniferous md Devonian socks are 'locally schistose, bat 
nowhere in the same degree as the pre-Cambrinn sclljrrt. Being tha 
oldest of the Paleozoic rocks they have been iilrolved in all the folding 
and faulting of late Paleozoic and later t.jme. The m~ssivs  Upper 
Triassic limestone was competent to w i t h s h d  some of the deforming 
forces and, although faulted, is not closely folded ; but the overIying 
bhin-bedded part of the limestone and the shales me much distorted 
where they were not protected by the maa.;ive beds. The Upper 
Jurassic and Lower Cretaceous rocks show open folds in places, but 
more wmmonly are so compressed that the l i n ~  bx of folds are parnl 1 el 
and the planes are sligl~tly overturned. The interbddetl slate 
and sandstone of many bwe cliffs in the Sutzotin >fountains sE~ow on 
a. large scale the folding that was impressed on t31e 3f&wzoic forma- 
tions. The Upper Cretaceous and Tertiary ternisnous rocks are 
little disturlsed md are pmticdIy horizontal in most place, but 1+ 
cally they are folded, or folded and faulkd. The folding is opm, 
but dips as great as 50" w e e  seen in the. Upper Cretacaous rocks of 
Euchre Monntnin and 40" in the Terti~rg coal hds of Jnrvis Crwk. 
The oIdest IVrangell lava was ext.ruded when the Tertiary coal beds 
Irere forming. In p 1 m  the lrt~abexlshave a slight t.ilt, which mny 
be sn originaI structure or the result of later movement. They do 
not nppenr to llnve taken part in the folding that affected the coal 
beds, althor~gh some steeply dipping lava flows m u r  near Russell 
Glacier, on the White River, interbeddd with unconsolidated gravel 
beds, soft shale, a little sandstone, and tflite {Capps, 1916, p. 64). 
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Although the older formations are closely compressed and highly 
distorted and even the Nenana p v e l  is somemhctt deformed, fatilting, 
ns a factor in structure, is no less cl~nrrtcteri~tic of the Alaskska R ~ n g r  
than folding, Faulting took pIace on a wale that, \TRS not, m l f z c d  
11nti1 a& the early isolated investigations in differcrnt parts of the 
Alaska Range were extended and corre l~ td .  Jlenrlr~~hnll (1905, 
p. 83, 84) recognized the existence of a great fnult htmeen the Per- 
mian beds of the Chistochina vnllej7 and the metnmorphic rocks to 
the north. Re concluded that the fa~~ l t ing  took place In post-EW~YIQ. 
time and estimated the displncen~ent in be not  1-5 tllnn lfl,000 feet. 
Later investigations have show11 that the  IongitudinnI extent of this 
fault is greater than WRS apparent to hfcntl~lillnll. Tho fault prob- 
ably continues toward the west, merging i n to  the p e n t  east-west fault 
of the Mount McKinley National Pnrlr area, nnd extends eastrsor~th- 
east a t  l e ~ s t  to the Tetlin River (Capps, 1930, p. 248,2RB,970). 

Within the area corPred by this report as ffnr ns is lmown, the great 
fa111t lies between the nnc i~n t  mrtz~morpllic rocks which form the 
bckbone and hidlest penks of t,his pnrt of tlla Alaska Range, and 
younger Paleozoic rocks. This relnt.iond~ip persists from the Delta 
Rimr to the Tetlin River except in I-L few locnlities where younger 
granitic i n t r r~s i~w t ~ k e  t h ~  place of the Pnleoxoic sedimentary rocks. 
West of the D d t n  River tlw f nu1 t ~xtclnds into the valley of the Black 
Rapids Glacier, nn arm tlint hns never been explored. The existence 
of the fault from the D d t n  River to the foot of the Nenana Glacier, - a distance of 68 miles, is  inferred from topo~aphic features only. 

Eastward from the neltn River the older rocks, tl~ose on the north, 
nm on the higher or ~~pthronm side of the fault. This relation holds 
in the Mount McKinley S ~ t i o n n l  Pnrk area also; but neRr the Nenana 
River the oldcr rocks m e  oil the south side, which implies rotation in 
the mmrment of the ~ m l l s  of the fault. This and other evidence, 
including direct obsel~altion in a few plaws, s u g p t s  that the dip of 
fJha fault is gen~rnlly Iljgh. 

Relntetl faults of gwat  length and large displnce~l~ent play an im- 
portnnt pnrt in t,he geoloFric s trztct~n~~ of the Slana valley and tlre 
Nutzotin mountnjn area. The strnight 110rtl~enst f mnt of  the Xutzotin 
Mountains is believed to have beell determined by a major fault. 
Evidence of this appears between Reaver Glwk ant1 the Snag liiver 
and in Buck Creek valley. In both places the bounr1ar;v betwwn the 
Mesozoic slate and gandstone and the older formations follows n zone 
of disturbance indicnted by shea~ing and iron staining, nnlthongh most 
of the fault zone is concealed by unconsoljdated gravel deposits and 
vegetation. 

Another important fault follows the southwest burcler of the Nut- 
xotin 3foumtains but on this side lies between the Mesozoic and Palm- 
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zoic rocks. It extends from the KIein Creek batholith thougll  
Cooper Pass rtnd Totscll~~ndn C m k  valley to Platinum Creek and 
the headwater tributnri~s of Jnck Creek. Its course beyond that is I 

less certainly known but the fnult probably continues through the 
n1Iey of the Slanrt River. 

These f a u h  or zones of faulting l~ave both topographic md PO- - 
logic expression, for in most places the7 not onIy determine the bound- 
aries between &flerent formations Ilccving anornnlous positions but 
follow notable topographic deprpssiana that doubtlass were places of 
meaknm where erosion \vent on more rnpidly thnn in the adjacent, 
less distrrcbed rocks. All of t l~em nre p ~ r t I y  concenled by nnconsoli- 
dated deposits and none hns been rnnpped in detkil. Tho two fanlts 
inclosing the Kutzotin hlountaina apparently &re branches of the 
p n t  fault passing through the Chistochina nrert, or it r n R y  be that 
one of them is the principal fault itself. 

Displacement probably took plate on these major faults at different 
times corresponding ta  different periods of molintain b~~i ld ing ,  81- 
t,hhough evidence for eerlp mo~ements is =#ye. It is c~rbin ,  hon-ever, 
that displacement of much consequence occl~rred after the Tertiary 
coal beds were formed, for mn11 bodies of the c o d  rneasuws were 
folded and faulted into the floor of Slnte Cr~el; rillley (?lf~ndenhnll, 
3905, p. 123-9,3434) and the north vallep wall of the ltpper Chisnn River 
(Chapin, 191 9: p. 138). This folding and faulting took place daring 
the elevation of the Alaska Range and is e d e n c e  that the mnge did 
not reach its full de~elopment until after the Tert i n 7  coal-beari ng • 

beds were deposited. The Terti~ry coal mem~res derived a large part 
of their constituent. material from rocks of the Alaska Range nnd in 
the Xenma rtws mere deposited on the foldecl and eroded h d s  of tho 
Crtntwell formation (Upper Cretaceous) rtnd older rrock. The chnr- 
wter of the materia1 does not indicate vigorous stream erosion ; it i~ 
therefore p m n m d  that the Alaska Range, althongh fully o~~tlined, 
had heen considernbly reduced before the formation of the fresh-water 
con1 bcds bepn .  The coarser materials of the Nenana p n v e l  indicate 
renewal of erosion, probably folEowing m e w e d  uplift of the range. 

The system of faults incIurles many displacements thnt are locally 
lnrp but are small in comparison wit.11 the major faults that have been 
described. Detailed rnrlpping mould show that the number of them 
miner funlts is large. The fault that  passes through the valleys of 
lower Slate Creek and the upper Chisna River is one of the minor 
faults. It separates tho Carboniferous from the Permian rocks and 
has h e n  t r n c ~ d  westward as f ~ r  ns the West. Fork Glacier, a t  the head 
of the Chistochina River. 

So far r~ference I t ~ s  been made chiefly to the great strike fanlts, or 
I 

faults that have the same trend as the major folds of the bedded rocks, 
in general the trend of the rnnge itself. Cross faults with displace- 
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menk comparable to those of the strike faults were not recognized 
although the existence of lnrge cross f s u l t ~  in one or two places is 

a suspected. A vast number of smnller faults, with diverse stxi kes and 
dips, that were determined by 1 0 ~ ~ 1  rnther t;han regional conditions 
cut the bedded rocks nnd the intrusivea, or in many places separate 

z them. These small faults and the joints, possibly to an erer greater 
degree, playecl an important pnrt in relievjrlg the pressure and dis- 
tributing the adjustments t l l n t  mere ~nntln nccwsnry by the deforming 
f ores. 

The simplest section of the Alnskn Knnge nppcnrs to be tllnt jn the 
vicinity of Mount ICinrhaII, enst of the 3tidtlle Fork Chistocl~ii~a River. 
Tlli~ section s l ~ o ~ v s  the nlnnkomrn formntiaa in its tjpe locality, dip- 
ping moderately north-~lortl~east nntl nbrtttin~ ngninst the metrtlnor- 
phic rocks, from which it is sepxrxted by llte grent fnult. Tllus stnted 
the structure is dexribecl in much tm siniplc t~ rn l s ,  b~cnuse no nccotint 
is taken of minor faulting and other complicntions. Along the Delta 
River and farther west are outcrops of large intrusive bodies and 
beds of the Tertiary coal measures, hot the gei~en~ral structul.e is still 
simple. Eastward from the Chistodlinn River the structure is more 
and more complicrtked by large bodies of ignwcous rock% both intr~rsive 
nnd extrusive, and by additional sedilnentniy formntions. 

A section extending northeastn-3rd across the Mentastn Bfonntnins 
from White Mountain near the Sabrsna River (pl. 6) shows the 
greater compl~xity of the Paleozoic m t l  younger rocks of this part of 

. the range. The internal strwture of the different formntiotls ns rep- 
r~senkl .  is diagrnmrnntic although based on ficlcl obwrvat ions. Tlie 
section 410~s tlie JIcm,oic rocks of the x~~tzotin AIountains to be in- 
cluded betwcn Deroninn seclimentarj* rocks on the nortlkenst nnd 
Permian volcanic rocks on the southwest. The Devonian and unclif- 
forentinted P~leozoic rocks nbut against the pre-Cambrian schist, nnd 
gneiss and are intruded by a mass of ciioritic rocks ~ ~ ~ i c l i  appears to 
cap the sedimentary beds and owes its prominent position to differ- 
entinl wenthering. The position of the rliori te and tho outIino of its 
boundary suggest that  it is the remnant of a great elongated lens or 
laccolith thnt mas injecteci into sediillentary beds, which have since 
been folded nnd f nultcd. Tlia Permian volranics and the Upper Tri- 
assic limestone nre overlai~~ in pnrt by the 'IVrangelF, lava. Their 
structurnl relations are compljcnt~d by faulting and intrusion and 
cannot be stlorrn nccrirntely on the smnll scale of the section. Major m 

faults selpnrnte the Mesozoic beds from the ndjoining Paleozoic beds 
on both sides and bring tlm undiflerentinted Paleozoic beds into con- 
tact with the schist and gneiss. Tile direction of dip ~ n d  the location 

I 

of this latter fault are inferred, for the b~drock of this part of the 
seetion is corerecl with llrlconwlidnted deposits. The other faults 
are placed wit11 more assurance. 
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GEOLOGIC HU3TORY 

Some of the outstanding events in the geologic history of the emtern 
Alnskn Rai~ge, ns revenled by its rocks, llave k n  mentioned or sug- 
-ted in the disc.ussion of the several formations. The account is b 
mcomplete, because the evidence is fragmentary and our understand- 
ing is more obscure with tlle remoteness of geologic time, Only for 
the later epwhs is it possible to give a fairly coinplete outline of hhe 
geologic history of the region. The attention here given to these later 
events may therefore be out of proportion to their importance and 
time value. 

The earliest events in the long geologic history of the eastern 
Alaska Range include tho deposition of =dimentitry beds of pre- 
vailing1.y siliceous character, and the operation of the processes of 
intrusion and metamorphism by which thso beds were changed to 
the schish and gneisk now exposed along the north side of the rang& 
These processes required a vast period of time for their completion, 
beginning far back in P~leozoic or pre-Cambrian time, and it is pos- 
sible to give only a general account of them. The relationshjps of 
the beds to one another have not yet been learned, nor can they be 
given a definite assignment in time, As no fossils have bee11 founcl in 
the rocks, other charncterj~tics must be used in amigning positiorls in 
the geologic column. 
No Cambrian, Ordovician, or Silurian rocks have been identified in C 

this area xlthongh rocks of these three periods are known in neigh- 
boring territory. Lower Dovonian mks have not yet been found 
anywllera in Alaska. That epoch is therefore inferred to h ~ v e  been, 
LLone of the great periods of mountnin building and dirtstrophjmn'? in 
Slasks (Smith, 1939, p. 18). 

With the ending of the Lower Devonian epoch, however, the record 
becomes somewhat clearer. In the main it  is a story of changes tl~at 
took place in the position of land and sea. The changes make up a 
recurrent cycle that incl~ldes submergence of the land b low sea level - 
and dopition of marine sediments, followed by reelevation and the 
renewal of subnerial erosion. At times the changes included move- 
ments that were of mountain-building proportions, such as those that 
produced the Alaska Range. 

The long period of delludation t.hat is believed to have persisted 
through Early Devonian time was ended by submergence of the land 
beneath an invading sem. 'Then followed the deposition of marino 
sediments, notably limestone, and the en~ption of volcanic material, 
including both l aw  flows and tuffs. This series of events took place 
in  Middle and Late Devonian time and gave rise to the rock sequence 



that is exposed on the Cheslina and T~t l in  Rivers and in the Chisaim 
area. Thw rocks are not known farther west, between the Tetlin 
and Deltn Rivers, -wllere they either were not deposited or were re- 
moved by el-osion. PresizmabIy the De~~onian beds Kere deposited un- 
conformnbly on early Pnleomjc or pre-Cnmbrian mcks. They have 
not yielded evidence to shorn- the r~lation of the Upper Die~*onian to 
the Middle Deronian or the relation of either wries to the Carbonifer- 
011s ( 9 )  beds. What took place daring tlaw t ime intervals i s  therefore 
not known. 

The Carboniferous period has left little ~qecord in the cast~rn A l ~ ~ l r a  
Range. The only rwks x s s i p e d  to the C:trbotlifero~a m e  nssigned 
to it tentatively. They are exposeti in the  C'lii~tstlwl~inn R i v ~ r  area 
many miIes from tlie Deronian area of the Tetlin River valley and 
are of little vaIlre in determining the llistoricnl and st"n1ctnrnl w~I!- 
tions of the rocks of the two areas. 

A noteworthy characteristic of the C~rboni ferotw sequpne, how- 
ever, is the a b ~ ~ n d ~ n c e  of lnva flows nncl tufT I ) ~ds ,  which suggests tht ,  
us in the Yukon-'run:tnt~ r~gion, tlw deposits nccumnlntetl ill a time 
of unusrial volcailic actirity. Accnlding to J i~r t i c  (1937, 1,. 223) tlie 
greatest outpouring of l a t~ns  in the ~ n t i t w  polopic history of the 
Yukon-Tanana region took place in e ~ r l y  Cnrbonifcro~ls t imp. 

The late Carboniferous (Pei~nsylmninn ~pocll) srerns to he almost 
unrepresented by m~rine clepnsi t s  in hlnska. Like the Early Dew- 
nian, therefore, it may l ~ n r e  lr~cn n time wllen most of the: wgion of 
the eastern Alaska Rnnge stood nbove sen level. 

During Permian time pnrts of .2lnskn were nibmerged ~ n d  co~ered 
with mnrine deposits notnblo for the large proportion of limestone 
rind the IOCRI abundance of fm~il  inverhbmaies. The Perminn rocks 
of the AInskn Rnnge i l l s  nIso notnble, for the nbundance of lam flows 
and limy tuffs, i ndicntinp tll tlt t,lle ~ ~ d i ~ n ~ i l t s  were deposited during 
R time of exceptiot~al volctlnia~n. The bnw of the Permian succes- 
sion 11a~ not b e ~ n  recogtlixril but pr~sun~ably, as the lligllest members 
of the Carbonifel-oua systenl nrp: uot represented, the lowest beds of 
the I'erminn were laid unconformnbly on the underlying beds and 
t l ~ ~ s  indicnte the r~newnl of rlepositiorl xt the end of an erosion period. 
I'ermian time clloserl with a ,orat outpouring of lavas that may have 
continued well into tlie Trinssrc in nrefls adjacent to tlne Alaska Range. 
These lnter l a w s  are not certainly known in the Chistochina area 
alt.hougll lnvns and tuffs are abnndnnt there in the lower part of the 
Perminn quence .  

The Permian beck were folded and, at least in places, raised above 
the sea, thus beginning another perid of erosion which was fo1Io~ved 
by resubmergence in Late Trjamic time and the deposition of Upper. 
I'rirlssic lime-dona and shale. 
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The probability that the Upper Triassic rock were raised above 
sea level, extensively erded, and then resubmerged in Jurassic time 
is indicated by the incompleteness of the Upper 2riassic stratigraphic 8 

section and Elhe irregularity of thickness and distribution of the Upper 
Triassic beds in the Xabesnn aren. The perid of erosion probably 
lnsted through the Early and Middle Jurassic for both of these epochs 

r 

seemingly are wimprsented by sedimentary rocks in the eastern 
,klnska Range. The apparent absenco of such deposits, however, 
may also be accounted for by kssuming their complete removal by 
erosion or possibly by failure to recognize them. Probably m ero- 
sion period that  was a t  least of locaI effect preceded the deposition of 
the T ~ w e r  Cret~ceous marine sediments, and rnitlrot~t doubt extensive 
prosion took place before the cieposition of the rnoderntely folded 
Upper Cretaceous fresh-wnter sediments. The similarity of the 
Upper Cretaceous beds to the Tertiary coal measures that id law  them 
immediately sug- that sirnilas conditions of land elevatio~~ nnrl 
subnerial exposure contralld the deposition of both. 
In middle or late Mesozoic time, intrusion of deep-seated granitic 

rocks, assod ated with mountain-building movements, took plnce on n 
lmge scnlc, accompanied by extensive mineralization that 7 ~ ~ 3  wide- 
slprcnd in Alaska and formed some of its most important ore deposits. 
hfnny intrusive bodies of the ,Zltrslra Range belong to this period of 
i#rncous activity. The grandiorite batholith of Klein Creek in the 
Chisan, district is h l i e ~ e d  to have been ernplaced after the deposition 
of the Upper Triassic and before the deposition of the Upper Jurassic 
strata. The q e  of the ballolith at  the Tetlin River Jwnlity and of 
similar bodies is Ims me11 esttlblishd, but they are correlated with the 
htholith of Klein Creek and are considered to be contemporaneous 
with it. All the Mesozoic sedimentary deposits of the Nutxotin 
Mountains were intruded by dikes and sills of granitic rwk with the 
possible exception of the Cretaceous fresh-water deposits. It appems 
that, although tlie timo of most notabIe intrusion was in the Jurassic, 
intrusion continued inta tho Testia~y period. According ta Cltpps 
(1930, p. 286) most of tho intrusion of granitic rocks in the Mount 
IIcKinley Kntional Fnrk region took place after deposition of the 
CantweIl, a formation of h t o  Cretnceous age, but probably before the 
Tertiary cod-bearing formations wera Idd down, although there was 
considerable intrusion of granitic material during Eocene time. The 
Tertiary beds of Jnrvis Creelr nnd the Delta River  alley were not + 

invaded by igneous rocks, as far ns is known. They are believed to be 
much younger than the batholith of Granib Monntain. 

Volcanism appears to h ~ v e  h d  little part in building up the bedded 
deposits of late Jfesozoic time in the h'ntzotin 3iountains The 
Jurassic and Cretrtceous sedirnenltnry rocks show vwy little volcanic 
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material, either as tuff aceous deposits or ns intarbedded lava flows, 
Volcanism mas renewed locally in Tertiary time bowever, probably 

I in l ~ t e  Fmnc,  ancl is recorded in the Wrmpll lava, which may still 
be accumulating. Tlla eruption of the Wxangell l ~ v a  h e n  after 
some of the fr~s11-water mI measurss had already been farmed. It - continued, probabIy with diminishing strength, through the remainder 
of the Tertiary nntl Pleistocene time. What part of the lava Aows 
and tufls nccumulated bcfore Pleistocene glaciation b e e n  is not 
'knovn. 

The elevation of the prcsei~t Alwkn R R R ~  took place largely in 
Tertiary time, probably as a result of mrth rlist~rbmces that hgttn 
sometime before the Tertinly perjocl. The Alaska Range acquird 
its present height and form as the; restllt of progressive, intermittent 
uplifting of the lmd ,  c n r ~ i ~ ~ g  out of rn1lc.y~ by subaerial erosion, and 
abrasioil by glacial ice. 

The rocks of the Alaska Range, including the Cantmell formahion 
of h t e  Cretaceous we of the Kennan clistrict, were folded and were 
partly reduced by eresio~l in early Tertinry time, and the material 
deri~ed from them and pz.obnl-rIy from other sources was laid down 
in temst,nl deposits, togetller with beds of plnnt romains, t o  form 
the coal measures. 

While the Tertiary deposits were forming, :, aenewod or accelerated 
uplift of the land stimulatd erosion by the ~treams flowing from the 
Alaska Rnnge and yielded the coarser materials of the Nenana gravel. 
AppsmntIy the Nenana gravel is the youngest of the unconsolidated 
Ter-tii~ry deposih of the enstern Alaska Range. It is somemll~t de- 
formed Imally wl-hicll testifies that mountain building wns still in 
p m g m  at thnt time. 

Accarnulation of the Wrnngell lava also began in Tertiary time, but 
not until erosion of tha lnnd wns far advnncerl rtnd an unknown thick- 
ness of Tertiary land clepwi ts hnd formed. 

The climate of the ~ , t~rly  T~rtinry period probably was humid ancl 
cool and was frtror~ble for the growth of regetation, sttch RS formed 
the peat bow that Inter wem t~tlmed to Eipik. Fossil lertvee and 
other plant remains h n r  evidence that the forests and vegetation of 
that time were muc11 like tl~ose of the present. 

By the end of the Te~tiary period the combined action of mountain- 
building forces and erosioll hncl given to the Alaska Range an out- 
line and surface which resernbld t l ~ n t  of the present in general aspect. 
The land had mnsiderable relief nnd the present msjor drainage sys- 
tem was in large measure estabIished. 

PLEISTOCENE GLACUTIOH 

G1mial ice has left unmishkabla eviclence of its recent domination 
in tha Alaska Range and Copper River valley. The work of the ice 



is seen on a11 sides, but for better understanding it mt& be considered 
in its relation to glaciation in other pnrts of rltwkn as well as to its 
effects in this particular region. 
Alaska was not covered by a continental ice ~heet in Pleistocene 

time, as was most of the Canadian territory to the east. Much of the 
central part of Alaska was unglacinted, dthough the mountain ranges 
and some of the intermontane areas, such as the Copper River basin 
nnd Prince William Sound, were occupied by masses of ice of great 
extent nnd depth. 

At the beginning of the Pleistocene epoch most of t h ~  Alnskrr. Range 
owed its surface forms elliefly t o  the pz-ocesses of wefithering and nor- 
mal stream erosion, mllich produce -shaped vnlleys, overlapping 
q 1 1 1 3 ,  and other, less notable, but characteristic, features. Most of 
these long-eshblished land forms were then modifier1 by moving ice, 
which previously h d  exerted only a minor influence, if any, on the 
development of the topognphy. 

The causes of the ice age are not fully understood brit probnbIy 
do not imply p a t  changes in climate or other extrnordinary condi- 
tions. They involve a. relation between pracipitation and temperature 
such that more snow faIk in a, period of years than melts during tho 
same period. Recrystallization of the snow produces a bocly of ice 
which increases in volume as long as the surplus of snow is maintained. 

Tlla beginning of glnciation mas unobtrusive ancl the adrance of 
the ice front was gradual, as was also the retrex-t. Snow fell in the 
high rnorrntnins ~ n c l  formed ice fields from which streams of ice flowed 
into tho P~eacls of the valleys. As the supply of ice increased the ice 
streams moved farther down in the valleys till they reached the low- 
lands outside the mountsin men. Thew they either melted away or 
united with other valley glaciers to form piedmont glaciers. 

The advance of the ice front  in the valleys and over the lovlands 
probably was not continuous but took place by a succession of slow 
forward movements interrupted by temporary recessions, which can- 
stituted a cycle in which the forward movement prevailed. When 
the changing climate brought abont a decrense in snowfall, the ice 
Iost by melting was not cqiinlly renewed, and the ice diminished. 

Evidence of nt least two goneral advances of the ice ha? been found 
(Capps, 1040, p. 155). Other earlier advances corresponding to the 
principal known glacid stages in Canada and the United Stnlns may 
have occurred in Alaska also, ~ l t l l o ~ g h  the facts have not heen 
established. Of the two known advanccs affecting the Alaska Range, 
the latest, which  res sum ably corresponds to the Wisconsin siage of 
glaciation of the northern United States, nppears to have h e n  the 
more extensive, and in mnny places, Ilas destroyed all evidence of the 
earlier stage. In other places, ns on the north side of the range, the 
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through the canyons of the Delta, Tok, Xabesna, nnd Chisana Rivers 
Through these passed ice md water, together transporting gear 
quantities of morainal debris and r n ~ s h e d  gravel to the Tanana Valley, 
probabIy sweeping most of the older gravel deposits out of the moun- 
tnin area nnd redepositing them in the ~nnin valleys of the larger 
streams. In this manner the present principttl deposits accuniulated 
after the time of grentest extension of the ice and during and after 
its decrem 

Effects of glaciation are conspicuous in both the lrighland and the 
lowland areas. In the highlnnds t,hey are distinctive topographic 
forms, most of which are mdficntions of the forms previously carved 
out by t lw more common processes of erosion. Outstanding moryr 
these are cirques, U -shaped cross sections of the rall~ys, strjiightened 
valley wnl'ls, trunc~hd spurs, rock benches on tho mountain sitles that 
mark ternporargt but long-msintainecl p i t i o n s  of the ice, morainal 
deposits, abandoned stream channels on monntrtin dopes or I K ~ W  

cljvirles, mnsl~ed gravel on flat mountain tops, ancl clivmted d r a i n a p  
all of which nre foui~d within the monnhin arm. 
In the lowland are= t,he glacial ice left deposits of rnomialnl 

material that locally h a ~ e  regular geometric folms but more commonly 
am only irregulnr heaps of rock fragments laid down mith little or 
no sorting by mnter. In  many places the resulting uneven surf ~ c c  has 
pmluced smampq ponds, nnd lakes as yet undrained by any erosion 
proms. 

Changes in stream courses and drainage took place where the nd- 
L 

vancing glacial ice blocked the established coums and diverted the 
mnter to unnnt.um1 channels. Srnnll valleys mith insignificant volume 
of water mere occupied and enlarged nnd became trunk-stream vallays. 
The canyon of the Delh River and the valleys of the Tok, Nabesna, 
nnd Chisans Rivers owe their pr~sent size and form-perhaps their 
existenceto emion by mnter and ice that had ?wen forced t~ iind 
new outlets when the old were no longer ravailable, Greater volumes 
of water and steeper p d i e n t q  probnbly assisted in this by giving the 
streams more power to  erode their channels. They also increased the 
ability of the strenms to carry loads md thus contribnted to the filling 
of the valley lowlands. The innumerable lakes and ponds of the 
Tetlin area occupy the site of a grcnter lake or succession of lakes that 
formed when the ice of Pleistocene glaciers dammed the 
k a n a  River. bltlrough Tetlin Laka and soma of the other smaller 
bodiies of watar may be surviving parts of this old glacial lake system, 
many smaller ponds in the Tetlin area are being formed at p-nt by 
the melting of frozen ground nnd ice and thc, caving of surface ma- 
terial. At the same time other lakw are being destroyed by the gmwth 
of vegetation and by filling with sand and silt deposited by streams. 



The Iwgtb of time that 11~s elapsed since the "mtrent of the ice-" 
vnries from plme to plwe nnrl cannot he stated precisely. Tlle ice 

1 probnbly d i s a p p t r ~ d  from the Copper River lo~vlnnd long before 
it meIt~cl in most of the rnonlltnin areas wllere existing glncicrs testify 
that the cycle is not yet completer1 or nlny p0siI~1y Iinve been reversed. 
Kotwjthstnnding the errors necessnrily involved, ~ s t i rnnt~s  of the time - 
that hiis elapsecI since the ice rlisnppear~d in different Iocnli t,iw are 
h ~ l p f u l  in forming an idea of the progr-5 of glncinl events. 

S I I C ~  nn estimate TTRS made by Cupps (191G, p. 74), who, by cmn- 
paring the nnnual rings of spruce trees nnd the thicknew of peat 
nccnnmlnt~l ci~nlder certain conclitions, estimated the nvernge rate of 
incrense in thickmess of the p a t  t t c l  in the north bank of the tVhite 
River to be I foot in 200 years. ,Illthough this rate atfmittcdlg may 
be considerably in error, it still gives a basis for an estirn~k of the 
minimum time ~lnpseci since Ithe witltdrawal of the glacier t h ~ t  oc- 
cupied theivllite River valley fromthesita of thepeat bed. Ariopting 
this ratme and using the mexs~rred thickness of the bed, Capps renched. 
tlw conclusion that the ice disappeared from that locality at least 
8,000 years ago1 b~i t  stated his belief tha t  the estimate falls consider- 
nbIy short of the time that actually elapsed. He further concluded 
that it "seems snfe to that f he lnst  p a t  ice advance in ,4lnska was 
conternpor~neous mi th the 1 ate Wisconsin continental gbtcintion." 
This cstirnnte mas made mnny gears ago but, is still the hst  approach 

to  the problem in Alaska that has yet been made. It applies to the 
b time of retreat of tlre ice nt  n particular locaIitp and not to the time 

of p a t e s t  extent of the ice, which was much earlier. It does not 
imply that the ice age is ended. Many glaciers that reached their 
greatest rlevelopm~nt it1 Pleistocene time have not yet  disappenred 
from the higher mountnins. In most places the glacier fronts appear 
to  be receding, but the I-ecession is so slow nnd fluctuating that it is 
impossible to  say positivel~t whether the movement is tt recession or 
possibly n tempora~y halt in a general advance. 

Ice fields and mnily Alpine glaciers are; seen in the mountains repre- 
sented on the geologic mnp. The lnrgest a~cnrnnlat~ions of ice occupy 
the highest slopes and vnlleys of the Wrangell Mountains and together 
they cover an nren of rnilnp sqnnre milcs. In general the glaciers of 
the eastern Alnslcn Range nnro srnnller than those of the 'ilTxangell 
Mountains, though they form a more intricnte pattern on the map and 
co~er a large aren, possibly 50 percent of the central motrntain arert 

I between the Tok and Delta Rivers, where prnctically every high 
valley and many of the llover vnlleys nre filled by ice. 

Most of the present vnlley glaciers show no unusud features, and 
their ordinary movements are such as to be linnoticed in short intmvaIs 
of time. The Black Rapids Glacier {fig. 39), homerer, is an exception 
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The mineral deposits, like the intrusive rocks, are not restricted in 
their a~ocintions to nny one type of host rock or to the rocks of a 

a particular priod, although it is true thnt more gold placer deposits 
and lodes of other rnctnIs have been found in arens underlain essen- 
tially by pro-Mesozoic rocks than in areas ullderlain by Mesozoic or 

c younger rocks. Howover, the writer knows of no conclusive evidence 
. that any of the ore bodies so fnr found in the areas underlain by 

Pdeozoic or older rocks of the eastern AIaska Range were formed 
before Mesozoic time. If sudt enrIier deposits exist, they almost cer- 
tainIy nre subordin~ta in importance to tlre depasits of the late Meso- 
zoic period. The mountain-building movements that took place in late 
Mesozoic time affected the mliole Yncific coast of North America. They 
were ncmmpnniccl by the intrusion of vast quantities of igneous rock 
nnd the deposition of oro minerals. These movements nnd intrusions 
were continued into carly Tertiary time, but less intensively, and it is 
probable that most of the eriginnl ore bodies were formed before 
the Tertiary sedimentary beds were laid down. 

TIM gold-bearing lodes of the N a k  mine at White Mountain fire 
contact-metamorphic deposits, formed at or near the contact between 
Upper Triassic lirnestonc and n qriartz diorite intrusive. The copper- 
molpbdctnum deposits of Orange Hill, war the foot of the Nabesna 
(:lacier and only a few miles from White Mountain, nre also contact- 
metamorpl~ic deposits and probably belong to the same perid of om 
deposition as the gold ores of Whito nlountain, which were formed 
I~ter  than the deposition of the Upper Triassic limatone. Small 
concentrations of placer gold hare been found in the strenm gravels of 
vallays eroded in the Upper Jurmssic and Lower Cretaceous rmks. 
This may indicate that some mineralization toek place in Late Cre- 
taceous or early Tertiary time anti mny h ~ v e  accompanied the intru- 
sion of the granitic dikes ~ n c l  sills that cut the beds. Although 
mineral deposits may have been formed in mom than one geologic 
period, it seems reasonably certain that the most important rnjneral- 
ization was an accompaniment of the intrusion of the granitic rocks, 
and that most of it took p l ~ c e  in middle or Intc Mcsozoic tjme. 

Placer deposits are commonIy formcd when nativn metals or heavy 
metallic minerals are freed by wenthering and orosion from a source 
in bedrock &nd are coneentrnted in gravel by the sorting action of 
water. Such deposits are usualIy thought a£ aa being geologically 

li 
recent or still in process of forrnntion. This is true of many deposits, 

- but long exprience with Alaskan gold placers has led the author to the 
belief that much of the p l d  or other heavy metal in gravels that are 
themselves recent is nevertheless derived from older placer gravels 

a that have been reworked and resorted. It is probable that much of 
the phcer gold wnR freed f~nrn its sorures in the solid rock during 

2 7 5 5 9 4 - 5 1 1 0  



the Iong period of erosion that prevailed throughout Tertiary t ime and 
in a sense may be looked on as "fossil" gold. 

The metals and metttIIic minerals that have been found in the 
eastern Alaska Range in sufficient quantities to give them d&te 
or posihle commercial value are gold, silver, platinum, capper, anti- 
mony, molybdenum, lead, and zinc. Minerals contttining bismuth also 
are present in some placer deposits; in others tin-bearing minerals 
bave been reported. 

Gold has bean mined from the placer deposits of the headwater 
streams of the Chistochina River since 1898 and in the Chisana dis- 
trict since 1913. A little gold has been m i n d  in the valley of Ahtell 
Creek near Slana. Prospezting for placer gold has bmn carried on at  
m n y  other places: Ober Creek, a tributary of Jamis Creek; tha Rob 
ertson R i ~ e r  ; Moose Creek, a tributary of Tuck Creek; and the Ches- 
lina River. In all the later-named place~l a little gold was found, but 
not enough ta pay for mining. 

h d e  gold has been mined %t only one place, the Nabesna mine, 
but other gold-bearing lode prospects am known and show some prom- 
ise of future production. The mehIliferous deposits of Orange Hill 
near the foot of the Nabesna Glacier were originally staked as copper 
prospects but contain, in addition, molybdenum, gold, and zinc. Cop- 
per-bearing lodes were &o staked on the Snag River. Other lodes 
which have been p~rtly developed or prospected include rt deposit of 
stibnite on Stibnite Creelr in the upper part of the valley of the Tok 
River and a deposit of molybdenite at the head of Bmk Creek near 
mile 84 of the Nabesna road. 
The total mineral production of the part of the Alaska Range east 

of the Delta Eiver, inchding the output of the Nabesna mine, was 
estimated in 1941 to have a value of approximately $5,840,000, calcu- 
lated on the prim of gold then current. Of this production more than 
two-thirds was from the gold placers and came fmm the Chistochina 
district ($3,000,000), and the Chisana district ($970,000). Ahtell 
Creek hscs produced ody FL few thousrsnd dollars' worth of gold as- 
sociated with a md amount of silver. Productive mining was 
discontinued in 1942, 

The total output of the Nabesna mine until its closing in 1940 was 
vsluad at $1,870,000, as stated in reports to the stockholders of the 
Nttbesna Mining Company. Most of the product was gold, although 
n little silver, copper, and Iead artre contained in the ore. 

CHISTOCHINA DfBTRIm 

The headwaters of the Cbistochinot River drain the south slopes of 
the Alaska Range in the vicinity of Mount Himball and also two 
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groups of mountains on the south, set off from the higher peaks of 
the range by a narrow, east-west valley t h ~ t  is occupied by the Chisto- 

5 china Glacier and the upper stretches of the Slana River. The gold 
pIacers of the Chistochina district he within these two groups of 
mountains, which are made up larely of Carboniferous and Permian 

a sedimentary rocks and lava flows, cut by numerous sills and dikes. 
Small bl& of Tertiary coal-bearing beds have been folded or f aulbd 
into the older rocks at a few places. This district was once covered by 
glacial im that left traces in the form of the valley walls and the mo- 
rainal deposits on the vaIley floors. OnIy a few streams in this area 
have afforded gold-bearing gravel deposits of commerciaI value. 
They include the Chisna River; Slate Creek; Miller Gulch; Ruby 
Qdch ; Lime Creek (formerly called Lnke Creek) flowing into Trout 
Lake ; and Eagle Creek (pl. 7) .  

Auriferous gravels mere discarered on the Iower Chisna River by 
Hazelet and 3lmIs in 1898. In 1900 gold mas discovered on Slate 
Creek rand Miller Gulch by Messrs. Coles, Jncobson, ICraemer, and 
Lovell. This proved to be much the richest ground of the district? 
which has become known as tlls Slate Creek district. 

Slate Creek and neighboring placer sfxeams of the district are 
remote from sources of supply and transportation costs a m  high. 

d There is no road connecting with the highways of the Copper River 
valIey ; trail conditions up tho Cllistmhinz River are unfavorable for 
summer travol, and it has hen tIw nsuaI practice to bring supplies t* 

9 the crocks by sled in winter. Since the airplane has come inta use, 
each of the operating creeks hns had its own airstrip. 

SIah Creek and most of the Chisna valley are above timberline. 
Tho altitude and thp: east-rest orientation of the Slnt~ C ~ w k  va1le;v 
prevent early melting of the minter snow and mnke tho stream subject 
to early fieozing, thus shortening ths working season and frequently 
causing a shortage of water avtvailnble for slnicing. 

The p d ~ ~ c t i v e  gravels of the Chisna River are along tho lower 
course of the stream about 81/, miles from its month, jn a broad open 
vdey  outside the mountain area (Moffit, 1044, p. 2931). The strertm 
here cuts a short, shaIIow canyon in diorite, mhich probably had an 
idnenm in controlling the currents and concentrating the gold at this 

i place. The p v e l a  are shaIIow and are made up of materials derived 
by erosion from the mountains of the northern park of the valley and 
from reworked g1~cial deposits, some of which nrs  from distant 

I 
sources. The stream gravel includes a large proportion of boulders 
of the more resistant rocks, especially granite. 

Gold is present in the stream gra~el  and in the bench gravel adja- 
cent to the stram but productive mining was reskricted to the stream 
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gravel in the cnnyon and a short distance below it. Most of the gold 
so far recovered came from deposits rtt the mouth of the canyon. 

After the first few years following the discovery of the gold little 
mining was attempted on the Chisna River till 1938. In 1941 the 
Acme Mining Company installecl equipment and prepared to con- 
tinue mining in the canyon but later abandoned the project. 

R W P  GULCH 

R11by Gulch is one of the small headwater tribuhrias of the Chisna 
River rand i s  lacsted within the area underlain by rocks of the Manko- 
men formation of Permian age (Moffit, 1912, p 75). The creek leaves 
its rnauntsin valley through x shallow canyon and has cut its channel 
in a broad nlluvinl fan below. Its gravels are mostly shale fragments 
but include some p n i t e  and greenstone boulders. The gravels are 
gold bearing and were minod nenr the head of the fan within the gulch 
and below it. The gold waR cancantrated on a false bec2rmk of-thin, 
p m l l y  clay only a few inches thick, where mining had to be done 
carefulIy sa as not to break through into the underlying, l o w - p d e  or 
barrsn gravel. There hns been no mining on &by Gulch in m n t  
yearn. 

ISLATE L?IEEK AND MILLEE @VLOH 

Slate Cre~k  nnd its tributary, Miller Gulch, have yielded most of ' 

the gold obtained from the Chistochina district (Mendenllall, 1905, 
p. 11&112; Clzapin, 1919, p. 137-141 ; Mofit, 1944, p. 31-34). Slate 
Creek joins the Chistochina River a short distance bdow the end of a 

khe Chistochina Glncier. Thc stream is nbout 4 miles long and in the 
middle collrse flows westward through a nnrruw palley which folEows 
the boundary betmwn the slatss of the Manlcomen fomation and the 
conglomerate, quartzite, and tuff of the Cllisna formation. These two 
Paleozoic formations nra the cornman rocks of the adjacent moantains 
but a small body of auriferous Tertiary beds, f adhd  or folded into 
them, wns uncovered in the bed of the creek by mining operations. 
Tliese younger beds arc daminnntly soft cemented mnglomerate, but 
indnde sandstona and sh~le. 

Miller Gnlch is a steep, narrow gulch, about one mile long, which 
joins Slate Creek from the north, almost two miles from its mouth. 
The clnjrns on MiIFer Gulch and Slate Creek n t  and below Miller Gulch 
nffordecl the ridrest gmvcIs of the district. The p v e l  deposits of the 
lower part of Slate Crcek, nenr tho place where the stream passes into 
the Chistochina Vnlley, are too deep for economical drainage and have 
not yet been mined snccessfully, though they contain gold. The 
soft slates of Miller Gulch rvcnther essily and load the stream with 
debris, which ncc~zmulxtes too rnpidIy to b~ removed by the small 
stream af water flowing in the gulch. ~tngulnr fragments of slate 
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make up most of the deposits but cobbles of greenstone rtad grmite 
derived from the 'lround wash" am present. The gravel deposits we 

s wmenently frozen. Insdc ien t  water for sluicing and lack of room 
for the disposal of tailings have interfered wit11 mining operations 
on Miller Gulch from tlie earliest, days of mining. In spite of these 

1 difficulties, the gravels of Miller Gulch, because of their superior 
richness and ease of werldng, produced mucll of the gold from 
the districh in the mrly years. The gold of Miller Gulch was flat 
and smooth and increased in coarseness toward the head of the 
gulch. It is said to bave liad nil assay value of $18 per ounce at the 
old value of gold. Associated wit11 the gold are small nuggets of 
copper, cinnabar, magnetite, and silvery fragments of some of the 
platinum metals. According to Chapin (1910, p. 130), who visited 
Slltte Creek in 1917 to learn tlle possibilities of increasing the produc- 
tion of pIatinum, the placer gold is derived from three groups af 
gravel deposits. The first concentration mas in the Tertiary conglom- 
erate, sandstone, and shale which are cemented and contain both gold 
and platinum. A second concentration took place in the glacial de- 
posits of the benches, and a third in the present creek gravels, 

The original bedrock source of the gold has not been determined. 
Geld-bearing lodes have not been found in the country rock of Miller 

A Gulch, where the greatest concoi~tration of placer gold took place, but 
the area drained by Miller Gnl(:l~ is an nrea of disturbnnce that under- 
went folding, faulting? and intrusion by dikes of igneous rocks. At- 

8 though the Tertiary rocks and "round wash" contain material not 
found as bedrock in the irnmcdiah vicinity, it seems improbable that 
a large concentration of gold and heavy metals was transported far 
from its bedrock source, notwithstanding the fact that the agnnts of 
erosion must have broken down and renioved a great volume of bed- 
rock in freeing the gold. 

BIQ POUR CLAIM3 

A small body of gold-bearing gravel, which is inclucied in a prop- 
erty long known ns the Rig Four claims, occupies a cirquelike valley 
on the mountainside facing the Cllistochina Glacier, northwest of the 
head of Miller Gulch (&fendenhall, 3905, p. 115). This gravel body 
is high above the glacier and is a remnant of old gravel deposits that 
formerly were much greater in extent. It consists of wU-rounded 
cobbles and pebbles and has been known to the miners by the name 
"round wash." Similar high gravsls bave been found at other places 
in the district and are thought by some to be the immediate source of 
the gold in the present stream gravels. The goId of the Big Four. 

-I! daims is somewhat finer and smoother than that  of Miller Gulch and 
Slate Creek, which =ems to indicate that it is more distant from its 
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original source. Repeated attempts have been made to mine the 
gravel deposits of the Big Four claims, but insufficient water and small 
gold content of the gravel have discouraged most prospectors. 

D D L E  FORK 

At intervals for many years, auriferous p v e l s  have been mined 
near the head of the Middle Fork Chistochina River on streams known 
as Kraemer Creek, Limestone (Lime or Lake) Creek, and Bedrock 
Creek (Moffit, 1944, p. 34dO). The principal mining operations in 
both early and m n t  years have been on Limestone Creek. The c a p  
on Limestone C d  is now served by an airstrip nearly on the Aod 
plain of the Middle Fork and is connected with the camp on Slate 
Creek by a good but little used trail which follows the valleys of 
Limestone Creek, the upper Chisna River, and Slate Creek. 

Kraerner, Limestone, and Bedrock Creeks flow rtcross an open, tim- 
berless bench, nearly one mile wide, sIoping gently ezstw~rd from the 
foot of the mountains to the river flood plain. The bedrock, where 
exposed, is Permian. limestone or dark, he-grained igneous rock like 
that of the mountains on the west. This bench has an undulating 
bedrock surface which was planed off by glacial ice that moved across 
it f rorn the high mountains on the north. The unconsolidated deposits 
on the beihcck bench are glacial deposita and outwash gravel consist- 
ing of some local and some foreign material in which are basaltic 
rocby granite boulders, and blocks of schist. Drilling has shown that 
the deposits reach a thicknm of at least 70 feet but in general range u 

from 30 to 40 feet. The deposits contain gold and were mined in the 
early days on Limestone and ICraerner Creeks. The gold recovered 
was taken from tho benches and not from hhe stream channels. A 
little gold also was taken from the benches of Bedrock Creek. In 
recent years rt part of the bench area was drilled systematimlly by 
the Middle Fork Mining Company, ttnd although no d&te paystreak 
WEIS outlined, a zone of fairly high grade gravel seems to  have a south- 
easterly krend across the bench. A ditch line was built in 11941 and a 
hydraulic plant was installed with the expectation of continued mining 
operation, but the outbreak of war prev~nted carrying out this plan. 

EAGLE aREEK 

Eagle Creek is a tribntary af the East Fork Chistochina River 
(Moffit, 1944, p. -2). Its upper, northern half occupies a valley 
carved in Permian rocks. Its lower half crosses a lowland area and 
joins the river below Mankomen Lake. This is the type locality of the 
M d o m e n  formation of Permiasl age which here is m d e  up largely 
of limestone and Iirny tuff, although the lava. flows of the lower part of 
the formation crop out along the lower south front of the mountains. 
Eagle C& lartves its upper valley through rm shallow canyon cut in 



these igneous rocks, which arc. much disturbed by faulting md me 
brightly colored with iron oxidas formed by the weathering of iron 
sulfide minerals in hhe lava flows. The gavel deposits in this canyon 
ara gold bring and were prospected in the early days. More re- 
cently, in 1942, a small ltydraulic plant was installed at the upper end 
of the canyon and mining was begun but the work was discontinued 
because of mar restrictions on golcl mining. The gold of Eagle Creek 
is associated with native copper, much magnetite, barite, and other 
hmvg minerals. Platinum is repo~ed and probably is present; for it 
is found in other placers of the Clzistochina district. 

ARTELL CREES: 

Ahtell Creek is a tributary of the Slrsna River and joins that stream 
about c*le mile from its junction with Ithe Copper River (Md, 1938, 
p. 40-50 ; 1944, p. 42-44), This creek drains most of the mshn  side 
of the independent group of mountains between the Slam and the 
Copper Rivers. The mountain mass between ate11 Creek and Por- 
cupins Creek on the east is a 1-1 center of mineralization, and the 
gravel deposits of the small streams that drain it eontain gold and 
other metallic minerals, of which magnetite is much tha most abun- 
dant Grubstake Creek drains the west side of the monntain a d  is 

. t h ~  best known of t h m  streams. It is 2 miles long and has 2 
branches which unite about 1% miles from its mouth These 2 
brafiches mupy open valleys above timberline, but the main stream 
below the forks is in EL narrow V -shaped valley which f o l l o ~ s  a f nu! t 
zone in the bedrock. The bedrock is made up dominantly of dark, 
fine-grainod lava flows and coarsely granular diorita intrusive which 
are associated with dark-gray silicified rocks derived from gray- 
wacke and slate. In places they are much stained with iron oxide. 

The unconsolidated deposits near the forks and below the mined 
area include rounded dream gravel, glacial debris, and angdar slide 
rock from the mountain sides. This mahrial is poorly sorted and 
contains a large proportion of boulders. The heavy minerals taken 
from the ~luice boxes m magnetite, ilmenite, native copper, silver, 
and gold. Magnetite is nbundant and occurs in pieces that range 
from grains of sand to boulders a foot or more in diameter. Most of 
the gold and silver are little battered and worn and appear to  have 
travelled only a short distance from their bedrock source. As Grub- 
stake Creek has a small and uncertain supply of water, tlm work 
season has often been short. The total gold production has bwn only 
a few thousmd dollars. 

The streams Rowing into Porcupine Creek on the opposite side of 
the mountain from Grubstake Creek cmy gold, and also magnetite, 
native copper, native silver, and minerals containing bismuth. A 
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little gold has been found on otl~er tributaries of AhW Creek and 
on &finite Creek, a tribut~ry of the Slana River, which heads against 
Ahtell Creek. Xorte of tliw streams lras produced gold in profihble 
amouars. 

OBER CREEK 

Ober Creek, on the north side of the range, is a western tributary 
of Jarvis Creek and lies outside of t h ~  mountainous area, at the mar- 
gin of the Tanma lowland (Moffit, 1942, p. 143). It is in the area of 
old schist and gneims which were bere overrun by the glacier that 
moved notthwad through the Delta River valley and in most places 
were covered by morainal deposits left by tha ice. In ertrly days pros- 
pecting was done near the head of Ober C& about 4 milw norbh& 
of tlls old Donnelly telegraph station. The gravel deposits are frozen 
and require thawing in order to be handled. As the gound is at  
practicdly the altitude of timberline, the scam local timber mas 
early exhausted mil additional supplies ]lac1 to be brought from a dis- 
t,nnce. Dumps from old shafts and an nbaudoned boiler for thawing 
are the principal evidence of former mining operations. The prd~rc- 
tion of Ober Creek, if any, is not known to the mrikr but doubtless 
was small. 

m % A N A  DIST3EICX 

Tha Chisrtna gold placer district formerly called the Shushanna, 
or CChusan~, district, lies east of the upper Chisana River but its gold 
placers sPcm to lx nearly worked out. (Capps, 1916, p. 89-126; 
Moffit, 1943, p. 170-173). Its m& important productive stremes wore 
Bonrtnza C m k  and a small northern tribuhy named Little Eldorado. 
Bonanza Creek is n northern branch of Chathenda (Johnson) Creek 
wluch flows wwtward to the Chimna River. Northwest of Bonanza 
&eel< is Wilson (Chavolda) Creek, another Chisana t r i b u t q ,  which 
is separated from Bo~ianza Creek by a low ridge and is a little more 
than 3 miles distant. Tha mountain west of Bonanza Creek and Little 
Eldorado Creek is known locally ES Gold Rill. Several small tribu- 
taries of Wilwn (Chavolda) Creek drain the north and west slopes 
of Gold Hill. These tributmies of Wilson Creek together with no- 
nanza and Little Eldorado Creeks are the productive gold-bearing 
streams of the Chisana district (fig. 40). 

Rumors of a discovery of placer gold caused a small stampede of 
prospectors from D ~ s s o n  to upper Beaver Creek in 1902 but did not 
lead irnmedliahly to the finding of gold deposits of value, though it 
aroused interest in the district and encouraged further pmqecting 
which finally was suwessf ul. 

Placer gold was dis~overed near the mouth of Bonanza Creek early 
in the summer of 1913 by William James, N. P. Nelson, and n Mrs. 
WaIes, all of whom had come into the district from the Canadian side 
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PronRa 40.-Sketch map ot the immdlnta ~ ic in l t?  at  the placer mines of the Chlaana die+ 
trict, showinc: npprorimate posltlon of  r n l n ~ n  nnd prnapectri a R  described by Cappa, 

1 of the international boundary. When the importance of the End be- 
came evidenk Nelson and Andrew Tnylor, who had been prospecting 
in thnt vicninity, returned to Dawson for supplies znd some simple 
equipment to begin mining, During their absence James prospected 
the upper part of the strenm and discovered the rich ground of Little 
Eldorado Creek. The reports of Xelson ~ n d  Tnylor in Dawson started 
a stampede of prospectors to the district during the fall and winter 
of 1913-14, rind sevpral tllousancl men visited it, mnny of them inex- 
perienced and most of them unprovided with food and proper equip- 
ment. T h e  mnty provisions of the camp were soon exhausted, and 
the later part of the winter wns a time of hardship for many. Hun- 
dreds of claims of no r n l t ~ e  were staked and then abandoned when 
the small area of the gold-bcnring gravel was learned. A few of the 
c ~ r l y  comers who llnd obtnin~d the most vduabIe ground remained, 
nnd some of them have been mining their daims to the present time. 
In 1940 the total gold production of the district vas estimated to be 
nhout 5970,000 and since that time has not increased materially. 

? Upper Bonanza Creek and uppr Little Eldorado Creek, all of Wil- 
son (Chnvolda) Creek and the lower courses of its tributaries previ- 
ously mentioned are in an area of Mesozoic sedimentwy rocks intruded 

r by a few dikes and sills 02 igneous rock. Lower Bonanza Creek and 
some of the headwater parts of the Wilson tributaries are within the 
area mupied by Devonian and Permian volcanic rocks, interbedded 



EEedimenta and a large intrusi~e body of diorite. Between the two 
areas of PaIeozoic and Mesozoic bedded rocks is a p t  fault, 

The valleys of all the streams of the district were buried deeply 
under ice during the last glacial advance and are strongly glaciated, 
as is shown by their topograpllic forms. Since the disappearance of 
the ice the streams havo h e n  readjusting their channels to the glaciated 
valleys and in places have cut canyons in the valley floors. The lower 
part of Bonanza Creek from the moutll to Canyon C m k  is in a deep 
box canyon which gradually opens out above Canyon Creek and ends 
below Little Eldorndo Creek. Above Little Eldarndo Creek the 
valley is open. 

The c r e ~ k  gravels RPR commonly a mixture of material fmm both 
the older nnd younger rocks exposed in the adjacent areas but include 
rt corhin smnll proportion of foreign material transported by ice from 
more distant murces, In general the gavel deposits are shallow and 
are permanently frozen except at the surface where they are exposed 
to  t h e  warm air in summer. They ttkreforre are uncovered by the re- 
moval of any insulating vegetation or muck and allowed to thaw b- 
f fire they are mined ~ n d  mashed. 
The richest deposits of placer gold mined in the Chis~nrt district 

were on Littlo Eldorado Creok and Bonanza Creek. Placer gold was 
not restricted to the gravel of these two streams, but the distribution 
of goId in their gravel deposits and the relative scarcity of gold in the 
gravel deposits of atre~~ns within the area underlain by Mesozoic 
sedimentary rocks give strong support to the belief that the original 
source of the gold was in the older rocks in the vicinitg of Gold Hill. 
Probnbly little if any of the gold-bearing gravel of Bonanza and 
Little Eldorado Creeks was deposited until after the ice disappeared. 
Altl~oligh the gold is of local origin it probably is  in large part a 
secondary concentration from old Tertiary gravel deposits, most of 
which ]lave been destroyed by erosion, The old, deeply weathered 
gravel that caps GoId Hill contains gold and is befieved to be a rem- 
nant of a much more exkensivo deposit from which a large part of 
the goId in the present placers was derived. A small proportion of 
i he gold, however, in particular that *mom gravel in the area of diorite 
west of Qalcl RiU, is so little morn as to suggest that it was freed from 
its bedrock aonrce at a later time, after the "retreat" of the ice. 
As would be expected from the presence of gold in the valley of 

Ilonanza Creek, the gravel deposits of Chnthendw Creek also mere 
found to contain gold, although nowhere enough to be mined profit- 
rtbly. The lower claims on Ban- Creek included the canyon, where 
the chnnnel was narrow and the gravel difficult to mine. The benches 
as  we11 as the creek gravel carried x small amount of gold, but mining 
them mas littla more than sniping. Mining on claim No. 2, which is 



below Canyon Creek, showed that the canyon now occupied by 
Bonanza Creek is cut in the bedrock, which contained gold-bearing 
gravels, below higher and oIder channels that were cut in slide rock 
from the mountain side. The reports of miners and tha produchio~~ 
of the claims show that an increase in the gold content of the grmd 
was observed aa the creek wxs followed upstream. The richest gravels 
mere just below the mo11tl1 of Little Eldorado Creek. The 
benches east of claims Pu'os. 4 and 5 also carrisd gold that was mined 
profitably. A fern rich spots were found on Bonanza Creek a short 
distmce above Little EIdorado Creek, but these mere soon worked out. 
The upper part of Bonanza Creek, above claim No. 12, mas without 
gold deposits of value. Skmkum Creek, a short western tributary of 
Little Eldorado Creek, has some rich ground, but the upper part of 
Little Eldorado was unproductive. Golcl Run and Poorman Creeks, 
tributaries of Glacier Creek, which in turn is a tributary of Wilson 
(Chavolda) Creek, have. gold-bearing graveIs that have been mined 
on a small scale since the early days but have not been important 
producers. They, like Big Eldorado Creek to-rvnrd the west, appear 
to have derived part of their gravels from Gold Hill. The upper 
part of Big Eldorado Creek lies within the area. of diorite and i s  
notable because of the character of ths gold in its gravel deposits. 
According to Capps (1916: p. 123) the gold of upper Big Eldorado 
Creek, claim No. 3 below Upper Discovery, is found on or in the 
diorite bedrock 

* * From 2 to 4 feet of the diorite Is removed in mining. The gold is bright, 
ewlrm, and very rough. Few pieces that showed signs of mnch wear were 
seen and most of the particles nre a n g ~ l n r  nnd: sharp, some crystal faces being 
discernible. Many pieces show the imprint of cvstals  of vein quartz upon them, 
and gold with some quartz attached is common. The gold ia markedly differelit 
In appearance from the well-worn, smooth gold of Bonanza and Little Eldorado 
Cree&, and It is e~identlp of locaI origin The present creek placer is probably 
a primary concentration of gold derived from the rockg that form the upper 
basin of this stream. 

GoId-bearing veins in berlroclr are not h o r n  by the writer to occur 
in the immediate vicinity of GoId Hill but have been found near the 
mouth of Bonanza Greek and in the mountain to the west. A gold- 
bearing vein arts staked at the moutll of Bonanza Creek mnny years 
before the discovery of the placer goId and was in fa& the lure that 
brougl~t the cliscovesers of placer gold to this st~em. 
The heavy concentrates from the p r t ~ ~ e l s  of Bonanza Creek and 

the other gold-bearing streams of the district have not been stedied to 
determine their mineral content, but R wriety of minerals is reported, 
including gold, silver, copper, ~ I e n a ,  cinnabar, and molybdenite. 
The distribution of these minerds, if determined, might give some 
informa~on regarding the source of goId. The mining operations on 



the bench claims east of Bonanza Creek and blow the mouth of Little 
Eldorado Creek led ithe miners to believe that the gold of the old 
channel there was from the same source as the gold from Little 
Eldorado Creek, as galena was not found with the gold in the sluice 
boxes. 

Assays of the gold, furnished by the owners or operators of several 
claims, showed a range of value, then current, from $16.35 to $16.90 
an ounce (Capps, 1916, p. 105) . In  general the gold of most of the 
claims was coarse, smooth, and weII-mom except a small proportion 
that appears to be either a product of later emion at a nearby source 
or possibly a part of an older deposit tImt escaped reconcentration. 
The largest nugget of gold found in the district had a reported value 
of over $130. 

The miners of the CIusana district have labored under many ad- 
verse conditions. T h e  district is remote and without d q u a t a  trans- 
portation facilities. Several dangerous glacirtl streams had to be 
crossed to reach it. UJng.es were high and labor in such a distant 
place was not plentiful. As Bonanza Creek is above timberline, timber 
for mining and wood for fuel had to be brought over a difficult trail 
from the spruce-covered bars of the Chisnn~ River. The gravels were 
frozen and the working season was short, commonly averaging be- 
tween 90 and 100 days for surface mining. A11 these factors worlced 
together to increase the cost of prodacing gold and consequently re- 
quired gravel of a high gold content to make mining profitable. Jn 
the early days of the crimp most of the supplies and equipment mere 
brought to the creeks by sled in minter or by pack horses in summer. 
The route from Dawson mas abmdoned after the first rush of pros- 
pectors and the pack trail over Skolai Pass to McCarthy on the Cop- 
per River railroad became the establisl~ed way of approach. Althougli 
a pack trail from Chisma to the Nabesna highway is available and 
sometimes used, the miners in recent yems have employed airplane 
transport~tion for both men and freight, nnd a landing field is main- 
tained at Chisana. 

IYTIfER PROSPECTS 

Few stPeams in the Chisana district and adjacent areas have escaped 
t.he visits of prospeehrs in search of gold. Tmces of gold have been 
found in many of the gravel deposits but gold-bearing gravels that 
can be mined at a profit were not discovered outsicla the vicinity of 
Bonanza, Creek. Bryan Creek, which is a small stream a few miles 
south of Chathenda Creek, held some promise for a time. A number 
of places were prospected and it little p I d  and mnny copper nuggets 
were recovered, but the creek was finally abandoned. Cheslina River, 
one of the streams on the north side of the Nutzotin Mountaik west 
of the Nabma River, has graval deposits that carry gold. These de- 
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posits have been prospected at various times without yielding gold 
Ihttt could be recovered profitably. Little Jack Creek, one of the 

0 branches of Jack Creek, was also prospected for goId. A prospect pit 
was sunk in the gravels near the head of the stream but with dis- 
appointing results. This stream is in the area underl~n by Mesozoic 

h sedimentary rocks cut by granitic dikes and sills. Its prospected 
gravel deposits are of local origin, and it appears to be fairly certain 
that the gold also is of local origin and therefore that the original 
veins were of late Mesozoic or still later age. 

The discovery of lode deposits containing valuab1,ble metals preceded 
the discovery of placer gold deposits in the eastern Alaska Range. 
The search for mineral deposits began about 1898 and was carried on 
by prospectors who came from both sides of the international bound- 
ary. None of the prospects that were staked in the early days have yet; 
become mines although considerable time and money have been spent 
in exploring some of them. Gold, copper, molybdenum, and antimony 
a m  the metals that have attracted most attention. The productive 
mines and the prospects where considerable development has been 
done are the N a k n a  Gold mine, the copper-gold-molybdenum deposit 

I at Orange Hill, copper prospects on the Snag River, a molybde~lum 
deposit on Rock Creek, and an antimony deposit on Stibnite Creek 
near the head of the Tog Ever. A brief description of these localities 

t will be given. Other prospects are known but have not held much 
encouragement to those wlla tried t o  exploit them. 

THE NABESNA GOLD MINI3 

T h e  Nabesna gold mine (Wayland, 1943, p. 175-195) is on the south 
slope of White Mountain near the head of the Nabesna River. The 
mine buildings and mill are at the foot of the mountain, at an altitude 
of 3,000 feet and just below the upper limit of timber. An automobile 
road 105 miles long, the Abercrombie trail or Nabesna road, connects 
the camp with the Richardson Highway. In addition, the camp has 
ready aiccess ta Reeve Field, five miles away, on the bars of the Nabesna 
River and about 45 miles from Slana, on the Slana-Tok highway. 
The original claims werBre locnted iri the years 1903-05 by A. J. 
Fjeld and Paul Paulson who formed the Royal Development Corn- 

? pany under which the first deveIopment work began. A small mill 
was bmught from Valdez and installed and 60 tons of are was milltd 
in 1907. The results of the mill operation were not profitable, but the 
company continued assessment work on the claims tiU abut  1914 when 

u - 
it abandoned the property. The ground was reslaked by Carl F. 
Whitham in 1924. Mr. Whitham discovered the Bear Vein the foI- 
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lowing year, organized the Nabesna Mining Corporation in 1829, and 
installed a mill which began operation in 1931. By 1940 the origind 
ore bodies near the mill site had been worked out, but other om bodies 
belonging to the corporation ware waiting development and were con- 
veniently located for exploration from the Nabesna camp. Work was 
started on one of them in 1941 but was discontinued after the entry 
of the United States into World War II. The ore deposit of the Nn- 
besna mine was examined by Russll G. Wayland shortly before min- 
ing was discontinued. His report (1943, p. 175-195) is the source of 
the following i n f o p t i o n .  

The o m  kodies of! the Nabbesna mina aro r,ont;ar.trrn~t~rnorphic de- 
posits which were formed where an irregular, elongated stock of quartz 
diorite was intruded into the Iower, massive, nearly horizontal bods 
of the Upper Triassic limestone. The intrusion of th0 diorite pro- 
duced extensive chmges in the adjacent limestone aIong tha e& 
side of the stock, recrystallizing it and introducing new minerals that 
are charachristic of conhaice-metamorphic deposits. Among the prin- 
cipal introduced minerals, as debmined by Wayland (1043, p. 17 51, 
are andradite, vesuvianite, diopside-hedenbergite, and magnetite. 

'They with other bss abundant minerals are characteristic of a lime- 
stone that has been altered to tactite. Other metamorpl~ic minerals 
resulting from the intrusion and later dterrttion are : apatite, brookite, 
calcite, epidote, gypsum, hmsonite, limonite, penninite, pyrite, sor- 
pntine, specularite, sphalcrih, spinel, t i b i t e ,  thuringite, wollas- 
tonite, and uralite. 

The ore minerals are irregularly distributed and occur most abun- 
dantly in the limestono although they also occur sparingly in pads 
of the diorih. They include pyrite, chalcopyrite, galena, sphalerite, 
and gold. Calcih is a common gangue minerrtl and quartz occurs 
in the upper parts of aom0 veins. 

Waylmd describes tl~ree types of mineralization at the Nabesna 
mine: (1) bodies of magnetite with pyrite, calcite, and some gold; 
(2) veins and pockets of pyrrhotite with or without pyrite and gold ; 
and (3)  veins of auriferous pyrite with calcite which follow fractures 
in the limestone or along contacts of intrusive9 and limestono. The 
third type is the only ona that w far has hen  important as a producer 
of gold. Most of the veins average about 6 feet in width and are 
parallel to the contact between f l ~ e  quartz diorite and Iimetone, which 
below the 200-foot level of the mine dips steeply to the east. The v 
pyrite veins repIace the limestone along fractures and contacts of the 
diorite and limestone. bfovement has taken place along some of 
tha veins since they were formed. i 

The outcrop of the Bear Vein which mas the point of original 
4iiscwery of the N~besna mine is in a little sag in a spur of the mom- 
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tain, 1,000 feet above the camp. The voin was faulted and crushed, 
and the interstices of the crushed vein mnteri~l in its upper part were 

f filled with ice. When mined and alloffed to thaw the ore slacked 
down to a mass of angular fragments, The contact between the 
limestone and diorite wns expIorcd down to the 650-foot level, bat 

u no ore was found below the 550-foot level. Most of the goId movered 
nftar 1936 came from ore bodies between tlic 250-foot and 450-foot 
levels. The gross production of tho mine at the time when mining 
ended in 1940 was $1,860,396, of ~vI~jcl~ a small pnrt nlns from silver 
and copper recovered at the smelter. 

LODE GOLD PROBPECTS 

In addition to the Nabesna lode mine which hns already been de- 
scribed, several other auriferous mineral d e p i t s  are known that have 
not been mined although they have been prospected by stripping, 
opencuts, or adits. The deposit at Orange Hill is  one of these, but ita 
copper content is such that it is more properly cons ided  in connection 
with that metal. 

A gold-bearing deposit that has been known for n long time is 
situated near the bcad of the small st.rearn about 2% miles mmt of 
Rock C m k .  This prospect is near the head of the valley3 about 1,000 

\ - feet higher than tho road, and is reacl~ed by a trail beginning at Mile 
82 on the Nabesna mad. It is within the ~ X R  mapped ~s Pelmifill 
volcanic rrxlks. Ak this plnce, according to a persanal communication 

1 from R. E. Van Alstine, n trachyte dike 8 feet thick, which strikes N. 
55' W. and dips 4s0 N E ,  cuts diorite gneiss. Stringers of quartz, cal- 
cite, pyrite, galena, and sphalerita from inch to  2 inches thick form a 
vain zone ranging from G to 12 inches in width. An adit was driven 
h'. 05" E. to cross-cut the vein but trns cnvcd a t  the time of visit (1942). 
West of the adit nnd across the creek is anather trachyta dikn that 
shows slight pyritization dong the contact. The gold content of 
these veins was not learned. 

Severnl gold-bearing veins hnve been stalred in the vicinity of 
Bonanm Creek. One of thcse at the entrance to the canyon near 
the mouth of Bonsnxn Creek mas lmotvn before tho dimvery of the 
p l m r  gold and was the immedinte cause of that discovery. The 
mineralized body is in the west mall of the creek which is hero formed 
by a dike of porphyritic intrusive rock of pink to gray mlor which 
contains abundant pyrite. Oxidation of the pyrite has stained ore 
a ~ d n c e  n rusty red. T h e  dike is intruded into tho Paleozoic rocks; it 
strikes N. 20" W. and dips 75" N. It is cut by small quartz veins 
Red incloses bunches of pyritc. It is said that free gold may be 

1 

panned from this dike rock (Capps, 1916, p 118). 
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A number of other gold-bearing veins in the Bonanza Creek area 
have been described (Capps, 1926, p. 11E-119; Moffit, 1943, p. 163- 
1641, but none of t.hem arouse netive h te& at  present. 

C O ~ I E I E  

Native copper of local origin wns known to the Indians of the 
Nabesna-Chisana-White River district and was used by them before 
the white men came among them. In 1002, Schr~der (~ende'nhall 
and Schrader, 1903, p. 40) purchased copper nuggets from the natives 
on Cross Creek nnd states that the nuggeh were reported to come 
from a srnnll strenm on the west side of the Chisana Glacier, about 6 
miles from its front. As far ns is known all fh0 native copper is asso- 
ciated with the Permian volcanic rocks and is found in them at many 
widely distributed localities. Many copper nuggets have been picked 
up on bare hilltops where the old voleanics llnve been exposed to 
wastllering. 

Capper hns not berm produced commercially in the eastern Alaska 
Range. The gold placer deposits of both the Ghisbchina and 
Chisana districts yield native copper, and lode deposits made up in 
part of copper and iron sulfide minerals have been prospectad in 
the Nabesna and Chisana districts. All the lode deposita that gave 
promise of copper in suilicient quantity to be of value are in the Palco- 
zoic rocks although the deposfh tliemselves probably are of hl;esozoic 
age. Several copper cleposits in the valley of the White River were 
discovered in the early cltiys but are outside the area considered in 
this report. The mineral deposits of Ormge Will were at first valued 
for their capper and gold, find exploratory work on them was begun 
with those metals in mind. Copper prospech were found at two 
places in the Snag River area burnt wore given up after considerable 
work had been done on them. These deposits are within the wm of 
the Permian valcnaica on the Elkst Pork. The two praspmts are 
known locally as the O'Hara (Pilgrim, 1031, p. 75; MoEt, 1943, p. 
169-150) and the Reynolds prospects although the mining operations 
were conducted under the namo of Chis~nn Jiines, h c .  The OW- 
prospect is near the top of the spur bctwecn the Snag River cnd the 
East Fork at aa dtitude of 5,400 feet, or 1,200 feet above the camp on 
the Snag River S/z miles fmm the rnoutll of the East Fork. The 
prospect is just over a lithle saddle in the ridge, on the East Fork 
side. The snddle marks the boundary between nrnygdaloidal basdt 
on the north and wuthmest-dipping Mesozoic sedimentary rocks on 
the south. 
An adit was driven to the northwest in a fracture zone in andesitic 

and basaltic flows resting on m lrdesitic flow breccia. h opencut a 
few feet higher than the adit, which was 81 feet long when Pilgrim 



GEOLOGY OF TEE FATERN PART OF THE A C h W  RANGE 205 

visited it in 1830, shows pyrite and copper sulfides in the sheared 
county  rock and n coating of malnchite and copper sulfate on the 

f walls. The zone of fracturing atends mortl~~~esttvnrd across the knob 
that forms the top of the spur and contains copper minerals at several 
places. 

1 The Reynolds prospect is 2 miles southeast of the O'EIara property, 
on the west side of the valley of a mall tributary of the Enst Fork. 
A trriil leads from the moutll of the creek t o  the prospect 900 feet 
higher on the mountain side. Here are several opencuts in the arnyg- 
daloidal basalt or greenstone which show small veins containing mala- 
chite, bornite, specularite, and chalcocite with calcite. The exposures 
do not indicate a well-defined shear zone but rather a nek of small veins 
distributed through the fractured basalt. 

Orange Hill is n round-topped, isolated knob on the eksk side of the 
Nabesna Rive? near the end of the Nahsna Glacier, 12 miles from the 
Nabesna mine and the rod .  It owes its existence to differential 
weathering and glncinl erosion and its name to the color of the iron- 
stained rocks that form it. The hill is part of a mass of quartz diorite 
of probable Jurassic age intruded into the group of bedded Permian 

dm 
m k s  that inclucles bnsic lava flows, graywacke, and s thick deposit 
of limestone. Tile geologic conditions at Orange Hill are thus much 
l i k ~  those nt  the Nabesna mine. 

t T h e  vicinity of Orange Hill attracted the attention of the; first pms- 
pectors in the district, anrl  marly chirns were staked as e&rIy as 1899. 
Gold and copper were so~lght ~t first; molybdenurn was later of prts- 
spective value, and, still Inter, zinc. These metals and silver all con- 
tribute to the value of the claims owned by the Alaska Nabesna Cor- 
poration, which has done the more recent exploratory work in this 
vicinity. 

The labst investigation of Orange Hill by the U. S. Geological Sur- 
vey mas carried on by R, E. Vnn r'clstine i n  194348, nnd by Van Alstine 
and R. F. BIack in 194. Their vorkP has been freely used in tbe 
preparrttion of this description, 

The top of Orange Hill rises nbout 650 feet above the fiood plain of 
the river and is separated from the steep ~nountain slope on the east 
by a canyon and shallow snddle. Ornnga Hill and the lower slope 

C of the mountain are composed of quartz d j orjte. To the southeast the 
entire ridge is formed by the moderntely dipping bedded rocks, in- 
cluding the massive limestone which here constitutes the f ~ c e  of the 
ridge. The limestone was profoundly altered by the intrusion of the 

L 

Van dlsitine, R. E., and Black, R. F., 1944, Mineral dmoalb ut 0- Hill, dlaahr: 
TJ. 8. Oeol, Survey open-file rept. 
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quartz diorits batholith and the associated dikes and sills, for it is 
recrystaIlized and in places changed to tactite resembling the tactite 
at White Mountain. 

Copper, molybdenum, zinc, and gold- and silver-bearing minerals 
occur in both the quartz diorib and the adjacent limestone. The 
quartz diorite is alhred hydrothemally, and weathered and colored by 
iron oxides and molybdite, the yellow oxide of moIybdenum. The 
sulfide minernb in the quartz &rite, in decreasing order of abun- 
dance, are pyrite, chalcopyrite, and mo1yMeniB. They mur  dis- 
seminated through the quartz diorite and in reinlets cutting it and 
ure there nssociated with qua-, gypsum, and calcite. Chalcopyrite 
is the chief copper mineral in the quartz diorite. MoIybdenfte owurn 
not only with gangue minerals in t he  veinlets and as disseminated 
grains in the rock but also as films on joint fnces and slickensided 
slzrfaces. 

Tlie principal body of Jimestone averliea intarbedded argillite and 
graywacko and dips to the sonthwest at an angle lower than t h ~  moun- 
tain slope. The metamorphic dects of the intrusion of the qua* 
diorita on the limestone extend at  least one mile from Orange Hill or 
from any surface exposure of the intrusive. The contact metamor- 
phic and tactitic minerals include calcite, wollastonite, garnet, mng- 
netite, hematite, pprhotite, pyrite, cl~nlcopyrib, bornite, tetrahedrite, 
sphalerite, molybdenite, quartz, mid gypsum. Garnet replaces lime- 
stone Ws to form banded prnetita and occurs as disseminated grains 
or veinlets in the crystatline limestone, One of the unusual phases 
of the altered limestone is a rock made up wholly of gam& and 
gypsum. 

Alhwtion products derived fmm the contact-metamorphic d n -  
erals are chloritg limonite, bemati tg covellite, c h ~ y m l l a ,  malachite, 
and azurite. 

The principal copper minerals of the limestone area. a m  bomite 
md chalcopyrite, They are found extensively with other sulfides 
in veins ancl pockets or irreguIarly shaped bodies near the base 03 the 
limes ton^. They dso occur as disseminated grains in the limestone 
and gametito. Molgbdenite is widely distributed in mal l  quantity 
in the lirnesbne, Zinc dso is widely distributed as vhalerite in aSo- 
ci~tion with the other sulfide minerals md at one place jis expmd in 
a vein of considerable surf ace a m .  

Underground development work and extensive prospecting with the 
diamond drill wem carried on by the Masks Nabesm Gorporation to 
test the extent and value of ita holdings. This drilling was done 3 
R time when capper m d  gold were thought to be the valuable metals 
p m t  and was not originally planned ta test the molybdenum con- 
tent of the ores. The increased demand for molybdenum suggests 
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tlla dosirability of further drilling to de lk i t  the ore body and deter- 
mino its content of molybdenib. The ore minerals of Orange Hill 

T are of surprisingly wide distribution, but the proportion of valuable 
metals in the mineralized lmlim is small, and their wwessf~l exploita- 
tion appamntly will depend on the value and recovev of an the 
metals, rather than a single metal. 

hntimony in, the form of the sulfide, stibnite, is known nt sereral 
placw in the eastern AInskn Range, two of which will be described 
(Moffit, f 944, p. 44, 46). 'I'he largest deposit found np to this time 
is on Stibnjta Creek (Van Alstine, 1942, U. S. Geol. S m p  unpub. 
mpt.) , in the Tok River valley. Another, smaller deposit occurs near 
the Rapids rodhouse, enst of the Delta R.iver. 

Stibnite Creek is a, small northern tributaq of the upper Tok River 
whicli i t  joins two miles enst of the trail t.hat leads from the Tok to 
thc Robertson Rher. The most convenient mute for rewhing Stib- 
nite Creek nt the present time is up the valley of the Tok River from 
the Slana-Tok highway nvAr the mouth of the Little Tok River. 
Stibnih Creek has two branches that occupy narrow, canyon1ike val- 
lays and unite about one mile from the ToZr River. The stibuite pros- 

J pect is on tho east brancl~ nearly a bdf mile from the forks. 
The deposit was discovered (Brooks, 1916, p. 63) in 1914 but IYRS 

uhndoned after soma esploration bad h e n  done; it lay idle until 
I 1941 when another nttempt was made to exploit it and recover some 

of the richer ore for shipment. 
Stibnite Creek ia within the area underlain by early P a l ~ z o i c  or 

'pre-Cmbrian schist ald gneiss which hero nppear tr tomist, for the 
most part, of altered sedimentary rocks, The metamorphic rocks we 
intricately folded, much faulted, and are intruded by granitic igneons 
rocks. Soms of the intrusives are shear4 nnd altered but much less 
so than the enclosing rocks. Tha alteration of the granitic rmks is 
not uniform, which may be owing to local conditions or may indicate 
different times of intrusion. Many veins of qnartz and calcite cut 
the country rock. 

The stibnite vein crops out as a projecting Iedge in the canyon wall 
at  the edge of the flood plain and cutas a bed of brown-weathering 
schist about 100 feet thick which strikes N. 65"-70" W. and dips 50" S, 

t The deposit is inclosed by fault planes that have sljghtIy diflcrent 
strikes and dips and converge upward so that the ore body, which 
measures nearly 20 feet across the exposed face at the level of the 

.v 
flood pIain, is reduced to 2 feet at 25 feet above tlie flood plain and 
then is covered by the vegehtion nnd loose slido rmk. The thickness 
of the ore body appears to be somewhat less than 20 feet but is dXcult 
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to rdimate b e c a w  of the faulting and uncertainty regarding the true 
sh~pe of the body. The deposit is m d s  up of a central part, 6 feet 
thick of high-grada ore consisting of stibnita and a little quartz, and 
border m e s  of lower grade. Qn the southwest or hnngingmall side 
the proportion of quartz is greater than in the centraI part and on the 
north- side it is still greater. The stibnitd of the central body is 
chiefly m a w ,  bladed crystals intergrown with gray, coarse-grained 
and fins-gained quartz. In places, however, the stibnite is fine- 
grained Some of it is stained with a red alteration product, probably 
kersenite, of no economic vaIue. Tugs in the ore body sl~ow h e ,  hair- 
like crystals of s t ib~ te .  A few p i n s  of pyrite occur in some low- 
grade ore. 
In the early part of 1941 Mr. Sam Gamblin of OuIkana mined and 

prepared for shipment some of the easily won, higher grade ore from 
this depmit, The om was piled on the bars of the creek, but the spring 
thaw came before it could be hauled to  the Nabeana road, now a portion 
of the SlaneTok highway. The ore hfts since been scattered by the 
high flood waters and lost. 

A small deposit of stibnite (Van Alstine, 1942, U. S. Geol. Survey 
unpub. rept) was found 1% miles south of the Rapida roadhouse and 
I/$ mile east of the Richardson Highway, opposite the Black Rnpids 
Glacier. This deposit is at about the same altitude ss the highway 
nnd, like the deposit of Stibnite Creek, is within the area of schist and 
gneiw, It has been explored by an opencut, stripping, :,and an ~ d i t  
which ia now caved. 
The schist is believed tn be an a l k d  sedimentary rock; it has a 

foliation that strikes X. 70" TV. and dips 45" N. hn opencut 10 feet 
long in the sc21ist revealed a vein of quartz and stibnite Iravjng i 
maximum thickness of 12 h h e s  but averaging 6 inches. This vein 
strikes N. '10" E. and is about parallel with the foliation of the whist. 
The stibnite 0cc:urs as coarse, bladed crystals and makes up about 
one-half of the vein matter. This deposit Rppems to include no other 
sulfide minerals and contains little if any gold nnd silver, Faulting 
took place after the vein filling was introduced. 

Stnipping the l m e  surface material from the bedrock about 30 
feet north of the opencut exposed a vain of quartz containing a little 
pyrite and stibnite, brrt the quantity mas too small to encouraga further 
development work. 

'She adit, which is the third place of exploration in this vicinity, 
is 250 feet w e t  of the stripped area and mas driven on a vertical vein 
of quartz wkich ranges from 1 to 3 feet in thickness and strikes N. 
70° E. A little pyrite is associated with the quartz but no stibnite 
appears to be present in tho material now exposed. This vein other- 
wise is like that in the stripped area and possibly is the same vein. 
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MOLJmDrniUM 

In m t  ye~rs rnolybrlenurn has heen in &reat demand haus8  of 
T  it^ increased u s  as an dloy with iron. The sulfide, molybdenite, is 

reported as a constituent of several mined  deposits in the eastern 
A l ~ s k ~  Range and has already h e n  dmribed as ttsmiry: in asso- 

L. ciation with copper, gold, silver, and zinc at Orange Hill. Another 
ore deposit in the eastern ,Qlaska Rmge has been p o s p e ~ t d  solely to 
test its commercial value as a source of molybdenum. This p m p t  is 
near t h s  head of Rock Creek (Moffit, 1941, p. 15&153), which is in 
the eastern part of the Copper River drainage basin and crosses tho 
Nabesna mad (Abercrombie trail) at  mile 844b. T h e  stream is small 
and heads in a rugged mountain between the highway and Suslota 
Creek. Most of the Rock Creek valley is cnrved in the dark Permian 
lava flows, but a s m ~ l l  pu t  of the upper ralley extends into an area 
of lighter colored granitic rocks. 

The molybdenum prospect is rr little less than 4 miles by trail from 
the highway and almost 2,000 feet higher. At its upper end the nar- 
row valley of the southeast branch of Rock Creek divides into two 
steep gulches. The outcrop of the molybdenum deposit, several open- 
cuts, nnd an adit nra located in the narrow ridge between these plclies. 

The geology of the area is complicated because of the va;iety of 
.I igneous mcks. The Permian lava flows are somewhat alcltered locally 

nnrl were intruded at different times by igneous rocks of several Ends. 
Tlie boundary between the area of basdtic flows on the southwest and 

7 the granitic rocks on the northeast is below and southwest of the 
discovery outcrop. According to Van Alstine (1942, U. S. Gaol. Sur- 
vey unpub. rept.), the coarse-grained granitic rocks in the vicinity 
of the adit may be differentiated into a pink syenite gneiss, anil dark 
quartz diorite gneiss. The syenite gneiss forms a hIt  about 1,000 
feet wide, trending N. 50" W. It has been traced for three miles 
northwest and southeast from the adit and probably extends along 
the whole southwest side of the area of granitic rocks. Interlaminated 
with the syenite g n e k  are bands of biotite schist ranging in thickness 
from a fraction of an inch to 4 feet. Small dikes of syenite cut the 
quartz rliorite, and dikes and lenses of pegmatite cut the syenite 
gneiss and biotite schist. 

The molybdenite occurs mainly in a pegmatite dike that cats the 
syenite gneiss between the gulches. This dike, which strikes N. 20" W. 

? and dips 60" SW., has a t l~ ichess  ranging from a few inches to 2 feet 
and was traced for sbout f 0 feet along the liillside, The molybdenit~ 
murs as plates, lumps, and tiny veinlets and is irredsrly distributed 

.* in the pegmatite. Some plates of molybdenite nre as mnch as 1% 
inches in diameter rtnd inch tlrick. Vugs in the pgmnt i t e  a m  ] i n 4  
with doIomite and calcite intimately aswciated \ritlr rn~lybdenit~. 
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Flakes of rnolybdenite were found in places in the syenita and the 
biotite schist. 

Snmples of the molybdenum-baring pegmatite, taken h m  the dis- 
covery outcrop by a representative of the Kennecott Copper Corpora- 
tion, indicated a deposit of commercial value if the size of the ore body 
were sufficient to justify the expense of opening it  up. The company 
undertook the expIoratory work and drove an ~ d i t  nearly 170 feet 
long in the ridge 100 feet below the discovery ot~tcrop and opencut. 
This adit failed to uncover molyhdenite in sufficient quantity, and 
exploration was stopped. 

A few other prospects are known that am of interest because of 
their mineral associations, their possible value, or because more than 
superficial exploratory work has been done on them. 

A deposit of lead and zinc minerals is reported to be exposed in a 
y l c h  on the north side of Crass Creek, n western tributnry of the 
Chisrtna River, near the lower end of the glacier. This deposit has not 
been fully investigated. Altl~ougl~ sphalerite is pssent in a p o d  
many vein deposits of the district it is not  known in large amount and 
bad not been regarded wit11 interest until a sh~rply increased demand 
for zinc supplies during World War II stimulated a search for zinc 
deposits not previously aploited. 

The group of mountains between the Copper and S lam Rivers, 
drained in large part by Ahtell and Indian Creeks, shom mineral- 
ized wnes in which galena is prominent {Moffit, 1931, p. 121-134; 1938, 
p. 4-81. The area was one of the fi& to be prospected in the Cop- 
p e r  River basin, and a nnmber of its mineral deposits wem discovered 
as early as 1898 or 1899. 

Silver Creek, as i t  is called Eacdl~, is a small southern tributary 
which joins Ahtell C m k  about one mile below Flat Creek. The 
stream is in R n  area of undifferentiated igneous rocks, which at  the 
prospect are mainly m e d i a - p i n e d  diorite and a dark baaltic-look- 
ing rock that  was not definitely identified. About one miIe from its 
mouth Silver Creek is crossed by a fault zone at least 30 feet wide 
m ~ d e  up of steeply dipping minor faultg most of which range in strike 
from N. 4 5 O  to $0" W. 

The fttlilt zone includes many veins of mineralized quartz that were 
exposed by opcncuts, shafk, and an adit. The ~ d i t ,  which is near the 
north side of the creek, was driven in a crushed vein that shom quartz P 

stained with coppr and contains sphalerjte, a little pyrite or chrtlco- , 
p-vit,e, and plena.  A shaIlew inclined shaft, 100 feet higher on the - 
hillside, was sunk in n zone of crushed vein matter t h ~ t  is ttbout 4 feet *. 
thick and is highly stnjned with iron oxide. Veins and knots of 
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quartz containing granular tetrahedrite, spl~alerite, and pfite or 
chalcopyrih arcre st,ained with R conspicuous blue copper shin. Sim- 

7 ilxr mineral assemblages are seen in an opencut 25 feet northeast of 
the shaft and in the material on the dump of a caved shdt 50 feet to 
the southwest. The silver contained in the ore is probably carried by 
the tetr~hedrite. 

A mineralized vein containing quartz andl metalIic sulfides was 
found on the west brnnch of Alltell Creek, ll/z milea from the mouth 
(Mofit, 1938, p, 47). I t  crops out on the north side of tho valley 
on nn open hillside 100 feet higher than the creek and mas explored 
by s short adit. The country rock of the locality is diorite that is 
somewhat nItered and rnurh fractured, The ore minerals were de- 
posited jn a shear zone in a fine-pined pl~ase of the diorih. The 
shear zone, wbich 11~s n mnximum -ridtl~ of 8 feet at the tunnel, 
strikes N. 30" E. and dips steeply wesL The fractured country rock 
is cut by veins of quartz up to 8 inches in tliickness, conhining galena 
and iron su2fides, ~ n d  has a surface staining of blue and green copper 
oxidation products. 

Indian Creek has two principal branches wl~ich unite 51/, miles 
north of tho Slana-Tok highway and drain tin arcn west of Alltell 
Creek mcupied almost wholly by igneous rwks of various kinds, 

9 both intrusive and extrusive (Mofit, 1031, p. 152-1243. The high 
mountain ridge between the east branch of Indirtn Creek and n small 
lake that drains into the west branoh of Ahhll Creek is crossed by a 

t scrim of vertical, east-west fracture planes distrihuw over a distal~ce 
of 100 to 200 feet frorn north to soutll. This Iwnl jty is 9 miles north- 
east of  the forks of Indian C m k ,  nt the hencl of a small stream 
draining into Indian Creek, and is 1,KOO fect lllgher t h ~ n  the mouth 
of the creek. The country rmk is n dark glweniah, coarscr-grained, 
porphyritic variant of the pnnariiorik-diorito group of igneous 
rocks of the district. Most of the exposures of vein quartz and ore 
minerals are on the Indian Creek side and sligl~tly below the crest of 
the ridge. 

The largest exposuru of q~tnrtz is a miIky white vein a t  Ieast 10 
feet wide that stands F feet nb0v.e the ndjncent hillside and can bs 
traced several ht~ndretl f ~ e t  do\\-n the mountain slope. 1Vhe~t: it 
crosses the ridge 75 feet higher toward the east the width is reduced to 
18 inch~q. Several openct~ts on otller reins exposed cavernous quartz 

= containing galena, chnlcopyrite, ~nct  probnbly pyrite. The quartz is 
shined with iron oxidc and coppr. Galenn is by far the m a t  abund- 

. ant sulfide nnd occurs as well-defined veins in the quartz and as 
bunches with angular o~~tl ines distri bz~ted imgrlarly through the .* 
quartz. The proportion of sulfide minerals to quarts is d. 
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A mineralized qua* vein, similar in composition and manner of 
occurrence to that just described, is exposed in the ridge &ween 
the branches of Indian Creek. A small eastern tributary joins the -m 

7- 

west branch 5% miles north af the forks. It drains an area of coarse- - 

grained porphyritic rmk that differs from the rock of the first lmality 
in being a little less warm-grained and in ha~ing a pinkish i nshad of q 

greenish color. A vein of white quartz clmops out on the west side of 
the spur between the two headwater branches of the creek. It is not 
well exposed but can be traced a short distance by the float. The 
quartz vein carries galena and is identical in appearance with the 
vein at the e ~ s t  branch of Indian Creek. The mineralization, 
however, is less. 
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